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Reading the | sotope L anguage

W. Kutschera

Institute for Isotope Research and Nuclear Physics, University of Vienna, Vienna,
Austria

E-mail address of main author: walter.kutschera@univie.ac.at

“Reading the isotope language” means that we are following the various changes that affect
isotope ratios. We know that in essentialy all physical and chemical processes the relative
abundance of isotopes within an element are subject to small changes. Most of these subtle
changes are mass dependent (called mass fractionation), but mass-independent fractionations
also occur occasiorelly.

In the current presentation we will walk through the seven large domains of our environment
(atmosphere, biosphere, hydrosphere, cryosphere, lithosphere, cosmosphere, technosphere),
“listening” to the isotope language and interpreting our world through this special window.
An attempt will be made to point out the usefulness of this approach to gain a deeper
understanding of the unique history of our physical world, and to get a glimpse at the human
influence on its future.

Changes of stable isotope ratios through natural processes are quite small. For light elements
(e.g. carbon, nitrogen, oxygen), where the relative mass differences between isotopes are
large, mass fractionations are in the order of permil (%.). For heavier isotopes, the mass
fractioretions may even be one to two orders of magnitude smaller. Great progress has been
achieved in measuring these minute changes of isotope ratios with various techniques, such as
GMS (Gas Mass Spectrometry), TIMS (Thermal lonisation Mass Spectrometry), SIMS
(Secondary lon Mass Spectrometry), and in recent years particularly with ICPMS (Inductively
Coupled Plasma Mass Spectrometry). As a result, stable isotope ratios can now be measured
with high precision and accuracy for essentialy all elements.

In addition to mass fractionation which affects all isotopes, radioisotopes introduce an
additional dimension. Their abundance may change considerably in the course of time (10
half- lives decrease a radioisotope-to-stable-isotope ratio by a factor of 1000). However, these
isotope ratios are difficult to measure because of their extremely low values in natural settings
(e.g. 10*? to 10 for 14C/C ratios). They require special methods such as AMS (Accelerator
Mass Spectrometry), which currently dominates this field. Recently, aso laser-based mass
spectrometric techniques (Resonance lonisation Mass Spectrometry and Magneto-Optical
Trap methods) are gaining ground in this field.

Taken together, we now have a multitude of versatile methods available to measure isotopic
changes in essentialy all sections of the environment. The continuing advances in reading the
subtleties of the isotope language promises to help us to get a better view of our home planet
and beyond.
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The Useof ™N in Unravelling the Marine Nitrogen Cycle
N. J. P. Owens

Plymouth Marine Laboratory, Plymouth, Devon, United Kingdom

E-mail address of main author: njpo@pml.ac.uk

The stable isotope *°N has been used for many decades as a tool to investigate the highly
complex marine nitrogen cycle. In this presentation, the historical origins of *°N will be
briefly surveyed and some examples of its early use in natural sciences in general, with both
the deliberate use of *°N as a tracer and studies that employ the discriminating power of the
naturally occurring variations in the natural abundance of *°N. The presentation will conclude
with speculations about possible future development of °N in the marine sciences.
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I nterannual to Decadal Climate Variability in the Pacific and Indian
Oceans Revealed by | sotopic Studies of Corals

R. Dunbar? D. Fleitmann? D. Mucciarone?

4Geologica and Environmental Sciences, Stanford University, Stanford CA 94305-
2115, USA

E-mail address of main author: dunbar@stanford.edu

Instrumental records of past variability in climatically important regions of the tropical Indian
and Pacific Oceans are relatively scarce and short. Multi-century reconstructions of past
climate change in these areas are now being made available through the isotopic and chemical
analysis of coral skeletons collected from both the surface ocean and deep sea. Here we
present a brief synthesis of multi-century trends in ocean climate as revealed by coral
archives. In general, these records are consistent with century-scale trends towards a warmer
tropical ocean with greater near-equatoria rainfal and greater ENSO variability in more
recent decades. Very limited deep sea coral data reveal larger than expected variability in
thermocline conditions during the past several centuries. Sufficient data is now available to
allow comparisons of Pacific ENSO variability with records of the Monsoon from the Pacific
Basin over timescales extending back at least 150 years. The last half of this talk is used to
describe a new synthesis derived from East Africa coral records.

We present a monthly resolution stable isotopic record acquired from severa large living
cora heads (Porites) from the Malindi and Watamu Marine Reserves, Kenya (3°S, 40°E). The
annual chronology is precise and is based on exceptionally clear high and low density growth
band couplets. The record extends from 1696 to 1996 A.D., making it the longest coral
climate record from the Indian Ocean and one of the longest available worldwide. We have
analyzed the uppermost portion of 8 separate coral cores. This upper section, used for
calibration purposes, provides estimates of signal fidelity and noise in the climate recording
system interna to the colony. Coral d®O at this site primarily records SST; regression of
monthly coral d*0 vs. SST yields a slope of -0.26%o d*®0 per °C, and d*®0 explains well over
50% of the variance in SST. Additional isotopic variability may result from changes in
seawater d®0O due to local runoff or regional evaporation/precipitation balance, but these
changes are likely to be small because loca rainfall d'®0 is not strongly depleted relative to
seawater and salinity gradients are small. The cora record indicates a clear warming trend of
about 1.5°C that accelerates in the latest 20th century, superimposed on strong decadal
variability that persists throughout the record. In fact, d*®0 values in the 1990s exceed the 300
year envelope (they are lower) and correspond with apparently unprecedented coral bleaching
in coastal East Africa. The decadal component of the Malindi coral record reflects a regional
climate signal spanning much of the western equatorial Indian Ocean. In general, East African
SST and rainfall are better correlated with Pacific ENSO indicators than with the Indian
Monsoon at all periods (inter-annual through multi-decadal) but the correlation weakens after
1975. One dramatic new result we report here is a strong indication of a major cool and dry
period from 1750-1820 A.D. This is the single largest multi-decadal anomaly of the past 300
years and correlates perfectly in time with the historically and anecdotally defined Lapanarat
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Drought. Our results indicate a strong link between multi-decadal tropical cold SST anomalies
and far-reaching continental droughts in East Africa.

Interannual-decadal SST variations are strongly coherent with ENSO indices and other
ENSO-sensitive coral records on decadal and interannual time scales. The decadal component
of the Malindi coral record reflects a regional climate signal spanning much of the western

equatoria Indian Ocean. Previous work has argued that this component likely reflects a
monsoonal influence. However, decadal variance in both Malindi and Seychelles coral records
is more strongly coherent with ENSO indices than with the India or East Africa rain indices.
The coherency of both coral records with Pacific indicators suggests instead that Indian Ocean
variability reflects decadal ENSO-like variability originating in the Pacific. These records
don't correlate significantly with the Pacific Decadal Oscillation implying a dominant role for
the tropical Pacific (as opposed to extra-tropical regions) as a source of regional decadal

variability in the western Indian Ocean. This work confirms that the tropical Pacific can act as
an agent forcing decadal climate variability over a very large spatial scale on Earth. We
conclude by examining the time-varying relationship between ENSO and the monsoons using
available cora records from the Pacific and Indian basins.
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Carbon Export Assessed by Sediment Trapsand **Th:**U
Disequilibrium during the Spring Summer Transtion in the Open NW
Mediterranean

J. C. Miguel?, B. Gasser?, A. Rodriguez y Baena®, S. W. Fowler®, J. K. Cochrar?
2|AEA Marine Environment Laboratory, Monaco

bMarine Sciences Research Center, SUNY, New York, USA

E-mail address of main author: J.C.Miquel @iaga.org

Particle fluxes were measured at 200 m depth from January to July 2003 as part of the
Dyfamed time-series observatory activities using moored Technicap PPS5 sediment traps.
Water column was sampled for particulate and dissolved material at the same site (43°25'N;
7°51'E) with Chalenger in situ pumps during four cruises of the Barmed and MedFlux
projects (March, April, May and June 2003). Particulate matter was collected on a 70 pm
polyamide prefilter followed by a precombusted GF/F filter (& 293 mm). The dissolved phase
of 23*Th was extracted from the filtered water with MnO,-impregnated wound fiber cartridges
[1]. Particulate 2*Th was quantified on both fractions (>70 and 1-70 um) by non-destructive
beta counting (Risg beta detector). The 23*Th activity of the dissolved fraction was measured
in the ashed cartridges using a well-type high purity germanium detector (Canberra). Physical
and fluorescence seawater data were obtained with a SeaBird SBE 911plus, and particulate
organic carbon was analysed with a VarioEl elemental analyser.

Temperature profiles showed a mixed water column in March and April, and stratified in
June. These profiles were contrasted by the fluorescence profiles which showed marked
surface maxima in the first two months and a deep maximum typical for stratified waters in
June. Particulate total and organic carbon profiles showed subsurface maxima at the
beginning of the study (March) and, later on in May and June, a deep maxima at 50 m
confirming the presence of a mixed surface layer in the upper 30 m which was well separated
from the rest of the water column.

Total mass flux displayed a pronounced peak in mid-February and mid-March of
approximately 400 mg mi?dL. In January and from April to the end of June mass fluxes were
always around 50 mg m?d™. Thorium-234 fluxes followed the same temporal trend, reaching
600 to 800 dpm mi*d* in February and March and less than 200 dpm m?d™* during the other
periods. Thorium-234 activities in the water column mostly agreed with the particle
distribution reflected in the POC profiles. In the upper waters, the 2**Th?*8U disequilibria
became more pronounced from March through June. Both radionuclides reached equilibrium
at around 150 m in March while it was above 100 m depth in June and dightly below in May.

In order to compare trap thorium fluxes with those predicted by the 23Th activity in the water
column the thorium deficit was integrated over the upper 200 m water depths. This yielded
values from 800 dpm mi%d™* to over 1000 dpm m?d®. Although the estimated flux in March
corresponded to that measured in the sediment traps, overall, the water column derived 2**Th
fluxes tended to be higher than those registered by the traps during the same time periods.
POC export flux was caculated from the thorium flux by applying the POC/~*Th ratio
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measured in large sinking particles [2]. This ratio (0.019 mg dpm* or 1.58 pmol dpni') was
measured in the particles >70 pm at 200 m depth, and yielded a POC flux in the range of 15
to 20 mg mi’d™.

Our data show that 2*Th distribution traces fairly well the dynamics of particle distribution in
the water column, and they confirm the applicability of this tracer in flux studies carried out
over relatively short periods of time (weeks). The Th-derived data will be compared to POC
sediment trap fluxes (data in process) and the variability of POC/2*Th ratio in our pumps and
trap samples assessed.

[1] BUESSELER, K.O., COCHRAN, JK., BACON, M.P,, LIVINGSTON, H.D., CASSO,
SA., HIRSCHBERG, D., HARTMAN, M.C,, FLEER, A.P., Determination of thorium
isotopes in seawater by non-destructive and radiochemical procedures, Deep-Sea Res.
39 (1992) 1103-1114.

[2] COCHRAN, JK., BARNES, C., ACHMAN, D., HIRSCHBERG, D.J., Thorium
234/Uranium-238 disequilibrium as an indicator of scavenging rate and particulate
organic carbon fluxes in the Northeast Water Polynya Greenland, J. Geophys. Res. 100
C3 (1995) 4399-4410.
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Re-distribution of **’Cs Chernobyl Signal in the Aegean Sea

R. Ddfanti® C. Tsabaris®, C. Papucci®, H. Kaberi®, R. Lorenzelli®, V. Zervakis®,
M. Tangherlini? D. Georgopoulos

2ENEA-Marine Environment Research Centre, La Spezia, Italy
PHellenic Centre for Marine Research (HCMR), Anavyssos, Greece
“ENEA-Brasimone Research Centre, Camugnano, Italy

E-mail address of main author: roberta.delfanti @santateresa.enea.it

The Chernobyl accident produced a patchy deposition of radionuclides over the Eastern and
Northern basins of the Mediterranean Sea, that was superimposed over the previous fallout
from atmospheric nuclear weapon tests. The deposition of Chernobyl-derived 3’Cs was
particularly heavy onto the Black Sea (1.7 — 2.4 PBQ) and the Aegean - lonian Seas along the
Greek coasts (800 TBq) [1]. Moreover, the inflow of surface Black Sea water through the
Dardanelles Straits still constitutes a point source of the conservative *’Cs into the North
Aegean Sea[2].

The objective of this study is to discuss the relationship between the re-distribution of *3’Cs
Chernobyl signal in the Aegean Sea and water circulation in the area, with focus on the
evolution in space and time on the events of deep water formation.

Selected sampling was carried out in 1999, 2001, 2002 and 2003 by the Hellenic Centre for
Marine Research and the Italian ENEA Marine Environment research Centre during
oceanographic campaigns designed for other purposes. Due to the limited shiptime available,
particular attention was dedicated to gather information on the *3’Cs vertica profiles in the
water column of selected sites (deep North-Aegean Basins and Cretan Sea), where the signal
of past events involving deep water formation is expected to be registered.

The water exiting the Dardanelles undergoes mixing with North Aegean surface water. In the
surface water, thereis a clear trend of decreasing **'Cs concentration with increasing salinity,
suggesting that mixing/dilution of Black Sea Water (BSW) with highly saline Aegean waters
is the dominant process determining the 3’Cs levels. Due to its low sdinity, BSW acts as an
insulation layer and, consequently, deep-water formation is rather infrequent in the North
Aegean, taking place only at periods of reduced Black Sea outflow and/or exceptionally cold
and dry winters. In the last 20 years there have been two major deep-water formation events
in the North Aegean: in winter 1987 (just after the Chernobyl accident), and in winter 1993
[3]. Actualy, these two episodes have deeply modified the vertical profiles of **'Cs with
respect to 1984, before the Chernobyl accident. In fact in 1999 — 2002, in the Lemnos and N-
Skyros Basins, the 3'Cs concentration increased from the surface to the bottom; in the deep
waters it was about 5 Bq mi®, five times higher than in 1984.
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Historical observations and analyses suggest that the Cretan Sea is characterised by the
formation of dense waters with variable characteristics, depending on the meteorological
conditions and on the pre-conditioning of the water column. In the early nineties
exceptionally dense, salty water started to fill the deep Cretan Basin and overflow the sills of
the Cretan Arc straits [4]. Since 1995 the outflow of very dense Cretan water to the Levantine
and lonian basins has diminished, corresponding to a long stagnation period regarding dense
water production in the North (and possibly the South) Aegean. In the North Aegean, the
evolution of 3’Cs concentration in the deep basins is clearly controlled by vertical diffusion
since 1994. In the South Aegean, the situation is not so clear: one of the main questions is
whether the deep Cretan water is formed localy or if it is dso partially originated in the
Northern Basins. The high concentration of *’Cs (4.5 Bg.m™) found in 2003 in the deep
water of the South Aegean suggests a significant contribution of dense water from N-Aegean
basins, having comparable 1*’Cs concentrations.
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[1] KRITIDIS, P, FLOROU, H., Estimation of the **'Cs deposited in Aegean, Cretan and
lonian Seas after the Chernobyl accident, Rapp. Comm. Int. Mer Medit. 32 (1990), p.
318.

[2] EGOROQV, V.N., POVINEC, P.P., POLIKARPQOV, G.G., STOKOZOV, N.A., GULIN,
SB., KULEBAKINA, L.G., OSVATH, 1., ®Sr and *'Cs in the Black Sea after the
Chernobyl NPP accident: inventories, balance and tracer applications, J. .Environ.
Radioact. 43 (1999), 137-155.

[3] ZERVAKIS, V., GEORGOPOULOS, D., DRAKOPOULOS, P.G., The role of the
North Aegean in triggering the recent Eastern Mediterranean climatic changes, J.
Geophys. Res. 105 C11 (2000) 26, 103-26, 116.

[4 THEOCHARIS, A., NITTIS, K., KONTOYIANNIS, H., PAPAGEORGIOU, E.,
BALOPOULOS, E., Climatic changes in the Aegean Sea influence the Eastern
Mediterranean thermohaline circulation (1986-1997), Geophys. Res. Lett. 26 11 (1999)
1617-1620.

[5] FLOROU, H., Distribution and behaviour of long-lived radionuclides in marine
ecosystems (Greece), PhD thesis, Department of Zoology, University of Athens (1992)
253 pp.
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Natural Radionuclidesin Metallic and Thermometallic Springsin the
Ikarialdand - Eastern Aegean Sea - Greece

H. Florou?, C. Kehagia®, A. Savidol?, G. Trabidou?
NCSR "Demokritos’, INT-RP, Athens, Greece
PGAEG, Environmental Radioactivity Monitoring Dept., Athens, Greece

E-mail address of main author: eflorou@ipta.demokritos.gr

Ikaria Island (37° 59N, 220 58E - an area of 267 knt in the eastern Aegean Sea) has been
shown in severa research studies in the marine environment of Greece to have some areas
with elevated natural background radiation due to geological origin [1]. These areas, mainly
cited in the neighborhood of several metallic and/or thermo-metallic springs spread in the
Idand, present elevated concentrations of natural alpha and gamma-emitters in the abiotic
components of the environment. The measured dose rate in the inland and coastal areas in the
vicinity of the springsrangeas 1.3” 10°-1.8" 10 Gy y' and in the control area0.5" 107
—0.8.” 103 Gy y*, whereas the mean value for the total measured areais 1.2~ 10° Gy y* [2,
3]. The mean value for Greece (terrestrial and coastal sediment surface) is 0.7~ 10* Gy y*!
(reported value 0.08 pGy.h' [4] ). The reported concentrations in abiotic material (soil, ores,
mud etc) are: for 233U up to 1050 Bq kg, ® Ra up to 760 Bq kg, *®Ra up to 260 Bq kg,
228Th up to 70 Bq kg™, *Th up to 300 Bq kg*, “K up to 2700 Bq kg with a wide range of
levels observed [1-3]. Besides, elevated concentrations of 2?’Rn (110-970 Bq L for spring
water) have been reported in the above cited studies.

In the present study, the concentrations of 233U and ?*°Ra were measured in water samples
from four metallic springs (1k1, 1k2, 1k3, 1k4) using gamma spectroscopy, apha spectroscopy
after appropriate radioanalytical treatment and liquid scintillation counting. The findings are
being interpreted with regards to the respective concentrations in the ambient soils and %2Rn
in spring water.

As concluding, the concentrations of 238U and 2*°Ra in spring water are characterized in
general as reasonable (Table ). Elevated concentrations of “*°Ra have been measured in one
spring (7.0 + 0.3 Bq L), whereas evagoration of spring water during the treatment procedure
in spa installation have resulted in 23U enrichment up to 500 times. The concentrations in
spring water are not Statistically related to the respective ones in ambient material in spring
outflows (sources of springs the main parameter of influence). Besides, unlike to other
geothermal springs in Greece [5], the concentrations of 22°Rn in spring water have not found
to be supported by the parent *°Ra, as water seem to be enriched by the diluted gas in the
sources of the springs, too.
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TABLE |. CONCENTRATIONS OF #2U AND 2**Ra (Bq [') IN SPRING WATER AND
SOIL (Bq kgl) FROM IKARIA ISLAND — EASTERN AEGEAN SEA

Metalic  Spring water Soil [1, 2] Springwater  Sail [1, 2] Remarks

Spr'ng 238U Bq L-l X 10-3 238U Bq kg-l 226Ra Bq L-l 226Ra Bq kg-l

Ikla 5.34+0.94 36+ 13 0.7+0.2 50+2 Spring outflow
(field)

Ik1b 1092+302 - 09+02 - Fountain inside
spa installation

Iklc 25.75+£244 - 0702 - Outflow
repository

k2 1.30+0.23 138+ 16 7.0+£0.3 122+ 2 Spring outflow
(field)

k3 1619+9.1 54+12 <0.4* 83+9 Spring outflow
(field) - potable

k4 30.09 + 2.05 141+ 12 < 0.4* 118+ 5 Spring outflow
(field)

* Low Limit of Detection

Unlike in other geothermal springs in Greece, the concentrations of 2?’Rn in spring water are
not supported by the parent >°Ra (as water seems to be enriched in the sources of the spring).

[1]

[2]
[3]

[4]

(3]
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TRABIDOU, G., FLOROU, H., ANGELOPOULOS, A. SAKELIOU, L.,
Environmental Study of the radioactivity of the spas in the island of Ikaria, Rad. Prot.
Dosimetry 63 1 (1996) 63-67.

TRABIDOU, G., Radiologica study in the areas of radioactive springs (Ikaria island).
Ph. D. Thesis, University of Athens and NCSR " Demokritos’, Athens (2004) 350 pp.
FLOROU, H., TSYTSUGINA, V. POLIKARPOV, G.G.,, TRABIDOU, G,
GORBENKO, V.V., CHALOULOU, CH., Field observations of the effects of
protracted low levels of ionizing radiation on natural aguatic population by using a
cytogenetic tool, J. Environ. Radioact. (in press).

KRITIDIS, P., FLOROU, H., Natura radioactivity in the environment and radioactive
pollution, (Proc. Nat. Conf. Environ. Sci. and Techn., Aegean University, Mytilini,
September) B (1989) 24-34.

KRITIDIS, P., A radiological study of the Greek radon spa, (Proc. Int. Sympos. Radon
and Radon Reduction, Philadelphia (USA) 2-5/04/1991) Val. 3 (1991) Session VI 8.
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GEOSTAR-2 (GEophysical and Oceanographic STation for Abyssal Research) is the first
European deep-sea observatory for geophysical and environmental monitoring at seabed
becoming operative in 2000. It was deployed in September 2000 from the Italian R/V Urania,
in the southern Tyrrhenian Sea, between the Sicilian coast and the island of Ustica, at a depth
of about 1900 m. After 206 days, in April 2001, the observatory was recovered. More than
4100 hours of data were recorded continuously. This mission represented the longest lasting
experiment using a complex module, with an intelligent unit, deployed at great depth.

The sensors used for this mission (two magnetometers, a gravity meter, a hydrophone, a
Doppler currentmeter, a single-point currentmeter, an automatic water sampler for laboratory
geochemical analysis, a CTD and a transmissometer) were continuously controlled and
managed by a data acquisition and control system able to transmit the data via surface buoy
and radio or satellite link to on-shore operators.

The seawater samples have been analysed for the following parameters:
- gas concentration: CO,, CHy4, He, Ne
- helium isotopic composition: R/Ra (3He/*He sample / *He/*He atm)

CO, and CH4 were analyzed by gas chromatography with micro-TCD. Helium analysis was
carried out with a Perkin ElImer 8500 gas-chromatograph (Flame lonization Detector and Hot
Wire Detector; 5ppmv as detection limit; analytical errors of + 5%). The *He/*He isotopic
ratio, was determined by a static mass spectrometer (VG5400TFT, VG Isotopes; typical
uncertainties are about +1% for 3He/*He ratios in the range of atmospheric vaues; below
+0.1% for high-*He samples and below +3% for low->He (radiogenic) samples).

The environmental radioactivity analyses of seawater samples, obtained by the automatic
water sampler, has been performed in the framework of ERMES research project
(Environmental Radioactivity Monitoring for Earth Sciences) to trace environmental changes
in the Benthic Boundary Layer (BBL) seawater [1, 2].

The analysis of radionuclides was carried out by means of gamma spectrometry with coaxial

high purity Germanium (HPGe) detectors having volumes ranging from 200 to 500 cn? and a
total background rate in the energy range [(60+2700) keV] varying from (221+2) to (980+10)

11
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counts/days depending on the detector [3]. Each seawater sample has been measured for about
ten days using a polystyrene box of 70 mm diameter and 30 mm height [1, 2].

Oceanographic data evidenced oceantlithosphere interactions in the 1900 m deep BBL,
distinguishing two water masses with different origin and, possibly, benthic residence time.
Environmental radioactivity analyses shown a BBL characterised by a colder Western Water
(WW), which is episodically displaced by the cascading of the warmer Eastern Overflow
Water (EOW) [4].

[1]

[2]

[3]
[4]

12

PLASTINO, W., LAUBENSTEIN, M., ETIOPE, G., FAVALI, P., Environmental
radioactivity analysis in sea-water samples collected by GEOSTAR deep-sea
observatory, Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Gran Sasso,
Annua Report (2002) 201-206.

PLASTINO, W., LAUBENSTEIN, M., ETIOPE, G., FAVALI, P., GEOSTAR-2
observatory: the Benthic Boundary Layer dynamics by eawvironmental radioactivity
analyses, Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Gran Sasso,
Annual Report (2003) 203-208.

ARPESELLA, C., A low background counting facility at Laboratori Nazionali del Gran
Sasso, Appl. Rad. Isot. 47 (1996) 991-996.

ETIOPE, G., FAVALI, P, FUDA, JL., ITALIANO, F., LAUBENSTEIN, M.,
MILLOT, C., PLASTINO, W., The Benthic Boundary Layer: geochemical and
oceanographic data from the GEOSTAR-2 observatory, Annals Geophys. (in press).
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Mucilaginous Aggregatesin the Northern Adriatic Sea

M. Giani, V. Zangrando, D. Berto

Istituto Centrale per la Ricerca scientifica e tecnologica Applicata a Mare (ICRAM),
Chioggia, Italy
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The occurrence of large mucilaginous aggregates is frequent during summer periods in the
Northern Adriatic Sea. Their formation is not recurrent every summer but there are cluster of
events asin 1988, 1989, 1991 and 1997, 1998, 2000, 2001 and 2002. Different aggregate size
and morphologies have been described ranging from cm size marine snow to meters long
clouds [1]. Kilometers long layers may form at pycnoclines or at surface as a consequence of
the accumulation of the aggregates.

Riverine inputs produce C depleted organic matter in contrast to *C enriched autochthonous
marine organic matter [2]. The d°C is an indicator of the terrestrial (d**C from -30 to —25%,
versus VPDB) or marine (d*3C -23 to -15%,versus VPDB) origin of particulate organic matter
[3]. Humic substances may form as a consequence of the degradation of terrestrial organic
matter or of phytoplankton. The d**C values of humic substances range from —21.8%, to —22.8
%, for open ocean humic substances and —22.8%, to 23.7%, for coastal humic substances [4].

In order to establish the origin of the aggregates sampled during summer 2000, 2001 and
2002, the chemica characterization and the isotopic composition of organic carbon in
different aggregates, plankton and humic substances were performed. The composition of the
aggregates depends on the nature of the matter involved in the aggregation, therefore the d*3C
of mucilage and humic fraction can explain the origin of the phenomenon.

The mucilaginous aggregates were dialyzed on a CelluSep3500 membrane with a 3500
nominal weight cut off and freeze dried. The d'*C were analyzed by Isotope Ratio Mass
Spectrometer (Delta Plus, Thermo Finnigan).

Elementa analysisindicated in the aggregates. 11.1 , 29.4% of organic carbon, 2.8 , 5.0% of
inorganic carbon and 0.7 ;| 3.7% of nitrogen. In order to characterize the nature of organic
fraction of the aggregate, humic substance were extracted according to the method of
International Humic Substance Society [5]. Humic acid made up 2.3% to 6.3% of the
aggregate’ s organic carbon.

The dC average value of the aggregates was -19.7%, + 2.2 inside the range of natural
plankton (from —19.7 to —24.1%,). Sedimented clouds showed low d**C values (up to -
10.11%,) determined by elevated content of carbonates that had a mean d-*C value near 0%,
[2]; as a matter of fact these samples contained higher inorganic carbon that could derive by
an incomplete remova by HCI treatment of resuspended bottom sediments entrapped in the
aggregates.
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The -20.8%, d*3C value of humic acid fraction extracted from sedimented cloud pointed out
the marine origin probably by plankton degradation [4] (Fig.1). Differently, the humic acid
fractions extracted from coastal surface aggregates showed lower d**C values (-23.3 %), due
to a contribution of riverine organic matter. Further confirmations derived from the d*C
values of standard terrestrial humic acid (-26%,) (Fig. 1).

Vibrational FTIR analyses confirm the result obtained with carbon isotope techniques. The
FTIR spectra of most aggregates and humic extracts analysed showed the absence of aromatic
groups, characteristic of terrestrial humic acids, and the presence of strong aliphatic
components in the mucilages [6].

Our results showed that mucilaginous aggregates sampled in areas out of the riverine
influence had a marine origin, confirming previous results in mucilages sampled in a
restricted Adriatic area (Gulf of Trieste) in summer 1988, 1989 and 1991 [7].

Zooplankion ]

Pnytoplankion —

Surface aggregates —

Stringers ]
Ribbon |

Cob web H

Falsebotiom

—
ClTouds —

Sedimented clouds A

Humic acid extracted from surface agaregates ]

Humic acid extracited from sedimented clouds

Humic substance Mucilaginous aggregates ~ Plankton

Terrestrial humic acids
T

0 -4 -8 ‘12 g8¢c  -16 -20 -24 -28

FIG. 1. d“C values on different types of mucilaginous aggregates, plankton and humic acids.
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Pb is commonly reported as a pollutant of concern in the marine environment. Although
severely regulated in the industrialised countries, global emissons are not showing a
significant downward trend [1]. Therefore Pb will still cause problems because of its
conservative nature and its increasing use in some industrial applications [2]. It is therefore
important to develop tools to monitor it's the occurrence and abundance of Pb in coastal
waters, particularly those in less-developed regions of the world where its use is not yet, or
only poorly, regulated. Thus, the purpose of this study was to quantify Pb bioaccumulation in
awidely distributed and abundant species along the Mediterranean coasts of North Africa, viz.
the mussa Mytilus galloprovincialis, in order to assess the relevance of its use as a
bioindicator species of Pb contamination [3, 4].

The experimental approach used highly sensitive nuclear detection techniques to investigate
uptake and loss kinetics of the radiotracer 2'°Pb in the mussels. Individuals were exposed
experimentally to the radiotracer for 14 d via seawater (uptake phase). At the end of the
exposure period, nortcontaminated conditions were restored (clean flowing sea water) for 22
d and loss kinetics of 2°Pb from mussel tissues were determined (depuration phase) during
that time. 2°Pb was found to be readily taken up according to linear uptake kinetics. At the
end of the exposure period (14 d of exposure), calculated concentration factors reached values
as high as 300 (Fig. 1). When mussels were exposed to increasing >'°Pb activities (0.25 to 2.5
Bg ml'Y), it was found that Pb bioaccumulation in the mussel tissues was directly proportional
to ambient Pb concentrations in sea water.

Retention of the metal in mussel tissues was high with ca. 50% of incorporated Pb remaining
in the tissues after 3 weeks of depuration (Fig. 2). Mussels displayed similar loss kinetics
regardless the 2'°Pb activity (0.25 to 2.5 Bq ml™) to which they were previously exposed.
Estimated biological hdf-life (Tb¥2) of #:°Pb ranged between 23 and 28 days.

Overall, our results indicate that M. galloprovincialis could be a useful monitoring tool to
assess Pb contamination of North African coastal waters and, thus, could be considered as a
suitable bioindicator species for heavy metal monitoring programmes in this region.
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FIG. 1. Uptake kinetics of **°Pb in Mytilus galloprovincialis exposed via sea water (whole-body
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FIG. 2. Losskinetics of “°Pb in Mytilus galloprovincidis previously exposed for 14 d via sea water
(% of whole-body Remaining Activity).
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Radionuclides can be effectively applied in marine studies and thus contribute to better
understanding of water and sediment dynamics and the behaviour of contaminants in oceans
and seas. There are only very limited data available on the distribution of radionuclides in the
South Mediterranean Sea. Only afew data are available on non-radioactive pollutants as well,
and oceanographic investigations have been mostly carried out in strait areas [1, 2]. Little is
known about the sources of pollutants (e.g., the phosphate and oil industries marine traffic,
etc.) and their release rates. Because of the Sea's special geographical setting and potential
sengitivity to human activity, much more effort is required in studying its oceanographic and
bio- geochemical structure. The socio-economic importance of the Mediterranean Sea and its
vulnerability to anthropogenic contamination has prompted the North African countries to
develop ajoint regional approach to solve marine environmental problems.

International Atomic Energy Agency carried out from 2000 a regional technical cooperation
project “Contamination Assessment of the South Mediterranean Sea’ with the aim to
contribute to better understanding of contamination processes, and to assist North African
Member States (Algeria, Egypt, Libya, Morocco and Tunisia) in developing of isotopic tools
for investigation of marine processes through capacity building and training in sampling and
analytical techniques.

The objectives of the project are to develop aregional capability in North African countries to
assess radioactive and non-radioactive contaminants using nuclear and isotopic techniques; to
investigate marine processes in order to better understand water and sediment dynamics and
the behaviour of contaminants; to synthesize data on levels of radioactive and nonradioactive
contaminants (heavy metals, organic compounds) in water, sediment and biota; to investigate
processes in the water column affecting primary productivity in the Sea and its potentia
impact on fisheries; to estimate spatial and temporal trends in contamination of the Sea and to
develop computer models to investigate dispersion of contaminants.
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Results obtained after 3 sampling/training cruises carried out in the framework of the project
(with IAEA support), covering EEZ of Algeria, Morocco and Tunisiawill be presented.

The recent expedition carried out from 14 to 29 June 2004 using a research vesse
‘Mohammed Seddik Benyahia® comprised lectures and demonstrations on sampling protocols
for sampling and analyses of radioactive and non-radioactive contaminants at sea. The
sampling work was carried out at 4 stations in the EEZ of Tunisia and Eastern Algeria (Fig.
1). To determine physical and chemical characteristics of the studied sites, CTD and general
chemistry analyses including nutrients were performed on board. Seawater samples were
collected at severd Ia%/ers using large volume water samplers. Sequential pre-concentration of
radionuclides (2*8pu, 2%2°py, !Am ¥'Cs and *°Sr ) was done on board. Sediment samples
were collected at 4 stations as well using a multi-corer. Biota samples (zooplankton) were
collected during the night using plankton nets and will be analysed for naturaII%/ occurring
100, as well as for anthropogenic radionuclides (plutonium isotopes, 2**Am, and 2*'Cs).
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FIG. 1 Sampling stations during the 2004 cruise.

[1] SAMMARI, C,, MILLOT, C., TAUPIER-LETAGE, |., STEFANI, A., BRAHIM, M.,
Hydrological characteristics in the TunisiaSardinia-Sicily area during spring 1995,
Deep-SeaRes. | 46 (1999) 1671-1703.

[2] STANSFIELD, K., GASPARINI, G.P., SMEED, D.A., High-resolution observations of
the path of the overflow from the Sicily Strait, Deep-Sea Res. | 50 (2003) 1129-1149.
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Morocco has a long coast of 3500 km of which 500 km are on the south Mediterranean sea
where little information on artificial radionuclides concentrations is available. There is no
existing data in the Atlantic Ocean coast. The aim of this study carried out within the regional
Project RAF7 held in co-operation with IAEA is the exploration of levels of radionuclides
concentrations in the Moroccan marine environment with special emphasis on the
anthropogenic radioactive contaminants; 23'Cs, 2%2°py and **Am. In addition, concentration
profiles of natural radionuclides as #°Pb and *Ra in sediment were also determined allowing
to estimate, through the excess Lead (°Pbe), the sedimentation rate and to reconstruct the
history of contaminants.

Samples were collected along 4 stations of which 3 are in the Mediterranean sea during a
cruise aboard the oceanographic vessel Charif Al Idriss of INRH. One station near "Mdiq"
(S.2) was extensively explored by collecting four samples of water at different depths until
900m and a bottom sediment core collected at a depth of 800 m using an Ocean Instrument
Box corer. uential concentrations of radionuclides have been carried out on board by co-
precipitating 2**?*°Pu and ***Am with MnO, and the adsorption of **'Cs onto AMP. The
sediment cores were sectioned into series of horizontal slices of 0.5 to 1 cm thickness to be
analysed.

137¢cs, 219, 22°Ra activities were measured by g spectrometry using a CANBERRA HPGe
detector with resolution of 2 keV and efficiency of 50%. For the a emitters as Pu and Am
isotopes, a suitable radiochemical method was applied based on the separation of Pu from Am
by anion -exchange resin AG1x8. Am was co-precipitated with calcium oxalate and extracted
into DDCP and finaly separated from rare earths by anion exchange in mineral acids
methanol media. Both Pu and Am fraction are electrodeposited and the resulting apha-
sources are counted by ORTEC EG&G alpha spectrometry. The determination of “°Pb in
sediment samples is carried out also through the measure of 2*°Po by alpha spectrometry after
total digestion of the samples and spontaneous deposition of Po.

The preliminary results obtained showed that the average activities in surface water were 2.82
mBg/L for ¥'Cs, 8.69 mBg/L for 2%?*°py and 1.53 nBg/L for 2**Am respectively while the
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mean 22°py3'Cs and 2 Am?3924%py activity ratios were 0.0032 and 0.18. The activities
values found all agree in magnitude with those reported in recent studies [1, 2] carried out in
the Western Mediterranean Sea and are within the range of concentration originating from the
global weapons tests fallout. For the water column, 3’Cs and 2°2°Py vertical distributions at
St.2 show a sub-surface maximum found at depth close to 500m. Mitchell et al. [3] reported a
maximum in Pu concentration (29 nBg/L) at a depth around 500m in the Alboran Sea. On the
other hand, the 2*2®Py3"Cs activity ratio increases with depth suggesting the progressive
separation of Pu from Cs due to the association of the transuranic elements with suspended
matter.

Regarding to the sediment core, the concentration profiles of **'Cs and 2%?°°Py are plotted in
Fig.1 and revealed the presence of sub-surface maximum located around 5 cm corresponding
certainly to the maximum deposition of fallout occurred in 1963. The activities ranged
between 1.9-6.3 Bg/kg for *'Cs and between 0.3-0.8 Bg/kg for %Py, The mean
239.240p 137 Cs activity ratio was about 0.11.

Furthermore, an average sedimentation rate of 0.124 cm/y was obtained by applying the CRC
mode! to ?*°Pb in excess profile. The origin of maximum concentrations for **’Cs and 2*?*°py

was confirmed.
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FIG. 1. ¥ Csand *****°Pu profiles in the sediment core collected fromthe . 2 (Mdiq).
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Despite the availability of extensive information about the levels of artificial radioactive
contamination of the Mediterranean Sea, the problem of assessment of this radioactive
contamination to the south part of the Mediterranean Sea is of current interest. The main
sources of contamination are fallout from nuclear tests and Tchernobyl accident in 1986. *’Cs
which is an anthropogenic radionuclide, conservative in the open sea, remains the potential
contributor of contamination in the Mediterranean Sea, although used as radioactive tracer.

A total number of 25, between surface and deep seawater samples (40-70 L), were collected
in different water masses during Oct.-Nov. 1999, along the Algerian coast, from Ghazaouet
(N35°10'90, W02°05'000) to Skikda (N36°56’'107, E06°55'857), covering a distance of
around 1000 km, by the " Laboratoire d’Etudes d' Impact Radiologique’ (]LEI R/CRNA), on
board the M.S. Benyahia, Research Vessel of (ISMAL), to determine 3’Cs concentration.
Sampling of surface seawater was performed using a pump system, however, for water
column, a 50 L Niskin PVC water — bottle sampler was used. Multiparameter probe was also
used to determine vertical profiles of temperature, salinity and pH in water column samples a
different stations.

137Cs was pre-concentrated on board for some samples and in the laboratory for others, by co-
precipitation on ammonium molybdo-phosphate gAM P) technique [1, 2,] a pH (1-2). The
chemical yield was determined using the injected 1**Cs isotope tracer activity.

After pretreated and dried the AMP precipitates, they were analysed by direct counting
gamma spectrometry, using a high purity germanium detector of relative efficiency of 20.6%
and resolution (FWHM) of 1.8 keV at 1332 keV gamma-energy of *°Co.

The accuracy of the results is checked by participation to the IAEA-385 intercomparison
exercise. Detection efficiency is determined by preparation of two standard samples of same
geometries, in which 13 Bq activity of caesium isotope tracers was injected. Concentration of
surface seawater ranges from 1.69 to 2.26 Bg/nT with a mean value of 1.87 Bg/nT and from
1.72 to 3.31 Bg/nT for water column samples with an average value of 1.78, 1.93, 2.28 and
2.5 Bg/nT for Ghazaouet, Mostaganem, Alger and Annaba stations, respectively.

After comparison with the literature [3], we found that our values are close to the mean value
of the Mediterranean Sea in coastal regions. According to the results of concentration, and
although they were obtained by using simple means of sampling, we observe an increase of
activity from western to eastern coast of Algeria, and an activity peak at a depth of about
100 m. Obtained profiles are shown in Fig. 1 and seem to be similar to those already obtained
in the region [4-7].
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FIG. 1. ¥'Csprofiles in seawater at 4 different stations along the Algerian coast.
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In the marine environment ?'°Po is largely produced from the decay of 2*°Pb deposited from
the @mosphere. Although they exist everywhere in the environment at the same time, the
concentration of these radionuclides in river-estuarine systems may vary widely due to
geology of the watershed and chemical weathering conditions. Moreover, natural levels of
these radionuclides in aguatic ecosystems increased from phosphate, fossil fuel, oil industries
and use of artificia fertilizers[1].

Several studies have demonstrated that the natural apha emitting radionuclide 2*°Fo is
accumulated to exceptionally hgh levels in tissues of a variety of marine organisms, well
above levels of the parent radionuclide %°Pb. The behaviour of '°Po in the ocean differs that
of 29Pb, especially because of the higher affinity of 2!°Po for organic matter [2].

The Turkish aastal zone of the Aegean Sea has been heavily industrialized in the last 25
years resulting in a considerable input of wastes to the coastal marine ecosystem. Fish and
other edible marine organisms consumption is relatively higher at the region than at other
parts of Turkey, therefore it is important to determine the additional dietary radiation dose
received by population originating seafood.

The information on levels and distribution of natural radionuclides is however very rare
because there exists limited number of investigations conducted on this coast line [3, 4]. For
this reason, an IAEA Research Contract Project (B5-TUR-31834) has been started by the
Institute for the Turkish coast of the Aegean Sea. In this work 2°Po and #°Pb measurements
are realised using apha spectrometry after radiochemica deposition techniques for which the
details are given elsewhere [3]. The sampling stations are selected at the sites where there
exist intense industrial activities nearby. Canakkale (Dardanel), Ayvalik, Foga, I1zmir Bay and
Gokova Bay were chosen as study areas (Fig. 1). Gokova Bay is attributed special importance
because it has been polluted by three major uraniferous coal fired power plants since 1982.

A work conducted 2 years ago at Foga located at the north of 1zmir Bay where there exists
petroleum refineries exhibited elevated levels 2'°Po concentrations, 1205+100 Bq kg'dry
weight in Mytilus galloprovincialis These results are significantly higher than those measured
in Black sea mussels (100-162 Bq kg dry weight.) studied in a previous work realised [5]. So
Foca region is being studied for further investigations. For Izmir Bay, preliminary *°Po
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measurements at some stations give 180+10 and 119+12 Bq kg'dry weight in mussels and
sediments respectively for average concentrations. These values are in agreement with the
range observed along the Turkish Black Sea shore [5].

[1]

[2]
3]

[4]
[3]
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FIG. 1. Location of sampling sitesin the Aegean Sea.
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This paper summarises highlights of a recently finalised IAEA Regiorel Technical Co-
operation Project, called “Marine Environmental Assessment of the Black Sea Region”. This
project aimed to complement other on-going regional programmes by addressing those gaps
in regiona capabilities, co-ordination and scientific investigations, which fal within the
Agency’s technical competence. The main objectives of the project were (i) to develop
capabilities in the region to reliably assess Black Sea radioactive and nonradioactive
pollution by using nuclear techniques; (ii) to implement a regionally co-ordinated monitoring
programme for radionuclides in coastal waters; and (iii) to assess key processes controlling
the fate of pollutants in the Black Sea by using radionuclides as tracers. The project was
designed based on requests ard proposals received from IAEA Member States and involved a
nucleus of nine main counterpart institutes and twelve collaborating institutes/laboratories in
the six riparian countries: Bulgaria, Georgia, Romania, the Russian Federation, Turkey and
Ukraine. The IAEA contribution to the project amounted to $1.8 million over a period of 6
years (1995-2001), including the supply and commissioning of sampling and radiometric
equipment and laboratory materials, expert visits, training courses, workshops, a seminar,
fellowships, scientific visits, research vessel services and organisation of two Black Sea
international scientific cruises, technical meetings, planning and co-ordination meetings and
Ministerial meetings. The project thus had a strong capacity building component in support of
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national programmes and benefited in turn from commitment and considerable human
resources, infrastructure and networking contributed by the national counterparts. Besides
upgraded radioanalytical and assessment capabilities in the region, the project resulted in a
large amount of new data, published so far in over 140 papers.

A programme for co-ordinated monitoring of coastal marine radioactivity was initiated at 15
stations around the Black Sea. Seawater, beach deposits (sand) and selected species of
seaweed, mollusks and fish were collected once a year (twice yearly in the case of water) and
analysed for 2*'Cs by all laboratories and for additional radionuclides (*°Sr, 229%4°py, 21°pg) by

afew laboratories.

Two internationa scientific cruises organized in 1998 and 2000 (Fig. 1) aimed to provide on
board training and to foster collaborative studies. Their main objectives were to assess
contaminants in the marine environment, with a focus on anthropogenic radionuclides; to
study particle fluxes, sedimentation, water mass mixing and eutrophication using
radionuclides as tracers; and to perform trend monitoring at reference stations.
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FIG. 1. Location of stations occupied during the |AEA Black Sea scientific cruisesin 1998 (full
circles, italics) and year 2000 (open circles, bold).

The field and laboratory work was carried out according to harmonized methodologies and
supported through proficiency tests and intercomparison exercises.

Selected results will be presented in this paper and several other posters and oral presentations
a this conference present details on subjects like #*°Po and associated doses, sedimentation
and sediment inventories of radionuclides in the abyssal Black Sea and radiotracer chronology
of metal pollution in the Eastern Black Sea.

Acknowledgement: This work was carried out in the framework of the International
Technical IAEA Project RER/2003 'Marine Environmental Assessment in the Black Sea

Region”.
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The natural radionuclide ?'°Po is the major contributor to the radiation dose received by
humans from the sea food consumption. The main source of %'°Po in the environment is the
exhalation of *Rn gas from the ground into the atmosphere. The radionuclides fall to the sea
water and oceans together with aerosol particles by washout and sedimentation. The other
source include burning of fossil fuel, uranium, phosphate and lead ore processing industries
and tetraethyl lead used for car engines. The entrance of the radionuclides to the human body
are via inhaation or ingestion. The major contribution for *°Po received via food
consumption especialy is originated from fish and shell fish by which it is strongly
accumulated in relatively high concentration [1, 2]. This can lead to increase the radiation
dose delivered to man by significant factor.

In this study the concentration of #°Po were determined in algae, fish, mussel and beach sand
samples collected from four different coastal zones of the Black Sea in Turkey from selected
stations namely Sile, Trabzon, Sinop and Zonguldak during the period of 1998-2001. The
sampling and analysis were carried out as a part of the “Marine Environmental Assessment of
the Black Sea Region” Technical Cooperation Project, RER/2/003 undertaken by the six
Black Sea countries which is supported by IAEA.

For the determination of ?°Po in samples the standard techniques was used [3]. Known
activity of 2°°Po were added as an isotopic tracer. Samples were completely dissolved with
mineral acids (HNOgs, H,O,). When the solution was clear, concentrated HCl was added and
the solution was gently evaporated to near dryness. After evaporation, polonium was plated
onto silver disc in 0.5 M HCI in presence of ascorbic acid. Alpha counting of sample was
performed using a silicon surface barrier detectors connected to a PC.

The mean ?'°Po concentrations measured in mussel, algae, fish and beach sand samples from
the four different locations on Turkish coast of Black Sea namely Sile, Sinop, Trabzon and
Zonguldak are presented in Table I. The mean ?*°Po concentrations over the study period in
the beach sand and algae was observed to vary between 8.3-18.5 Bq.kg! dry and 15.4-29.9
Bag.kg? dry, respectively while those in fish samples for T. trachurus, M. Barbatus and M.
euxinus were found to vary between 1.9-7.4 Bg.kg' wet, 5.8-6.7 Bq.kg* wet and 1.3-1.6
Ba.kg® wet respectively. The mean ?°Po concentration of the mussels used for human
consumption having shell length 3 5 cm averages is found to be changing between 18.4-32.1
Ba.kg* wet.
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Reliable systematic data is accumulated as a result of joint monitoring work of the Marine
Environmental Assessment of the Black Sea Region Technical Cooperation Project. A
preliminary comparison of the values obtained by the project group are in good agreement [4].

However further study on the sea food consumption habits of the Turkish Black Sea
population and intake dose assessment for :°Po must be undertaken in order to cover public
health concern due to radioactivity in the Black Sea marine environment.

TABLE I. MEAN %Po CONCENTRATION VALUES OF MONITORING SAMPLES
COLLECTED THE FOUR DIFFERENT LOCATIONS ON TURKISH COAST OF BLACK
SEA

Algae T. trachurus [[M. barbatus; M. euxinus | M. galloprovincialis Sand
Bqg.kg™ dry | Bg.kg™ wet |Bq.kg™ wet, Bqg.kg™ wet Bq.kg™ wet
Sile 15,4+8,4 2,5+£0,7 5,8+1,3 1,3+0,1 21,9+8,4 11,9+7,3
Sinop 18,9+4,5 6,3+0,7 1,6+0,8 32,1+12,9 8,3+1,5
Trabzon 16,0+2,9 7,4+0,9 6,7+1,3 1,4+0,5 18,4+3,9 18,5+2,1
Zonguldak 29,945,0 1,9+0,3 22,848,1 10,8£2,9

[1] CHERRY, R.D., SHANNON, L.V., The alpha radioactivity of marine organisms,
Atomic Energy Rev. 12 (1974) 3-45.

[2] CARVALHO, F.P., ?°Po and #°Pb intake boy the Portuguese population : the
contribution of seafood in the dietary intake of 2*°Po and #%b, Health Phys. 69 (1995)
469-480.

[3] FLYNN, W.W., The determination of low levels of Polonium-210 in environmental
materials, Anal. Chim. Acta 43 (1968) 221-227.

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, Regiona Technical Cooperation
Project RER/2/003, Marine Environmental Assessment of the Black Sea, Working
Material, IAEA, Vienna (2004) 168-175.
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The following questions will be addressed:

1) What do *C records in surface cords tell us about changes in circulation and
climate?

and

2) Do changesin climate during the pre-anthropogenic period (< A.D. 1850) resemble
those during the twentieth century?
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The Antarctic Peninsula is highly sensitive to climate change and is currently experiencing
rapid and unusual warming. Here we examine Holocene variability as seen in a multi-tracer
stable isotopic study using a 50 m sedimentary section spanning the past 12,000 years from
the wgest coast of the Antarctic Peninsula. In our synthesis, we make use of the Palmer Deep
ODP site 1098 drill core. These sediments comprise the first high resolution, continuous, Late
Pleistocene through Holocene sediment record from the Antarctic continental margin. We
analyzed biogenic opal, organic C and N concentrations, and **C/**C and *°N/*N isotopic
ratios of sedimentary organic matter every 2.5 cm downcore (1600 samples, sample interval
of about 7 years). We interpret the main changes in these downcore parameters as indicating
substantial variability in productivity. We note that 1) that the lowest productivity of the
Holocene occurred during the past 1.5 kyrs BP, 2) Holocene variability in productivity is
large, about a factor of 3, 3) A mid-Holocene productivity maximum is coeval with many
mid- and low-latitude Holocene paleoclimate records, and 4) evidence is strong for solar
forcing via both total irradiance and precessional effects. Given the modern link between sea
ice and net annual primary production aong the Antarctic margin, it seems likely that
episodes of enhanced productivity, both during the middle Holocene and during centennial
productivity peaks were associated with reduced ice cover. We explore several mechanisms
by which sea ice cover might respond in an fashion consistent with our observations: 1)
reduced westerly winds (less evaporative cooling), 2) South Pacific gyre spin-up (less pole-
equator T cortrast), 3) more local warm deep water upwelling. It is possible that the basic
ENSO dynamic we know from studies of interannual variability in the tropica and North
Pacific also regulates climate change at decadal to millennial timescales in the South Pecific.
In this regard, we note that the strongest Southern Oscillation atmospheric pressure anomaly
in the Southern Ocean is in the Bellingshausen/Amundsen seas, upwind from our Antarctic
Peninsula study site. We see temporal coherence between a rapid mid-Holocene excursion at
site 1098 and a similarly rapid 85 m lowering of the level of Lake Titicaca, at 14°S in the
South American Altiplano, again suggestive of a Pacific Ocean control. Comparison with
other Antarctic margin paleoclimate records from East Antarctica and the Ross Sea as well as
with terrestrial records from Australia and New Zealand generally shows heterogeneity across
longitudes and coherence across latitudes. However, convincing conclusions along these lines
are still difficult because of problems in comparing chronologies at sub-millennial timescales
between marine records, ice cores, and terrestrial records.

30



EXTENDED SYNOPSIS IAEA-CN-118/18
TOPIC: CLIMATE CHANGE

High-Resolution Bomb Pulse Radiocarbon Records from Corals,
Spanning the Central and Southeaster n Pacific Ocean

J. Warren Beck?, T. Correge®, G. Burr?
#NSF-Arizona AMS Facility, University of Arizona, Tucson, Arizona 85721 U. S. A.

P|nstitut de Recherche pour |e Developpement, (IRD, ex ORSTOM), BPA5, Nouméa,
New Caedonia

E-mail address of main author: wbeck@physics.arizona.edu

Pacific ocean radiocarbon levels have significantly increased during the last half century as a
result of atmospheric nuclear testing, mainly in the 1950s and 1960s. Ambient oceanic
radiocarbon levels are recorded in corals living in the surface mixed layer. Several high
resolution coral radiocarbon records are presented from the central and eastern south Pacific
Ocean, spanning Christmas Island (2°N, 157°W), the Marquesas (8°S, 140°W), and Easter
Island (27°S, 109°W). These three records span the bomb-pulse period, at atypical resolution
of approximately 3-6 samples per year.

The Record from Christmas Idand shows large inter-annual variability whose variations
strongly correlate with ENSO. This orrelation is due in part to horizontal advection of
surface waters in the equatorial Pacific, but is aso controlled by variable vertical fluxes of
radiocarbon depleted waters entering the mixed layer from the thermocline. Thus, this
radiocarbon record may be used as a proxy for ENSO timing and intensity. The Marquisas
record shows less interannual variability, though this record is at lower resolution. The Easter
Island record shows the least amount of interannual variability. The total amplitude of the
bomb pulse is largest at Easter 1land (~225 %o), intermediate at Christmas Island (~175%o),
and lowest at the Marquesas (~155%o). As expected, Pre-bomb pulse radiocarbon levels were
lowest near the equator (Christmas at ~65%o0) due to the influence of radiocarbon-depleted
waters upwelled from the thermocline, and highest at Easter Island (~-43%.), which is close to
the center of surface convergence in the southern hemisphere sub-tropical gyre. Radiocarbon
levels reached nearly +200%. at the peak of the bomb pulse at Easter Island, but only
achieved levels of ~90%o. at the Marquesas, and ~110%o. at Christmas Island.
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The study of globa climate change recorded and archived in cords, tree-rings, glacia
deposits, ocean sediments and ice cores reveals a complex scale of variations ranging from
major glacia cycles (100,000 years), millennial (1,000 years) timescales and even decadal
changes (i.e. ENSO). ‘Global patterns of climate cycles are inferred principaly from
Northern Hemisphere records and modelling approaches. For the magor glacia-interglacial
cycles this seems to be reliable — however data is now emerging that on the millennial scale of
climate change particularly over the Last Glacial-Interglacial Transition (20,000 to 10,000
years ago) and through the Holocene, things are not so ssimple, let alone ‘global’. Critica
guestions are now being asked as to the synchronicity, intensity and mode of abrupt climate
patterns across Earth’s hemispheres. However, with a paucity of Southern Hemisphere
studies, answers are not readily available.

Long-lived cosmogenic radicisotopes, such as *°Be, C, Al and *°Cl, are produced by
cosmic ray bombardment of Earth’s atmosphere and lithosphere. The measurement by
Accelerator Mass Spectrometry of concentration profiles of these radioactive ‘clocks and
‘tracers’ in climate archives is emerging as key parameters to provide the essential
chronologica frameworks and rates of climate processes to address these vexing questions.

This tak will present 2 examples of cosmogenic isotopes in the study of Southern
Hemisphere climate change records. The first relates to application of in-situ produced °Be
and 2°Al in glacially transported surface rocks to determine the chronology of glacial cyclesin
Tasmania and New Zealand during the last deglaciation. The Younger Dryas (YD) is a mgjor
short term and intense climatic reversal towards colder temperatures occurring between
11,500-12,800 cal year BP superimposed on the last deglaciation. Its presence has now been
identified in mogt, if not al, of the northern hemisphere archives of late Quaternary climate
change. Recently, investigations have centered on searching for a cooling reversal coeval with
the YD chronozone in Southern Hemisphere archives. The implications of such an appraisal
are significant as a positive outcome directly supports the presence of a global triggering
mechanism coupled with climate change synchronicity across the equator.

The second deals with a detailed comparison in the variations of atmospheric radiocarbon
recorded in tropical tree rings from Thailand to that in mid-latitude Huon Pine tree-rings from
Tasmania during the Little Ice Age (LIA) from~1600-1800 AD. Such a study allows a better
understanding of the mechanisms that control regional 14C atmospheric concentration offsets
in terms of atmospheric mixing and the role of the Asian monsoon during periods of known
Northern Hemisphere climate cooling such as occurred in the LIA.
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Cores collected from three sites on the continental margin of Peru during ODP Leg 201
recovered >5 m of LGM-recent sediment. At Site 1227 Holocene sediments are absent, but a
well preserved early last glacia-interglacia transition (LGIT) section spanning ~17,200-
15,900 cal yrBP is present. The sediments are predominantly diatomaceous oozes with subtle
dark and light laminations which may be annual in origin. The chronology of drill-core at this
site is well-constrained by five bulk sediment **C dates that define a linear sedimentation rate
of ~270 cm/ka[1].

In contrast, Holocene sediments are well-represented at Sites 1228 and 1229. Sedimentation
rates over this period suggest the Holocene can be subdivided into two regimes. The older
period spans the early and middle Holocene (~10,000 yrBP to ~2,800 yrBP) during which
time the sedimentation rate was relatively slow at 4-6 cm/ka. However, we cannot exclude the
possibility of unconformities in this part of the stratigraphic section, and this rate should
therefore be considered a minimum. From ~2,800 yrBP to the present day, the chronology at
both sites is well defined by multiple **C ages that allow us to confidently define linear
sedimentation rates of 70-100 cm/ka [1]. At both sites, the late Holocene appears to be
stratigraphically complete.

In order to investigate an El Nino origin for the laminae on this part of the Peru shelf, we have
undertaken two independent lines of study. First, high-resolution (0.1 mm per pixel) scanned
colour images were analysed for all of the cores. For the early LGIT and the late Holocene,
the chronological model indicates that sub-annual layers can be resolved, where present.
Accordingly, we have used the red colour intensity band from the scanned images to carry out
time series analysis of ENSO-band (2-8 year) variability. Anaysis of Hole 1228B shows two
cyclicity peaksin the ENSO band over the past 10 ka. One of these, at a peak period of 5.3 yr,
dominates over the last 3 ka, with the overall Holocene pattern very similar to that shown by
Rodbell et a. [2], Moy et al. [3], and Riedinger et a. [4]. In contrast, spectral analysis of
ENSO band data from Hole 1227B, shows a strong decadal variance peaking at 16.5 and 22.5
yr and only weak variance in the ENSO band (4.7 yr). In addition, there is a well-devel oped
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oscillation in the variance of these data with cyclicity of about 110 yr which we believe is
similar to that proposed by [5].

We have sought to test that the laminations do indeed contain a climate signal by undertaking
several geochemica and mineralogical studies. The sediments are dominantly diatomaceous
oozes, but contain other minor components, including terrigenous sediment and organic
matter. We analysed d®C of bulk organic matter, d*¥0 of planktonic foraminifer tests,
organic carbon content, carbonate content, and terrigenous sediment (quartz/feldspar)
percentages of representative dark and light laminae in upper part of Hole 1227B. Our
hypothesis is that EI Nino events will produce warmer and wetter conditions (lower
foraminiferal d*®0) and increased terrestrial sediment input (increased quartz and feldspar and
lower d*3C of organic matter). At the same time, the bulk organic carbon and carbonate data
will reflect a decline in water-column productivity driven by the suppression of upwelled
nutrients during El Nifio events. Taken together, our preliminary analyses indicate that the
dark laminae represent periods of warmer sea surface temperatures and increased terrestrial
runoff associated with El Nino events.

Independent time series and geochemical analysis of L GM-Holocene sediments from the Peru
continental margin indicate the presence of an El Nino/La Nina climate signal preserved in
alternating dark and light laminae. Time-series analysis of long (>1000 yr), stratigraphically
continuous sequences from the late Holocene and the early LGIT revea decadal (~15-20 yr)
and century (~110 yr) scale modulation of ENSO climate variability.

We would like to thank Dennis Mather and the staff at The Australian Institute of Nuclear
Science and Engineering (AINSE) for grants supporting radiocarbon dating in this project
(Nos 02/169 & 04/139), and the Australian ODP Office for their assistance in providing funds
for collection and analysis of material.
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The dable carbon isotopic compogtion of the planktonic foraminifera Globigerinoides
sacculifer and Globigerinoides rubber (white) and sedimentary organic matter from the
northern Gulf of Acgeba have been investigated to estimate changes in dd 3Cpc in surface
waters during the last 1000 years. The high sedimentation rates a the core Stes (about 50
cm/k.y.) provide high tempora resolution (10 years). Recent sediments at the top of the cores
reflect conditions younger than 1950s.

The de'*C records of the planktonic foraminifera from three multicores display similar
trends, showing a uniform and consstent pattern before the 1750s, and a gradua decrease of
gpproximately 0.63%o over the last two centuries (Fig. 1). This decrease seems to track the
decrease of dd™®Cpic in suface waters, which is manly caused by the incresse of
anthropogenic input of 13C-depleted CO, into the atmosphere [1].

Smilarly, a trend toward lighter vadues of the carbon isotopic compostion of sedimentary
organic matter (deld13C0rg) during the last 200 years supports the interpretation obtained from
the planktonic foraminiferad del*3C. Furthermore, direct measurements of seawater show that
d®3C of the dissolved inorganic carbon (DIC) in the northern Gulf of Agaba has decreased by
about 0.44%o during the period 1979-2000. The average annua decrease is 0.021%o, which is
smilar to that recorded globdly [2, 3].

The d*3C vaues of planktonic foraminifera combined with organic mater d*3C from marine

sediments are good indicators for recondructing past changes in  amospheric CO;
concentrations from the northern Gulf of Agaba.
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FIG. 1. Sable carbon isotope composition (del**C) of the planktonic foraminifera G. sacculifer and
G. ruber, over the last 1000 years from three multicores (GeoB 5810-3, GeoB 5807-2 and GeoB
58013) collected in the northern Gulf of Agaba, Red Sea. The arrows represent the calibrated “C
radiocarbon age positions. The grey bar indicates the transition zone between the pre-industrial and
industrial periods.

[1] BEVERIDGE, N.A.S., SHACKLETON, N.J., Carbon isotopes in recent foraminifera: A
record of anthropogenic CO; invasion of the surface ocean, Earth Planet. Sci. Lett. 126
(1994) 259-273.

[2] QUAY, P.D., TILBROOK, B., WONG, C.S, Oceanic uptake of fossil fud COx:
Carbon-13 evidence, Science 256 (1992) 74-79.

[3] SONNERUP, RE., QUAY, P.D., McNICHOL, A.P., The Indian Ocean *C Suess
effect, Global Biogeochem. Cycles 14 (2000) 903-916.
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Land use change in the Amazon basin, the largest and most biologically diverse river system
in the world, has the potential to cause significant disruption to hydrological, biogeochemical
and human systems. The naturally occurring isotopologues of water, commonly, but
incorrectly, termed ‘isotopes, of interest as possible tracing and validation tools in
hydrological simulations are *H,'®0 and H?H¥0. Large catchment simulations of water
resources where isotopes could be applicable include water re-cycling as a function of
precipitation type and variability [1, 2]; evaporation sourcing (i.e. whether water vapour
comes from transpiration or from evaporation from rivers, lakes, soil water or the vegetation
canopy) [3]; ice and snow temperature deposition determination; and aquifer and soil
processes including those dependent upon precipitation intensity and melt-water contributions
[4]. oupled with measurement of isotopes in water sources, SWI characteristics in river
discharge now provide insight into basin-integrated hydro-climates [3, 5].

New data from the Global Network for Isotopes in Precipitation (GNIP) database, and
previously published data now fully analysed, reveal significant changes in seasonal isotopic
characteristics in the upper reaches of the Amazon basin underlining the use of stable water
isotopes as a means of vaidating and improving numerical models. Despite observational
limitations, which make determination of correctness difficult, some global models are shown
here to be too poor to be of value in the Amazon. For example, isotopic depletions, a strong
function of rainfall amount, are incorrect when precipitation is inadequately predicted
seasonally or following ENSO circulation shifts. Isotopic enrichments of d*0 and dD exhibit
systematic variations in the Amazonian water cycle as a result of forest and flooding changes.
We find signatures of both circulation and land-use change impacts in the isotopic record:
ENSO events cause decreased depletion in the dry season, due to a decreased emphasis on
convective precipitation, while increases in upper basin isotope depletions in the wet season
result from relatively less non-fractionating recycling (i.e. less transpiration and full canopy
evaporation) because there are fewer trees. Prediction of d*®0 and dD depletions by an isotope
AGCM, while being adequate when averaged over the whole 17-year AMIP |l period, are
found to be less plausible for shorter periods. An isotope LSS is shown to be very sensitive to
the prescription of boundary layer atmospheric water vapour isotopic depletion.

We conclude that efforts to evaluate model simulations of the Amazon against isotopic data
are currently seriously hampered by: (i) poor simulation of the gross water budget (e.g. lack of
surface water conservation in models); (ii) considerable model differences in surface water
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distribution (i.e. between evaporation and runoff); (iii) wide ranging characterization of other
possible causes of water isotopic fluctuations, such as EI Nifio and La Nifia events; and (iv)
significantly different characterization by current land-surface schemes of the partition of
evaporation between fractionating and non-fractionating processes. While our results show
great promise for isotopic evaluation of near-surface continental water cycle impacts in the
Amazon, they also underline the need to address existing shortcomings in both atmospheric
and land-surface models before isotopic finger-printing can be fully achieved.

[1]
[2]

[3]

[4]
[3]
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We have used a unique cora culture procedure, which alows the manipulation of seawater
temperature and pCO;, in order to assess the effects of these variables on the uptake and
fractionation of boron isotopes in corals. Corals are important archives for geochemical
proxies such as oxygen (O) and carbon (C) isotopes, trace elements, and more recently, boron
isotopes. Boron isotope uptake in carbonates is controlled primarily by pH. Since a decrease
in ocean pH can be interpreted as an increase in pCO,, severa studies sought to apply the
boron isotope paleo-pH proxy to determinations of past atmospheric CO,. Corals should
provide an ideal materia for recording the paleo-pH of surface water. As with any promising
new proxy, it is necessary to understand the controls on boron uptake.

We cultured nubbins of a branching scleractinian coral Acropora sp, using a single mother-
colony. 4 conditions have been simulated: 430 patm-25.3°C (referred as “norma pCO-,
norma temperature’), 446 patm28.2°C (“normal pCO2, high temperature’), 712 patm
25.1°C (“high pCO,, norma temperature’) and 738 patm-28.3°C (“high pCO;, high
temperature’). The light level used in our experiment correspords to in situ light levels
measured at 56 meters depth with a 12:12 photoperiod. The pH in seawater is a function of
total alkalinity (TA) and CO, concentration. Since the seawater used in this experiment had a
known and constant TA (2.604 + 0.004 meq kg!), we only changed the seawater pH to get a
fixed value of pCO». The regulation obtained during this experiment mimicked the shift in
pCO; that would occur within one century.

Multiple analyses of the boron isotopic composition (2-7 replicates per sample) were
performed in order to ensure accurate results. External reproducibility is typically better than
* 0.5 per mil (2 SD). In this experiment we did not measure the boron isotopic composition of
the Mediterranean seawater since it has been shown that it is constant, and equal to 40.26%o.
The external precision carbon isotopes from aragonite, estimated using an internal standard, is
0.22%0 (2 SD). The interna reproducibility of the mass spectrometer was 0.1%.. The
reproducibility of carbon isotope measurements from seawater was + 0.14%o (2SD).
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Our results indicate that d*'B in corals is primarily driven by changes in seawater pH and is
not affected by temperature. For corals cultured at “normal pCO,", thed™B of the skeleton is
24.0 = 0.2%0 at 25°C and 23.9 + 0.3%o at 28°C. The vaues of d*'B measured for coras
cultured at higher pCO, were lower: 225 + 0.1%0 and 22.8 = 0.1%0 a 25 and 28°C,
respectively. The d*3C values of the skeleton are also a function of the pCO; treatment. Corals
exposed to norma pCO, exhibit higher d**C values (2.81 + 0.13 and —2.75 + 0.16%o,
respectively for normal and high temperature) than corals exposed to high pCO» (-4.21 + 0.17
and -4.14 + 0.14%o, respectively for normal and high temperature). We observed a positive
d*3C -d"B corrdation in the samples.

Interpretations presented here and in other studies using boron isotopes depend on knowing
the pK value for the distribution of the agueous boron species, and the d value for the isotopic
offset between the two agueous boron species. These issues do not affect our interpretation of
the data. Our major conclusion indicates a lack of buffering by the coral. Although competing
effects of respiration, photosynthesis, and carbonate ion effect could make the interpretation
of the d®C-d"'B co-variation difficult, this experiment should allow the use of corals for
studying past changes in ocean chemistry. Changes in pH of surface ocean water that result
from changes in atmospheric pCO- can be recorded in corals.

Our data on the boron isotope composition of cultured coral samples are consistent with the
interpretation that corals do not significantly alter ambient seawater. It is remarkable that the
measured values are close to theoretical predictions. Further, we have found that the boron
isotopic composition of corals is not temperature dependent over the temperature range corals
typicaly grow.
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The remarkable similarity of late Quaternary atmospheric methane and temperature variations
recorded in ice cores suggests that methane has played a significant role in millennial-scale
climatic oscillations [1], especially Dansgaard-Oeschger (D-O) interstadial. Variations in the
size and distribution of marine-sedimentary reservoirs of methane on the continental margins
throughout the world’'s oceans are thought to be one of the important factors controlling the
globa methane cycle. Marine sediments can act as hosts to gas hydrates under appropriate
conditions of high pressure and/or low temperature, and sufficient organic carbon; on the
other hand, they show a significant sensitivity to small perturbations in the physical and
chemical conditions within the reservoir. During the Last Glacial, direct and indirect evidence
accumulated from geochemical data suggests that methane episodically released from hydrate
trapped in the seafloor sediments|[2].

Recently, Kennett and coworkers interpreted d**C variations of planktonic and benthic
foraminifera found in Last Glacial sediments in the Santa Barbara Basin (SBB) as evidence
for periodic releases of methane, arising from the dissociation of methane hydrate, and its
subsequent oxidation in bottom and/or surface-water environments [3]. This result provided
the basis for the “Clathrate Gun Hypothesis’ [4], which highlights the potential role of
methane hydrate in Quaternary variations in atmospheric methane concentrations. According
to recent observations of anomalous bottom-simulating reflections(BSR), the northwest
Pacific margina sediments around Japan main islands bear large abundances of methane
hydrate. In this study, the piston cores from the continental slope sediments in the Oyashio
current region, which recently is found to bear immense amounts of methane hydrate, have
been investigated about planktonic and benthic foraminiferal carbon isotope records during
the past 34 ca. kyr BP. Moreover, in order to investigate relation with foraminifera carbon
isotopic signal and methane release from the seafloor, biomarker compositions and their
carbon isotope have been analyzed in the light of the past activity of methanotrophic bacteria
in the oxic-anoxic interface in the overlying water column and/or surface sediment. Analyzed
piston cores (MR01-K03 PC4 and PC5, 41° 07.10' N, 142° 24.20' E; Fig. 1) at a water depth
1366-m waes retrieved from a single site in the eastern margin of the Japanese main island
Honshu in the northwest Pacific during MR01-K03 cruise of R/V Mirai.
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Here we show that marginal sediments from the Northwest Pacific contain a hopanoid
compound, 17a(H),21b(H)-hop-22(29)-ene (diploptene), derived from the activity of
methanotrophic bacteria in water column and/or surface sediment during a warming period
(Interstadial 3) in the Last Glacial. The carbon isotopic compositions of diploptene range
between -41.0%. and —27.9%. (relative to VPDB). In the horizon indicative of a contribution
of methanotrophic bacteria, foraminiferal isotope signals were also found with highly
depleted *C compositions of planktonic foraminifera (~-1.9%0, VPDB) and benthic
foraminifera (~-0.8 %o, VPDB), suggesting indirect records of enhanced incorporation of *3C-
depleted CO, formed by methanotrophic process that use *2C-enriched methane as their main
source of carbon. From combined isotopic data of diploptene and foraminifera, the most
prominent signal of methane release was detected in the sediments deposited around 25.4 cal.
kyr BP (ca. 100 years time span), corresponding to the Interstadial 3. Thisis the first evidence
of methane hydrate instability in the open western North Pecific during the Last Glacial.
Considering the glacial-interglacial hydrographic conditions in this region, the instability of
methane hydrate may be modulated by intermediate water warming and/or the lowering of sea
level. Our results suggest that the Northwest Pacific margina regions may be a profound
effect on rapid global warming climate changes during the Last Glacia. A more detailed
description of this study will be published in [4].

Latitude (M}
Latitude{®M)

Longlude("E) Longitude(“E)
FIG. 1. Location of cored sites (MR01-K03 PC4/5) in the marginal sea off Honshu, Japanese main
islands in the Northwest Pacific. The cores were collected at a depth of 1366 m.
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Benthic foraminiferal samples were obtained from 1620 ft to 3270 ft from unwashed cuttings
obtained from the South Tano field, offshore Ghana, and were used to predict Paleogene
climate and primary productivity of the Eastern Central Atlantic using the Analytica
Precision 2003 mass spectrometer.

Samples of epifaunal benthic foraminifera of and Lenticulina spp and Eponides spp for the
Upper Paleocene and Lower to Middle Eocene respectively, served as principal sources of
biogenic carbonate for the determination of d*®0 and d*C of their host water. Average d*20
values of -1.55%o, -3.01%0 and -1.77%., were recorded for the Late Paleocene, Early Eocene
and Middle Eocene, respectively, while average paleoprimary productivity levels inferred
from dC values of -2.30%o, -8.71%0 and -6.42%., were recorded for the Late Paleocene,
Early Eocene and Middle Eocene, respectively. Average paleotemperatures inferred from
d®0 of 23.20°C, 29.17°C and 24.10°C were obtained for the Late Paleocene, Early Eocene
and Middle Eocene, respectively

The highest paleotemperature of 36.69°C was recorded at 2310 ft in the Early Eocene while
the lowest paleotemperature of 15.64°C at 1860 ft was recorded in the Middle Eocene. The
highest paleoprimary productivity level of -1.13%. was recorded at 3270 ft in the Late
Paleocene and the lowest paleoprimary productivity level of -11.83%. was recorded at 1830 ft
in the Middle Eocene .

The studies indicate that the Early Eocene was the warmest, least productive and least
oxygenated while the Late Paleocene showed optimum oxygen and climate conditions with
the highest primary productivity levels. Low circulation system in the Early Eocene could
account for low primary productivity levels from the highest temperature range and least
oxygenation.

The Early and Middle Eocene were generally warmer than the Late Paleocene, however, two
bioevents which occurred in both the Early and Middle Eocene indicate glacial conditions
within this interglacial interval. These two “lce ages’ were marked by the highest oxygen
levels (between 0.4%0 and -0.5%o0) corresponding with the lowest primary productivity levels
(between -11.40%o to -11.90%o0) and associated |east temperatures below 20°C to 15°C.
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Paleoclimate and paleoprimary productivity of the Eastern Central Atlantic during the
Paleogene were poorly correlated. However a regresson model of the second order
polynomial predicted the paleoclimate and paleoprimary productivity of the Eastern Central
Atlantic during the Paleogene at 64.96% coefficient of determination.

y = -0.0879x? + 4.5696x - 62.511
R? = 0.6496

20
PT(°C)
e PT-PPP — Poly. (PT-PPP)

FIG. 1. Regression model for pal eotemperatures and paleoprimary productivity levels.
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For predicting the climate change in the near future we have to understand the climate change
happened in the past. Several methods and tools have been developed or are under
development for pal aeoclimate reconstruction — among them environmental isotopes play an
outstanding part —, but none of them can reveal perfectly the past changes in the climate.

One of the most classical method is the utilization of the isotopic composition of ice sheets
where the ice formation is continuous, e.g. on Greenland [1] or Antarctica [2]. Ice formation
takes place in rock caves as well, where usually not the whole year precipitation is
represented in the ice, and in this way the ice formation and its isotope composition is very
sengitive for the climate change. So far little research has been devoted to the role of cave ice
in palaeoclimatology. Yonge and MacDonald [3] found that ice caves in permafrost and non
permafrost zones behave quite differently, so the relation between the stable isotope
composition of cave ice layers and climate parameters should be studied in different climate
ZOnes.

Perennial ice block of about 14 meter vertical thickness and estimated volume of 12 000 n,
including subfossil wood, can be found in the Focul Viu Ice Cave, Bihor Mountains, Romania
at 1120 m elevation a.s.l. on a karstic highland under temperate climate. The annua mean
temperature of the highland area is about 7°C. The cave ice forms mainly from drip water in
springtime, when the temperature of the ice and the rock wall is below freezing point in the
cave and over freezing point on surface.

Using a manual corer cca. 7 m long ice core was taken from the ice block situated in the main
hall of the cave, from which more than 150 d'80 measurements were made representing
different increments. Near-surface samples were taken from the upper surface and the side
wall of the ice block for tritium, d**0 and dD measurements. The tritium content indicates 1.9
cm/year short-term growth rate for the ice, while the long-term growth rate based on
radiocarbon ages of two wood samples from the ice block at 6.7 m and 11.1 m depth is 0.85
cm/year. Long-term growth rate include periods when the ice “growth- melt” balance was zero
or negative.

The o0 values aong the vertical section varies between -8.19%o and -12.3%o vs. VSMOW.
If we accept the observation made by Yonge et al. [4] that the d*30 value of seepage water in
caves is usualy the same as the annual mean d'®0O value of the local precipitation and does
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not show seasonal variation to be right for the Focul Viu Ice Cave, then the above d®0
variation indicates about 9 °C difference between the minimum and maximum annual mean
surface air temperatures during the period represented (about 850 years) by the ice core

Studied.

The average d-excess of the cave ice is 15.7%o, which indicates that either the Mediterranean
or the continental component of the local precipitation is considerable. This is well
demonstrated by the relative position of the water line of the cave ice in comparison to the
groundwater line of the Carpathian Basin and the global meteoric water line on Fig. 1.

Focul Viu lce Cave

dD [%olysvow

.
.
-65 1 o
.

100 -95 90 -85 8.0 75 7.0
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FIG. 1. The dD-d"®O diagram showing the “ice water line of the Focul Viu Ice Cave’ (FVIC), the
“ground water line of the Carpathian Basin” (CGWL), and the “global meteoric water line”
(GMWL).

[1]
[2]

[3]
[4]
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A strategy was agreed in 1998 by the OSPAR Commission [1] to achieve, by 2020, near zero
concentrations of anthropogenic pollutants and near to background levels for pollutants that
also occur naturaly. The MARINA Il model was developed to test the feasibility of this
strategy, given inherited activity concentrations. The model has been validated extensively
using spatial measurements within the OSPAR region of nine radionuclides, including *°Tec,
B87Cs and 292°py, over the period 1990-2000 [2]. Typically the model is found to agree with
measurements to within a factor of three, with amarginal spatial bias towards underestimating
activity concentrations. The purpose of this paper is to show that these differences are
comparable to higher-resolution, physically- based models.

Estimates of activity concentrations in the Irish Sea from both unit and historical discharges
are compared between the MARINA 1l model and the CSERAM model [3]. Both models are
significantly different in modelling philosophy and should therefore provide a useful insight
in both the effectiveness and the limitations of the MARINA 11 model. MARINA |1 is a 72-
compartment marine model of North European waters. Dispersion is represented by annual
exchange rates between compartments. Vertica partitioning of radionuclides between liquid
and sediment phases is included and parameterised using distribution coefficients (Kgs).
Interactions of water columns with multi-sediment layers include processes such as molecular
diffusion, porewater mixing, particle mixing and sediment turnover. Activity concentrations
are calculated annually, therefore seasonal effects are not resolved. However, the modd is
computationally efficient, a requirement necessary for radiation protection calculations.
CSERAM is a physical, process-based high-resolution model of the Irish Sea. This is based
on the use of detailed two-dimensiona tide and wind-induced flow fields to model the
transport of radionuclides in the Irish Sea. The wind-wave component estimates the wave-
induced seabed stresses that characterise the behaviour of the suspended and settled
sediments, while the transport component simulates the flow of both the dissolved and
particulate radionuclides. This approach, with a fixed resolution of 4 km, is clearly preferable
to model the effects of discharges over short timescales where physical effects, such as tides,
need to be resolved. However, for radiation protection calculations, the computational cost for
routine multi-decadal estimates of activity concentrations would be prohibitively expensive.
Two scenarios were established to perform the comparison. The first was a unit tera bequerel
annual release of 3’Cs over five years from the Sellafield site. The scenario was modelled
from the time of release to 50 years. The second was actual historical discharges of 2¥?*°py
and 13'Cs from Sellafield until the end of 1999, modelled until 2020. The two scenarios
represent a simple situation to allow differences to be readily identified and a more-complex
stuation allowing the models to be compared under realistic conditions.

47



K Shraet al.

Comparison of the results for filtered seawater, given a unit release, show good agreement
between the two models. Both predict similar activity concentrations for the first ten years but
then activity concentrations generally decrease more rapidly in the MARINA 1l model. The
greatest difference between the models is one order of magnitude at 50 years, athough most
compartments show a difference to within a factor of three. There is a larger difference in
predictions of sediment activity concentrations between the two models than for seawater (up
to a factor of 50). The CSERAM model reaches equilibrium between liquid and sediment
phases more quickly during discharges and shows more rapid remobilization after the source
is switched off. However, filtered seawater activity concentrations, which are important for
consumption pathways in calculating doses, appear consistent. Using historical discharges,
the differences in activity concentrations of *’Cs in both filtered seawater and sediment
mirror those seen for unit discharges. The predictions of 2292%°py activity concentrations in
filtered water generally show closer agreement between models than those for 1¥’Cs. The
predictions of the two models are within a factor of two between all of the Irish Sea
compartments that were compared with the exception of the Cumbrian Waters and Liverpool
and Morecambe Bay compartments. Here the predicted activity concentrations for the
CSERAM mode are up to a factor of 20 greater at 2020. The general differences however,
could be due to the way that site-specific details are modelled (for example, differences in the
sedimentation rate would affect significantly the activity removal, and hence dispersion, of
high K4 radionuclides from the water column to the sediment layer). The model predictions of
activity concentrations of 222*°py in sediment also generally show closer agreement than for
137¢Cs, with estimates within a factor of two to five between all Irish Sea compartments.

The two models show reasonably good agreement in general, especially considering that the
models have been developed using very different modelling approaches. In particular,
CSERAM s designed to provide activity concentrations in the Irish Sea on a high-resolution
grid, compared to the seven compartments representing the Irish Sea in the MARINA I
model. Spatial and tempora averaging of predicted activity concentrations therefore, is aso
likely to contribute to these observed differences. The MARINA Il model aso considers the
transport of radionuclides throughout the whole northern European waters and is optimised
therefore to give the best overdl fit to al measurements in this region. Considering these
diversities in resolution and modelling approaches, the differences shown here are considered
acceptable for radiation protection predictive modelling.

[1] OSPAR, SINTRA Statement, Summary Record OSPAR 98/14/1 Annex 45, OSPAR,
London (1998).

[2] SIMMONDS, JR., BEXON, A.P., LEPICARD, S, JONES, A.L., HARVEY, M.P,,
SIHRA, K., NIELSON, S.P., MARINA II, Report of Working Group D - Radiological
impact on EU member states of radioactivity in northern European waters, RP 132,
European Commission (2002).

[3] ALDRIDGE, JN., CSERAM: A nodel for prediction of marine radionuclide transport
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Plutonium remobilisation from bottom sediments of the Eastern Irish Sea has been evidenced
and extensively documented [1]. Nevertheless, the processes by which the plutonium is
released to the water column are still poorly understood. Data on the behaviour of this
element during the diagenesis of marine sediments (e.g. [2]) are rather scarce. Previous works
on the solid partition of plutonium have been proved to be unreliable [3].

To fill this gap, a thoroughly validated extraction protocol was designed and validated to
study the solid partition of plutonium in anoxic sediments [3]; no significant dissolution of
nontargeted geochemical phase was observed. Special care was brought to preserve the
anoxic character of the sediments from sampling to the ultimate plutonium extraction from its
carrier-phases and to prevent any resorption of plutonium by using a complexing agent. This
protocol was used on different sediment cores recovered during the DIAPLU expedition (July
2002) in the Eastern Irish Sea. We report here the results obtained on a sediment core (25 cm
long) collected at the depocentre of the so-called Eastern Mud-Patch, in the vicinity of the
Sdllafield plant outfall.

Sediment description and pH-Eh profiling were performed on board upon arrival on the deck
then two subcores were prepared for further sedimentological and diagenetic studies, 10 cm
and 16 cm inner diameter, respectively. They were carefully handled and stored to prevent
any perturbation of the sediment column or water circulation. Back to the lab, the sediment
core dedicated to geochemica analyses was dliced into 2 cm thick sections under a nitrogen
atmosphere. Each of them was squeezed; pore water samples were acidified (except for
alkalinity measurements which were carried out just after recovery) and squeezed sediment
cakes were deep-frozen then stored for further analyses. Unsqueeezed sediment subsamples
were prepared for water content and particul ate sulfide determination.

A number of parameters were determined on water samples (major and trace elements,
sulfides, sulfates and dissolved organic carbon) aswell as on sediments (some mgjor and trace
elements, particulate organic carbon, carbonate content, grain-size distribution, gamma-
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emitting radionuclides). Special attention was drawn to sulfide determination (acid volatile
and chromium reducible sulfides: AVS and CRS) and to the solid partition of plutonium. The
sequential extraction procedure dedicated to plutonium was applied to sgueezed sediment
sections. Five fractions were distinguished: exchangeable/readily oxidisable (pH8, including
reactive sulfide - AVS), acid-soluble (pH5, including carbonates), reducible, oxidisable
gorganics and CRS sulfides), and residual fractions. Plutonium isotopes (*°Pu, °Pu, Py,
“42Py) were measured in each fraction by ICPMS, using **Pu as yield tracer [4] together with
a number of trace elements representative of the targeted phases (Ca, Sr, Mg, K, Fe, Mn, P,
Al).

The sediments undergo active bioturbation and suboxic diagenesis (aAlmost no oxygen
penetration, subsurface peak concentrations of dissolved Fe and Mn, and negative Eh values).
Peak values of both AV'S and particulate organic carbon suggest that AV S could be produced
by the anaerobic decaying of autochthonous organisms|[5].

Plutonium is found to be mainly associated with the exchangeable/readily oxidisable (37+5%)
and acid-soluble (40+4%) fractions. These results contradict many previous sequential
extraction studies, e.g. [6], which took less care of preservation of the anoxic character of the
sediment and of resorption of plutonium during the extraction. Consequently, a large
proportion of the plutonium is liable to be actively recycled within the sediment column. It is
actively concentrated into readily oxidisable sulfides (AVS; up to 100 000Bq.kg*! in sulfide
particles), potentially focusing its impact on biota, especially microorganisms. The inferred
reactivity of plutonium during sediment resuspension should be reconsidered as well.

[1] HUNT, G.J, KERSHAW, P.J., Remobilisation of artificial radionuclides from the
sediment of the Irish Sea, J. Radiol. Prot. 10 (1990) 147-151.

[2] MALCOLM, SJ., KERSHAW, P.J.,, LOVETT, M.B., HARVEY, B.R., The interstitial
water chemistry of 2 2°py and 2**Am in the sediments of the northeast Irish Sea,
Geochim. Cosmochim. Acta 54 (1989) 29-35.

[3] LUCEY, JA. GOUZY, A. BOUST, D. LEON VINTRO, L., BOWDEN, L.,
FINEGAN, P.P., KERSHAW, P.J., MITCHELL, P.I., Geochemical fractionation of
plutonium in anoxic lrish Sea sediments using an optimised sequential extraction
protocol, Appl. Rad. Isot. 60 (2004) 379-385.

[4 AGARANDE, M., BENZOUBIR, S.,, NEIVA-MARQUES, A.M., BOUISSET, P,
Sector field inductively coupled plasma mass spectrometry, another tool for plutonium
isotopes and plutonium isotope ratios determination in environmental matrices, J.
Environ. Radioact. 72 (2004)169-176.

[5] ALLEN, R.E., Role of diffusionprecipitation reactions in authigenic pyritization,
Chem. Geol. 182 (2002) 461-472.

[6] McDONALD, P., VIVES | BATTLE, J, BOUSCHER, A., WHITTALL, A,
CHAMBERS, N., The availability of plutonium and americium in Irish Sea sediments
for re-dissolution, Sci. Total Environ. 267 (2001) 109-123.
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The discharge of naturally occurring radioactivity from non nuclear industries, such as the ail
and gas industry, has recently become a subject of much discussion. In connection with ail
and gas exploitation in the North Sea, large volumes of produced water are co-produced with
the oil and gas of which most is discharged into the marine environment. Due to the solubility
of the radium isotopes, of which ?°Raand ?*®Ra are the most long-lived, the produced water
normally contains enhanced levels of these naturally occurring radionuclides. Previously
observed levels in produced waters from Norwegian production platforms, shows activity
levels of about three orders of magnitude larger than normally encountered in sea water.

A study recently published by the EU (MARINA 11) have concluded that liquid discharges to
the marine environment from NORM industries (mainly phosphoric acid production and oil
and gas exploitation) gives a larger contribution to the collective dose to the EU population
than liquid discharges from the nuclear industry. Due to lack of published data on the
radionuclide concentration in the produced water, it has however been large uncertainties on
the discharge of *Raand 2?®Ra from the Norwegian oil and gas industry into the North Sea.
In order to improve the estimated discharge of NORM, the Norwegian Radiation Protection
Authority have asked the oil and gas producers on the Norwegian continental shelf to sample
and analyse produced water from each production platform with respect to ?*°Ra, *®Ra and
21%ph monthly, for a period of six months during 2003 and early 2004. The purpose of this
investigation has been to obtain more precise and reliable estimates of the NORM discharge
in the Norwegian sector of the North Sea. The study is also considered important for work in
the OSPAR radioactivity group, where relevant NORM industries will be identified, and
discharge data collected the next few years.

The E)aper includes areview of previously reported data on the activity concentration of 2°Ra
and “*®Ra in produced water from Norwegian oil and gas production platforms. The results
from the analyses of #?°Ra, “Ra and *'%Pb in produced water from 40 production platformsin
the North Sea, sampled in 2003 and 2004, will be presented and discussed together with
platform specific discharge data. The activity concentration in the analysed samples ranged
from below detection limit to up to 13 Bg/L for 2*Raand up to 21 Bg/L for ?*®Ra. All results
for 2°Pb were below the detection limit (0.4 to 1.1 Bg/L). From these results the total
discharged activity of ??°Ra, *®Raand *°Pb from Norwegian production platforms in the
North Sea in 2003 have been estimated to 440 GBq, 375 GBq and < 90 GBq, respectively.
The study also revedls that large short term variations in the activity concentration can occur,
which must be taken in consideration when designing a monitoring program for this type of
industrial activity.
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Water and bottom sediment samples were collected during the expeditions in the Lithuanian

economica zone of the Baltic Sea, the Curronian Lagoon and at the seashore of the Baltic Sea and
the Curronian Lagoon in 1999-2001. In addition, caesum aqueous and suspended matter

speciation in the near-shore and open sea waters was determined in 1995-1997. The separation of
the suspended matter was achieved using 0.22 mm membrane filtration and 1 mm polypropylene
Sediment Filter Cartridges (US Filter Plymouth Products, 1 micron nomina). The specific activity
of $¥'Cs in suspended matter in water samples of 50-100 L was measured using the proportional

Emberline FHT 770 T MULTI-LOW-LEVEL-COUNTER &fter radiochemical separation in the
form of CsShyle. From filtered water *¥'Cs was precipitated using the Fe ferrocyanide method
and measured with the HPGe detector. Bottom sediments were sectioned on board the ship, and
the upper 0-2 cm layer of sediments was used for radionuclide speciation analyses. **'Cs activities
were measured with an intrinsic germanium detector (resolution 1.9 keV/1.33 Mev and efficiency
42%). The fractions of > 50 nm, 50 —4 mm and < 4 nm were separated using wet sieving and
column settling techniques and characterized as sand, silt and clay particles. The separation of 1 —
0.2 mm fraction was achieved usng membrane filtration. The modified Tesser sequential
extraction method was used for the determination of Cs geochemica fractionation [1]. Tota

carbon (TC) and tota organic carbon (TOC) were determined using a LECO CS-125. The grain
Sze distribution was determined by the gravimetric pipette method. Cs concentration in sea water
was determined using ICP-MSS, and clay minerals were identified by X—ray diffraction.

The studies of aqueous speciation indicated that in the Bdtic Sea water—soluble caesium constituted
70-99% of the totdl **’Cs and it was mainly (from 62 to 92%) present in the ionic Cs" state both in
the near—shore and open waters. The amount of particulate caesium varied between 1 and 30% and
specific activities of particulate cesum ranged from 20 to 965 Bg/kg. It was determined that up to
30% Cs cannot participate in the exchange process sinceit is possibly associated with particles< 0.2
nm in sze. From 7 to 23% of particulate caesium can be released into sea weter.

Some examples could illustrate the solid phase associations and sorption-desorption ability of Cs.
An increase in the specific activities of **'Cs (up to 1000 Bg/kg) associated with the fine fraction
of <4 mm and 0.2—1 mm was determined and attributed to the large specific surface area and/or to
the variation in the mineraogica composition of bottom sediment particles participating in
sorption processes. Despite the strong correlation of *”Cs specific activities with the total organic
carbon (R = 0.75) and withthe content of clay (R = 0.95), the geochemicd fractionation indicated
its strong association with the resdua fraction (about 70%), whereas the organic fraction
comprised asmall part of the total activity of **'Csin bottom sediments.
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The geochemica partitioni ng of *’Cs determined in the fine < 4 nm size fraction was attributed
to the binding pattern of **’Cs to clay minerals with specific sorption on the interlayer sites
(Fig. 1). The increase in percentage of exchangesble *'Cs in the 4-50 nm size fraction of
sediments can be explained by an increase in a specific surface area and in the number of Sites
available for exchange reactions on particles of this size range. The comparatively high content of
B7Cs in the residue of coarse fractions (> 50 mm and 450 mm) is due to the fine clay particle
sticking to the coarse sand and silt ones as was confirmed by X-ray diffraction anayses.

The strong correlation of caesium activity excess on the suspended particles with the sampling
depth was observed (Fig. 2). The increase in the specific activity with salinity and sampling depth
is aresult of sorption process during particle transport and settling in the sea water. In samples
collected using the sediment filter cartridges with the nominal pore size of 1 nm, the comparatively
lower specific activities of *’Cs (from 20 to 61 Bg/kg) were determined and tendency of *’Cs
desorption from particles was observed. Data analyses obtained by three groups participating in
the experiments indicated the losses of large portion of fine particles up to 30% in the near—shore
zone using the filters of 1 mm as compared with filters of the 0.2 nm pore size. Moreover, this
portion increased in open waters where fine particles are predominant. It seems that particles of
various sizes and mineralogica composition can display different sorption ability. From particles
of the> 1 nm size ¥'Cs can be released into sea water, on contrary, the fine fraction of suspended
particles of 0.2—1 nm and possibly smaller, is responsible for sorption and removal of *3"Cs from
the water column. Kinetic tracer experiments carried out on the Curronian Lagoon sediments
show that particles can display intensive and selective sorption towards the Cs ions in marine
water and that rather long time is required to reach equilibrium. Data obtained indicated the
importance of physical and chemica parameters of radionuclide carriers for the understanding its
migration in the marine environment and possible uncertainties in the assessment of the long-term
consequences of radioactive contamination using existing models.

Acknowledgment : This work was performed under the auspices of IAEA project LIT/7/002.
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Deposition of 13’Cs from Chernobyl accident was unevenly distributed in Finland. This
caused large variation to contents of **’Cs in freshwater fishes in Finnish lakes. In the course
of time environmental processes like runoff, water flow, hydrological cycling, sedimentation
etc and chemical parameters as e.g., K of lake water, topography of the catchment etc affect
the transfer of *’Cs in water sheds. Most of the Finnish lakes are deficient in nutrients and
hence the accumulation of *3’Cs into fishes is high. High amount of humic substances is also
typical of Finnish lakes.

About 6000 freshwater fish samples from 350 Finnish lakes have been analysed for **'Csin
1986-2003. Sampling was focused on the central parts of Finland with highest deposition of
187Cs, but samples from other areas were also analysed. Large lakes, most important for
freshwater fishing in Finland, and small oligotrophic lakes, in which the highest contents of
137 Cs were expected to be found, were included in the study. Variation range of *'Csin
fishes was till in 2003 large, from 5 Bg/kg to 5000 Bg/kg (fresh weight).

Water samples from about 30 lakes were taken in 1998 and 2002 and analysed for *¥Cs
Contentsof *’Csin |ake waters varied then from 4 to 330 Bg/nT.

During the first years after the deposition in 1986, the amount of the deposited **’Cs in the
lake was the dominant factor on the distribution of **’Cs in fishes and surface water [1]. Later
study on regiona behaviour of **’Cs in fishes revedled differences in decrease rates in the
large drainage areas [2]. Temporal changes of *’Cs in water and especially in fishes in
individual lakes of various types, even in those located close to each other, differ still much.

Transfer coefficients of **’Cs from the deposition to water, TF,, (Bg/n? in water / kBg/n?
deposited) of the lakes included in this study varied from 0,40 to 8,7 in 1998. Transfer factors
from the deposition to various species of fish from various lakes, TF; (Bg/kg in fish / Bg/nt),
varied from 0,00007 to 0,7 in 2002. Nonpredatory fishes had the lowest and predatory fishes
the highest TF; values. Large variation in the transfer factors in 2002 reflect the joint effect of
several environmental processes and factors on radionuclide distribution in lake environment
during long-term after the deposition.

Concentration factors, CF, (Bg/kg in fish/ Bg/kg in water) of predatory fishes varied from
about 2800 to about 20000 in various lakes in 1998. CFs of nonpredatory fishes were
somewhat lower, varying from 1000 to about 5000. An example on the correlation of 3’Cs
concentrations in fishes with those in lake water is given in Fig. 1. The average CF for pike
(Esox lucius), a predatory fish, was 6500 and that for perch (Perca fluviatilis), which is as
young nonpredator and as older predator, was 4400 in the lakes studied (Fig. 1).
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FIG. 1. Correlation of *Csin water with that in pike (Esox lucius) and perch (Perca fluviatilis) in
lakes sampled in 1998. The dope of the line gives the average CF for these two fish species.

[1] SAXEN, R., "Transport of **’Csin large Finnish drainage basins’, (DAHLGAARD, H.,
Ed.), Nordic Radioecology. The transfer of radionuclides through Nordic Ecosystems to
man, Studies in Environmental Science 62, Elsevier, Netherlands (1994) 63-78.

[2] SAXEN, R., KOSKELAINEN, U., Regional variation of *’Cs in freshwater fishesin
Finland. (Proc. Volume Il Int. Congress The Radioecology-Ecotoxicology of
Continental and Estuarine Environments ECORAD 2001, Aix-en-Provence, 3-7-

September, 2001), Radioprotection - colloques 37 C1 617- 620.
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The data on radioecology of the rivers of Belarus, which catchments area is completely or
partly situated in Russia and the Ukraine (the Sozh, the Iput, the Besed, the Braginka) are
given. The radioactive contamination of |akes are represent [1].

The article demonstrates, that nowadays Chernobyl radionuclides content in surface water
depends on washoff from contaminated territories, groundwater leakage, and composition of
bottom sediments. Wash out by rain and melted water is considered to be the most permanent
and hazardous. The accumulation of radioactive sediments before dams, in stagnant zones of
rivers and reservoirs creates moving local cites of increased concentration. Today and for
forthcoming decades the main input into water contamination will be ¥’Cs ®Sr and for the
nearest Chernobyl PP zone — isotopes of plutonium as well as 2**Am.

The migration of radionuclides on the experimental watershed of the Iput river was
investigated.

With the example of the Iput river, studies are performed and based on them an analysis is
made of the formation of contamination of elements of a river system by radionuclides *3'Cs
and %°Sr after the accident at the Chernobyl Nuclear Power Plant. It has been revealed that
before the years 1990 - 1994 the contamination of the river system was mainly formed by the
primary fallout of radionuclides on the water surface of the river but after the year 2000 it will
be determined only by the ingress of radioactive contaminants with surface flow from a water
catchment. The studies have shown that the contamination of the Iput river in the territory of
Belarus was influenced by the transboundary transfer of radionuclides from the territory of
Russia during first years after Chernobyl accident. According to our estimates, at the end of
1986, this contribution amounted to 30% for *’Cs and 96% for *°Sr; as of-now, it is 86% and
65% for 3'Cs and *°Sr, respectively [2].

The analysis of formation and migration of radioactive contamination in the Iput river makes
it possible to refine and improve the system of monitoring of the condition of water bodies of
Belarus and to develop additional recommendations on protection and optimization of nature-
and water management and of re-creation of water objects contaminated by radionuclides.

The concentration of Cs-137 in bottom sediments on some sites in the Braginka river (12940
— 49760 Bg/kg), the Revuchee lake (10345 - 18260 Bg/kg) and the Svyatskoe lake (11618 -
16430 Bg/kg) are so gresat, that they can be attributed to lowlevel waste storage facilities
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(9630 Bg/kg). Such high levels of radioactive contamination of bottom sediments are
secondary sources of pollution of surface water [3].

Contribution of aguatic pathways to exposure doses the some settlements have been
considered [4].

For reduction effective dose to population living near to "critical" water bodies, the following
recommendations for realization of rehabilitation actions are offered:

[1]

[2]

[3]

[4]

restriction of use of water for drinking needs from open reservoirs,

restriction of afish catching;

boarding wood (use of long-term tree species and bushes for regulation of water balance);
crop of long-term grasses on the river barks and lake catchments,

restriction of awatering and pasture place of cattle in flood plains of the rivers and lakes,
use of mineral and organic fertilizers;

clearing of water bodies beds in places with the high levels of radionuclides;

KONOPLEV, A.V. DEVILLE-CAVELIN, Q. VOITSEKHOVICH, O.V.
M.ZHUKQOVA, O.M., Transfer of Chernobyl Cs 137 and Sr-90 by surface run-off, The
Radioecology-Ecotoxicology of Continental and Estuarine Environments (Proc.
Volume | International Congr., Aix-en-Provence (France) 3-7 Sept. 2001) EDP
Sciences| (2002) C1-315 - C1-323.

ZHUKOVA, O., SHIRYAEVA, N., SHAGALOVA, E., Water migration of Chernobyl
radionuclides in rivers of Belarus, The Radioecol ogy-Ecotoxicology of Continental and
Estuarine Environments (Proc. Volume | Int. Congr., Aix-en-Provence (France) 37
Sept. 2001) EDP Sciences |1 (2002) C1-723 - C1-728.

OSTAPENYA, A.P., "Behavior of cesum-137 in the lakes of different types', Lake
Ecosystems. biological processes, anthropogenic transformation, water quality
(Materials Int. Scientific Conf., September 20-25, 1999), Minsk-Naroch (2000) 293-
302.
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The potential contamination of surface and underground waters in the basin of the Dnieper
river is due to uranium mining and ore processing in the Ukraine. From the early 1950s to
the early 1990s, the processing of uranium ores was carried out in Dneprodzerzhinsk town
located in the upper part of Zaporozhie reservoirs. During that period a number of uranium

tailings were created at the Industrial site and in the vicinity of Dnieprodzerzhinsk and Zheltie
Wody towns.

The main part of tailing is located at the drainage basins of the Dnieper River and its influence
due to seepage waters spreads to the Dnieper's reservoirs forming their secondary
contamination and present radioecological status.

Uranium mining and milling have a number of potential impacts on human health and the
environment. They include:

contamination of mine water with uranium and other radionuclides

release of mill waste waters to surface waters (usually after treatment)

run-off of water from contaminated areas of the mine or mill

radon release from mines, waste rock dumps and mill tailings piles

leaching of radionuclides from tailings and their subsequent transport in water
erosion of tailings storage systems leading to dispersal of tailings by wind and water
contamination of underground and surface waters by toxic nonradioactive substances
such as heavy metals and chemicals used in the processing

The most important waste from the milling of uranium is the finely divided solid residue,
known as tailings. It typically contains 70% of the radioactivity in the original ore including
the long-lived radionuclides, 2°Th (half-life = 80,000 years) and 2?°Ra (half-life 1600 years).
Radium is a continual source of 2*’Rn (half-life = 3.8 days) which, being a gas, is readily
dispersed. Radon daughters are a source of radiation exposure and a known cause of lung
cancer in uranium miners.

The town Zheltie Wody in Dniepropetrovsk region is the Industrial Center of Uranium
Industry of Ukraine. The mining and processing of uranium ores at the Zheltye Wody has
negatively affected the environment as well as the sanitary and hygienic state of the town
since the start of the operations in the 1950s.

The monitoring data and simulation of some worst scenarios of radionuclide releases at the
routine and accidental practice are considering. In particular the run off forming and seepage
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from the tailings dumps, Uranium mining sites and other contaminated areas leads to elevated
levels of radionuclides in the local rivers. The actual levels of its radioactive pollution are
below of maximum permissible levels established by Radiation Safety Standards of Ukraine
for drinking water. However, the influence of these sources of radioactive contamination on
the aguatic ecosystem, are exist and this problem can not be ignored. The other significant
center of Uranium industry is Dnieprodzerzhinsk town. The former Uranium re-processing
“Pridneprovskiy Chemical Plant” (PCP) with number of uranium tailing dumps on its territory
is located alongside one of the reservoirs of the River Dnieper cascade and consisted just as a
part of a large Dnieprodzerzhinsk industrial complex in the area, which includes some other
chemical, coke and metallurgical plants. During operation of the PCP nine tailings dumps
were created containing about 42 million tones of RAW with atotal activity of about 4 x 10"
Bq (100,000 Ci).

The ecological state of the water bodies in the areas and aquatic ecosystem of the Dnieper

River Reservoir influenced by the seepage of the contaminated waters from this Industrial Site

of Ukraine were studied in frame IAEA RER 9/072 projects during 2002-2003. The following

recommendations were made. An ongoing system for radioecologica monitoring of the
environment (water, soil vegetation, air, food products) in the affected regions
(Zheltye Wody, mining areas and Dneprodzerzhinsk) needs to be established. This
should involve provision of appropriate equipment and co-ordination of the efforts of
the external monitoring organizations.

2. The pollution resulting from past and present operations in the Dneprodzerzhinsk
industrial complex needs to be considered holistically in order to understand their
respective contribution to pollution of the Dnieper basin and the effects of interactions
between the major waste storage areas. Essentialy, there needs to be an overall plan
for the site, which will include rehabilitation of sites along with possible further
industrial development.

3. Rehabilitation of nonoperational uranium tailing impoundments at Zheltye Wody and
Dneprodzerzhinsk needs to be completed to ensure they provide longterm
containment. In any rehabilitation plan, particular attention should be given to Tailings
“D” and the Konoplyanka River, which is acting as a conduit for transfer of pollutants
from the tailing impoundment into the Dnieper River.

4. Current and future operations need to be carried out in accordance with an
environmental plan that includes funding provisions to ensure progressive
rehabilitation of closed mines, dumps and other facilities.

Data presents results of radioecological monitoring of the water ecosystem (water, bottom
sediment, accumulation of Uranium products in algae, fish and benthic organisms.

Preliminary results estimates the potential, actual and expecting human expose doses via
aquatic pathways (due to complex water use) for individuas living along the rivers and
reservoirs affected buy releases from the uranium tailings.

Radiologica Risks were estimated in this studies and Strategy on the rehabilitation of the
contaminated environment are discussed in the paper.

Some practical measures to minimize the radionuclide fluxes from the uranium tailing in to
the Dnieper River based on post-Chernobyl and other world experience are discussed in the
report.
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Uranium is a naturally occurring, ubiquitous heavy metal found in the environment in various
chemical formsin al soils, rocks, seas and oceans. It is also present in air, food and drinking
water. Due to its widespread existence in nature, uranium isotopes (32U, 2*U and 2*U) have
become one of the most important source of natural radioactivity and make a significant
contribution to external and internal dose to population.

Uranium isotopes enter the human body mainly through ingestion, and by inhaation to a
considerably smaller degree [1, 2]. Hence the interna radiation exposure for members of the
public can be evaluated through the intake of the radionuclides from both food and water.
Pietrzek-Flis et a., [3] have investigated the uranium intake fractions of the different
pathways, and concluded that the uranium intake from water by man is the most important
pathway which contributes the largest fraction (75.1% - 76.9%) of uranium intake.

For the purpose of estimating the radiological impact of uranium isotopes in water to the
residents, some natural water samples were collected in central Italy and Balkan Regions and
analysed in the laboratory of Italian Environmental Protection Agency and Technical Services
(APAT). The activity concentrations of 22U, 2*U and °U were obtained.

The radioanalytical procedure used for determination of uranium isotopes in water mainly
includes steps of uranium pre-concentration, mineralization, separation by a Microthere-
TOPO column, electrodeposition and measurement by al pha-spectrometry.

Based on the obtained activity concentrations of uranium isotopes in drinking water, annual
consumption rate of the water, and the dose conversion factor per unit intake given by the
International Commission on Radiological Protection [4], the annual effective dose resulting
from 1-year ingestion for the adult population was cal cul ated.

[1] UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC
RADIATION, Sources and Effects of lonizing Radiation, United Nations, New Y ork
1993 Report to the General Assembly, with scientific annexes.

[2] FISENNE, I.M., PERRY, P.M., DECKER, K.M., KELLER, H.W., The daily intake of
2420238 2B20232T gng 2%228Rg hy New York City residents, Health Phys. 53
(1987) 357-363.
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PIETRZAK-FLIS, Z., ROSIAK,L., SUPLINSSKA, M.M., CHRZANOWSKI, E.,
DEMBINSKA, S., Daily intake of 28U,%*U #Th, 23°Th, ?®Th and *®Ra in the adult
population of central Poland, Sci. Tot. Environ. 273 (2001) 163-169.
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Age-
dependent doses to members of the public from intake of radionuclides. part 5,
Compilation of ingestion and inhalation dose coefficient, Ann ICRP 26 1 (1996), ICRP
Publication 72, Pergamon Press, Oxford.
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A framework for assessing the impacts of ionising radiation in Arctic areas has been
developed in the project EPIC [1]. Theinitial stage of the assessment requires the selection of
a set of reference organisms that could act as representatives of the larger ecosystem. This is
achieved through an analysis of transfer pathways and the application of selection criteria.
Following this step, the exposure assessment is conducted. Methods for deriving the transfer
and fate of radionuclides in Arctic ecosystems are necessary during this procedure as are
methods for deriving (weighted or unweighted) dose-rates. Once exposures for reference biota
have been derived, they need to be interpreted in terms of biological effects.

A case study was performed, in order to demonstrate the exposure assessment part of the
EPIC framework for marine systems: A “worst case” release scenario at the Kola Nuclear
Power Plant as described by [2] was selected for the study. The activities of 3’Cs, ***Cs, and
gr released to the atmosphere were 14.0, 18.7, and 1.7 PBq, respectively. It was assumed
that all of the released radioactivity was deposited in the Barents Sea. The NRPA marine box-
model [3] was employed to simulate sea water and sediment activity concentrations in the
study area during the first 20 years after the hypothetical accident.

Based on time-dependent sea water activity concentrations derived from the box-model,
activity concentrations in marine reference organisms were calculated using equilibrium
concentration factors (CFs) given in [1]. Nuclide specific internal Dose Conversion Factors
(DCFint) were used to convert activity concentrations in reference organisms to internal dose-
rates. External dose-rates were calculated from water and (when applicable) sediment activity
concentrations using external Dose Conversion Factors (DCFey;) and occupancy factors. The
latter defines the time spent by biota in various surroundings (e.g. water surface, water
column, sediment-water interface). Relevant internal and external dose conversion factors
(DCFs) for reference organisms are given in [1].

Simplifying assumptions were made with respect to occupancy factors for the considered case
study. For example, bivalve molluscs were assumed to be present at the sediment-water interface
at al times, whereas pelagic fish were assumed to be totally immersed in water at all times. Sea
birds were assumed to spend 1/3 of their time on the water surface, 1/3 of their time in the
inter-tidal zone, and the rest of their time in non-contaminated areas (e.g. in the air or on the
ground).

Predicted total dose-rates to 5 marine reference organisms — taken from the suite of organisms

included in [1] — are plotted in Fig. 1. These are: pelagic carnivorous fish (e.g. Atlantic cod),
benthic fish (e.g. plaice), bivalve mollusc (e.g. blue mussel), sea bird (e.g. herring gull), and
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carnivorous mammal (e.g. harp seal). The total dose-rate represents the sum of external and
internal dose contributions from the three specified radionuclides.

In general, the predicted dose-rates to reference biota following the hypothetical “worst case’
accident at Kola NPP are low. Sea birds receive the highest committed dose (20 years),
followed by benthic organisms, while pelagic organisms receive the lowest doses. The large
CF of caesium for sea birds seems to be of most importance for the relatively high predicted
dose for this reference organism.

1,00E-03
<9— Pelagic carnivorous fish
—&—Benthic fish
a A —0—Bivalve mollusc
1,00E-04 —4— Sea bird [
—*— Carnivorous mammal

1,00E-05 H

1,00E-06

1,00E-07

Weighted absorbed dose rate (Gy yr

1,00E-08

Years after contamination

FIG. 1. Predicted weighted total dose-rates (**'Cs, **'Cs, and ®S) to reference organisms from the
Barents Sea (Gy yr™).

[1]] BROWN, J, THORRING, H., HOSSEINI, A., (Eds.), The “EPIC” impact assessment
framework: Towards the protection of the Arctic environment from the effects of
ionising radiation, a Deliverable report for EPIC, Contract No: 1CA2-CT-2000-10032,
NRPA, @steras, Norway (2003) 175 pp.

[2] SKUTERUD, L., BERGAN, T., HOWARD, B., WRIGHT, S, (Eds) Longterm
consequences of potential radioactive contamination in the Northern areas. Northern
Norway and Murmansk Region Summary Report, Joint Norwegian-Russian Expert
Group (2002) (ISBN 82-995962-1-1) 120 pp.

[3] I0OSIPE, M., BROWN, J, STRAND, P., Modified approach for box modelling of
radiological consequences from releases into marine environment, J. Environ. Radioact.
60 1-2 (2002) 91-103.
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The French marine ecosystem located in the littoral area of the Northern Cotentin (Fig. 1) has
been exposed to ionising radiations since the launching of a number of nuclear industria
facilities. These waters have been receiving since 1966 low-level radioactive liquid releases
produced mainly by the normal operation of the COGEMA reprocessing plant, combined later
with those of the nuclear power plant of Flamanville.

This situation led to a chronic exposure of wildlife to radionuclides present in this ecosystem.
Among the species living in these waters, one presents an important halieutic interest: the
European plaice (Pleuronectes platessa). Considering its trade value in the local fishery, the
potential detriment of its radiological exposure aong its whole life-cycle was estimated
applying a classical four-step environmental risk assessment (ERA) approach. However some
prerequisite, like a good knowledge about fish features (e.g. life span), constrained the
duration of the reconstruction exercise and the corresponding period investigated for the ERA.

The first step of the ERA was the hazard identification, through the inventory of released
radionuclides. This had already been done (Table I) in a former reconstruction exercise
conducted by the Nord-Cotentin Radioecology Group (GRNC), gathering all needed data[1].

In the second stage, effects data were searched to investigate dose-effects relationships
devoted to this species. This part of the study was initiated with the consultation of the
FASSET Radiation Effects Database (FRED, [2]). Data related to the European plaice were
found, relative to morbidity, mortality and reproduction success aspects.

The third step was the exposure analysis, which involved two successive phases. At first the
radionuclide concentrations in water, sediment and fish required by the ERA were extracted
from those calculated by the GRNC [3]. Then a dosimetric assessment was carried out with
EDEN (Elementary Dose Evaluation for Natural environment), a tool developed at IRSN [4],
which estimates dose rates to the biota per unit of radionuclide concentration (DPUC). These
calculations were performed for each radionuclide from each exposure source, internal as well
as external, taking account the plaice morphology and lifestyle for each of its development
stage. On the basis of these two data sets, average annual doses were calculated and then
combined to evaluate the whole life-cycle dose.

The fourth and last step of the ERA, that is the risk determination, was realised through the
comparison between the reconstructed dose and the effects data.
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This study, conducted for a key-stone fish speciesin the “local” marine ecosystem, isaway to
estimate the order of magnitude of the risk associated to radionuclide releases during several
decades of nuclear facilities operation.

- Jd Cape of laHague
Alderney  COGEM
The Channd ANDRA G
Cape of Flamanville EDF power plant
"
@

Guernsey
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Jersey

O Nudear facilities

FIG. 1. Stuation map of the nuclear facilities of concern.

TABLE|. QUALITATIVE LIST OF RADIONUCLIDES TAKEN INTO ACCOUNT IN
THE DOSE RECONSTRUCTION EXERCISE FOR THE PLAICE

[1]

[2]
[3]

[4]

3H 59Ni 95Zr+Nb 121mSn 134Cs 233U 242Pu
10Be 63Ni 94Nb 126Sn 135Cs 234U 241Am
14C 65Zn 93Mo 124Sb 137Cs 235U 242Am
36CI 75Se 99Tc 125Sb 144Ce+Pr 236U 242mAm
41Ca 79Se 103Ru+Rh 126Sb 147Pm 238U 243Am
54Mn 87Rb 106Ru+Rh 127Te 151Sm 237Np 242Cm
55Fe 89Sr 107Pd 127mTe 152Eu 236Pu 243Cm
57Co 90Sr+Y 110mAg 1291 154Eu 238Pu 244Cm
58Co 91y 113mCd 131l 155Eu 239,240Pu 245Cm
60Co 93Zr 121Sn 133l 232U 241Pu 246Cm

NORD-COTENTIN RADIOECOLOGY GROUP (GRNC), Inventory of radioactive
waste from nuclear installations, Work Group N°1 report (ttp://www.irsn.org/nord-
cotentin).

FASSET, FASSET Radiation Effects Database (FRED), EC 5th Framework
Programme. Contract FIGE-CT-2000-00102 (http://www.fasset.org)
NORD-COTENTIN RADIOECOLOGY GROUP (GRNC), Models for the transfer of
radionuclides in the environment, Work Group N°3 report (http://www.irsn.org/nord-
cotentin).

BEAUGELIN-SEILLER, K., GARNIER-LAPLACE, J, GARIEL, JC., ED.EN., A
tool for the estimation of dose coefficient equivaents for non-human biota, ECORAD
2004, 6-10 September 2004, Aix en Provence, France.
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The nuclear test of the sixties and the Chernobyl nuclear power plant accident in April 1986
have implied deposition of radioactive particles on the earth surface and in particular in our
study zone. In this study, we are interested our by some transuranic elements, like plutonium
238 and 239/240, americium 241, and some fission products, like cesium 137 and strontium
90.

Soil and sediment cores have been collected in the south east of France, region known for her
great contamination by Chernobyl fallout. The sampling site is an apine wetland and his
environment located in the national park of Mercantour, a about a height of 1800 m
(43°43'N, 07°15E). It includes a clearing, a strong slope catchment and a small mountain
lake. We will comment here on soil core anayses, lake sediment cores analyses were
presented on a previous publication in submission .

Six soil cores have been taken in the clearing, in the catchment slope and in the catchment
summit. Each core is analysed by centimeter for obtain a contamination profile with layer
depth (Bg.kg?). The core positions are strategic for a future establishing of the studied
element mass balance. Indeed, summit soil core represent atmospheric fallout contribution
only, clearing and catchment dope soil cores represent atmospheric fallout and catchment
runoff waters.

This work will succeed on a contamination cartography (Ba.nf) in °Sr, ¥¥'Cs, 28py, 29290py

and 2*’Am of our study zone, and as well on a better knowledge of element accumulation
mode and element behavior. Origin determination of radioelements is deduced from isotopic
ratios.

The ¥'Cs, g emitter, is directly detected by gamma spectrometry. The detection of
a.radiations of 238pu, 292°py and 2**Am and of b radiations of *°Sr are made after series of
chemical separations.

These separations include coprecipitation steps and chromatographic separations on resins
(ionics or specific resing). This protocol was validated with some International Atomic Energy
Agency samples (soils and sediments) : calculated activities were in keeping with the
recommended values and recoveries were in good agreement.
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In planning the construction of suitable radiation protection system for not only the public but
also northuman species and ecosystem, it is specialy important to know the realistic radiation
levels in various environments. In this study, surveyed data for the terrestrial gamma radiation
level from mountain area to ocean floor in and around Japan, mainly obtained for the past 25
years, have been collected as the basic information to design the suitable system Based on the
database, a contour map has been aso compiled to take an overview of the regional variation
for the terrestrial gamma radiation level in the research area.

To assess the sea-bottom gamma radiation level and to establish its database as one of
fundamental measurement information of the oceanography, the in situ gamma radiation
measurements on the sea-bottom have been conducted since 1995 with the deep-sea gamma
radiation measurement systems which are installed on a manned submersible “Shinkai 2000”
and a remotely operated submarine vehicle “Dolphin 3K” of Japan Marine Science and
Technology Center (JAMSTEC) [1]. Until 2002, the measurements have been operated at
more than 100 places on the ocean floor in the Pacific Ocean, Japan Sea, East China Sea and
Philippine Sea. The portion of the data has been analyzed by cooperation of National Institute
of Radiological Sciences (NIRS) [2]. In this presentation, details of the measurement system
and the method of data analysis will be illustrated.

For the land surface in Japan an extensive field survey of the terrestrial gamma radiation
level has been conducted at more than 2,000 points by NIRS [3], and the outline of
geographical distribution for the gamma radiation level has been estimated [4]. In this study,
part of the reported data for the gamma radiation level in China [5] and Korea [6] were also
used to make a more accurate contour map.

A contour map of the terrestrial gamma radiation dose rate was made by simple interpolation
from the data obtained at about 1,000 sites on the Japanese Islands and its adjacent ocean
floor. The mean dose rate due to the gamma ray was estimated to be about 50 nGy/h In
general, the southwestern part of the research area has higher dose rate compare with the
northeastern one. This regional variation of the dose rate is mainly controlled by the geo-
tectonic settings. The terrestrial gamma radiation dose rates on the ocean floor are amost
same as the dose rates of neighboring on shore. For the land area, the maximum value of
about 500 nGy/h was found around Tamagawa hot spring of Akita prefecture in the
northeastern part of Japan For the ocean floor, relatively high dose rate of about 1,000 nGy/h
was estimated at a hydro-thermal vent field off Okinawaisland situated in the southern part of

Japan.
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Although it is limited number of data, the above investigations supply us with valuable
information to design the suitable radiation protection system for the wide variety of species
and environments in Japan as well as in many Asian countries. The data of natural radiation
level for the ocean floor are aso precious information to study the strange oceanic
environment, such as submarine groundwater discharge which may be an integral part of the
oceanic chemical budget, etc.

[1]
[2]
[3]
[4]
[3]
[6]

68

HATTORI, M., OKANO, M., In situ sea bottom gamma ray surveys by manned
submersibles and ROV, JAMSTEC, Deep-Sea Res. 14 (1997) 639-660.

FURUKAWA, M., Radiation environment of the Earth, lonizing Radiation 29 (2003)
51-62.

ABE, S, et a., Extensive field survey of natural radiation in Japan, J. Nucl. Sci. Techn.
18 (1981) 21-45.
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"There has never been any doubt that corals wite vauable information into their skeletons it
istheir language that has remained blurry and ambiguous” [1].

Paleoceanographers derive information about past environmental conditions from stable
isotopes and other tracer records held with geological structures. The skeletons of hermatypic
corals are particularly useful for high-resolution studies of tropical paleoceanic environments
as they provide an unaltered record of the chemical and physical conditions that existed in the
seawater when they were formed. However, these structures do not result from pure chemical
CaCOs precipitation but from highly-regulated biological activities of living organisms.
Indeed, trace elements and isotopes were shown to vary widely between and within species
[2] or to correlate well with coral growth or extension rates [3]. It was therefore suggested that
environmental factors are not completely controlling isotope and trace element signatures in
coral skeletons but that biological factors were also important [4]. Furthermore, most of reef-
building corals harbor photosynthetic symbionts which stimulate by an unknown mechanism
coral calcification, a process called light-enhanced calcification. Consequently, one must
consider the effects of these biological activities on the distribution and fractionation of
tracers to make correct inferences on climate at the time of skeleton formation. It is, therefore,
necessary to understand the physiologica mechanisms which control both biomineral
formation and carbon supply to the photosynthetic symbiont, called “vital effects’. This paper
will present an up-to-date review of the biological control of the biomineralization process in
corals which will alow an optimization for the use of cora skeletons as environmental
archives.

By using the branched scleractinian coral, Stylophora pistillata as a model organism, we have
shown that coral skeleton formation results from two biological processes. regulation of the
ion concentrations at the site of biomineralization and secretion of macromolecules, called
organic matrix, regulating crystallization. Both processes are very rapid and need carrier
proteins and various enzymes mainly located within a thin cell layer surrounding the skeleton,
called the calicoblastic epithelium. Two maor enzymes achieving transepithelial calcium
transport have already been characterized as well as some aspects of the sources for carbon
supply. Organo-mineral interactions and role of organic matrix will be also presented.
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A wide range of climatic, geologic and archeological records can be characterized by
measuring their 14C and 1°Be concentrations, using the accelerator mass spectrometry (AMS).
These records are found not only in the traditional sampling sites such as lake sediments and
ice cores, but also in diverse natural records such as. loess/paleosol deposits, corals,
speleothems and forest-fire horizons [1]. The in-situ production of cosmogenic radionuclides
in terrestrial materials is a new methodology which provides several possibilities of
determining their chronology [2]. The purpose of this paper is to highlight selected
applications of AMS, which have bearing to our understanding of both chronology of archival
materials, and learning about climatic changes in the past.

The development of a good chronology is very important to the understanding of past climatic
changes and their relationship to other events. To correlate distinct climatic features requires
that we are able to correlate phenomena, which can be dated independently. The improvement
in the radiocarbon calibration curve over the last 26,000 yr has allowed us to cross-correlate
fluctuations in the **C curve directly with those in the ice-core record. This capability has
improved attempts to cross-correlate different climatic events observed in one record with
other proxy records. This extension of the calibration curve used tree rings to about 11,500
calibrated years and beyond that used corals and varved marine sediments [3]. Other newer
but perhaps lessreliable records can take us back to the limits of radiocarbon dating, using
|ake sediments and speleothem records.

An important consideration in the geochronology of past climate change is that the same
event might be manifest in different ways in different parts of the world. For example, the
uniformly cold younger Dryas in northern Europe and eastern North America might not have
the same expression elsewhere. To give one example, although the Younger Dryas is usualy
considered a cold event, Chinese loess deposits indicate an oscillatory pattern during the
younger Dryas period, the deserts of the American southwest show a drought followed by a
period of increased precipitation and the tropical regions show a warming trend. Hence, one
must exercise care in extending such interpretations beyond the regional level.

During the Holocene, we also observe appreciable climatic fluctuations. These may be
associated with forcing due to solar variations, observed as small effects in the *C record.
Other periodicities in the Holocene climatic record can often be related to solar fluctuations,
the most obvious being in the medieval warm period and the Maunder minimum, periods also
associated with colder weather in Europe.
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In recent years, millennial-scale periodicities [4] have become recognized in a number of
records, including varved lake sediments, loess deposits, marine records and forest-fire
records. In this paper, we will highlight some climatic signals, which can be well dated using
the small-sample capabilities of accelerator mass spectrometry (AMS). These signals manifest
themselves not only in the climate record but affect the extinction of mega fauna as well as
archeological events.

There are also climatic effects in such varied reservoirs as Chinese loess deposits, forest fire
recurrence, meteorite wesathering rates and other phenomena, as well as the more familiar ice
cores and oceanic sediments. We will also focus on hiatuses in the radiocarbon calibration
curve, which appear to be related to major climatic changes.

[1]

[2]

[3]

[4]
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Radiocarbon in annual and monthly bands of coralline aragonite reflects the **C/**C ratio of
the dissolved inorganic carbon (DIC) in surface ocean water that surrounds the coral. The
growth rates of massive corals vary from 0.4 to 2.5 cm/yr, and many species grow to severd
meters in diameter. Therefore, time histories of radiocarbon can be reconstructed for periods
of several centuries from corals that grew in tropical and subtropical locations (30N to 30S).
Radiocarbon in the surface ocean is controlled mainly by physica processes such as
upwelling and lateral transport, which are in turn controlled by climatic variables such as
wind speed. Thus, past records of climate are obtained from high precision radiocarbon
measurements of banded corals. Radiocarbon time histories for the Pacific and Atlantic
Oceans reveal interannual, decadal and centennial variability of past climate.

The exchange rate of CO, between the atmosphere and surface ocean (90 Gt Clyr) is large
compared to the net transport of anthropogenic CO, into the ocean (~2 Gt Clyr [1]). About
one-third of this net CO, emission is centered in the mid- and eastern tropical Pacific due to
enhanced upwelling of subsurface waters that contain high pCO, values. Thus, variability of
the upwelling rate in this region of the world ocean could significantly change the net
transport of anthropogenic CO; into the ocean.

Changes observed in surface ocean radiocarbon during the past few centuries will be
evaluated in term of their implications for past changes in the carbon cycle.

[1] SABINE, C., et a, The oceanic sink for anthropogenic CO,, Science 305 (2004) 367-
371.
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Radioactivity may be introduced in the environment through a variety of systems and
processes. Human activities involving nuclear weapons and nuclear fuel cycle (including
mining, milling, fuel enrichment, fabrication, reactor operation, spent fuel stores, reprocessing
facilities, medical applications and waste storage) are important, leading to a significant
creation and release of radioactivity. Human technology also releases pre-existing natural
radionuclides, which would otherwise remain trapped in the earth’s crust. For instance,
burning of fossil fudl (oil and coal) dominates direct atmospheric release at pre-existing
natural radioactivity.

The distribution pattern of radioactive fallout depends on weather conditions (i.e. wet or dry)
and on the nature of the surface and the physical-chemica form of the radionuclides, which
may vary according to release and transport conditions as well as element properties. A
genera distinction can be made between gases, aerosols and particulate material. Particles
with higher activity concentration, known as “hot particles’, may result from atmospheric
nuclear weapon tests or nuclear reactor accidents. Their activity is diluted as material is
transferred to soil and water directly or via vegetation and movement through other biota.
Therefore, for monitoring radioactivity in the environment it is necessary to analyse bulk
samples from all biosphere compartments as well as single microparticles.

Anaytical chemistry plays a determinant role for routine verifications as well as in case of
radiological alarm to take decision for restoration of the environment and protection of the
citizens.

The reference laboratory for the measurement of radioactivity in the environment (MaRE |ab)
a the Institute for Transuranium Element (European Commission, Joint Research Centre)
provides scientific and technical support to the policy of the Directorate General for Transport
and Energy (DG TREN) of the European Commission, both for the implementation of the
requirements of environmental radioactivity surveillance (Art. 35-36 of the Euratom Treaty)
and in the framework of the OSPAR (Odo-Paris Convention) strategy with regards to
radioactive substances for the protection of marine environment of the North-East Atlantic.
MaRE lab provides also support to IAEA and Euratom for the detection of clandestine nuclear
activities in the framework of nuclear safeguards and nonproliferation of nuclear materials.

In this lecture the role of the analytical techniques based, above all, on mass spectrometry and
radiometry, is highlighted as applied to samples of different origin, for the determination of
radionuclides (U, Np, Pu, Am, fission products) in bulk as wel as in radioactive
microparticles. The necessity to have complementary techniques in order to have independent
results (in terms of Quality assurance/quality control) as well as to attain a complete inventory
of the radioisotopes is shown.

74



EXTENDED SYNOPSIS |AEA-CN-118/44
TOPIC: MODELLING

Tracer Studieswith Arctic and Subar ctic Coupled | ce-ocean M odéls:
Dispersion of Radionuclides and Oxygen | sotopes

M. J. Karcher®® |. H. Harms®, F. K auker®”

@Alfred Wegener Ingtitute for Polar and Marine Research, Bremerhaven, Germany
PO.A.Sys - Ocean Atmosphere Systems GbR, Hamburg, Germany
“Institute for Marine Research, ZMAW, University of Hamburg, Germany

E-mail address of main author: mkarcher@awi-bremerhaven.de

Natural and manmade soluble isotopes which enter the oceanic environment are advected by
the ocean-currents or the ice-drift and are distributed over large areas far from their sources.
By this they trace the dominant flow patterns and exchanges processes on timescales from
years to decades.

By introducing such isotopes as tracers into coupled ice-ocean models used to study the
climate system of the Arctic and Subarctic we receive progress in two areas. The
intercomparison of model derived tracer distributions with observations offers the opportunity
to validate the model experiments. If consistent with observations, the model experiments in
turn may serve as an interpretative tool to understand the evolution of the observed
distributions. The latter is especially valuable in areas like the Arctic Ocean, where the
observations are sparse in time and space. We present examples from two projects introducing
the natural isotope d'®0 as a tracer for river water in the Arctic and the manmade
radionuclide Technetium-99, which has been emitted from west-European nuclear
reprocessing facilities in increased amounts in the 1990s.

The natural isotope d®0 enters the Arctic Ocean via the rivers carrying runoff from the
Siberian and North American catchment areas. Since the signature of d'®O for the rivers is
markedly different from oceanic values it can serve as a tracer for the riverine component of
freshwater. The investigation of the dynamics of freshwater in form of ice, icemelt and river
water in the Arctic Ocean is closely linked to a better understanding of the variability of the
global thermohaline circulation. The latter is apparently influenced by the amount of
freshwater released from the Arctic Ocean into the convective areas of the Nordic Seas and
the Labrador Sea. The intercomparison of the modelled and observed patterns of d*20 leads to
better insight of the state of the large circulation systems which store and advect freshwater
in the interior Arctic, namely the Beaufort Gyre and the Transpolar Drift, which have
undergone significant changes in the last decade.

The man made radionuclide Technetium-99 is emitted from the west-European reprocessing
facilities in Sellafield and La Hague. Since 1994 the release has increased significantly and
introduced an intense signal into the current system of the North Sea, the Nordic Seas and the
Arctic Ocean. We simulate the dispersion of this radionuclide for the last decades. The results
of this experiment feed into a Norwegian research project which aims an improvement of

box-models used for assessment studies and monitoring strategies. At the same time an
intercomparison of the simulated technetium signal with observations in the Nordic Seas and
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the central Arctic Ocean allows a better insight into the ventilation processes of those areas
with respect to the inflowing water masses.

We will present recent advances in the described applications of isotopes in climate studies
for the Arctic and Subarctic domains and want to demonstrate the large potential of such
combined model-observation studies with isotopes for the investigation of the climate system

in the north, as well as for applied purposes like the dispersion of dissolved pollutants in the
ocean.
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Since the end of the eighties, it is recognized that the Nd isotopic composition (expressed as
eng) varies from ca —13 in the North Atlantic to ca -5 in the Pacific. It has been clearly
established that far from any source of lithogenic material, enq iS a conservative tracer of
water mass mixing [1-5]. Since the range of eng values of the deep waters are imprinted in the
metalliferous sediments, they are used by paleoceanographers to trace the past variations of
the thermohaline circulation. However, many studies conducted in the present day ocean
highlight that the Nd budgets based only on dust/riverine inputs were not able to reconcile the
Nd content and eng variations between the 3 oceanic basins (the “Nd paradox”). The “missing
source” was often suspected to be the oceanic margins but was quantified only recently [6-8].

This talk proposes modelling results of the Nd oceanic distribution (concentration and
isotopic composition) on a global scale. For doing that, we first established an extensive
compilation of the eng Signatures of the world continental margins (deduced from more than
50 references, figure below). Then, we applied the rate of exchange of Nd between the
continental margins and the oceans, deduced from Lacan and Jeandel (in rev.). This allowed
to ssimulate lithogenic Nd inputs into a large scale circulation model (ORCA/OPA). Simulated
vertical profiles are compared to those measured in the different oceanic basins.

1
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The author has carried out the worldwide simulation of advection-diffusionscavenging
processes of caesium-137 (Cs-137) and plutonium-239,240 (Pu-239,240) using the oceanic
genera circulation model (OGCM) and validated the result with the experimental values due
to the past atmospheric nuclear tests between 1945 and 1980. As a result, it seems good
agreement between the calculated results and the observed ones if the appropriate horizontal
and vertical diffusion coefficients were used [1, 2].

Using this technique, the simulation of the advection-diffusion scavenging processes for Cs
137 and Pu-239,240 in Japan Sea originated from the past atmospheric nuclear tests was
carried out and examined the possibility to apply this model to the Japan Sea.

In this study, a modified version of the robust diagnostic OGCM described by Fujio [3] has
been applied. The model covers the Japan Sea with real topography and divides it horizontally
into 0.5° x 0.5° grids and verticaly into 17 levels. Based on the annual average hydrographic
data of Levitus 94 and the wind stress data of ECMWEF, the annually averaged velocity fields
were determined diagnostically.

The procedure of tracking particles was described by the equations (1) and (2).

= ueo @
X=x, at=0 )

X(t) is the position vector of a particle at timet, and u(x) is the velocity vector at position x(t)
calculated by the above OGCM.

The random walk method was applied for the description of the diffusion of radionuclides in
water. The distance (dL) of the movement caused by diffusion can be expressed by the
equation (3).

dL = Ry/24Kdt 3

K is the horizontal or vertical turbulence coefficient. R is one of uniform random numbers |-
0.5, 0.5]. The time step (dt) of the calculation was 2 days.

The one-dimensional, two-phase Pu scavenging model, developed by PerianeZ 4], has been

adopted in the present OGCM. Transfer between the dissolved phase and the particul ate phase
is subject to the kinetic transfer coefficients, ki(z) (adsorption) and k, (desorption). The
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particulate phase sinks at the sedimentation velocity W,. The detailed description was
published elsewhere [2].

Using the horizontal and vertical diffusion coefficient as 3<10°, 0.3(cn/s) respectively, the
caculated values of Cs137 and Pu239,240 in seawater were compared with the
experimental valued obtained by other scientists and institutes. As shown in Fig. 1, the each
measured Cs-137 value over 1 Bg/nT was compared with the calculated one. About 80% of
all measured 374 data were included within factor 2. As for Pu-239,240, the value over 10
mBa/nT was compared with the calculated one. About 60% of all measured 352 data were

included within factor 2.

From

this result, it seems that this model could be applied to the simulation of the advection

diffusion-scavenging processes for Cs-137 and Pu-239,240 in Japan Sea.
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FIG. 1. Comparison figures between the observed values of Cs-137 (left) and Pu-239,240 (right) in
seawater samples collected in Japan Sea from 1960s to 2000 and the cal culated values in this study.

[1]
[2]
[3]
[4]

80

NAKANO, M., POVINEC, P.P., Oceanic general circulation model for the assessment
of the distribution of **’Csin the world ocean, Deep-Sea Res. |1 50 (2003) 2803-2816.
NAKANO, M., POVINEC, P.P., Moddlling the distribution of plutonium in the Pacific
Ocean, J. Environ. Radioact. 69 (2003) 85-106.

FUJIO, S., IMASATO, N., Diagnostic Calculation for Circulation and Water Mass
Movement in the Deep Pacific, J. Geophys. Res. 96 (1991) 759-774.

PERIANEZ, R., Modelling the Distribution of Radionuclides in Degp Ocean Water
Columns, Application to 3H, ¥*'Cs and 2°?*%Pu, J. Environ. Radioact. 38 (1998) 173-

194.



EXTENDED SYNOPSIS |AEA-CN-118/47
TOPIC: MODELLING

Study of the Impact of Geother mal Heating on Ocean Gener al
Circulation Mode deduced from Natural Helium-3 and Natural *“C
Simulations

J-C. Dutay®, P. Jeanbaptiste®, G. Madec”, D. ludicone®, K. Rodgers”
2_aboratoire des Sciences du Climat et de I’ Environnement, CEA Saclay, France
b|_aboratoire d’ Oceanologie et de Dynamique du Climat, Paris, France

E-mail address of main author: dutay @cea.fr

We used natural helium-3 and natural *C simulations to study the effect of the geothermal
heating on modeled deep ocean circulation. Helium:3 is injected in the deep ocean through
hydrothermal activity, is particularly adapted for testing the effect of the geothermal heating
on models deep ocean circulation. Its mode of injection in the ocean is related to the heat
released to the ocean along ridges axis, with high isotopic values that provides an oceanic
distribution with salient horizontal gradients that are particularly adapted for testing the
modeled deep oceanic transport. Natural **C isinjected in the ocean at the air-sea interface, Its
source in the ocean are well known and provide a severe constraint on the modeled deep
circulation. We investigate the effect of geotherma heating with a model sensitivity tests
where three simulations were performed with the same version of the ORCA model
developed at LODyC (France). In afirst smulation the geothermal heating is not included in
the forcing of the model, while in a second simulation a uniform geotherma hegting is
applied on the seafloor, and in a third smulation a spatially varying geothermal heating is
imposed. For these simulation, natural helium-3 is injected along axes of mid-ocean ridge,
with a flux linearly proportional to the geothermal hesting rate. We compare the models
results with measurements collected during major global scale ocean observation programs
(GEOSECS, WOCEA), and show how natural helium-3 and natural **C can provide useful
information for testing the models deep ocean circulation. The analysis will particularly focus
on the AABW ventilation
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Precipitation isotopes variability is dominantly controlled by large-scale atmospheric moisture
transport processes. It was argued by Yoshimura et al. [11] with the Rayleigh-type isotope
circulation model with the model reproduction of daily H,*%0 variability over the sub-tropics,
particularly Thailand, and monthly averages at globa scales with GNIP (Global Network of
I sotopes in Precipitation). However, there remain some discrepancies between the observation
and the smulations. It probably implies that we cannot neglect some effect of land surface
processes on the variability of precipitation isotopes; in particular, the effect on diurnal
variations on precipitation seems quite large. To take a deeper insight on short-term
variability of precipitation isotopes, including diurnal variability, the authors developed an
isotope-incorporated land surface model coupled with the existed atmospheric isotope
circulation model.

The origina land surface model is MATSIRO (Minimal Advanced Treatments of Surface
Interaction and Runoff) by Takata et a. [2]. In MATSIRO, evapotranspiration consists of
three components; evaporation from bare soil, transpiration from vegetations, and evaporation
of canopy-intercepted water. In the MATSIRO-is0, isotopic behavior of those components are
individually estimated. For example, evaporation from bare soil (Es) and its isotopic
composition (Rey) is calculated by using following equation

Es = rCES |Va|(hsoilqs(T) - qa) (1)
Es* =r CES*[Va|(hsoilqs(T)Rsoila(T) - qaRa) (2
R = ES* _ CES* ghsoilqs(T)Rsoila T " QaRag 3)

S CES é hsoilqs(T) -0, Q

where ? is concentration of water; Cgsand Cgs denote bulk coefficients of water and the
isotopes against water vapor, respectively, where the roughness that considers surface
resistances is taken into account; the ratio of the bulk coefficients is known as the kinetic
fractionation coefficient, and this study regards it as a function of wind speed [3]; hsil iS
relative humidity of soil, gs and g, indicate saturated specific humidity and that of air vapor,
respectively; R ahd Ry denote isotopic composition of water in soil and air, respectively; T
is temperature. For running the model, surface boundary conditions are required; specific
humidity, wind speed, temperature, pressure, downward radiation, precipitation (convective
and large scale), and isotope ratio of precipitation (convective and large scale) and vapor.
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This study used surface variables from GAME reanalysis [4] and isotopic variables from the
control run of Yoshimura et a. [1], as the boundary conditions. A vertical one-dimensional
experiment in Chiangmai (18.8N, 99.0E), Thailand, for 1 April to 31 October in 1998 was
carried out. Figures 1-4 show time series of following: (Fig. 1) states of water storages in each
of five soil layers, (Fig. 2) precipitation and runoff, (Fig. 3) isotopic compositions of soil
water storages, precipitation, and runoff, (Fig. 4) isotopic compositions of evaporation from
bare soil, transpiration from vegetation, and evaporation from canopy-interception. The
results indicate isotopes in surface soil layer are largely influenced by precipitation isotopes,
but it is hardly affected below 25cm. Moreover, isotopic values in evapotranspiration flux
widely fluctuate with a little relation with that in precipitation. It should be noted that the
common assumption in many isotopic models, evaporative isotopes is equal to precipitation
isotopes, should be reconsidered.
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[3] JOUZEL, et al., Simulation of the HDO and H,'0 atmospheric cycles using the NASA
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The developed in NRPA box model uses the modified approach for compartmental modelling
[1], which includes dispersion of radionuclides during time (noninstantaneous mixing in
oceanic space).

The equations describing transfer of radionuclides between the boxes are of the form

d g g

_A:a kjiAj -a kijAg(tg Tj)' kA +Q, t3T
dt j=1 j=1

A=0, t<T,

where k;i=0 for dl i, A; and A; are activities (Bq) a time t in boxes i and j; ki; and kji are transfer
rates (y') between boxesi and j; k; is an effective activity transfer rate (y'*) from box i taking into
account loss of materiad from the compartment without transfer to another, for example
radioactive decay; Q is a source of input into box i (Bq y?); n is the number of boxes in the
system. T; is the time of availability for box i (the first times when box i is open for dispersion
of radionuclides) and g isan unit function:

t3T)= Lt
g( i )— %0, t<T

Theavailability times T, = min_ § w,,
M (Yo, vl Mi 7

are caculated as a minimized sum of the weights for al paths po(vo,...,v;) from the initia box
(Vo) with discharge of radionuclides to the box i on the oriented graph G=(V, E) with a set V
of nodes v; correspondent to boxes and a set E of arcs gy correspondent to the transfer
possibility between the boxes | and k. Every arc gk has a weight wjx which is defined as the
time required before the transfer of radionuclides from box | to box k can begin (without any
way through other boxes). M; is a set of feasible paths from the initial box (vo) to the box i (v;).

Times of availability are in a good agreement with experimental data for transit and resident
times in marine environment.

The boxes dructure for surface, mid-depth and deep waters is developed with regards to
improved description of Polar, Atlantic and Deep waters in the Arctic Ocean and the Northern
Seas and site-specific information for description of the boxes. The volume of the water layersin
each box has been calculated by using a detailed bathymetry in geographical information system.



M. logpe

The model includes the processes of advection of radioactivity between compartments,
sedimentation, diffusivity of radioactivity through the pore water, resuspension, mixing due to
bioturbation and particle mixing and a buria process of activity in degp sediment. Radioactive
decay isincluded in al compartments. The contamination of biota is further calculated from the
radionuclide concentrations in filtered seawater in the different water regions. Doses to man are
calculated on the basis of data for the catch of seafood and assumptions about human diet. Doses
to biota are cdculated on the basis of radionuclide concentrations in water and sediment phases
and radionuclides dose conversion factors[2].

In simulations using the ice transport module, based on the present approach with
noninstantaneous mixing in marine environment, sows that the effect of radionuclide ice
transport to the distribution of radioactivity differs widely and can significantly increase the
concentration of radionuclides in sea water, as well as, doses distribution for the radionuclides
with high Kq, with this, the dose impact from some sea areas can increase up to one order of
magnitude.

Examples of model applications are shown in Figure 1, which demonstrates a good agreement
between predicted concentration of 2*°Pu in the Irish Sea and experimental data & well as
different time trends for ice and water transport that is possible due to noninstantaneous
mixing in oceanic space for dispersion of 2**Am from the Kara Sea to the Fram Strait.
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FIG. 1. Appl ica.tions of the model.

[1] 10OSJIPE, M., et d., Modified approach for box modelling of radiological consequences
from releases into marine environment, J. Environ. Radioact. 60 (2002) 91-103.

[2] 10SJPE, M, e al., Modelling approach for environmental impact assessment from
radioactive contamination of marine environment (Int. Conf. on the Protection of the
Environment from the Effects of lonising Radiation, 610 October 2003, Stockholm,
Sweden) IAEA-CN-109, 212-215.

[3] IOSIPE, M., et d., Potential influence of ice transport of radionuclides for doses to man:
sensitivity analysis of the ice module parameters (Proc. 5" Int. Conf. environmental
radioactivity in the Arctic and Antarctic, St. Petersburg, Russia, 16-20 June, 2002)
(STRAND, P., JALLE, T., SAND, A., Eds) 231-233.
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Baltic Seafor *'CsModelling

L. Davuliene, N. Tarasiuk, N. Spirkauskaite
Institute of Physics, Vilnius, Lithuania

E-mail address of main author: arlauske@ktl.mii.lt

Measurements of 13’Cs activity concentration at the Lithuanian coast revealed inhomogenic
distribution and remarkable fluctuations of the concentration depending on the meteorol ogical
conditions [1]. The use of one of the known circulation models, BSHcmod, developed for the
assessment of passive substance distribution in the Lithuanian marine waters was considered
[2]. The area selected for modelling covers the Lithuanian part of the Baltic Sea including the
Curonian Lagoon (Fig. 2). Grid of 1’ 1'40” was chosen and the vertical water column was
divided into five layers. According to the chosen model configuration and the available
meteorological data, the model validation results show that the adapted hydrodynamic model
is suitable for the Lithuanian marine waters [3].

The nmain problem raised whether this model intended to passive admixture could be used to
describe the distribution of radiocesium activity concentration. The study was carried out in
order to validate the capability of the circulation model of Lithuanian marine waters to
simulate the distribution of the technogenic radionuclide *’Cs in the Baltic Sea at the
Lithuanian coast. The validation of the model was based on the measurements data collected
during the expeditions. After validation the developed model was used to study the
distribution of radionuclide concentration in the marine environment in relation to input
sources and the key oceanographic processes specific to that area of the Baltic Sea.

Investigations of the distribution of **’Cs activity concentrations in the Lithuanian part of the
Baltic Sea were carried out in 1999-2001: at the national and HELCOM monitoring stations
in the Baltic Sea and Curonian Lagoon; during expedition in the year 2001 - a a 9 stations
located on the 20'" 10" grid in the Baltic Sea. The water samples in Preila and Juodkrante
were taken from the beach.

Field dataon 1*'Cs activity concentration measured in the open sea surface waters are almost
uniform (73-79 Bg/nT) with some increase in the near shore waters of the Preila background
station (75-98 Bg/nT) in May and October 1999, while in June 2000 the *’Cs activity
concentration in this region decreased to 53-69 Bg/nt. Generally the ®*'Cs activity
concentration in the open sea surface waters in 2001 decreased on average by about 20% (60-
67 Bg/nT). The lowest 13”Cs activity concentration found in the samples collected at stations
situated near the Klaipeda Strait was 39-53 Bg/nT. This could be evidently due to flow out of
fresh water Klaipeda Strait, which contains a small amount of radiocesium.

The measurement data show relation of the salinity and **’Cs activity concentration (Fig. 1).
In order to assess the applicability of the circulation model for the Lithuanian marine waters
to simulate the 3"Cs distribution in the Baltic Sea at the Lithuanian coast the salinity for the
periods of expeditions was simulated. The errors (standard deviation) between simulated and
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measured salinity for the two periods in 1999 and 2001 are 0.34 and 0.19 psu, respectively.
The correlation coefficients between measured and radionuclide activity concentration and
sdlinity are 0.94 and 0.97, standard deviation — 5.8 and 1.7 Bg/nT, respectively. Thus the
salinity could be related to the *'Cs activity concentration with the reliability error less than
15%. As there are more measured and also smulated (important for the open boundaries)
salinity data available the results of salinity simulations could be applied to estimate *3'Cs
activity corcentration within this error gap.

The simulations of the salinity distribution for the period of 1999-2001 have shown that the
fresh water flow from the Curonian Lagoon modifies the salinity in the Baltic Sea at the
Lithuanian coast mostly in the area of 15 km from the seashore (Fig. 1). The calculated
variance of salinity was found negligible in the area approximately 30 km further from the
coast. Therefore, the parameters measured at this distance could be used for the model
calibration as the background values typical of the south-eastern Baltic Sea.
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[1] STYRO, D., BUMELIENE, Z., LUKINSKIENE, M., MORKUNIENE, R., **'Cs and
90gr pehavioura regularities in the southeastern part of the Baltic Sea, J. Environ.
Radioact. 53 (2001) 27-39.

[2] DICK, S, KLEINE, E., MULLER-NAVARRA, S., KLEIN, H., KOMO, H., The
Operational Circulation Model of BSH (BSHcmod), Berichte des BSH 29 (2001) 48.

[3] DAVULIENE, L., DAILIDIENE, I., DICK, S.,, TRINKUNAS, G., VALKUNAS, L.,
Validation of Circulation Model for Lithuanian coastal waters, Environmental and
Chemical Physics, Vilnius 24 4 (2002) 226-231.
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The Almirante Alvaro Alberto Nuclear Center (CNAAA), is integrated by two PWR nuclear
power reactors known as Angra | and Angrall. The center is located in Rio de Janeiro State
about 150 km away from Rio de Janeiro city. Both reactors release their liquid effluents into
the Ilha Grande Bay (BIG). The radionuclide releases are not continuous (each release cycle
takes about 1 h) and are done into the reactors cooling waters which are released into a small
inlet inside the bay in a rate of 120 n?/h. Table | shows the annual releases of *’Cs and °H
with the liquid effluents.

TABLE . ANNUAL RELEASES OF *H AND **’CSWITH THE LIQUID EFFLUENTS OF
THE NUCLEAR POWER PLANTS OF ANGRA DOS REIS

Radionuclide Annua Release in Bq
Angral Angrall
°H 4.03x 10™ 3.12x 10%
B¥cs 5.07 x 10° 1.11 x 10t

Until now, most of the attention, regarding environmental impacts, was directed to gaseous
emissions, especially in case of accidents. No consistent ssimulation of the fate and transport
of radionuclides in the coastal system was available. As a result of this, the objective of this
work was to simulate the dispersion of *H and **"Cs present in the liquid effluents that are
routinely released into the environment, and in this way contribute to the improvement of the
radiological impact assessment associated to these releases.

For the purpose of assessing the dispersion of radionuclide in the BIG, the present modeling
study was divided into two stages. It was assumed that radionuclide concentration is a passive
scalar. The first stage concerned the hydrodynamic modeling of the bay (hydrodynamic
module). The second focused on modeling the transport of cooling water plumes containing
the radionuclides (transport module). Both modules are integrated in a computational system
caled SisBAHIA [1, 2].

The current patterns, generated by tides and winds, for different scenarios were characterized
by means of a bi-dimensional model (2DH). This module has been calibrated in order to
reproduce field data. The velocity fields, as well as the advection/diffusion terms, generated
by the hydrodynamic model, were used as input data in the modeling of the radionuclide
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dispersion. The radionuclides dispersion was assessed in the transport module by means of an
2DH advective-diffusive Eulerian transport model.

The results of the first module indicate that the pattern of circulation in the Ilha Grande Bay is
strongly driven by the energy of the tides. Winds — prevailing and extreme — do not cause
significant changes in the circulation pattern of the study area. The currents are characterized
by low velocities, where prevailing situations for neap and spring tides, are characterized by
velocities of about 0,05 m/s and 0,10 m/s, respectively. These results are consistent with the
results obtained from field works. Local hydrodynamics is markedly altered by means of the
formation of huge vortices close to the release area.

According to the annual predicted releases rates, as reported in the Final Safety Analysis
Report, and providing for an adaptation to a continuous release, it could be predicted that the
radionuclide plume would present a low mobility, with most of the significant radionuclide
activity concentrations being restricted close to the source. The activity concentration
distribution reach the transportation steady state by the end of the 51% day of simulation. As it
isshown in Fig. 1.

Based on the obtained results (very low concentrations), it can be seen that no significant
dose increases are to be expected as a result of the long term operation of both reactors. The
model, now available, congtitutes a very useful tool in the decision making regarding non
expected (accidental) releases.
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Fig. 1. Dispersion pattern of the contaminants plume 51 days after the release.

[1] ROSMAN, P.C.C., Modeling shallow water bodies via filtering techniques, Ph.D.
Thesis, Dept. of Civil Engineering, Massachusetts Institute of Technology, USA (1987).

[2] ROSMAN, P.C.C., Modelos de circulagdo em corpos de &gua rasos, Em Métodos
numericos aplicados a recursos hidricos, v.1, capitulo 3, Associacdo Brasileira de
Recursos Hidricos (ABRH), Rio de Janeiro, Brasil (1989).

This work was partialy supported by the Internationa Atomic Energy Agency — IAEA —
under the research contract No. BRA —9002.
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Short term estimation of released radionuclides behavior is necessary for decisionmaking in
emergent action. To predict radionuclide concentrations in marine organisms under short term
radionuclide introduction to coastal water, the simple time series *’Cs transfer both from
seawater and food chain to marine organisms were studied [1, 2]. The mode was developed
for typical Japanese coastal water including benthic food chain and planktonic food chain,
with transfer parameter data set, such as uptake rate constant, excretion rate constants, gut
transfer rates, food ingestion rates of 3’Cs, those collected by many tracer experiment studies

[3].

For the development of the modeling technique in prediction of the temporal *'Cs
concentrations in marine biota, the time and space distributions of *’Cs concentrations in
marine organisms are important especially in case of short term introduction to coastal area.
We developed a 3-dimension model being composed of nuclide transfer both from seawater
and food chain in imaginary coastal area, expressing the temporal 3’Cs concentrations in
marine organisms accompanied with the habitat |ocation.

The result of 3D modding in case of short term introduction to exhibit the following
information; 1) The introduced **’Cs in seawater is diluted and disappeared quickly under
normal current conditions, while *'Csin organisms slowly increased even after the seawater
is cleared, mainly from the contribution from *”Cs transfer through food chain. 2) The ¥'Cs
concentration in fish of higher trophic level appears approximately 100 days later, and the
concentration ratio (**'Cs in organism / **’Cs in seawater) reaches only 1 - 10 even using the
maximum 13’Cs concentrations in organism and seawater.
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FIG. 1. Smulation of temporal elevation of **Cs concentrations in seawater (S.1-3:coastal sites) and
coastal benthic fish respond to **'Cs introduction to surface water under different current conditions
(Case2-1: north, 2-2:south).

[1] TATEDA, Y., Development of Basic Model for Dynamic Prediction of *'Cs
Concentration in Marine Organism, Abiko Research Laboratory CRIEPI Rep. U94056
(1997) (in Japanese) 57.

[2] TATEDA, Y., Basic Model for the prediction of *3’Cs Concentration in the Organisms
of detritus Food Chain, Abiko Research Laboratory CRIEPI Rep. U97022 (1997) (in
Japanese) (1997) 28.

[3] TATEDA, Y. et a., Modeling of **’Cs concentration change in organisms of the
Japanese coastal food chains, IAEA-TECDOC-1094, IAEA, Vienna (1998) 323-325.
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A dynamic model for the prediction of radioiodine concentrations in the edible periwinkle
Littorina littorea following uptake fom both seawater and seaweed (Chondrus crispus) has
been developed and successfully tested. This relatively ssmple biokinetic model is capable of
reproducing the uptake and release concentration profiles, uptake half times, biological half-
lives, concentration factors and the basic differences in organ distribution observed
experimentaly by Vives i Batlle et al. [1] and Wilson et al. [2], using a unique set of
calibration parameters. The model thus calibrated has also been found to provide a reasonable
approximation to the available monitoring data for ?°I in winkles from the Sellafield areain
the UK, spanning the years between 1950 and 2003.

The model as a whole can be described as a first order linear differential equation system
containing 12 compartments and pertaining to it is a set of 34 parameters encapsulating the
calibration information generated from the laboratory experiments and knowledge of the local
ecosystem. The model comprises sub-modules for the calculation of *2°I concentrations in the
coastal ecosystem near Sellafield, food and the winkles themselves. Central to the design is a
biokinetic sub-model for winkles containing compartments for the shell, gastro-intestinal
tract, soft tissue and storage organs. The model is found to reproduce the uptake and release
patterns observed for radioiodine in winkles. Specifically, the model returns uptake profiles
compatible with an uptake half time of 11 days, as observed for winkles exposed to either (a)
radioiodine in seawater or (b) radioiodine ingested from radio-labelled Chondrus crispus.
Additionally, the model returns release patterns compatible with the triphasic depuration
sequence with biological half-lives of 4 days, 23 days and 56 days following uptake of
radioiodine from seawater, and the biphasic depuration sequence with biological half-lives of
1 and 24 days following uptake from Chondrus crispus. A good degree of correlation between
experimentally measured and modelled activities in winkles has been found.

The model predicts correctly that, following ingestion from seaweed radioiodine partitions
towards the soft parts in favour of shell whereas the opposite occurs following uptake from
seawater. To represent the field situation a combined input from both seawater and seaweed
was modelled. Under these conditions the model successfully predicts that the activity
associated with the edible fraction of the winkles is only ~20%, and that the majority (some
90%) of the activity retained by winkles will originate from seawater.

Turning to comparisons with the available monitoring data for %I in winkles from the
Sellafield coastal zone, we found that modelled edible winkle concentrations follow the
genera profile of the discharge as expected. The limited monitoring data available is
approached by the model prediction which is given with a range of variation of typically +
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13%, as derived from confidence interval calculations. The model calculation is that for the
period 1970 - 1974 activity concentrations of *%°| in winkles were low (< 0.1 Bq kg?), then an
increase occurred and a second plateau would be reached in 2003, with activity concentrations
typicaly in the order of 1 Bq kg®. Beyond this, model runs with projected ?°| discharge
scenarios for 2004-2030 predict that winkle concentrations will continue at about 1 Bg kgt
until about 2022, followed by a sharp decrease of more than one order of magnitude in the
ensuing 2 years. By 2030 1°| concentrations would be stabilised at about 0.05 Bq kg>.

Predicted committed effective doses to the West Cumbrian critical group of fish and shellfish
consumers arising from the consumption of winkles as predicted by the model are low and
have no radiological significance. The single 2002 annual dose reported by BNFL [3]
specifically for winkles at 0.36 uSv a’ is close to the model prediction of 0.57 pSv a.
Predicted annual doses due to 1#°I in the winkles themselves, calculated using up-to-date
doses to biota methodology [4, 5], are aso very low, peak doses being only in the order of 0.3
nGy a’. Clearly, in terms of the present model prediction, winkles are not at risk from
exposure to *2°| under the current discharge regime [6].

[1] VIVESI| BATLLE, J., WILSON, R.C., MCDONALD, P., PARKER, T.G., Uptake and
depuration of **!| by the edible winkle Littorina littorea: Uptake from seawater, J.
Environ. Radioact. (in press).

[2] WILSON, R.C,, VIVES | BATLLE, J, MCDONALD, P., PARKER, T.G., Uptake and
depuration of 3!l by the edible periwinkle Littorina littorea: uptake from labelled
seaweed (Chondrus crispus), J. Environ. Radioact. (submitted).

[3] BRITISH NUCLEAR FUELS plc, Discharges and Monitoring of the Environment in
the UK Annual Report 1986 to 2003, BNFL Ridey (1975-2003).

[4] BROWN, J, GOMEZ-ROS, J-M., JONES, SR., PROHL, G., TARANENKO, V.,
THORRING, H., VIVES | BATLLE, J, WOODHEAD, D., Dosimetric models and
data for assessing radiation exposures to biota, (PROHL, G., Ed.) FASSET (Framework
for Assessment of Environmental Impact) Deliverable 3 Report under Contract No
FIGE-CT-2000-00102 (2003).

[5] E.A., Impact Assessment of lonising Radiation on Wildlife, R&D Publication 128, July
2001, ISBN 1 85705 590 X (2001).

[6] ROSE, K.SB., Lower limits of radiosenstivity in organisms, excluding man, J.
Environ. Radioact. 15 2 (1992) 113-134.
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Coasta cities have the unique advantage of disposing the generated municipal and industrial
effluents by discharging them into the adjacent coastal waters through long offshore outfalls
to reduce any environmental concerns. The island city of Mumbai with a population of about
12 million currently experiences severe coastal pollution problems associated with the
disposal of about 2225 million litres of untreated or partially treated sewage into the coastal
waters every day. In order to improve the coastal water quality standards by dilution,
dispersion and flushing, a few offshore sewage outfalls have been constructed at various
locations and a few are underway. One such recently commissioned submarine outfall is
located at Worli. Here the collected wastewater is screened, degritted and then discharges into
the tidal waters by gravity through a 3.4 km long offshore submarine outfall equipped with
multi-port diffuser assembly for additional entrainment. The multiport diffuser system is
composed of 10 risers, spread over 240 m and is aigned normal to the direction of tida
currents. Under normal operating conditions, the flow rate of sewage is about 7.2 ni/s. To
assess the functioning of the Worli outfal by studying the sewage dilution and dispersion
processes, three radiotracer injections were carried out under various tidal conditions in the
post commissioned regime.

Initial dilution being an outfall design parameter, is normally computed using various
mathematical models. Other dispersion characteristics such as plume geometry, dilution
factors, dispersion coefficients etc. can also be predicted using empirical models. These
models generally developed for highly idealised flow conditions are rarely validated for
complex field conditions. In the present study, the data obtained from radiotracer experiments
was aso used for the validation of various empirica ad numerical near- & far-field models.

Radioactive 82Br (ty» = 36 hrs) in the form of agueous anmonium bromide was used as the
tracer for al the injections in view of its excellent property for tracing the sewage discharge.
The first two injections were ntended to understand the plume behaviour, whereas the data
obtained from the third injection was used for the validation of mathematical models.
Rhodamine WT was also simultaneously injected for visual appearance of the plume.
Temporal and spatial distribution of ambient current velocities were measured by deploying
current meters. The first tracer injection was conducted at the onset of (spring) ebb tide. About
110 GBq of #Br was diluted in 15 litres of water and continuously injected along with the
sawage for 1 hour at the rate of 250 ml/min. As the radioactive plume was established, the
area downstream of the diffuser was tracked using submersible water proof g-scintillation
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detector coupled to scaler/ratemeter. Dye concentrations were analysed in the laboratory using
spectro- fluorophotometer. Integration of data from the plume monitoring program helped to
construct 3D picture of the sewage field in the form of iso-activity contours. It was observed
that the sewage movement is predominantly tide drifted and follows the current direction. At
the near-field, the sewage comes out from the risers in the form of non-merging and surfacing
plume. In the far-field, the plume was found to be confined to the top 1-2 m without mixing
over the entire depth. The two observed surficial plumes suggests that advection processes
dominates over latera mixing. Dilution factors and dispersion co-efficients were also
estimated fromthe radiotracer data.

About 64 GBq of 82Br was used in the second injection which was conducted during an (neap)
ebb dack period. Counter clockwise movement of sewage plume was observed during flow
reversals and the dispersion during slack periods are mainly controlled by the onshore winds.
Effect of wind induced currents on floatable materials were also studied by drogue tracking.

In the third injection conducted during a flood tide, about 74 GBq of 82Br was used. The
obtained radiotracer and dye tracer data was utilized for the vaidation of commonly used
near-field models such as Cornel Mixing Zone Expert System (CORMIX), 3D Lagrangian Jet
Model (JETLAG) & the empirical model of Roberts and others [1]. The validated far-field
models include the empirical models proposed by Brooks [2] & Gardanov [3] and a depth
integrated 2D hydrodynamic and solute transport finite difference model, DIVAST. The
numerical model with three open boundaries (two flow and one elevation boundary) was
initially calibrated with observed tidal elevations and velocity data. The mathematical model
predicted dilution factors and other hydraulic parameters were found to match fairly well with
radiotracer and dye tracer data. The dight variation in near field model prediction is because
of the limitation of those models in representing the complex design of Worli outfall.

From the study, it is concluded that, even though the outfall operational parameters have not
yet been optimised by the operating agency, the performance of the Worli outfall is found to
be satisfactory in terms of reducing the impact of sewage discharges on coastal waters and
thereby improving the water quality.

[1]] ROBERTS, PJW., SNYDER, W.H., BAUMGARTNER D.J., Ocean Outfalls II:
Spatial Evolution of Submerged Wastefield, J. Hydr. Eng. ASCE, 115 1 (1989) 26-48.

[2] BROOKS, N.H., Diffusion of Sewage Effluent in an Ocean Current (Proc. 1% Int. Conf.
on Waste Disposal in the Marine Env.), Pergamon, N.Y. (1960).

[3] GARDANOC, T.V., Determination of the Pollutant Far-fields Dilution Using Variable
Turbulent Diffusion Coefficients, Wat. Sci. Tech. 32 7 (1995) 41-46.

95



EXTENDED SYNOPSIS |AEA-CN-118/55
TOPIC: STABLE ISOTOPESIN WATER

Stable Water |sotopes. Revolutionary Toolsfor Global Water Cycle
Disturbance Diagnosis

A. Hender son-Sellers?, P. Airey?, D. Stone?, K. McGuffie®, A. Williams®
@ANSTO Environment, Sydney, Australia
b Applied Physics, University of Technology, Sydney, Australia

E-mail address of main author: ahssec@ansto.gov.au

Two rare but naturally occurring isotopes of water, *H,*®0 and *H?H*Q, are coming to be of
practical use in diagnosis of climate and earth system model performance. Their value as
tracers and validation tools in hydrological sub-systems derives from the g{stematic and
different (from each other and from the most abundant water isotope: *HH®0) paths and
residence times they exhibit as a result of phase change, chemical exchange and diffusive
differentiation. Applications of the simulation of stable isotopic behaviour ssimulated by
globa climate or earth system models, including river isotopic characterization of basin
changes and plant-respired oxygen isotope ‘tagging’, to resolving uncertainty are limited until
more basic criteria such as conservation, current mean climate and capture of observed
variability are demonstrated. Here we assess the ssimulation of isotopic fluxes in basin-scale
hydrology, focusing on the ‘big leaf’ representation of land surfaces in numerical models as
the current mechanism for incorporating water isotopes. We find that surface water budgets
are till rather poorly simulated and inadequately constrained at the scale of large basins; yet
surface energy partition can be apparently well captured by models with inadequate land-
surface parameterization [1].

We conclude that surface water budgets are still rather poorly simulated and badly constrained
at the scale of large basins and surface energy partition can be apparently well captured by
models with inadequate land-surface parameterization and fluxes. As such, budgets of the
isotopes Hp'20 and *H*H'®0 are not yet able to be simulated adequately, which provides both
renewed motivation and additional constraints for improving surface exchange schemes.
While HDO and H!0 simulations are substantially influenced by current inadequacies in
basin scale hydrological simulation, their strength is in elucidating aspects of these
shortcomings in the underlying models. We are, however, able here to deduce information
from isotopes that would otherwise have been undetectable. In particular, for the two models
examined in detail, isotopic interpretations have shown the energy balance is correct for the
wrong reasons (i.e., isotopes show water budgets are incorrect) and that the net convergence
and recycling of water in the atmosphere can be deduced from stable isotopes of water and
leads to additional information about the gross water fluxes.

Fluxes and reservoirs of the isotopes H20 and *H?H'°O are demonstrated here to have
diagnogtic utility in evaluating surface energy and water budgets, and stable isotopic
interpretation of basin water budgets is shown to add information about the gross water
fluxes. However, a much more comprehensive set of observations is needed to make
conclusive statements on the accuracy of hydrologic ssmulations from climate system models
on global and even basin scales.
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Our recent work characterizing the co-variation of stable isotope ratios in the large river
systems of the United States [1] has led us to develop a new method to express the
relationship between stable hydrogen and oxygen isotope ratios in these systems and which
has proved very useful in screening water samples with respect to meteoric conditions. The
relationship between the relative stable hydrogen and oxygen isotope ratios of water systems
was identified by Craig [2] as

d’H=8* d®0 + 10

who characterized this relationship as indicative of "waters which have not undergone
excessive evapotranspiration.” Rozanski and others [3] refined Craig's formula to express the
global meteoric water line (GMWL) by replacing 8%o. with 8.13%0 and 10%. with 10.8%e.
Dansgaard [4] defined the concept of deuterium-excess, or d-excess, as

d-excess = d?H - 8*d*?0.

which can be interpreted as an index of nonrequilibrium in the smple condensation -
evaporation of global precipitation. This formulation has been useful for screening isotopic
results from water samples. values of d-excess between 10 and 11 are effectively the intercept
in Craig's proposed relationship and indicate quasi-stable conditions at a relative humidity of
~85%. We propose here a more general concept called line-conditioned excess, which is
defined to be the difference between the d ?H and a linear transform of the d*®0 of a water
sample; thatis,

line-conditioned excess = d’H - a*d*®0- b

where a and b are the coefficients of the local meteoric water line. For the precipitation
samples for which a local meteoric water line is defined, the line-conditioned excess values
are the regression residuals; for samples from water systems within aregion, line-conditioned
excess indicates process differences from their presumed source, namely local precipitation.
Because the local meteoric water line is not always known, we define a specific line condition
excess form, LC-excess, with respect to the GMWL as defined by Rozanski and others [4],
namely

LC-excess =d °H-8.13*d ®0- 10.8
This formulation diminishes bias due to extreme d*®0 values and is useful in screening water

samples. negative (positive) values of LC-excess indicate values that would plot below
(above) the GMWL, with y-axis being stable hydrogen isotope ratios and xaxis being stable
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oxygen isotope ratios. If the coefficients of the local meteoric water line are comparable with
the global meteoric water line, negative LC-excess values are indicative of evaporative
isotopic fractionation and positive values of LC-excess suggest moisture source differences.
Using the known analytical errors of d ?H and d*®0, we can derive the standard deviation S
for the line-conditioned excess statistic and rescale it to assess significant departures from
meteoric conditions. That is,

line-conditioned excess* = [d ?H- a*d®®O-b]/S
or
LC-excess* = {d°H-8.13*d®0-10.8} /S
= (1/9*d ?H - (8.13/S) *d 0 - (10.8/9)

We have found these formulations to be very useful in screening water samples for any
handling errors due to evaporative conditions after the sample was taken as well as providing
a comparison of the water source relative to global precipitation. L C-excess has also proved
valuable in studying the influence of unique events on surface systems. Illustrations are taken
from ongoing work with large rivers of the United States.

[1] LANDWEHR, JM., COPLEN, T.B., The Oxygen and Hydrogen Ratios in Waters from
the Largest River Systems of the United States (Proc. International Symp. on Isotope
Hydrology and Integrated Water Resources Management, Vienna, 2003) IAEA-CN-104
(2003) 98.

[2] CRAIG, H., Isotopic Variations in Meteoric Waters, Science 133 (1961) 1702-1703.

[3] ROZANSKI, K., ARAGUAS-ARAGUAS, L., GONFIANTINI, R., Isotopic Patterns in
Modern Globa Precipitation (Climate Change in Continental Isotopic Records,
Geophysica Monograph 78, (SWART, P.K. LOHMANN, K.C., MCKENZIE, JM
SAVIN, S. Eds), American Geophysical Union, Washington D.C. (1993) 1-36.

[4] DANSGAARD, W., Stable isotopes in precipitation, Tellus XVI 4 (1964) 436-468.
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There are an increasing number of studies published in the literature, which report on the
isotopic compositions of sulfate @*S and d*®0) and nitrate @*N and d*0) in headwater
creeks, rivers, and streams. Many of these studies are, however, characterized by infrequent
sampling and by a scarcity of accompanying hydrological or chemical data. This severely
hampers the ability to relate the obtained isotope data to potential sources of sulfate and
nitrate, or to processes which these solutes may have undergone in aquatic systems. We
present a number of case studies, in which sulfate and nitrate from surface water systems were
sampled repeatedly and the obtained d**S, d®N and d®0 values were interpreted in
conjunction with hydrological and chemical data

Using this approach in selected forested headwater catchments in New Hampshire and
Vermont (USA), we were able to show that a significant portion of stream water sulfate
during base flow may be derived from weathering of bedrock, particularly in catchments with
sulfur-rich lithology. During storm events at the Archer Creek sub-catchments in the Arbutus
Lake Watershed in the central Adirondack Mountains of New Y ork State (USA) in the fall of
2002, sulfate concentrations in stream water increased significantly and d3*Syisae decreased to
minimum values. This suggested that sulfate derived from oxidation of sulfide minerals,
possibly in wetland areas or the hyporheic zone, contributed to the increased sulfate load in
the streams following the storm events. Monitoring of stream water during spring snowmelt
events in the Sleepers River Research Watershed (Vermont, USA) revealed elevated
contributions of sulfate from pedospheric sources, but little direct contribution of sulfate from
the melting snowpack. Also, nitrate was not derived from atmaospheric inputs but primarily
from nitrification processes in the soils.
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In agriculturally used portions of alarge watershed in southern Alberta (Canada), oxidation of
pyritein tills was identified as an additional source of riverine sulfate, indicated by increasing
sulfate concentrations and decreasing d*'S values. Furthermore, chemical and isotopic data
showed that manure-derived nitrogen was responsible for increasing nitrate concentrations in
the Oldman River and its tributaries, which drain agricultural land. Particularly in parts of the
watershed with intensive irrigation, manure-derived nitrate appeared preferentially during the
winter months in the irrigation canas, tributaries, and the Oldman River. This suggests that
hydrological conditions control agricultural return flows to the surface water bodies in
southern Alberta and impart significant seasonal variations on concentrations and isotopic
compositions of riverine nitrate.

Using a combination of hydrological, chemical and isotopic techniques, we were aso able to
show that urban centers, such as Calgary in southern Alberta (Canada), have a significant
impact on riverine nitrate and sulfate loads. Elevated nitrate concentrations were observed 30
to 50 km downstream of alarge municipal sewage treatment plant, whereas d°N values
indicated the presence of sewage-derived nitrate more than 60 km downstream of the point
source. Sulfate concentrations also increased significantly in the Bow River downstream of
the city of Calgary. Initially, it was speculated that this might be caused by the use of alum
(@uminum sulfate) during drinking water treatment, but the changes in the isotopic
composition of sulfate in river water below the city were inconsistent with this hypothesis.
Therefore, we analyzed the sulfur isotope ratios of soluble sulfate released from a number of
widely used detergents, soaps, and shampoos obtained from local supermarkets and
determined an average d3*S value of +1 + 4% (n = 18). Since sulfate released from the large
municipal sewage treatment plant had similar d**S values, we concluded that the use of
detergents and soaps in households is a major contributor to the increased sulfate load in the
Bow River downstream of the city of Calgary.

In watersheds with forested, agricultural and/or urban land use, there are a number of different
natural and anthropogenic sources of riverine sulfate and nitrate. Their relative contributions
to sulfate and nitrate loads in rivers and streams can vary significantly depending on
hydrological conditions and hence season. To identify these different sources and to asses
their relative contributions, it is essential to repeatedly determine the isotopic composition of
sulfate and nitrate obtained from several sampling sites along headwater creeks, rivers or
streams. Interpretation of the trends of the obtained isotope data in conjunction with
hydrological and chemica parameters will result in a significantly improved understanding of
the sources of riverine sulfate and nitrate.
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Globa environmental change has been identified as one of the most urgent issues of earth
science research. Much research effort has addressed the role of the terrestrial reservoir in
modulating carbon storage, and in turn, how the rapid cycling of carbon at the earth's surface
over the next few hundreds of years will affect earth's surface environment. The chemical
interactions among carbonate minerals (calcite and dolomite), organic carbon and the natural
hydrologic cycle link the atmospheric and terrestrial carbon reservoirs on short time scales.
Among the minerals comprising surface rocks and soils, only carbonate mineras appear
capable of maintaining equilibrium in the face of rising atmospheric CO, injections from
fossil fuel burning. Rapid carbonate mineral weathering reactions also largely regulate the pH
and ionic strength of terrestrial aguatic systems and so have ecologic and environmental

impacts.

We are investigating the geochemical dynamics using major elemental, stable isotope, and
hydrogeochemical parameters to better understand carbon mass transport of the Sava river
drainages in Slovenia. Importantly, the Sava catchment is the largest catchment in Slovenia
and at the same time one of the tributary streams of the Danube river, the second largest river
in Europe. The weathering of the Danube river represents one of the largest carbon fluxes in
the world. Rock weathering contributes a significant portion of HCO3™ to most rivers and thus
has a strong influence on their carbon cycle. First results in the Sava River catchment indicate
that the watershed exhibit typical 1:2 ratio of divalent cations to bicarbonate ion consistent
with simple carbonate mineral dissolution in pure water. The Mg/Ca mole ratios are higher
than 0.5 with 1 mol Cafor 0.5 mol Mg, the ratio predicted for equilibration in systems where
calcite and dolomite dissolution proceed together. The concentration of DIC is high in the
Sava River and lies well above the average concentration in European Rivers of 1.5 mM [1]
and the average world river concentration of 0.9 mM [2]. The lowest DIC concentrations were
observed in water collecting near the river source draining Alpine watersheds while the
highest concentrations were reached in lowland tributaries. The calculated pressure of CO,
(pCOy) is close to the expected equilibrium with atmospheric CO; at the upstream stations of
both watersheds. In tributaries and downstream stations of the Sava River the situation is
different and pCO, values are well above atmospheric equilibrium pressure. The calcite
saturation index is generally well above 0, implying oversaturation with respect to cacite,
except for the headwaters. d**C values of DIC of the Sava River vary between —5.6 and —
11.8%0 near the border. Lower d**C values were observed in August 2003 compared to
October data in both catchments, when the stream water was extremely low, probably
indicating the influence of higher DOC concentrations, which is more pronounced at the
densely populated areas. There is an inverse trend between the DIC concentration and the
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d™*C DIC values, which is shown in Figure 1. Waters originating from Alpine catchments are
C-enriched, while *°C-depleted waters originate from lowland tributaries.

The initia results obtained on the Sava River systems show that there are large differences in
the carbon “carrying capacity” and carbon fluxes. The controls on carbonate precipitation
require more study on a spatial and temporal basis to determine how important the following
factors are: focused groundwater discharge, seasona temperature changes, acquisition of
dissolved organic carbon compounds, and differences in landscape and underlying
hydrogeological framework. This collaborative international study will give us a better
understanding of natural processes and anthropogenic impact in relationship to globa and
local environmental and climate change.
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FIG. 1. Scatter diagram of d**C values of DIC versus HCO; concentration. Fieldsfor Alpine and
Lowland tributaries are shown.
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During the Swedish expedition SWEDARP, 1988-89 air filter samples were collected by a
Andersen sampler with membrane filter from Sweden to the Antarctic. In as similar way air
filters were colleted at the SWEDARCTIC expedition 1991, from Sweden to the North Pole.
During this expedition the sampler was calibrated for ‘Be (Ty, = 76.9 d) against a FOA
sampler with Microsorban filters. The samples were analysed for 'Be by gamma spectrometry
and for *°Po (T4, = 163 d) by alpha ectrometry after radio chemical separation. 22°Pb (Tys
= 21 &) was determined by studying the build-up of *°Po from 2°Pb. The advantage of using
a ship as sampling platform is that resuspension from soil of previousdy deposited
radionuclides is avoided.

"Be is produced by spallation of nitrogen and oxygen in the stratosphere by energetic cosmic
rays. Due to the relatively short physical half-life of ‘Be and the relatively long residence time
in the stratosphere, most of the ’Be does not reach the troposphere except during spring, when
there is an exchange between the stratosphere and troposphere at 45°N an S. Since ‘Be is of
cosmogenic origin, its flux to the earth has a latitudinal dependence. Our data show maximal
concentrations between 45°N and 45°S, (26005100 nBq ni®), and minima in the Arctic and
Antarctic regions, 300-1100 mBq m® and 500-1400 nBg m* respectively. There are no
distinct maxima at 45°N or S, which is explained by that our samples were not collected
during springtime but early to late summer. The data show the strong convection of air close
to the Equator bringing "Be to surface-level from the upper troposphere or even stratosphere.

219Ph and ?'°Po being the daughter Products of #2Rn depend on the sources of aerosols from
the continents. The activity ratio 2:°Po/?'°Pb reflects the residence time in the troposphere.
Our data (Fig. 1.) show maximal concentrations in the equatorial regions, 60150 mBq m? for
219pg and 350-600 mBq mi® for 2X°Ph. The corresponding values for 2!°Po in the polar regions,
Arctic and Antarctic, are, 5-80 mBq m* and 3-15 nBq m?® respectively and for 21°Pb, 6-100
and 445 mBg m®. The activity ratio, *°Po/”°Pb, between 45°N and S are about 0.2-0.3
while they are as high as 0.7-1.1 in the Arctic and Antarctic regions (Fig. 2.). This shows that
only small particles with long residence time reach the polar regions. This long residence time
in the polar regions is due to low precipitation and low particle load. %°Pb shows a higher
deposition velocity than ?!°Po and the data can be used for genera information on the
residence time and sources of arctic haze.
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Swedish Polar Research Secretariat arranged a multidisciplinary scientific expedition to the
Arctic Ocean in 2001 with the Swedish icebreaker Oden. The aim of the atmospheric research
programme was to study the chemical, biological, physical and meteorological processes that
control the formation of nanometre-size aerosol particles and their influence on climate
chan7ge especialy in the Arctic region [1]. As a part of this programme airborne 2?Rn, 2°Pp
and 'Be and external radiation were measured for two purposes. These natural radionuclides
can be used as tracers for air mass origin, and ionising radiation has been suggested to be the
reason for the formation of aerosol particles in the air [2]. The preliminary observations of
airborne #°Pb and 'Be are reported in the following.

The expedition started from Gothenburg, Sweden, on 26 June 2001 and ended at Svalbard on
29 August. The expedition sailed first to Svalbard area, then NE to the Lomonosov ridge, the
Makarov basin and to the North Pole. Most of the atmospheric programme was conducted
during the ice drift experiment at the 88" latitude, while the icebreaker was moored to an ice
floe and drifted for three weeks in August 2001. Aerosol samples were collected onto glass
fibre or quartzfibre filters. After the return of the expedition the samples were assayed for
"Be with semiconductor gamma spectrometry. Owing to the long delay between the sampling
and the measurement most of the 'Be had already decayed, thus in most cases only an
estimate of the "Be concentration could be obtained. The #*°Pb contents of the samples were
measured six months later by counting the alpha particles of the in-grown daughter nuclide
219pg [3]. The detection limit for %°Pb is about 10 mBg/nT. According to air mass trajectories
the #°Pb activity concentrations above the detection limit during the ice drift were
encountered with air masses coming from continental regions. The highest 'Be activity
concentration was also observed in a similar meteorological situation, in agreement with an
earlier study in northern Finland [4].

[1] LECK, C., TIERNSTROM, M., MATRAI, P., SWIETLICKI, E., BIGG, E.K., Can
Marine Micro-organisms Influence Melting of the Arctic Pack Ice? Eos 85 (2004) 25-
36.

[2] YU, F, TURCO, R.P, Ultrafine aerosol formation via ionmediated nucleation,
Geophys. Res. Lett. 27 (2000) 883-886.

[3] MATTSSON, R., PAATERO, J., HATAKKA, J., Automatic Alpha/Beta Analyser for
Air Filter Samples - Absolute Determination of Radon Progeny by Pseudo-coincidence
Techniques, Rad. Prot. Dosimetry 63 (1996) 133-139.
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TABLE|. SAMPLING DATA AND RESULTS (n.d. = not detected).

Start of sampli Latitude

30/06
01/07
02/07
03/07
05/07
05/07
07/07
08/07
09/07
11/07
15/07
17/07
20/07
22/07
23/07
24/07
26/07
27/07
29/07
31/07
02/08
03/08
05/08
06/08
07/08
08/08
09/08
10/08
12/08
13/08
15/08
16/08
17/08
18/08
19/08
20/08
21/08
22/08
23/08

9.22

9.28

9.20

9.06
12.02
23.50

911

9.12

6.06

6.18
13.58
13.52
19.30
12.59
13.07
14.20
22.03
2247
19.44
14.23
13.25
19.50

8.47
17.36
19.20
19.07
19.40
18.58
13.02
17.36
1348
17.17
17.27
18.58
20.17
20.00
17.08
16.51
1754

58
62
66
71
7
7
78
79

82
81

~l
©

2000
~200
~200
1100
~300
480
1000
~10
560
~100
~300
~1000
~100
370
220
330
~300
400
~300
~200
~500
~100
~300
~500
~100
~200
~200
1800
~200
~100
~200
~200
~400
~100
~1000
~300
~300
~200
~600

longitude End of samplir Latitude  longitude
Date Time (L degre minui degre minut EM Date  Time  degre minut degre minut E/V Be-7

7 6 23E 01/07 910 62 13 4 59E
16 5 3E 0207 904 66 46 10 34E
49 10 38E 0307 854 71 30 18 10E
32 18 14 E 05/07 1143 77 52 29 45E
52 29 44E 05/07 2330 77 54 29 42E
54 29 42E 07/07 858 78 37 33 11E
37 33 11E 0807 854 79 19 32 6 E
22 32 1E 09/07 551 82 3 25 b58E

3 25 B58E 1007 1555 82 0 25 G58E
20 24 22E 12/07 1131 81 12 25 20E

9 8 OE 16/07 1359 80 33 13 19E
40 26 54E 19/07 1030 84 53 36 46E
34 50 19E 22/07 1252 838 23 90 26E
24 91 1E 23/07 1258 88 20 127 OE
20 127 OE 24/07 1409 87 42 134 36E
42 134 36E 26/07 2155 87 5 154 15E
55 154 16 E 27/07 2237 87 52 154 44E
52 154 44 E 29/07 1937 88 28 152 21E
28 152 22E 31/07 1412 89 59 139 10W
50 139 9W 02/08 1310 88 56 1 48W
56 1 51W 03/08 1850 83 46 4 3HW
46 4 37W 05/08 834 88 45 1 41W
45 1 41W 06/08 1722 838 40 0 19E
40 O 20E 07/08 1912 838 37 3 16E
37 3 17E 08/08 1855 83 33 4 18E
33 4 18E 09/08 1930 8 3H 3 b51E
35 3 51E 10/08 1850 838 3H 2 38E
35 2 37E 12/08 1253 838 29 0 30W
29 0 30w 13/08 1725 88 24 1 45W
24 1 46W 15/08 1240 88 21 2 14w
21 2 14w 16/08 1705 88 16 5 32W
16 5 33w 17/08 1716 88 15 7 26W
15 7 27w 1808 1845 88 14 8 13W
14 8 13W 19/08 2005 88 9 7 51W

9 7 52W 20/08 1945 88 10 8 30W
10 8 31W 21/08 1658 87 49 2 59W
48 2 57TW 22/08 1643 8 3 11 1E

3 11 17E 23/08 1745 85 33 15 20E
33 15 29E 24/08 1658 83 37 15 29E
36 15 25E 25/08 2047 81 46 15 32E

24/08

1711

TFELEEIBEETIBEETIBLEBIBBETINIIZTIBR

~200

Pb-21
54
n.d.
n.d.
32
n.d.
n.d.
n.d.
n.d.
32
n.d.
20
12
23
27
n.d.
n.d.
n.d.
n.d.
17
17
n.d.
n.d.
22
19
n.d.
n.d.
n.d.
29
n.d.
n.d.
n.d.
30
n.d.
n.d.
n.d.
n.d.
n.d.
26
n.d.
n.d.
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The GNIP project provides the monthly data of stable isotopes in precipitation all over the
world. For the validation of atmospheric water cycle by reanalysis datasets or GCM
simulations, however, there are a few stations in Asia. Also, spatial and tempora variability
of the stable isotope composition of precipitation in the Asia Pacific region was discussed
based on the GNIP monthly dataset. However, the relationship between isotope signature of
precipitation and climate in Tropics is not well understood, because the daily isotopic data in
precipitation is limited.

Since 2000, the isotope group of the Frontier Observational Research System for Global
Change (FORSGC) had been collecting the daily precipitation samples for stable isotopes
over the Monsoon Asia, such as Siberia (3 stations), Tibetan Plateau (10 stations), Nepal (5
stations), Thailland (3 stations), Indonesia (5 stations), and Palau Island (1 station). In this
study, we will introduce the FORSGC network for stable isotopes in precipitation database
and show the short-term (monthly and daily) variability of precipitation isotopes observed in
Thailand and Indonesia and so on.

The daily rainfall samples were collected during August to December 2001 at ChiangMai,
Bangkok and Phuket stations in Thailand. These stations showed similar monthly variability
in Oxygen-18, and most ranged from -15 permil to O permil. There were increasing trends in
August and November, while decreasing trend in September. Daily variability, however,
showed a different trend. A depletion of early-August at ChiangMai and a sudden enrichment
around 10 October at Phuket were appeared. Considering relationships between Oxygen18
and precipitation amount, there were positive correlations in three stations by the monthly
basis. In general, isotopic compositions are heavy in low precipitation and light in high
precipitation caused by the amount effect. The precipitation was small from August to early
September and large from late September to early November. There was some correlations
between d 80 and precipitation if daily precipitation was less than 30mm, however, there
was not significant if that was more than 30mm.

Also, the daily rainfall samples were collected during April to December in 2001 at
Bukittinggi and Jambi stations which located western and eastern part of Sumatra Island,
Indonesia. Most Oxygen-18 ranged from -15 permil to O permil in both stations. Only Jambi
station showed seasona variability trend, that is, enrichment and depletion trends from April
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to August and from August to October, respectively. From November to December, there was
depletion trend in both stations. The d-excess was ranged 10 to 15 permil in Bukittinggi,
whereas sometimes ranged below 5 in Jumbi. This fact indicates the origin of rain water was
much different between these two places. The daily rainfall variability was much different
between them.

Furthermore, the time seriesin d 80 and the origin of rain water was simulated using | sotope
Circulation Moddl (ICM). The temporal and spatial resolution is daily time-scale and 2.5
degrees in latitude and longitude, respectively. Notice that this model devises to integrate all
vertical atmospheric- and isotopic-physics in each grid. When water transit its phase among
solid, liquid and gas, the evaluation of the isotopic composition is described by the Rayleigh
digtillation process. The atmospheric water budgets were calculated by using the variables
from NCEP/NCAR renalysis. From the preliminary result of the ICM simulation, the time
seriesof d 180 in two places were almost same pattern during May to December in 2001.
However, the origin of rain water was much difference between these two places. Most of rain
water in Bukittinggi was originated from the Indian Ocean through whole year. From a half to
two third of rain water in Jumbi was originated from the Indian Ocean, and the remain was
from Java Idand and Java Sea. The mixing ratio of different original water was changed
weekly or smaller time-scale. This results coincides with the observed d-excess variations.
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IAEA-MEL has been carrying out monitoring of radionuclides in the Monaco air over many
years. Some radionuclides of natural (cosmogenic, radiogenic and primordial), as well as of
anthropogenic origin have been analysed monthly (or daily in the case of an accident) [1-3].
We report here concentrations of selected radionuclides in Monaco precipitation during 2002
and 2003 (Fig. 1 and Fig. 2). Radionuclide concentrations in two phases (dissolved and
particulate) were studied in 2008. As expected, the percentage of 239+290py concentration in
the particulate phase (46-91%) have been higher than that of *’Cs (23-57%) due to its higher
particle affinity.

Higher concentrations and deposition rates of *'Cs, 2%Pb, 2%20py, 2'Am, aswell as of 'Be
in rain have appeared in November 2002 (Fig. 1, left). This is due to special meteorological
conditions - a Saharan dust deposition resulting from atmospheric transport of particles from
North Africa to Monaco during cyclones (2200 and 110 mBq m? year! for Cs and Pu,
respectively). This phenomena is less evident in 2003 (740 and 14.3 mBq m? year* for Cs
and Pu, respectively) when a smaller cyclone with dust transport from Sahara was observed
(Fig.1, on the right). Higher annual deposition fluxes of Cs and Pu were observed in this study
in comparison with previous observations [1], confirming the importance of the Saharan dust
deposition. Saharan dust events in the western Mediterranean have been recognized as
important pathways for particle deliveries into surface seawater [4]. Radionuclide and
elemental composition studies of dust particles were carried out for better understanding of
temporal variations of radionuclides in the atmosphere and their transport into the northwest
Mediterranean Sea [5].
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Monthly deposition rates of 'Be and 2!°Pb vary throughout the year in a similar way as a
precipitation rate (Fig.2). The temporal variations of both radionuclides are similar, although
they have different origins (‘Beis of cosmogenic and 2*°Pb is of radiogenic origin).
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The Portuguese Network for Isotopes in Precipitation was initiated in 1988 by INETI (now
ITN) in collaboration with the I.A.E.A. and the Portuguese Meteorological Institute (I.M.).
The network is composed by seven meteorological stations located in different regions of
mainland Portugal, considered as representative of the precipitation over this country
(monthly bases). Since 1988 up to 2004 precipitation samples have been collected monthly in
these stations and the isotopic composition (deuterium, oxygen-18 and tritium) has been
determined at the Chemistry Department of the ITN. Relevant meteorological and isotopic
data obtained for the period from 1988 to 2003 is available and part of it has been submitted
to the l.A.E.A. to incorporate GNIP database.

From the climatic point of view, mainland Portugal is under north circulation regime and the
water vapour moisture is mostly representing the Atlantic influence, being the autumn and
winter the seasons with the highest precipitation amount. In the National Network for I1sotopes
in Precipitation two groups of meteorological stations with different characteristics can be
defined. Five of them: Vila Real, Braganca, Penhas Douradas, Portalegre and Beja are located
in the interior of the country and can be classified as continental stations; while Porto and
Faro stations are located in the Atlantic coastline. The meteorological stations are located at
different atitudes ranging from 9 m near the coastline, up to 1380 m in the interior. This
geographic situation leads to different climatic features that induce diverse isotopic
compositions either in stable or in radioactive isotopic contents.

The stable isotopic composition of precipitation is correlated with various environmental
parameters, which characterize the sampling point (e.g. the atitude above sea level, distance
to the coast, air temperature, rain amount) [1, 2]. The distribution of d*®0 and d°H in
precipitation mimics the topography of the regions, presenting depleted values at high
altitudes, lower temperatures and with the increasing distance from the coast. In the
Portuguese Network for Isotopes in Precipitation, part of this isotopic evolution observed in
the precipitation water samples allows the identification of a gradual depletion of the Atlantic
air masses from the coast through inland. This evolution is represented by the d’H and d**0
values, which vary, respectively from —26.9%,, and —4.54°/, at Porto coastal station to —
50.0°/o0 and —7.73°/o, at Bragancainland station.

Seasonal variations in the stable isotopic composition of the precipitation water samples were
also identified, characterized by the relation between the isotopic content, the mean monthly
temperature and the precipitation amount. These relations are described by the following
eguations:
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d®0 = (-0.21 + 0.02) T + (-8.59 + 1.07) r’=0.74
d’H=(-1.23+ 0.16) T + (-51.56 + 7.91) r*=0.65

and

d'®0 = (-0.01 + 0.003) Pp + (-4.46 + 1.36) r’=0.50
d?H = (-0.08 + 0.02) Pp + (-27.28 + 9.34) r’=0.45

The isotopic gradient with the altitude is often used in Hydrological studies to estimate the
recharge areas of the aguifers. In the studied meteorological stations the obtained gradients
are 2d?H = -1%,, / 100 m and 2d*®0 = -0.2°/,, / 100 m. A positive correlation was found
between the atitude and the deuterium excess. Penhas Douradas station located at 1380 m
presents the higher deuterium excess values observed in the network stations. The deuterium
excess distribution within the hydrological year presents a similar pattern in al stations,
which points out to the same origin of the air masses (Atlantic moisture), and to an identical
isotopic evolution. However, an exception to this pattern is observed in Faro, possibly
originated by a mixture of different air masses, since this station is situated at a coastal area at
the southern Portugal. This was revealed by a shift in the d°H and d*®0O values and
consequently aso in the deuterium excess values aong the year (long term mean). This
differentiation is probably due to a mixture of Atlantic air masses with, the Mediterranean air
moisture (which presents d®H and d*®O enriched values and higher deuterium excess at low
atitude).

The regiona meteoric water line (RMWL) for mainland Portuga was drawn up using
weighted monthly averages of d*H and d*®0 values: d°H = (6.78 + 0.10) d*20 + (4.45 + 4.64),
n= 405 and r=0.95.

The tritium content determinations carried out in the monthly precipitation samples collected
in the National Network for Isotopes in Precipitation, illustrate the seasonal variations:
highest concentrations during June and July and the lowest values during autumn and winter
time. This trend can be related to the so-called “spring leak effect” — caused by the temporary
mixing between the stratosphere and troposphere at high latitudes in early spring [3].

Also, a similar issue to the “continental effect” for stable isotopes (@20 and d’H) was found
comparing the ®H content of precipitation at different stations. The higher concentrations were
found in the inland stations while the low H contents were determined near the ocean due to
the tritium dilution by the oceanic masses. This dilution effect is evident in the arithmetic
means of the weight annual mean from each station: [*H]porto = 4.5 TU; [°H]penhas bouradas = 5.1
TU and [*H]portalegre = 5.3 TU.

[1]] ROZANSKI, K., SONNTAG, C., MUNNICH, K.O., Factors controlling stable isotope
composition of European precipitation, Tellus (1982), 34, 142-150.

[2] ROZANSKI, K., ARAGUAS-ARAGUAS, L., GONFIANTINI, R., Isotopic patterns in
modern global precipitation, Geophysical Monograph 78, Climate Change in
Continental Isotopic Records, American Geophysical Union (1993), 1-36.

[3] GAT, JR.,, MOOK, W.G.,, MEIJER, H.A.J, "Atmospheric water", Environmental
isotopes in the hydrological cycle: Principles and applications, UNESCO, IHP-
V/Technica Documentsin Hydrology 39 11, 113 pp.
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The aim of this work is to get a time series of the tritium content and delta values of oxygen
and deuterium of precipitation characteristic for Hungary and to identify those factors, which
have essential influence on the tempora changes. There are three main moisture sources,
which determine the weather and the raining above Hungary. One of them is the Atlantic
Moisture Source, which comes from the West bringing moisture from the mid-latitude
Atlantic water vapour. The second main source of water is the Batic Mositure Source. It
brings moisture from the Arctic region over the Baltic Sea. The third source is the
Mediterranean Moisture Source, which carries water from the South-West.
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FIG. 1. Fast changes of tritium concentration in precipitation water (rain and snow) in East Hungary
during the last three years
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The rainfall events are continuously sampled in Debrecen, East-Hungary from December
2000. Tritium, deuterium, and oxygen18 content of the precipitation samples are measured.
We have found that the tritium content of the precipitation changed between 4.8 and 18.0 TU
in 2001, between 4.4 and 20.3 TU in 2002, and between 3.5 and 19.8 TU in 2003 (see Fig. 1.),
with an average of 10.4 + 0.3 TU, 10.7 £ 0.3 TU and 8.7+ 0.3 TU, respectively. The
decreasing in the average tritium concentration of precipitation in 2003 was due to the very
wet winter, while the year 2001 and 2002 were quite similar from the point of view of raining.

On the basis of satellite images © EUMETSAT 2001-2004) and meteorological data we
determine trgjectories in order to decide which moisture source brings the water vapour. On
the one hand the isotopic composition of precipitation depends on the moisture source, which
provides the rainfall. On the other hand, the seasonal, continental and latitude effects have to
be taken into account to explain the temporal changes. Sharp peaks (seeFig. 1.) in the tritium
concentration of rain appear in early summer (“spring leak”) as a consequence of the
exchange between the troposphere and the stratosphere. We would like to understand better
how this exchange mechanism works.
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The cosmogenic radionuclides are produced in whole atmosphere, although the most intense
processes goes in the stratosphere. One of such radionuclide is ?2Na, which decays by beta
plus decay with half-life-time of 2.6 year, end emits gamma radiation of 1275 keV. Another
one is 'Be, which is aso gamma-emitter (478 keV) and which half-life time is 54 days.
Sooner or later all not gaseous matter attaches to the aerosols. From stratosphere cosmogenic
radionuclides migrate to ground level air by means of different processes like diffusion,
sedimentation, convection. Usually on ground level air the activity of ??Nais on the level of a
fraction of single nBg/nT may be studied by filtration of high volumes of the air and
applic;tgion of lowlevel gamma spectrometry. ‘Be is much more active, on the level of few
mBg/nt.

The Petryanov air filters from two ASS-500 aerosol sampling stations in weekly achieved sets
exposed in Krakow during 2003 are analyzed for the presence of all gamma-emitters using a
ganmarays ectrometer with HPGe detector shielded with complex active and passive
shields. Each sample contains aerosols from more than 0.1 MnT of air.

During our previous study which covered years 1996-2002 (for half a year sets of filters) the
cosmogenic ??Na shows a strong seasonal variation with significant different mean values
activity concentration between 0.333+0.095 mBq mi® and 0.137+0.045 nBq m*, for summer
and winter, respectively [1]. Moreover, the activity ratio for two cosmogenic radionuclides:
?’Na and "Be showed also changes with statistically significant seasonal differences. The
lower values were found during winters. The conclusion was that transport of *’Na from
stratosphere to ground level air during summer seems to be so much effective, that result in
kind of relative depletion of stratosphere of this nuclide. The aim of present investigation is
to see the changes of ??Na activity and of ??Nato 'Be activity ratio in more detailed way
within ayear period.

The measurements are not finished yet. However, obtained till now preliminary results for one
week sets from 2003 for both: 2?Na activity (Fig. 1) and ?*Nato 'Be activity ratio (Fig. 2)
seems to confirm observations did for a half of a year sets of filters. The fina results are
expected to be presented during the Conference.
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More than one billion people do not have access to clean water. Three years after world
leaders pledge in the UN Millennium Declaration to reduce this number in haf by 2015,
increasing access to safe water remains a great challenge. In our quest to increase water
availability, it is likely in many cases that water resources are used before fully understanding
their hydrology. Such “solutions’ sometimes result in creating greater problems, such as in
Bangladesh where the use of groundwater reduced the incidence of water-borne disease, but
has led to a more difficult issue of arsenic poisoning. The fact that water on earth moves in a
cycle has been known since ancient civilizations existed on different parts of the earth.
However, appropriate water assessments at regional and national scale require quantitative
understandings of space and time distribution of water and fluxes in different parts of the
cycle. Isotope techniques have provided unmatched insights into the functioning of the water
cycle. New areas of research at the IAEA include identification and assessment of moisture
sources in precipitation, interactions between the water and carbon cycles, fossil groundwater
assessment, and submarine groundwater discharge. This presentation will review recent
advances in these fields.
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Since the inception of computer-based, ground-water modeling amost 40 years ago, there
have tremendous scientific and technological advances. Virtually all problems of significance
to the practice of ground water (contaminant transport, regiona ground-water flow, and well-
field development) have been solved. On the research side, new codes are pushing the
frontiers to complex multiphase problems, coupled phenomena, and stochastic processes.
Nevertheless, our recent bibliometric studies of papers in Water Resources Research suggest
that many research strands are simply worn out. Researchers often remain content to tinker
with twenty-year old codes, embellishing them with odd new subroutines, or new user
interfaces. Others continue to be satisfied with incremental advancements in historically
important strands of research related to modeling. Perheps the greatest challenge facing the
community of ground-water modelers is finding relevance in a scientific world that has
changed and in many respects has left them behind. The redlities are that modeling now is
needed more than ever to help solve the nost vexing of societal problems, for example the
impact of global climate change on water resources systems. The opportunities open to those
willing to work in this arena are as enormous as the new challenges stemming from needs to
integration new tools (satellites, information technology) and new unconventional research
teams (economists, social scientists). To an unprecedented degree, governments want more
out of science than just ideas and new modeling techniques. Those researchers able to adapt to
this paradigm shift will help lead modeling to the next logical step of solving important global
and regional problems.
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Hypoxic conditions in rivers, wetlands, and coastal ecosystems can cause significant
problems for fish and bird migrations, the local fishing industry, and for the usefulness of the
water body for drinking water and recreational purposes. While it is usually obvious that the
problem is excess nutrients, it is usualy less obvious exactly what should be done to
remediate the problem. This is because there are usually many different land uses that
contribute nitrate and organic matter to the ecosystem, and it is often difficult to determine the
dominant source of the nutrients and organic matter causing local problems -- such as low
dissolved oxygen levels or the production of disinfection byproduct during water treatment --
with standard chemical and hydrologic mass balance methods. Isotopes often provide new
insights into sources, and are a useful adjunct to conventional methods.

Therefore, we have analyzed the isotopic compositions of dissolved and particulate organic
matter (DOM, POM), nitrate, and water samples from selected sites in the San Francisco Bay-
Delta-River ecosystem since 2000. Organic matter and/or nitrate samples were collected at
various times in 2000-2003 from ~20 sites on or near the San Joaquin River (SJR) and ~10
sites in the Delta. POM samples from Delta and SIR sites had similar ranges of d*°N and d®*C
vaues. Main-stem SIR sites have nitrate-d™N ranging from +9 to +14%o. (avg. +11%o)
whereas samples from drains, creeks, and tributaries that drain into the SIR range from O to
+12%o (avg. +6%0). POM samples from main-stem SIR sites have "N vaues ~ 4%o lower
than the co-existing nitrate. Depending on season, the nitrate-d™>N may increase or decrease
up to 3% downstream, due to changing mixtures of sources, while nitrate-d*20 almost always
decreases downstream as the proportion of water in the SIR derived from the Sierra
Mountains (which has water-d*®0 values of ~ -15%o) increases. C:N values of POM at main-
stem SJR sites were usually <8, whereas C:N values from drains and creeks were usually >15.

The main conclusions from our preliminary investigations are: (1) POM a main SIR sites is
mainly alga in origin except during maor storms, whereas POM from the creeks and drains
contains appreciable terrestrial detritus, (2) most of the algae in the SIR appears to be
produced in situ, (3) groundwater is a significant source of nitrate to the river, (4) much of the
nitrate in the SIR appears to be derived from animal or human waste, and (5) algae in the Bay
in October 2002 (during a whole-system transect) seems to be N-limited. Interestingly, these
isotope data often contradicted the conclusions from previous studies that used simple mass
balance approaches to determine and quantify sources, resulting in the re-evaluation of some
of the earlier interpretations. The value of isotopic techniques is that it uses the natura
isotopic “labels’ of different sources of organic matter and nitrate to quantify the
contributions from different sources. Hence, isotope data are an extremely useful adjunct to
traditional methods for assessing and monitoring ources of organics and nutrients during
ecosystem restoration programs.
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Tritium has been used as a tracer for the physica movement of water for the last five decades.
After the magjor increases in the tritium world inventory produced by atmospheric nuclear
weapons testing, its value as a tracer was quickly recognized [1]. The tritium transient has
been applied to a large variety of environmental studies in hydrology, oceanography and
atmospheric circulation. Tritium data frequently yield information on physical processes
which can be difficult or impossible to obtain by other methods. As the tritium transient enters
its sixth decade and the tritium concentrations are declining, the interpretation of tritium
measurements has become more ambiguous. The tritium/*He methodology has been
developed and is of use in groundwater studies, but is of limited values for surface waters
studies. One method, which is frequently overlooked, is the use of measurements made over
long periods of time, either on a routine basis, or sporadically. With the use of a proper input
function, the physical meaning of these data can often be unraveled.

A monthly tritium input function has been developed for a 2° latitude by 5° longitude grid for
the continental United States for the period 1953-2001. The tritium concentrations for the grid
are derived from a series of precipitation collection stations that have operated during the
tritium transient [2]. For coordinates where no station was available, the data is interpolated
between the nearest stations. No station operated prior to 1959 and many stations were
discontinued during the 1970s and 1980s. To overcome these gaps in the data, correlations
were carried out with the Ottawa, Canada station to f ill in gaps in the data for 1953 to 1987.
Due to possible influences from local nuclear sources in Ottawa after 1987, correlations were
carried out with the Vienna, Austria station for the period 1987-2001. Correlation coefficients
relative to the Vienna station are given for each section on the grid for each month so that
when more data becomes available on the IAEA website (http://isohis.|AEA.org) researchers
can use it © extend the input function in time. This input function can then be used in
modeling tritium time series.

An historical surface water data set has been compiled in cooperation with the 1AEA
consisting of surface water tritium concentrations measured since the 1940s. This data set
consists of over 6000 surface tritium measurements made world-wide from prior to the
beginning of atmospheric nuclear testing to 2004. There are many long-term data sets
available in this group which furnish valuable data bases for understanding physical processes
within the river basins. These data show the response of the surface water systems to the
tritium transient over the past several decades. For many hydrologic systems, tritium
concentrations in river water will be more important than concentrations in precipitation. This
is frequently the case in studies involving irrigation and urban studies.
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Figure 1 shows the response of the typical surface water system (Missouri River at Nebraska
City, lowa) to the tritium transient compared to that of the precipitation within the basin. The
rise of tritium concentrations in surface waters is less than that found in precipitation, but the
drop in concentrations is much slower. This is due to the residence times of the various
reservoirs that contribute to the base flow of the river system. Mean residence times
caculated for a series of different systems have shown variations from 1-2 years to
approximately 20 years. These differences will have important implications for the response
of different basins to pollution, and changes in land use and climate. The seasonal signal from
release of spring melt and rainsis also evident in the tritium concentrations for rivers for three
to four years after the peak of the transient in 1963. These increases in concentration indicate
the fraction of young water that makes up the flow during that period. As tritium
concentrations in precipitation decreased this seasonal signal disappeared and cannot be used
to determine the fraction of young water at the present time. These results indicate the
importance of obtaining previous data for proper assessment of current data.
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FIG. 1. Response of the Missouri River at Nebraska City lowa to the tritium transient compared to
tritium concentrations in precipitation within the basin.

[1] SUESS, H., Tritium geophysics as an international research project, Science 163
(1969) 1405-1410.

[2] MICHEL, R.L., Tritium deposition in the continental United States, 1953-1983, US
Geological Survey Water Resources I nvestigations 89-4072 (1989) 45 pp.
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Under a simple and ideal Rayleigh-rainout scenario the atmospheric moisture is depleted in the
heavy isotope content commensurate with the loss of moisture by precipitation during a continental
passage, following more-or-less a“Meteoric Water Line” with a corstant d-excess. The surface and
sub-surface runoff on a basin or continental scale then obviously carries the integrated precipitation
isotope signal, alas at times with a considerable time delay.

Due to the eco-hydrological interactions at the land surface part of the incoming precipitation is re-
evaporated, either directly from open water bodies and canopy intercepted precipitation pools, from
the topsoil layer or through the intermediary of plants as transpiration. The latter, i.e. the
transpiration flux, returns the water essentially unfractionated to the atmosphere with the result that
there is an apparent reduction in the degree of the Rayleigh rainout effect, which can be measured
by comparison of the isotopic buildup in the atmospheric waters and of the runoff compared to the
expected buildup based on the precipitation amounts. This has been exemplified for the conditions
of the tropical rain forest in the Amazon [1, 2].

As is well known [3], evaporation from open water surfaces returns a fractionated flux, where the
residual surface waters are enriched and the evaporated moisture depleted in the heavy isotopes of
Hydrogen and Oxygen, following an “Evaporation Line” rather than the “Meteoric Water Line”.
Under such circumstances the degree of recycling of the moisture due to this mechanism can be
quantified by recording the change in the d-excess parameter between the precipitation and the
runoff [4], on the one hand, and the downwind atmospheric waters [5], on the other hand. All these
examples are taken from rather humid climates where the evaporative buildup is not the dominant
balance factor and where, moreover, as the geographic scale increases the effect of the evaporative
signature of the watershed processes is diluted in the continual runoff by the precipitation in excess
of the infiltration capacity of the soils but is preserved in the isotope signature of the atmospheric
moisture. In the more arid environment with its endorheic runoff regime more and more of the
runoff is lost by evaporation as the scale of the basin increases [6], often terminating in highly
saline lakes or sabkhas. In contrast to the situation described above, the evaporative signature of a
decreasing d-excess is accentuated in the runoff with increasing scale of the system whereas the
effect on the atmospheric moisture diminishes as a higher and higher fraction of the surface water
is evaporated. The distinction between the evaporation and transpiration fluxes based on the water
and isotope balances, which is a very vauable diagnostic tool under humid and semi-arid
conditions, cannot then be indiscriminately applied in the more arid environment. Examples will be
given.
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Mining, forestry and hydroelectric development are placing increasing stress on aguatic
ecosystems of the Borea Forest of Canada, particularly within the Athabasca Oil Sands
Region of northeastern Alberta (near Ft. McMurray). Evaluation of the sensitivity of various
aquatic ecosystems to such disturbances requires an improved understanding of the basic
processes that control ecosystem health including water balance, biogeochemical interactions
between lakes and their watersheds, acid sensitivity, and potential future modifications to
these conditions under changing climate. One of the more pressing issues in Oil Sands
development is the capacity of soils and water to buffer acidic emissions and deposition
associated with mining and upgrading of bitumen. Current operations emit up to one tonne of
SOx and NOy per thousand barrels of oil produced. Many new projects are improving on
these emission rates, however, improvements are at considerable cost and future projections
are still as much as 600 tonnes of SOx and NOy per day from operations near Ft. McMurray

[1].

Sulfur and nitrogen emissions are oxidized in the atmosphere producing sulfate and nitrate
anions, reducing the pH of atmospheric moisture and producing acid rain that is deposited on
soils and vegetation. Positively charged cations are subsequently mobilized from the soil
matrix and leach to surface waters with the deposited nitrate and sulfate reducing the
buffering capacity of soils. While most of Alberta's soils have a large cation reserve and
capacity to buffer acid deposition, a significant proportion of the landscape in the Ft.
McMurray area contains soils with poor buffering capacity, which is expected to enhance the
sensitivity of surface waters to acid deposition. The ability of surface waters to buffer acidic
deposition is currently being evaluated using a steady state acid-loading model, the Herriksen
model, although future efforts a so include dynamic modelling.

The Henriksen model for predicting critical acidifying loads requires only two data inputs.
One input, the base cation concentration, is currently obtained directly through routine
sampling of lakes and is arelatively accurate measure of the buffering capacity in alake. The
second input, basin water yield, is estimated and is subject to significant errors, especidly in
complex, ungauged, low-relief drainage basins associated with the Boreal Plain of Alberta
The basin water yield is required to estimate the amount of buffering capacity delivered on an
annual basis from the watershed. Error in water yield estimates limits the ability to determine
the annually sustainable buffering capacity of both lakes and their watersheds.
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This study demonstrates application of an isotope mass balance method for estimating basin
water yield and other key hydrological parameters (throughflow, water residency) for acid
sensitivity modelling in a network of 50 lakes in the region. Stable isotopes of water (oxygen
18 and deuterium) have been analysed from water samples collected during routine water
quality surveys of the lakes. Isotope composition of lakes in the region is controlled by
isotope composition of precipitation input with predictable modifications by evaporation, so
that the degree of isotopic enrichment can be used as a reliable indicator of 1ake flushing rates
(throughflow), and water replacement rates. Basin water yield can subsequently be calcul ated
from the replacement rate and volume of water in each lake. The isotope mass balance
approach for estimating water balance parameters has been demonstrated in previous studies
of open water bodies [2-8] and has been previously applied with success to characterize water
balance of lakes in northern Alberta [9-11]. Required variables, practical limitations and
successes of the approach in evaluating critical acid loadings are discussed.

[1] GOLDER ASSOCIATES, Acid Deposition Sensitivity Mapping and Critica Load
Exceedences in the Athabasca Oil Sands Region, Consultants Report to Alberta
Environment (2002).

[2] INCER, T., The use of oxygen18 and deuterium concentrations in the water balance of
lakes, Water Resour. Res. 4 (1986) 1289-1305.

[3] GAT, JR., "Environmental isotope balance of Lake Tiberias', Isotopes in Hydrology,
1970, IAEA, Vienna (1970) 151-162.

[4] GAT, JR., Lakes, in Stable Isotope Hydrology- Deuterium and Oxygen18 in the Water
Cycle, IAEA Techn. Rep. Ser. 210, IAEA, Vienna (1981) 203-221.
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The Judea Group carbonate aquifer is amajor source of water supply in Isragl. Determination
of the age of the water is important for understanding the properties of the aquifer and for its
optima exploitation. The “C activity of dissolved inorganic carbon, **Cpc, is a naturd
choice for this age dating. The initial activity of groundwater is needed for the age calculation
but until very recently [1], have not been directly measured for groundwater systems. The
initial *C activity is affected by processes occurring in the unsaturated zone, and this is the
subject of the present study.

The Soreq cave dSituated above the Judea Group aquifer is a natural laboratory for
understanding processes in the unsaturated zone of this aguifer. In a previous study we have
utilised tritium to estimate the time-delay between rain falling on top of the cave and its
appearance in stalactite-drippings and pools within the cave [2]. In the winters of 2002 and
2003 we collected drip and pool water in the cave, at sites of known depth from the surface.
In a study completed recently [1] we determined the **C activity of several water sources in
the Soreq cave that represents the 4C activity of water entering the Judea Aquifer. We
estimated a correction factor of, Q=0.61, for the initial radiocarbon activity in groundwater
that enters the aquifer, relative to the atmospheric**C activity at the time of the rainfall.

The isotopic composition of DIC (dissolved inorganic carbon) in the drippings is the result of
dissolution of soil CO; in rainwater, and of interaction with the Cenomanian dolomitic host
rock. In this study we examine the isotopic composition (**C and **C) of DIC occurrences in
the cave - drippings and pools - as afunction of the rock (i.e. roof) thickness above the cave
(~10 m to more than 40 m). To estimate the **C values of soil CO,, derived from decayed
organic matter, we measured the 1C activity of the organic fraction in topsoil above the cave.
The isotopic analysis (3C and *C ) revealed that the source of the organic fraction are G
plants having modern **C values. The examination of the 3Cp,c and DIC datain the two types
of water, drippings and pools, clearly shows that they are different. Because the DIC of the
pools water undergoes additional CO, exchange with the ambient atmosphere in the cave, it
becomes heavier in 13C than the drippings by at least 4%.. Therefore, only the drip waters
provide appropriate samples for the study of the **Cp,c depth gradient caused by processes in
the unsaturated zone. Assuming a uniform percolation rate, the **Cp,cdepth gradient is, in
fact, a 1*Cp,-time gradient, or reaction rate, in the unsaturated zone. In Figure 1 we show the
gradient of *Cptime in the unsaturated zone of the cave. Using a first order reaction model
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in alogarithmic representation, we estimated the decrease in 14C activity with time to be about
3% year—.

InQ,Q,,)

0 5 10 15 20 25 30
q (vears)

FIG. 1. Timegradient of **Co,c in drippings of the Soreq Cave. On the Y axis are the natural
logarithms of the difference Q- - Qe VS. the time period of precolation, ?. Q- are measured 14C values
normalized to the atmospheric **C levels at the beginning of the percolation process, i.e. the year
when the rain fell on the top of the cave.

[1] CARMI, I.,, KRONFELD, J, YECHIELI, Y., BOARETTO, E., BAR-MATTHEWS,
M., AYALON, A., A direct estimate of the initial concentration of C in the Mountin
Aquifer of Israel, Radiocarbon (in press).

[2] KAUFMAN, A., BAR-MATTHEWS, M., AYALON, A., CARMI, |., The vadose flow
above Soreq Cave, Isradl: a tritium study of the cave water, J. Hydrology 273 (2002)
155.
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Environmental tracers such as stable isotopes or noble gases in groundwaters are important
tools to study issues of water resources and to obtain palaeoclimate records. Applications of
these methods to semi-arid regions are of particular interest. On the one hand, noble gas
studies in such regions have shown that, in addition to recharge temperatures, the “ excess air”
phenomenon may be useful as a climate proxy for the important parameter humidity, and that
changes in humidity may influence the relationship between air and soil temperature [1, 2].
On the other hand, in dry areas groundwater is a unique and scarce resource. Old
groundwaters in such places are not only climate archives, but in the first place water
resources of high quality but finite quantity.

The investigated area of this study is the North China Plain, which consists of the deposits of
the Yellow River and is the largest aluvia plain of eastern Asia. The plain is bordered on the
west by the Taihang Mountains and fronts the Bohai Gulf in the east. It reaches up to the Yen
Mountains in the north and to the Y angtze River in the south. The North China Plain is one of
the most densely populated areas of the world. The plain has a temperate continental monsoon
climate, with clear-cut seasons, dry winters and humid summers. The aquifer studied here has
its recharge area near the mountains in the west and becomes deeper and confined to the east
near the coast.

In March 2004 twenty-six wells along a transect from the recharge area near Shijiazhuang to
the coastal area near Tianjin were sampled (see map Fig. 1, left panel). Each well was
sampled for 1*C, ®H, stable isotopes (H and *0) and noble gases. The wells in the recharge
area were additionally sampled for SFs. The SFs-analyses show that the groundwater in the
area near the mountains (west of Shijiazhuang), which was taken from comparatively shallow
wells, is quite young. Further analyses of *H and 3He shall give us information about
groundwater residence times and recharge rates in this area.

Groundwater in the confined part of the aquifer will be used to derive a palaeoclimate record
from noble gas concentrations and stable isotope ratios, dated by **C. Previous measurements
by Zongyu et a. [3] indicate that the age of the water east of Shijiazhuang increases steadily
to a maximum of more than 20 kyr in the coastal region near Tianjin. The samples from this
part of the aquifer, which were taken from depths between 100 m and 500 m kelow the
surface, should therefore cover the whole period from present time back to the last glacial
maximum. Zongyu et al. [3] observed a clear decrease of stable isotope values with age,
which they interpreted as indicating a6 - 9 °C warming at the end of the last glacial period.
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The stable isotope results of the present study confirm the previous findings by exhibiting a
systematic variation of the isotope ratios of the groundwater along the transect (Fig. 1, right
panel). The data show a strong decrease of the dD-values in the first section of the confined
part of the aquifer, reaching a minimum of ~20%o. lower values than in or near the recharge
area, and a gradual increase thereafter.
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FIG. 1. Left: Map of the northern part of the North China Plain (from Nelles Maps “ Northern
China™). The solid line represents the transect along which samples were taken, from the outcrop area
west of Shijiazhuang towards the coast near Tianjin. Right: d’H values as a function of approximate
flow distance along the transect, reflecting climatic changes during the past ~ 25 kyr.

Noble gas data will be used to derive an independent and quantitative estimate of the glacial-
interglacial temperature change in this region. This will constitute the first noble gas
pal aeotemperature record from East Asia. Furthermore, it will be of interest to see whether the
excess air component in the groundwater from the North China Plain reflects the known
changes of humidity in this presently semi-arid region. Noble gas anayses are presently
performed and results will be presented at the conference.

[1] BEYERLE, U., RUEDI, J, LEUENBERGER, M., AESCHBACH-HERTIG, W.,
PEETERS, F., KIPFER, R., DODO, A., Evidence for periods of wetter and cooler
climate in the Sahel between 6 and 40 kyr BP derived from groundwater, Geophys. Res.
Lett. 30 (2003) 1173, doi:10.1029/2002GL 016310.

[2] KULONGOSKI, J. T., HILTON, D. R., SELAOLO, E.T., Climate variability in the
Botswana Kalahari from the late Pleistocene to the present day, Geophys. Res. Lett. 31
(2004), L10204, doi:10.1029/2003GL 019238.

[3] ZONGYU, C., IXIANG, Q., JANMING, X., JAMING, X., HAO, Y., YUNJU, N.,
Paleoclimatic interpretation of the past 30 ka from isotopic studies of the deep confined
aquifer of the North Chinaplain, Appl. Geochem. 18 (2003) 997-10009.
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During the last thirty years environmental change studies in the Caspian and Aral Seas, lakes
Issyk Kul, Balkhash, Y akhsan and a number of rivers of the Central Asian region were carried
out. Isotopes in water masses and natural archives in bottom sediments, granulometry,
mineralogy, X-ray and difractometry, magnetic susceptibility, organic capbon, pollen,
diatoms, fossil remains of organisms and coarse grained minerals, salinity of pore water,
CaCO3 and MgCO3 contents, and C-14 dating were used for the study. The results of
investigation of the past and present-day hydrologic regime, water dynamics, sea level
variation and sedimentation process as impact of climate variation are presented in the paper.
The time interval covering the study is Late Pleistocene-Holocene. The main findings and
conclusions of the work are as follows:

D)

2

3)

Sedimentation rate in the southern and central basins of the Caspian Sea had in time a
mirror reverse character. Within the interval of 24,000 to 11,000 years the average rate
of sedimentation in the central basin was about 0.12 mm/year, whereas since 11,000 to
6,000 years it grew by en order of magnitude and amounted 1.2 mm/year. On the
contrary, in the southern basin intensive sedimentation up to 0.9 mm/year took place
from 23,000 to 17,000 years and decreasing within 17,000 to 6,000 years to 0.19
mm/year.

It was found from isotopic composition of oxygen and carbon in the carbonate fraction,
that in the period of increased sedimentation the isotopically light river waters were
discharged, alternatively, from the south and north.

The chemical composition of the pore water demonstrate that simultaneous salinization
of the both basins began approximately 22,000 years ago due to intensive water
discharge from the south. During that period, the sea level was higher then today up to
70 m, and the sea had hydraulic link with the Black Sea basin.
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The analysis of transport and accumulation of the clastic particles with a size of 1 to
0.63 mm made possible to distinguish 8 transgressive/regressive sea cycles during the
last 20,000 years.

Modern water dynamics study by means of hydrogen and oxygen isotopes during the
IAEA 1995-1996 cruises shows that the 2,5 m sealevel risein 1978-1995 years has not
touched upon the water structure below 300 m depth. But in1996 year changes in the
structure started to develop and was fixed by tritium content increase in the most
southern sampling stations. That tracer appears to be the most sensitive to such effect.

The present-day hydrologic regime of the Caspian Sea based on the Volga-Ural runoff
dtarted its development since Holocene. In the Late Pleistocene, the basic contribution
to the sea recharge was from the southern catchment basin. Thus, the hydrological
regime of the Caspian Sea has the form of "Caspian pendulum” when the water resupply
occurs by turns from the south and north due to changing climatic epochs. More
detailed picture of environmental changes in the Caspian-Aral region is drawing by
isotopic study of bottom sediments in the Aral Sea, Kara-BogazGol Bay, lakes Issyk
Kul, Balkhash Y askhan and rivers.

The results on isotopic and chemical composition and C-14 dating of bottom sediments
from Kara-BogazGol Bay show that approximately 9,000 years ago the bay was
desalted and had a common water area with the Caspian Sea. Shallowing of the bay due
to the Caspian Sea level lowering and stoppage of river water recharge happened 2,200
years ago. Since that time, the water of Caspian Sea began discharging to the bay. By
time, this coincides with the sharp aridization of the Caspian-Aral region.

The cores of the Aral Sea bottom sediments show at depths 230 and 130 cm peat beds
with vegetative remains. According to the radiocarbon data, the ages of those beds are
3,500 and 1,600 years, respectively. During these periods, the Aral sea decreased
considerably in size due to decrease of river discharge and was divided into a number of
separated lakes and swamps.

It was established by the study of bottom sediments in the Issyk Kul Lake located at a
height of 1600 m in Tian Shan that the last intensive water recharge to the lake occurred
between 7,800 t0 6,000 years ago. Beginning since 6,000 years, one can observe a
gradual increase of sult concentration in the lake water. The highest sedimentation is
seen in the period since 7,800 to 7,000 years. This is due to the climate warming and
intensive thawing of mountain glaciers in the region. At the same time, the global

climate warming was accompanied by aridization of the Caspian-Aral region, which is
confirmed by the above-discussed results on the isotopic and chemical composition,
radiocarbon dating of the bottom sediments in the Caspian and Aral Sess.
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The Plitvice Lakes are a series of lakes, tufa barriers and waterfalls located in the Dinaric
Karst in Central Croatia, where calcium carbonate precipitates very intensively forming tufa
barriers in presence of macrophites and microphites. Therefore, the aguatic system of the
whole areais very complex. Additionally, in the last decades an increase in the eutrophication
process has been observed in some parts of the lakes and aso in some tufa barriers. In our
study, which is a part of the EU-Project 1CA2-CT-2002-10009, we try to identify the source
of the eutrophication process to see whether it is a consequence of anthropogenic pollution or
process of naturally produced organic matter/humus in the lakes.

This ongoing study includes physico-chemical investigations of 1ake water, isotope hydrology
studies in lake waters and karst springs (d°H and d*®0, Tritium/®He, CFC/SFs, d*C of
dissolved inorganic carbon - DIC) and geochronology and geochemistry of lake sediments.
Seasonal aquatic chemistry samples are complemented by monthly sampling for stable
isotopes in water (dD, d*®0) at 15 sampling points including 4 springs, 5 lakes, waterfalls and
streams between lakes. The C and *H activity of monthly samples of atmospheric CO, and
of precipitation, respectively, inthisareais aso recorded.

Parameters like temperature, pH, conductivity and dissolved oxygen are measured in situ. The
isotope hydrological as well as the following chemical analyses of water are performed in the
laboratory: dissolved organic carbon (DOC) and inorganic carbon (IC), nutrients as NO,
NOs—, HPO;—, NH,4*, additional anions F~, CI=,.S04%~, HCO3™, cations Ca#*, M¢?*, Na', K*,
as well astrace elements (B, Al, Cr, Sr, Mn, Fe, Ni, Cu, Zn, As, Cd, Ba, Pb).

The results of physico-chemical measurements of water at 15 sampling points along a flow
distance of about 12 km, including sites with very intense CaCOs precipitation, show the
following:

1. Temperature, pH, concentration of calcium and bicarbonates (alkalinity), and hence the
saturation index of CaCOs (lsx), show significant change in downstream flow and also
some seasona variations. These results are compared with previous measurements (1).
The results show that the carbon exchange process along CO, HCO;CaCO; plays an
important role for tufa precipitation.
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2. Concertration of DOC is higher in lake waters where eutrophication process is significant
(1-2 mg/L) then in non-eutrophicated water, e.g. in spring waters (0.3-0.5 mg/L).
Additionally, DOC values are aso higher in some “clean” stream waters, where tufa does
not precipitate in spite of otherwise favorable physico-chemical conditions for calcite
precipitation, such as the high degree of supersaturation. In this case probably DOC
inhibits tufa deposition.

3. The concentration of dissolved nutrient salts, as well as of trace elements in water, is very
low for most of sampling points. No systematic difference in concentration of these
species between “clear” and eutrophicated waters was observed.

d*3C values of DIC in water of the Plitvice Lakes area steadily increase downstream from the
karst springs (d*C is -12.5%o) to the river mouth (d*3C is -10.0%o). Simultaneously, increase
of YC activity of DIC in downstream flow in the same area was observed [2]. This is the
consequence of the exchange process between the atmospheric CO, and DIC in water at
rapids and waterfalls.

The first results for stable isotopes d?H and d*®O in lake and stream waters plot above the
global meteoric water line (GMWL) with a deuterium excess between 10 and 16. So most
samples seem to have some influence from the Mediterranean area, where deuterium excess
higher than 10 prevails. For the winter samples measured up to now evaporation from the
lakes is not detectable from dD and d*0 values. Earlier tritium samples of the karst springs
have shown short residence times of several years. New results from tritium, 3He and
CFC/SFs measurements confirm these results. Sediment dating of the first core from Lake
Kozjak shows that the topmost 40 cm of sediment are younger than 40 years since **'Csis
presert in all samples. The resulting sedimentation rate of more than 1 cm/year contrasts with
earlier findings using *C. A possible reason could be the significant amount of organic matter
mixed in carbonate sediment at this specific point.

According to the chemical and isotopic measurements of water there is indication that the
concentration of DOC is higher in the areas where the process of eutrophication is
pronounced and that higher DOC concentration in water can inhibit the tufa/calcite
precipitation. The preliminary chemical measurements of water do not indicate anthropogenic
pollution of lake waters, and higher concentration of DOC in some sampling points can be a
consequence of input of natural organic matter/humus to the lake water. Further investigations
of geochemical and isotopic sediment-water interaction in the surface sediment at a total of 5
sampling points in the Plitvice Lakes area are in progress.

[1] SRDOC, D., HORVATINCIC, N., OBELIC, B., KRAJCAR, 1., SLIEPCEVIC, A.,
Proces taloZenja kalcita u krskim vodama s posebnim osvrtom na Plitvicka jezera
(Calcite Deposition Processes in Karstwaters with Special Emphasis on the Plitvice
Lakes, Yugosavia) (English Abstract) KrS Jugosavije (Carsus lugoslaviae) 11 4-6
(1985) 101-204.

[2] SRDOC, D., KRAJCAR BRONIC, I., HORVATINCIC, N., OBELIC, B. The Increase
of 1*C Activity of Dissolved Inorganic Carbon Along the River Course, Radiocarbon 28
(1986) 515-521.
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The isotopic composition of lake waters is a complex issue. The interpretation of isotopic data
requires a knowledge of the local processes which may modify the signal [1]. This study has
attempted to show how a detailed knowledge of the limnology of a lake can be used to
interpret isotopic records.

Hawes Water is a small (8 ha), oligotrophic, carbonate lake located in NW England. Detailed
modern limnological monitoring took place over a two-year period (April 1998-April 2000).
Water temperature was monitored every two hours using dataloggers deployed on the marl
shelf and in the open water. Water samples were anaysed in the field on a monthly basis, for
temperature, pH, total alkalinity and dissolved oxygen. Monthly water samples were taken for
laboratory measurements of oxygen, hydrogen and DIC isotopes, nitrates, phosphates, major
and trace cations and anions and algal content. The samples were taken from the lake margin,
various deep-water sites and three inflow sites.

Temperature data shows that Hawes Water is a monomictic lake. Thermal stratification begins
in April and continues until October/November when the lake overturns. A thermocline
develops at approximately 6 m depth and persists throughout the summer.

Dissolved oxygen saturation measurements from surface samples range from 70% in the
winter months to ~140 % in the summer. At the thermocline, levels are >140% from May
until August. The hypolimnion becomes sub-oxic during the summer. pCO; levels in the
epilimnion are low throughout the summer period and only begin to rise in November, after
the autumn turnover has taken place. Bacteria activity associated with the decomposition of
organic matter consumes oxygen and produces CO; in the hypolimnion. These processes and
the relative hydraulic isolation of this part of the lake produces low O, and high pCO; values
in the summer months,

The d*3C of dissolved inorganic carbon reflects the primary productivity of the lake and the
isotopic composition of inflow waters. From April until November there is a marked positive
shift (4%o) in d*3C (picy values in the epilimnion, due to the preferential assimilation of **C-
enriched CO, by dgae during photosynthesis. At the same time, there is a negative shift
(-3%o) in d**C (i valuesin the hypolimnion, probably due to the production of **C-enriched
CO- during the decay of organic matter in the water column and sediments. From November
to March the lake waters become well mixed and d**C (pic) values are similar throughout the
water column. However, the d©*C oic) values of inflow waters are lighter than the upper lake
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waters throughout the annual cycle and there is some evidence of seasordl variability. This
may reflect seasonal changes in the biological activity of the soils, organic contribution from
peat or the dissolution of carbonates in the catchment.

In the summer months, oxygen isotope values in the epilimnion become more positive. This
was more pronounced during the second year of collection (Fig. 1). This could be due to
evaporative effects or the input of isotopicaly heavier summer rainfall. Lake levels were
monitored over the two-year period and compared with daily precipitation records from a
local meteorological site. These datasets highlight differences between the amounts of rainfall
during the two summer seasons. Rainfall during summer 1999 is less than in 1998 (387.6 mm
cf. 538.8 mm) and the lake level drops more in 1999 than in the previous year. This suggests
that the variation in the oxygen isotope record is more likely to be due to evaporative effects
than the input of summer rainfall.

Coupled dD and d*®0 data show that the surface water samples define a slope of 3.9, whilst
the groundwater data has a slope of ~10. This suggests that there has been considerable
evaporation from the lake surface water samples. The hydrogen isotope data also shows
progressive stratification throughout the summer season. The values from July 1999 are much
higher at the surface than the rest of the epilimnion. This shows that evaporative effects are
mainly confined to the surface waters. Hawes Water data falls within the meteoric water lines
from Vaentia Idand (South West Ireland) and Wallingford (Oxfordshire, England)
suggesting that the lake waters broadly reflect the isotopic composition of incoming
precipitation.
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FIG. 1. Oxygen isotope profile from Hawes Water lake, site A.

[1] LENG, M., MARSHALL, J. D., Paeoclimate interpretation of stable isotope data from
lake sediment archives, Quaternary Sci. Rev. 23 (2004) 811-831.
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The studied area is the part of the Aggtelek karst system, Hungary. The Pasnyag spring and
the Létusz spring are located one after the other nearby the Also-hill. The water of the
Pasnyag spring applied as drinking water. From the local hydrogeological conditions it is
possible that fresh and old ground water components are mixed in the springs (Figure 1). This
fact is aso confirmed by the water quality data.
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FIG. 1. Presumed hydrogeological scheme of the area.

The objective of this work was to determine the mixing ratio of the water of different originin
the springs. Repeated water sampling has been carried out around the site from the springs
and two monitoring wells (F1 and F4) for two years. The F1 monitoring well is near a hand
the Pasnyag spring, and the F4 well is between the two springs. The water quality of the
Pasnyag spring and the nearby F1 well is significantly different.
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Helium content and isotope ratio, tritium concentration (by >He ingrowth method),
radiocarbon content of dissolved inorganic carbon (DIC), and dD, d**C, d*20 isotope ratios
were measured from the water samples.

On the basis of isotope measurements the water of the springs and the observed monitoring
wells are composed of fresh and old components in different ratios. The fresh component is
dominant in the Pasnyag spring. The tritium and radiocarbon concentration of this water show
that it is fresh, young water directly from the karstic system with only small amount of DIC
from the limestone. The helium concentration and isotope ratio in the water of this spring also
shows that the subthermal water component is not significant. Higher ratio of the fresh karstic
water also detectable in the far F4 monitoring well, but it has slightly lower tritium and *C
content. In the L6tusz spring and the F1 well (nearby the Pasnyag spring) higher ratio of the
subthermal water was observed. The low tritium and radiocarbon content show together that
these waters contain high amount of old water. The higher helium content and the higher
radiogenic “He ratio of the water also indicate subthermal origin in these cases.
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Tritium is an excelent tool for proving of the protected groundwater (containing no
component younger than 50 years) and for estimation of infiltration and recharge rate.

Annual mean tritium record of precipitation revealing for Hungary shows that the present
tritium content of the precipitation fallen before 1952, is not detectable (<1 TU) whereas all
groundwaters infiltrated after 1952 are contaminated by tritium, originating from the nuclear
weapon tests. The tritium less (“ pre-bomb™) groundwaters are protected against the pollutions
originated from the surface in the last 50 years. This date corresponds well to the beginning of
the intensive environment pollution of the agriculture and industry in Hungary. It means that
micro-pollutants (including pesticides) originating from these pollutions should be found in
the groundwaters containing detectable tritium and the tritium less groundwaters presumably
do not contain them.

This very ssimple “to be or not to be” method alows developing a cost-effective groundwater
quality monitoring network where the very expensive micro-pollutant analyses can be saved
in the tritium less groundwaters. Furthermore routine chemical parameters should be analyzed
less frequently (every 5 to 10 years) in the tritium less groundwaters. Appearance of tritium
means the vulnerability, so tritium can be considered as an “early warning” of the pollutions
from the last 50 years in the groundwaters. Case studies from Hungary proving this method
will be presented.

The first use in practice: Hungarian Ministerial Decree of 21/2002 ordains for the public
water supply companies to analyze periodically micro-pollutants in the raw water of the wells,
excepting if the tritium content is less than 0,2 Bg/L (1,6 TU) because these groundwaters are
protected against the pollutions of the last 50 years.

The effective infiltration rate of groundwater was estimated using the “tritium peak” method.
Fundamental principle of this method is that the tritium content of precipitation was
extremely high in 1963-64 years, in consequence of the nuclear weapon tests. Measuring the
vertical tritium profile of groundwater or soil moisture, vertical flow velocity (\), infiltration
rate (1) and the vertical hydraulic conductivity (k;) were estimated by the present depth of
tritium peak (hs3) and of zero tritium content (hsy).

According to our field studies in a recharge area of the regional groundwater flow regime of
the Great Hungarian Plain the vertical flow velocity (Fig. 2.) was calculated as v = 200-250
mm/a. The infiltration rate was estimated as | = 40 to 50 mm/a, assuming rp, = 0.2 porosity.
Vertical hydraulic conductivity looks be very low ask, = (5to 13) « 10 m/s.
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Same method was used for estimation of the vertical flow velocity and infiltration rate
through the unsaturated zone in loess soil at the prospective nuclear waste disposal [1].
Tritium samples were extracted from the soil samples taken from dug-wells at the
construction. Infiltration rates of 5 to 10 mm/a (1 to 2% of the total precipitation) and rp =
0,07 effective porosity were estimated by the method of tritium peak combined with tritium
balance calculations.

Horizontal groundwater flow originating from the Danube with velocity arriving 500 m/a,
was detected by the tritium peak method in 1992 in NW Hungary (Szigetk6z area) in the more
hundred meters thick gravel aquifer. Longitudinal dispersion coefficient of the gravel aquifer
was estimated as 300 m by tritium and *He data [2, 3]. Repeating the tritium sampling five
and ten years later the shift of the tritium peak provided useful information about the changes
of the groundwater regime.

Groundwater flow velocities, infiltration rates and hydraulic conductivities can be estimated
directly from tritium data but the main consume is the verification of hydraulic modeling [4].

[1] HORVATH, |, DEAK, J, HERTELENDI, E.,, SZOCS, T., Hydrogeochemical
investigations in the Tolna hills area, Ann. Report Geological Ingtitute Hungary |1
(1996) 271-284.

[2] DEAK, J, DESEOQ, E., BOHLKE, JK., REVESZ, K., Isotope Hydrology studies in the
Szigetk6z region, Northwest Hungary"", Isotopes in Water Resources Management,
IAEA, Vienna (1996) 419-432

[3] STUTE, M., DEAK, J,, REVESZ, K., BOHLKE, JK., DESEO, E., WEPPERNING, R,
SCHLOSSER, P., Tritium/*He Dating of River Infiltration: An Example from the
Danube in the Szigetkdz Area, Hungary, Ground Water 35 5 (1997) 905-911.

[4] FEHER, J, VAN GENUCHTEN, M.TH., DEAK, J., Estimating long-term flow ratesin
the vadose zone using tritium measurements, (Proc. Sci. Colloquium “Porous or
fractured unsaturated media: transports and behaviour” Monte Verita, Ascona,
Switzerland October 5-9 1992).
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Unusually high pH values, up to 9.5, are encountered in the glacigenic Virttaankangas aquifer,
southwest Finland. This is in strong contrast to the pH values normally recorded in Finnish
shallow groundwaters, averaging 6.4 [1, 2]. Chemical and isotopic (2O, D, °C, T, *C)
compositional parameters were determined in order to evaluate the origin of the unusual
chemical composition of the groundwater at Virttaankangas. In addition, the mineralogical
composition of the aquifer material was examined. The Virttaankangas groundwater
formation has been studied extensively, because it has been selected as the site of an artificial
recharge plant, intended to start operation in 2007. The project is the largest artificia
groundwater scheme in northern Europe. The high pH values have been suggested to be
related to the presence of carbonate minerals in glaciogenic sediments. However, only erratic
carbonate boulders have been observed, and no outcrops containing carbonate rock have been
discovered at the site.

The Virttaankangas aguifer is located in a NW-SE esker chain composed of Quartenary
deposits. In the studied area of 54 kn? the total thickness of sediments above the bedrock
varies from 30 to 90 m. The formation of the stratigraphical succession occurred in three
stages [3]. The core of the esker with coarse sand and gravel was deposited in the first stage.
The secod stage consists of an interlobate glaciofluvial ridge and fine-grained
glaciolacustrine deposits. Locally the glaciolacustrine deposits form a confining interlayer
holding a perched water table. The uppermost, third stage, is composed of sorted littoral sands
formed during the regresson of the former Batic Sea. Accordingly, three distinct
hydrogeologica units can be identified: 1) an unconfined, highly conductive aquifer in the
core of the esker, 2) a semi-confined aquifer, with fairly low hydraulic corductivity
underlying the confining interlayer, and 3) an unconfined perched aguifer in the littoral
deposit overlying the confining sediments.

The different hydrogeological units have distinct hydrochemica and isotope geochemical
characteristics. The shortest residence time of groundwater is encountered in the perched
aquifer of Unit 3, where seasona d*®0 and dD variations are evident, and the tritium (ca. 10
TU) and radiocarbon (ca. 100 pmC) contents reflect those of recent precipitation. The perched
water is highly unsaturated with respect to calcite (Iog Slcacite << 0). Chemically this water
type is a typical shallow groundwater with a low pH value of < 7, low electric conductivity
(EC) and low d'3C of dissolved inorganic carbon (DIC) of < -20 %o (unpublished data). Oldest
groundwaters are present in Unit 2, where some bomb tritium (ca. 21 TU) is still observed.
None or minor seasonal variations are present in d*®0 and dD of Unit 1 and Unit 2.
Groundwater in Unit 2 is saturated for calcite (log Slcacite” 0) and pH values are high, 9.2 —
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9.5, exceeding values observed elsewhere in the aquifer. There is a small increase in the
concentration of DIC from 0.2 mmol/L in Unit 3 to 0.4 mmol/L in Unit 2, suggesting
dissolution of calcite. Existence of calcite as a source of DIC is confirmed by higher d**C
(DIC) valuesin Unit 2, ranging from —17 %o to —12 %o. Concomitantly, the *C content of DIC
has been lowered due to dissolution of old **C-free carbonate minerals. The d**C vaue of
about —4.66 %0 was measured from calcite in glacigenic sediments. In the unconfined aquifer
(Unit 1), groundwater is dightly unsaturated for calcite (log Slcasite = 0), however, the DIC
content is approximately 0.5 mmol/L, which suggests dlightly different evolution of DIC
compared to Unit 2. Also pH is somewhat lower, 8.5 — 9.2. Both tritium (12-16 TU) and *C
(80-90 pmC) concentrations are variable depending on the proportion of recent precipitation
and the groundwater flow from Unit 2.

Mineralogical studies of the sediments in the Virttaankangas formation confirmed that very
small quantities (0.5 % at most) of clastic, fine-grained (ca. 0.1 mm in diameter) calcite is
present in the glacigenic units 1 and 2. However, the littoral sands of Unit 3 are nearly devoid
of cacite. Calcite dissolution appears to be sufficient to explain the hydrochemica and
isotope geochemica characteristics of the Virttaankangas aquifer. The reaction between
groundwater and calcite in the Virttaankangas groundwater system was modelled using the
PHREEQC program. A modelled evolution of DIC and pH in groundwater as calcite is
dissolved to the point of saturation is in harmony with the chemistry of groundwaters
collected from units 2 and 3 in the northeast side of the esker. The modd represents closed
system dissolution under conditions of a relatively low Pcop of 10%%. In a closed system, pH
increases significantly as calcite dissolves. It seems that dissolution of calcite under closed or
partialy closed system and relatively low CO, conditions explains the exceptionally high pH
values in the Virttaankangas aquifer. Also the d*C vaues of DIC in groundwater are
consistent with the origin of carbon from soil calcite and soil CO..

[1] LAHERMO, P, ILMASTI, M., JUNTUNEN, R., TAKA, M., The Geochemical Atlas
of Finland, Part 1, Espoo, Geological Survey of Finland (1990) 66 pp.

[2] TARVAINEN, T., LAHERMO, P.,, HATAKKA, T., HUIKURI, P., ILMASTI, M.,
JUNTUNEN, R., KARHU, J., KORTELAINEN, N., NIKKARINEN, M., VAISANEN,
U., Chemical composition of well water in Finland - main results of the "one thousand
wells' project, (AUTIO, S., Ed.) Current Research 1999-2000, Geologica Survey of
Finland, Special Paper 31 (2001) 57-76.

[3] MAKINEN, J, RASANEN, M., Early Holocene regressive spit-platform and nearshore
deposition on a glaciofluvial ridge during the Yoldia Sea and the Ancylus Lake Phases
of the Baltic Basin, SW Finland, Sed. Geol. 158 (2003) 25-56.
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The Forez graben, part of the French Hercynian Massif Central, is one of the Oligocene —
Miocene graben surrounding the European Alpine belt. It's contoured by hercynian
metamorphic rocks, ranging from schists — micaschists units to gneisses, and by numerous
granites (Monts du Forez and Monts du Lyonnais). This graben isfilled by clastic rocks (clay,
sandy clay and sandstone) and few carbonate beds. Internal geometry tends to deepening
eastward, reaching at least 500m deep. Some volcanic rocks are also present within the basin.
As for lots of tertiary European grabens, numerous mineral water springs occur in or near the
basin's limits. A mgjority is CO,-rich and bicarbonate- sodium- rich, whereas other present a
thermal bearing. Seven of those springs (both thermal and nonthermal) were studied during
two %/ears (monthly step sampling), using stable isotope (O, H and C), radiogenic isotopes (°H
and **C) and ions contents.

All waters are bicarbonate rich, from 500 to 3500 mg/l as HCO3™. Mgjor cations are Na (150
to 1000 mg/L), Ca (10 to 200 mg/L), K (5 to 150 mg/L) and Mg (10 to 100 mg/L). Major
anions [after HCO3™] are Cl (5 to 120 mg/L) and sulphate (7 to 50 mg/L). If assuming that
contamination by surface water is of second importance, two events are highlighted by cations
geothermometers calculations: first an interaction with surrounding rocks at moderate to high
temperature, between 150 to 250°C and at low temperature c.a. 50 to 70°C. Nevertheless, all
the waters appear to be immature regarding the fields defined by [1]. Inverse modelling
(PhreeQC software, [2]) based on mass balance and isotopic compositions predicts dissolution
of mineral species such as clays (illite, montmorillonite, kaolinite), oxides (hematite, goethite)
and sulphates (gypse, anhydrite).

Based on oxygen and hydrogen isotope ratios (maximum d*®0 change: 1%. ; dD change:
13%0 vs SMOW) of those mineral springs are preserved from actual atmospheric variations.
Comparison with the local meteoric water line show a plot above the LMWL (taken at 400m
asl; dD=7.4d'®0+3.8 (r2=0.96)) for five springs, leading to a recharge area c.a. 100 to 200m
above the actual basin level when assuming no changes in paleogeography. Moreover,
episodic Tritium measurements were made. They show aways values under 3 Tritium Units,
except for one with a discharge in ariver bed (5 TU), whereas present surface waters range
from61t0 9 TU.

Two springs plot far above the meteoric line, indicating a recharge upper in the surrounding
topography. d**Cp,c measurements are different than surface waters (-16 to —22%o PDB) and
range from -3 to —5%. PDB, except for a thermal spring (Tmean=29°C, d**Cpic = —12%o vs
PDB).
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Comparing **C and Tritium activities indicates that al the waters are between the “old” and
“fossil” poles. Maximum ages calculated [3] are 8000 years BP for the therma spring
mentioned above and range between 19000 and 26000 years BP for the others. By taking into
account 13C ratios, alkalinity and water temperature, ages shift drastically to younger values:
the thermal spring is then 2500 years BP.

So the studied waters fall within the surrounding “Monts du Forez” or “Monts du Lyonnais’
between 2000 to 20000 years BP, infiltrate deep guided by inherited hercynian faults and
experience two steps of interaction with rocks. Contamination or interaction with recent
aquifers occurs during the rising up, as shown by Tritium content.

[1]

[2]

[3]

[4]

[3]

[6]
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The mineralization of organic contaminants to carbon dioxide and water by naturally
occurring in-situ biodegradation is the basic concept of the natura attenuation of polluted
aquifers. Sulfate reducing bacteria can contribute extensively to the biodegradation of organic
contaminants. During the dissimilatory reduction of sulfate, the microorganisms produce
sulfide to obtain energy for the oxidation of organic carbon provided by the contaminants.
The preferential utilization of the lighter isotopes by bacteria usually results in the enrichment
of the lighter isotope in the produced sulfide and of the heavier isotope in the remaining
sulfate. For sulfur, the isotopic enrichment in the remaining sulfate has been used quite
successfully for the identification and quantification of bacterial sulfate reduction (BSR).
However, only little is known about the behavior of oxygen isotopes in sulfate during sulfate
reduction under the specific conditions of an organic contamination. Therefore one goa of
this study was to specify the fractionation mechanisms of sulfate oxygen closely related to
biodegradation. The contamination of the investigated Quaternary aquifer is related to the
operation of an industrial site that was originally set up in 1938 for the production of gasoline
and upgraded for the production of benzene in 1960. During the operation from 1938 to 1990,
numerous production accidents and leaks contributed to BTEX-contamination of the
groundwater.

To obtain the basic fractionation parameters for sulfur and oxygen, experimental and field
data were used. Microcosm experiments were inoculated with an enrichment culture from the
study area. All experiments were mnducted with toluene as the solely source of organic
carbon. Groundwater samples were collected from multi-level sampling wellsin a ca. 500 nt
area within the contaminant plume. The sampling area was selected in order to avoid a
mixing of sulfate from different sources. Groundwater and laboratory samples were analyzed
for the content of dissolved sulfate and sulfide as well as for the isotopic composition of
sulfate (d**S, d*®0) and sulfide (d349).

The isotopic composition of sulfur in sulfate and sulfide from laboratory and groundwater
samples are shown in Figs. 1 and 2, respectively. In both cases, the typical correlation
between the fraction of the residual sulfate and the d*S- SO, proves the occurrence of BSR.
The average enrichment factors for 3*Swere calculated from logarithmic fits of the respective
data sets using a Rayleigh equation. While the experimental enrichment factor between SO,
and $ was -23.4 %o, a dightly smaller value of -17.5 %o was observed for field samples.
Both values are consistent with previously reported data. d*S-S* values obtained during the

145



K.Knoédller et al.

laboratory experiments are in accordance with the expected values for the given enrichment
factor in a system that is characterized by the accumulation of a product reservoir (Fig. 1).
For groundwater samples the measured d**S- S values do neither match the expected values
for an accumulating product reservoir nor the values expected for an open system with HS-
loss (Fig. 2).

As shown in Fig. 1, no correlation exists between the fraction of the residual sulfate and the
d'®0-S0,. The absence of the typical 0-enrichment can be caused either by the interference
of the kinetic isotope effect with an approaching isotopic equilibrium between oxygen in
sulfate and water or by the superimposition of BSR by the bacterial disproportionation of S
to SO, and H,S (BDS). A general lack of an oxygen isotope effect, e.g. due to the high load
of organic contaminants, can be ruled out, since a significant oxygen isotope shift of more
than 5 %o between the initial sulfate and the sulfate in the microcosm experiments was
observed.

The oxygen isotopes of sulfate in groundwater samples show a much different behavior
(Fig. 2). A strong correlation exists between the fraction of the residual sulfate and the
measured d*®0-S0,. However, this correlation is rather of a linear type than of the
logarithmic type that would be expected for BSR. Again, an interference of different
processes, most likely BSR and BDS, seems obvious. Hydrochemical analyses showed that
most groundwater samples contain a significant amount of elemental sulfur which supports
the assumption of BDS occurrence.

In general, sulfur isotopes provide a very useful tool for the identification of BSR in BTEX
contaminated aquifers. However, for the quantification of the process caution has to be used
since a possible BDS can also affect the d**S of the remaining sulfate. Oxygen isotope data
can also be quite useful as long as there is no interference with processes such as BDS or with
an approaching equilibrium with water oxygen. But even in those cases, the unusual behavior
of d*®0-S0, helps recognize processes that have to be considered for the quantification of
BSR using sulfur isotopes.
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Variation in the contents of organic carbon and nitrogen and stable isotopes composition of
organic carbon for two cores (EMP LIV 2b and EMP LIV 4) recovered from the Empakai
crater lake are used to deduce variability in sources of organic matter in the lake in relation to
climatic changes. Also the stable isotopes of sedimentary nitrogen are used to assess effect of
acid treatment on nitrogen stable isotopes. CoresEMP LIV 2b and EMP LIV 4areland 2 m
long, and were recovered from water depths of 11 and 20 m respectively.

The Empakai Crater Lake (2°54'S; 35°50'E), which is a closed lake, is located in a semi arid
environment about 10 kilometres south of the Oldonyo Lenga within the northeastern corner
of the Ngorongoro Conservation Area Authority in northern Tanzania. Eight-accelerator mass
spectrometer dates determined on total organic matter for core EMP LIV 4 indicate that the
sedimentation rate in this lake is about 30 cm/ka for the late Pleistocene to early Holocene
period.

Both d*C (average —24.0" 2.71 ) and d®™°N (8.2" 3.01 ) values for core EMP LIV 4 show a
sharp change to lower values of about 41 and 7| respectively at around 8.7 ka uncorrected 4C
ages. Abrupt change in the stable isotopes compositions of organic carbon and nitrogen show
major climatic changes to have taken place during the Pleistocene-Holocene period most
probably changing from humid to drier conditions. The d*3C values between 0 and 8.7 ka
show small amplitude of downcore decrease, whereas that d*°N values shows a general
downcore increase an indication in changes in relative proportion of G and G material as
well as climatic conditions. Between 8.7 and 11 ka, the d~C values depict slight downcore
enrichment reaching peak during the Young Dryas. The lowermost part of the core shows
depletion in *3C centred at about 12 ka. Similarly, the d™®N values show a downcore decrease
between 8.7 and 12 ka. This may be an indication of increase in supply of phytoplanktonic
materia to the lake owing to increase in precipitation during the Pleistocene-Holocene
transition.

Both cores have high contents of organic carbon and nitrogen an indication of preferential
preservation. The contents of nitrogen (averaging 0.35" 0.25%) and organic carbon
(averaging 6.9" 5.2%) for core EMP LIV 4 co-vary and are highly variable. Highest contents
of organic carbon and nitrogen are confined between 10 and 12 ka. Furthermore, the C/N
ratios, which average 21.4" 3.9, show a genera downcore increase to the base of the core.
The contents of organic carbon (averaging 4.8" 5.4%) and nitrogen (averaging 0.43" 0.47%)
for core EMP L1V 2b shows a general downcore decrease to the base of the core with a sharp
shift towards lower values a 35 cm. The C/N ratios values for core EMP LIV 2b that
averages 12.7" 2.1 display 2 steps downcore increase.
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Core EMP LIV 2b is chronologically poorly constrained with two available **C dates being
reversed. The d**C values for core EMP L1V 2b, which averages-19.2" 2.2| , shows a genera
downcore decrease with d-values changing from -171 to -21l in the upper 30 cm. This trend
is followed by a shift to higher values of about 3 within 10 cm followed by a systematic
downcore decrease to the base of the core. The d"™N values for core EMP LIV 2b are highly
variable and averages 1.0" 3.6l .

Generaly, the stable isotope results indicate that climatic conditions have deteriorated since
the middle Holocene. Furthermore, the results indicate that sources of organic matter in the
Empakai crater lake has varied over time with more humid periods being characterized by
material derived from phytoplankton and G; land plants. Also a difference in mean isotope
values between shallower site (enriched) and deeper (depleted) site shows how heterogeneous
the records can be even from the same area.

This study also assessed impact of sample treatment on the stable isotope compositions of
nitrogen. Generaly acidification ?rocesses cause isotope fractionation where treated
particulate materials are depleted in *°N relative to untreated fraction (Fig. 1). The difference
in the stable isotope composition between treated and untreated samples is as high as 7%o.
This could be attributed to hydrolysis effect where nitrogen rich compounds are removed.
Thus, for the determination on nitrogen stable isotopes, untreated sedimentary materials are
preferred over treated sediments.
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FIG. 1. A figure showing differences in stable isotopes composition of nitrogen between acidified
(treated) and unacidified sediment samples.
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The careful estimation of the infiltration of waters from rivers or lakes into aquifersis vital for
the assessment of the capacity of drinking water wells that are mainly discharged by surface
waters. The paper discusses results of a research, which investigated the potential of using
Radon-222 as a natural tracer of such water migration processes.

Radon is a naturally occurring component of the groundwater. Its concentration is determined
by four individual terms. radon production in the mineral matrix of the aquifer, radon decay,
diffusion, and transfer with the groundwater flow. The production rate depends on the mineral
matrix parameters radium concentration, emanation coefficient, pore space, and density. The
decay rate depends on the radon decay constant. Since the diffusion length of radon in water
isonly 2 cm, radon migration isin fact only determined by the groundwater flow velocity.

Since open surface waters are lacking considerable contact to radon emanating minerals they
show, in contrast to groundwaters, only negligible radon concentrations. Only if surface water
enters an aquifer its radon concentration rises due to the decay of radium present in the
aquifer mineral matrix, until it reaches background concentration Due to the half-life of
radon-222 (3.8 d) surface water that enters the aguifer reaches that background concentration
after about 20 days (five haf-lives). However, before that equilibrium concentration is
reached ground- and infiltrating surface waters can be distinguished by their respective radon
concentrations.

Hoehn and von Gunten [1] used the increase of radon concentrations to estimate groundwater
residence times. Burnett et a. [2] used radon to estimate the dynamics of submarine
groundwater discharge into coastal zones. The purpose of the study described here was to
estimate changing intensities of river water infiltration into an adjacent aquifer.

For a pilot study a set of observation wells was instaled in the Elbe River Valley near
Torgau/Saxony. Ten wells were installed in a 90 degree angle to the river on one of its banks.
It was assumed that the monitoring of the infiltration of river water into the aquifer is possible
by measuring the radon concentrations in the observation wells. Changing radon
concentrations in the wells were expected to indicate corresponding changes of the infiltration
rate. The observation period was characterized by considerable variations in the river water
level asdisplayedin Fig. 1.
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Four of the seven sampling campaigns (A to G) are discussed. The first sampling campaign
(marked with A in Fig. 1) was carried out during a period of low river water levels and low
infiltration rates. The radon distribution in the aguifer, as it was determined from groundwater
samples taken in the monitoring wells at several depths. The normal radon background
concentration of the groundwater is about 16 Bg/l. The much lower radon concentrations in
the groundwater adjacent to the riverbed indicate a moderate infiltration of river water into the
sandy aquifer. The second sampling campaign (B in Fig. 1) was carried out during a short but
intense period of high river water levels. The radon distribution in the aquifer indicates a
much higher infiltration rate, caused by the high river water level. The infiltrating river water
is characterized by low radon concentrations. A third sampling campaign (C in Fig. 1) was
characterized by a falling river water level and thus by declining infiltration rates. This gave
rise to a beginning recovery of the radon concentrations in the aquifer close to the riverbed.
However, a front of infiltrated river water, still characterized by depleted radon
concentrations, moves through the aquifer away from the river. The final sampling campaign
(EinFig. 1) is characterized by areturn to normal river water levels. The radon distribution in
the aguifer shows a pattern comparable to that found at the first sampling campaign; the
infiltration rate returns back to normal values.

The results show that radon can be used as a naturally occurring tracer to assess and estimate
infiltration from surface waters into aquifers.
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FIG. 1. Elbewater level (meters above sea level, mSL) with sampling campaigns A to G.

[1] HOEHN, E, VON GUNTEN, H.R., Radon in Groundwater, Water Resour Res 25
(1989) 1795-1803.

[2] BURNETT, W.C., DULAIOVA, H., Estimating the dynamics of groundwater input into
the coastal zone via continuous radon 222 measurements, J Environ Radioact. 69 (2003)
21-35.
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An investigation of abnormal high radium concentration in surface water of a Brazilian
coastal region pointed out waters from springs feeding the lagoon system as responsible for
the input of radium isotopes to the lagoon. The enhanced level of radium isotopes in the
springs was associated to a natural process: the leaching of monazite sand by water containing
high level of hydrogen ions [1]. This finding pointed out the necessity to survey the ground
water of the region in order to investigate the existence of radionuclides contamination input
main points as well as the extension of the natural contamination in ground water of the
region.

The surveyed area comprises app. 100 kn¥, it islocated between N 286 km, S 7630 km and N
296 km, S 7640 km UTM geographic coordinates. The aquifers are non confinated, shallow,
and low productive. The water is used for drinking purposes, with the maximum yields of the
wells of around 2 nt/h.

Sixty-nine private wells were geographically located by a satellite navigation system, GPS
(Garmin, model 45 XL). The physical-chemical parameters (pH, Eh, temperature and
conductivity) showed a wide range of data. The conductivity varied from 98 e 11000 n5/cm
and pH values varied from 3.65 to 7.79. The spatia distribution map of pH values showed
wide area of pH values lower than 4.5, and some localized points of pH values higher than 5
(Fig. 1). Based on these results, forty-four samples were chosen for being analyzed for Ra-
228, Ra-226, Pb-210 by radiochemical methods. From this twenty-eight samples were
analysed by ICPMS for determination of uranium and thorium.

The ranging of concentrations were from <3.0 10 to 1.61 Bg/L for %*°Ra, from <0.30 to 5.2
Bg/L for 2®Ra and from <0.01 to 1.72 Bg/L for 2° Pb. The thorium concentration were lower
than the minimum detectable activity concentration (3.3 10 Bg/L, 8.0 10° ny/L), while the
uranium concentration varied from 3.4 10 to 2.9 10 Bg/L (0.03 to 2.39 ng/L).

Monazite contains variable levelsof Th and U; atypica Brazilian monazite around 0.03% of
U30g and 6% of ThO,, its Th/ U activity ratio is around 18. Monazite has a high chemical
stability. Leaching laboratory experiments showed that only app 0.02% of radium would be
released from the ore in low pH vaue (3.7). Thus, assuming the equilibrium in the radioactive
series the Ra-228/Ra-226 activity of monazite will be around 18.

Isotope ratio would be not influenced by sorption and dilution process and therefore it could
serve as inert tracer of input sources and preferential flow. If the source of radionuclides is
localized, up the source the ratio value of radioactive isotopes would be changed only by the
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radionuclides decay. In that case, the isotope ratio can be a good tracer to indicate the
residence time of groundwater on a timescale from months to years.

The radium isotope activity concentrations in the water samples varied from 1.1 to 23. By
mapping the spatial distribution of the radium activity ratio, two areas with Ra-228/Ra-226
ratio higher than 10 are clearly delimitate (A and B, Fig. 2), showing the localization of the
main source of contamination to the groundwater. From the input sources the ratio values are
attenuated.

Considering that monazite sand are scattered in the region soil, wesathering/dissolution of the
sand by groundwater can be a spread secondary source of radium for the water, influencing
the isotope ratio. Thus, the isotope ratio attenuation reflect combined effects of radioactive
decay, mixing and water/rock interaction and reflect modification of groundwater chemistry
at aregional scale. Further studies aiming to identify preferential flow of water and to assess
the residence time are being performed and will be discuss in this paper.
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FIGS 1 and 2. Spatial distribution of pH and Ra-228/Ra-226 values in groundwaters o a coastal
region.

[1] LAURIA, D.C., GODQY, JM., Abnorma High Concentration of Radium in a Coastal
Lagoon, J. Environ. Radioact. 61 2 (2002) 27-37.
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The present study has been conducted to evaluate the pollution load that has been exerted on
two of the mgjor lakes in Egypt; Bardawil and Manzala lakes. Bardawil lake is mainly sea
water subjected to evaporation while Manzala lake is a mixture of saline water and fresh
water and receives drai nage water and effluents of different wastes. The study involves both
environmental isotopes (*°0 and D), major ions, nitrate and phosphate analysis of about 75
water samples collected through horizontal and vertical profilesin the two lakes.

Bardawil lake water (the average of TDS equals to 46521 ppm) is dominated by Cl, Na and
Mg sdlts. The distribution of the ions is controlled by the inflow from sea water, the
concentration by evaporation, the precipitation due to supersaturation and the specific gravity
variations. The hydrochemical composition of Manzala lake water (average of TDS equals to
2554 ppm) is less homogenous than that of Bardawil lake water and reflects the effects of
several factors and recharge sources; irrigation water / drainage water discharge, waste water
load, sea water or groundwater inflow, bathometry and evaporation intensity. The
concentrations of nitrate and phosphate acquire considerably high vaues in Manzala lake
which indicate a high degree of pollution and eutrophication.

The isotopic content of Bardawil lake water has average values of 3.69%0 and 28.59%. for d
80 and d D, respectively. It has a relatively wide range of variation reflecting the effect of the
different recharge sources (seawater, precipitation and seepage of groundwater) and the
influence of the different hydrogeochemical conditions. The distribution of Bardawil lake
water on d ®0 vs d D conventional diagram, (Fig. 1) follows alinear pattern.

d D = 4.70 d *®0 +10.31 of lower slope (4.70) than the meteoric line (slope = 8), [1]. This
reflects the effect of evaporation on the occurring surface water in the lake. The starting
points of the samples line (evaporation line) lie very close to Mediterranean Sea water which
represent the original sources of lake water. The relative position of the water samples on the
evaporation line and their deviation from the origina points is a function of evaporation
intengity.

The effect of evaporation on the isotopic composition of Bardawil lake water is aso shown by
the direct relationship between *®0 and TDS, (Fig. 2). This figure shows that the correlation
coefficient is low particularly in the deeper zones (bottom water) than that of surface zones
(surface water). This can be related to salt precipitation after stages of supersaturation in the
surface water due to excessive evaporation processes which reaches about 1.6 mly [2].
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The isotopic content of Manzala lake water is characterized by average values of 5.07%. and
29.79%0 for d 0 and d D, respectively. The frequency distribution of the isotopic values
reflects the multiplicity of the recharge sources (precipitation, seawater, drainage, irrigation
and groundwater). The relationship between 0 and deuterium for Manzala lake water is
direct and follows a linear pattern of evaporation trend d D = 4.76 d **O +7, (fig. 3). The
isotopic contents of Nile water, seawater and drainage water (the recharging sources of the
lake) lie close to the starting points of the evaporation line. The scatter of the points around
the regression line is relatively high due to the variant proportion of the recharge sources and
the different evaporation intensity. The relationship between **0 and TDS, (Fig. 4), is very
weak and the pattern is not easily defined. This can highlight on the great difference of
sainity between the recharging sources (due to leaching, evaporation, dissolution etc.), while
the isotopic content is not so variant.
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[1] CRAIG, H., GORDON, L., Deuterium and oxygen-18 variation in the ocean and the
marine atmosphere, (TONGIORGI, E., Ed.), Stable Isotopes in Oceanographic Studies
and Paleotemperature, Spoleto 9 (1965).

[2] FOSTER WHEELER, Italiana-Fosweco Div., Gebel EIl Maghara Rura Development
Project, Final report submitted to the Governorate of North Sinai, Five volumes (1998).
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The Myall Lakes system, 50 km North of Newcastle, Australia, is a barrier lake system
covering 10000ha, and is brackish (ranging from Oligohaline to Mesohaline under the Venice
System classification). The Myall Lakes system is far less disturbed than similar coastal 1akes,
and as an important migratory bird habitat, they are protected under the RAMSAR agreement.
They are also fully encompassed by the Myall Lakes National Park, declared in 1972, and are
important to the local tourism and fisheries industries. Only two small streams provide
freshwater input therefore water-retention time is of concern, because any changes to nutrient
regimes, or pollution in the catchment affecting the Lakes, may take a long time to be
corrected. In recent summers a series of cyanobacteria blooms have occurred which may
indicate that human activities such as agriculture and recreational boating and fishing are
affecting the Myall Lakes.

Four sediment cores, up to 95cm long, were collected and sub-sampled for trace elements,
palynological assemblages, sediment grain size and organic/carbonate content. Lead-210
(*°Pb) was used to determine sedimentation rates and construct a chronology. Fossilised algal
remains, specifically the akinetes of cyanobacteria, were used to estimate previous algal
populations in the lake system. This technique has the potentia to be an important tool in not
only historical environmental reconstruction but also in catchment management.

Results indicate that there have been cyclical fluctuations in the populations of aquatic plants
and algae throughout recent history.
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The Vienna Environmental Research Accelerator (VERA) is a center for accelerator mass
spectrometry (AMS) at the University of Vienna based on a 3-MV tandem accelerator of the
pelletron type. Since its opening in 1996 [1, 2], VERA has undergore a number of changes
converting it to an AMS facility which can now measure almost all isotopes [3, 4]. A
schematic layout of the facility in its present form is shown in figure 1. Although primarily
built for AMS experiments, VERA will have in future also a PIXE setup (Proton Induced X-
Ray Emission), both for internal and external protonbeam experiments.
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FIG. 1. Schematic layout of the VERA facility in its present form. The locations for the measurement of
the three carbon isotopes for a *C AMS measurement is indicated. Other light radioisotopes (*°Be,
?°Al) are measured at the respective detector positions. Heavy radioisotopes (**°I, **Hf, **°Pb, **°U,
and **Pu) are measured at the beamline including a TOF (time-of-flight) setup. The future PIXE

position is also indicated.
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VERA is operated in essentialy three different modes: (1) AMS **C measurements are
performed on atruly commercia basis for a company in the USA, and afull service including
sample preparation, AMS measurement and “C calibration is offered for other customers
(mostly for archaeological studies). (2) Cross disciplinary research programs employing °Be,
14¢, 2°Al, and *#°| are pursued in collaboration with experts from many different fields (e.g.
archaeology [5], art, atmospheric transport and chemistry, botany, climatology, forensic
medicine [6], geomorphology, high-mountain research, hydrology, ice core research). (3)
Research programs involving both instrumental and new-isotope developments are also
pursued. This includes the heavy isotope extension of VERA [3] to measure *82Hf, 21%b, 2°U,
and 2**Pu. Novel detector developments involve low-temperature calorimetric detectors [7]
and natural diamond detectors [8].

VERA can be operated fully automated for “routing’ measurements of *C, as well as

manually for more exploratory experiments at the frontier of AMS. This presentation will

concentrate on a few examples to demonstrate the large breadth of application with such a

facility. One of these examples utilizes ocean sediments, where AM S measurements are under

way to search for a possible signal from supernova-produced isotopes such as *®2Hf [9] and
Pu[10].

[1] KUTSCHERA, W., COLLON, P., FRIEDMANN, H., GOLSER, R., HILLE, P., ROM,
W., STEIER, P., TAGESEN, S, WALLNER, A., WILD, E., WINKLER, G., VERA: A
New AMS Facility in Vienna, Nucl. Instr. Meth. Phys. Res. B 123 (1997) 47.

[2] PRILLER, A., GOLSER, R., HILLE, P., KUTSCHERA, W., ROM, W., STEIER, P.,
WALLNER, A., WILD, E., First Performance Tests of VERA, Nucl. Instr. Meth. Phys.
Res. B 123 (1997) 193.

[3] VOCKENHUBER, C., AHMAD, I., GOLSER, R., KUTSCHERA, W., LIECHTEN-
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An important radionuclide tracer of nuclear processes is *?°I, which has a half-life of 15.7
Myr. This nuclide can be measured by accelerator mass spectrometry (AMS). AMS

measurements were made in the +5 charge state with aNEC 3MV Pelletron accelerator at the
University of Arizona.

We selected a living cora from the Solomon Idands for this study, to monitor increases in
anthropogenic %1 in the surface waters of the Pacific Ocean. *2°1/%’| ratios were measured in
acore of Porites. Typical sample weights used for this study were 10g, with total iodine
contents of 3ppm and a temporal resolution of one year. lodine was extracted from the corals
and AMS targets were prepared without the use of carrier iodine.

Results of our study produce an annual record from 1910-1994. *2°1/?"| values have increased

by a factor of 20 since 1950 and are still on the rise. The implications of these measurements
will be discussed.

158



EXTENDED SYNOPSIS IAEA-CN-118/89
TOPIC: MASSSPECTROMETRY

| sotope Selective Ultratrace Analysis of Plutonium for Environmental
Studies by Laser Mass Spectrometry

S. Burger, R. Buda?® H. Geckeis®, G. Huber®, J. V. KratZ P. KunZ, Ch. Lierse
von Gostomski®, G. Passler®, A. Remmert®, N. Trautmann?

qIngtitut fir Kernchemie, Johannes Gutenberg - Universitét, D-55099 Mainz, Germany
P|nstitut fir Nukleare Entsorgung, FZK, D-76021 K arlsruhe, Germany

“Ingtitut fur Physik, Johannes Gutenberg - Universitét, D-55099 Mainz, Germany
dnstitut fiir Radiochemie, TU M tinchen, D-85748 Garching, Germany

E-mail address of main author :buersO02@mail.uni-mainz.de

Plutonium is released into the environment from various sources, like nuclear weapons tests,
emissions from nuclear facilities or by accidents. The isotope ratios of a plutonium
contamination reveal important information on its origin. Thus, reactor grade, weapons grade,
or fallout plutonium can be distinguished. The concentration of plutonium in the environment
is very low, therefore, extremely sensitive detection methods are necessary. In the last years,
resonance ionisation mass spectrometry (RIMS) has been developed and applied for ultra
trace detection of plutonium (10° - 10" atoms i.e. 10° - 10% g) [1]. Examples for isotope
selective plutonium determination in nuclear forensic and nuclear waste repository studies
will be presented.

RIMS for nuclear forensic studies. The discussion on the health risks of depleted uranium
(DU) ammunition caused a series of analytical investigations, e.g., by the United Nation
Environmental Programme [2]. DU ammunition was wsed for example in the Kosovo conflict
(about 10t DU) [3]. In collaboration with the Institut fir Radiochemie, TU Minchen, samples
of DU ammunition of the Kosovo type were chemically treated and investigated with respect
to their isotopic signature and content of plutonium. The **Pu concentration in the penetrator
determined by RIMS was 3.840'° atoms/g (1.5 pg/g) in good agreement with a -spectroscopic
measurements. The isotope ratios correspond very well with those published by Fetter et al.
[4] for weapons- grade plutonium (Tablel).

TABLE 1. ISOTOPE RATIOS OF PLUTONIUM IN URANIUM AMMUNITION AS
MEASURED BY RIMS

Fraction of Pu as measured by Fraction in weapongrade plutonium

RIMS[%] (3 s error) [%] according to Fetter et a. [4]
Pu-239 93.6(5.9) 935
Pu-240 6.2(0,7) 6.0
Pu-241 0.09(0,03) 0.44
Pu-242 0.06(0,01) 0.015

159



S. Birger et al.

Form the *!Pu fraction (Ty2 = 14.35 y) it can be concluded that the plutonium was produced
~ 33 years ago (dated 2002).

RIMS for nuclear waste repository studies. It is expected that plutonium introduced into the
environment exists mainly in the 4-state and thus is immobile. But mobile colloids can
enhance the transport of plutonium in groundwater [5]. Bentonite, which is used to sed
nuclear repositories, can produce colloids in contact with water. If fractures would occur in
the bentonite shielding, plutonium sorbed onto bentonite colloids could enter the far field, i.e.,
granite, and furthermore the groundwater system. In collaboration with the
Forschungszentrum Karlsruhe (FZK), migration studies of plutonium in a granitic matrix
(Grimsel field laboratory, Swiss) have been performed. Figure 1 shows the tracer
breakthrough curves for Pu-242 (without bentonite colloids) and Pu-244 (with bentonite
colloids). The normalised concentration of plutonium in the samples is plotted versus the
retention time.
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FIG. 1. Tracer breakthrough curves of Pu in a granitic matrix without and with bentonite colloids.

The maximum of the tracer breakthrough curve with bentonite colloids is higher than the one
without, indicating that more plutonium is transported in this granitic matrix with colloids
than without. A plateau at later retention times is observed without colloids, indicating the
release of retarded plutonium previously absorbed on the surface of the rock whereas with
bentonite colloids, a permanent decrease of the plutonium concentration has been found.

[1] GRUNING, C,, et al., Resonance lonization Mass Spectrometry for Ultratrace Analysis
of Plutonium with a New Solid State Laser System, Int. J. Mass Spectr. (in press).

[2] UNITED NATIONS ENVIRONMENT PROGRAMME, Depleted Uranium in Kosovo
- Post-conflict Environmental Assessment, UNEP (2001).

[3] BLEISE, A., et a., Properties, Use and Health Effects of Depleted Uranium (DU): a
Genera Overview (2003).

[4] FETTER, S, et a., Fissle Materials and Weapon Design, Science & Global Security
(1990).

[5] KERSTING, A. B., et a., Migration of Plutonium in Ground Water at the Nevada Test
Site, Nature 397 (1999) 56-9.
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Inductively coupled plasma mass spectrometry (ICP-MYS) is renowned for its ultra-low limits
of detection for measuring trace elements. Unlike other methods of elemental analysis, mass
spectrometry separates and analyzes isotopes individually. With additional sensitivity for
high-mass isotopes and virtually no spectral interferences in this mass range, ICP-MS is
ideally suited for actinide analysis, and has been widely used in this capacity amost since its
commercia inception in the mid-1980s.

The introduction of sector field ICP-MS has further increased its advantage and thus its
application in radioecological studies. Improved ion transmission has dramatically enhanced
both sensitivity and instrumental precision; limits of detection in the low pg L™ range and
isotope ratio precision of 0.1% RSD are routinely achievable, making the technique more
sensitive than radiometrics counting methods for many of the longer-lived actinides.

The IAEA-MEL uses sector field (SF) ICP-MS for a variety of radioecological applications.
Specific examples of these applications will be highlighted.

SF-ICP-MS has been used for measuring plutonium isotopes in seawater and sediments.
Samples are spiked with *Pu as an interna quantitation standard before sample
preconcentration. Special considerations include potential polyatomic interferences, which
can be diagnosed via a decreased-mass peak shift. A desolvating nebulizer is used to
minimize this effect. Higher resolution settings are also a possibility, however the sacrifice in
sensitivity generally makes this option impractical. Table | lists as a typical example the
analysis of “Pu and ?*Pu in IAEA reference materials for radionuclides in the marine
environment.

SF-ICP-MS is aso widely used for severa projects requiring uranium information. Total
uranium is typically measured in al kinds of environmental samples. A recent project
investigating the transport of ?*Th in seawater to assess carbon export also attempted to
confirm the correlation of total uranium with salinity, as has been proposed in other studies
[1]. Optimal precision and accuracy was ultimately obtained by using isotope dilution with
“%U. On other projects, the Z°U/*U ratio is often measured for determining possible inputs
from either enriched (e.g., via the nuclear fuel cycle) or depleted (e.g., armor-piercing
ballistics) sources. A special consideration for uranium isotopic analysis is the dead time of
the detector, which must be accurately measured before beginning an anaysis.
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TABLEI. PU ISOTOPIC RATIOSIN IAEA REFERENCE MATERIALS (RM) FOR
RADIONUCLIDES IN THE MARINE ENVIRONMENT

RM 9y 240py 20py/2%py  Recommended 2*20py
Bq kg Bq kg mass ratio Bq kg

IAEA-134 9.8+0.8 7.7+0.6 0.212 + 0.008 15 (13.8-16.2)
IAEA-135 127+ 4 95+4  0.196+ 0.002 213 (205 -226)
IAEA-381 8.2+0.3 7.1+05 0.242 + 0.022 14.2 (13.2-15.2)
|AEA-384 103+3 16+1 0049+ 0.001 108 (105-110)
IAEA-385 1.9+0.3 1.2+0.1 0.178+0.005 Data not yet available
IAEA-414 0.081+0.008 0.049 + 0.007 0.185 + 0.005 0.120 (0.114-0.130)

* The recommended value (median) of the reference material represents the combined activities of 2°Pu and %°Pu, measured by apha-ray
spectrometry. The 95% confidence interval is shown in parentheses.

[1] CHEN, JH. LAWRENCE, E.R., WASSERBURG, G.J., 28U, U and ***Thin
seawater, Earth Planet Sci. Lett. 80 (1986) 241-251.
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A sector field ICP-MS (PlasmaTrace2) with different sample inlet systems was evaluated for
its ability to measure Pu-isotopes at ultra low levels. Advantages and disadvantages in using
different gas flows, sample uptake rate, sweep frequency and dwell times were evaluated both
with respect to absolute sensitivity and to the precision in determining >*°*Pu?*°Pu ratios. Also
optical instrument settings were adjusted to optimise abundance sensitivity. At maximum
transmission a sensitivity of 5-10 cps/ppq was achieved for 228U using a ultrasonic nebuliser.

At low and ultralow levels of Pur-analysis it is quickly redised that the main limiting factor is
incomplete uranium removal from the final sample. Typical contribution of uranium to the
2%9Py mass window is in the order of some tens of ppm which means that in order to be able to
measure ultralow levels of *°Pu and Pu-isotopic ratios without too much interfering uranium
contribution the levels of uranium in the final sample should preferably be less than a few
pikogram.

Therefore, in order to be able to reliable measure femtogram levels of plutonium a robust
radiochemical procedure was designed. Based upon using small volumes and a final micro
ionexchange column of ethanol-HCI, sufficient uranium removal was achieved. This
procedure has the advantage of producing a final volume which is amost completely free of
uranium. See figure laand b.

The risk of interferences at masses 239, 240 and 242 and potential mass bias was investigated
using a standard with a certified Puisotopic composition and applying it to the same chemical
treatment as the samples. The whole analysis procedure was applied to the Pu-isotopic
composition of a Danish soil representative for nuclear bomb test fallout which resulted in an
obtained **°Pw?**Pu ratio of 0.187 + 0.006.

The somewhat different problems arising when analysing for 2*U/2°U/?°U/28U  and
20TH232Th is exemplified by analysis on depleted uranium and natural soils.
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Separation of trace amount U from Pu.

Before column.

Separation of trace amount U from Pu.
After column.
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FIG. 1. Mass spectra of U and “*Pu before and after passing the micro ion-exchange column.
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Multi-collector Inductive Coupled Plasma Mass Spectrometry (MC-ICPMS) becomes
increasingly important in monitoring environmental contamination, because it allows
detection of long-lived radionuclides at ultra trace levels. High sample throughout combined
with high precision and accuracy, low detection limits for most elements and simultaneous
detection of up to 9 isotopes makes it prior to most other techniques. For homogeneous
samples concentration and isotope composition can be determined with a precision and
uncertainty of usually better than 0.5% using the isotope dilution method, e.g. isotope
measurements relative to awell characterised 233U tracer.

Exposure to low-level radioactive dust released into the environment accidentally or by the
use of Depleted Uranium (DU) munitions in the military theatre demands precise screening of
humans and local environment. Sensitive methods are also needed for monitoring and
understanding the pathway of radionuclides in the biosphere and the human body. Using a
method recently developed at our department it is for instance possible to detect urinary
excretion of DU in the low fg/ml range or at fractions below 0.2% of the total urinary uranium
concentration. This allows to monitor the inhalation of up to a few microgram of insoluble
norntnatural uranium particles in the lung several months or even years later.

As example we will show and discuss results from our study of the uranium isotope
composition and concentration of surface water, topsoil and dust from different sites of
Baghdad, Basra, and the Suweirah farming area. We also analysed urine from people living in
these areas or stayed their for a relative short time. The samples, also including highly
contaminated ones, such as wipes of tank top debris and penetrator channels, were collected
from the Uranium Medical Research Centre field team after coalition operation Iragi Freedom
in early October 2003. Total soil samples, separated soil fine-fractions (< 100 micrometers),
dust and evaporated water samples were spiked with an 23U tracer of well-known
composition and leached in hot agua regia over more than 12 hours at about 100°C.

For the uranium-in-urine method about 500 ml were weighted, acidified with nitric acid to a
pH < 2, and stirred at about 80°C on a hotplate. Uranium was co-precipitated with Cag(POs)2
and the precipitate rinsed several time with ultra pure water, centrifuged and redissolved in
3:1 HNO3:H20, mixture and heated to about 120°C for more than 12 hours in Teflon vessels
in order to destroy remaining organic material. A #*U tracer were added either during
weighing of the total urine volume or to a 2 g aiquot, precisely weight to £ 0.5 mg. To
minimize sample contamination we used only double-distilled acids, 18 Ohm MQ HO and
reagents and beakers, which were thoroughly pre-cleaned before use. A beaker containing
MQ HO instead of urine and an in-house urine standard were always processed alongside
with the samples as procedural blank and reference monitor, respectively.

165



A.Gerdeset al.

Uranium fractions of al samples were purified by ion-exchange chromatography using
UTEVA resin before analysing with a double-focusing MC-ICPMS Neptune equipped with a
retarding potential quadrupole lens and a secondary electron multiplier for ion counting. A
Cetac autosampler and Aridus desolvating nebuliser were used for sample introduction.
Reproducibility of the 2°U/28U, 24U/”BU and 2°U/78U (= 4.5 x 10°®) for a 8ppb NBS950a
solution (n=14) over two days were about 0.1, 0.4 and 5%, respectively. The recovery of U
after chemical purification was usually better than 80% and analytical blanks for the entire
soil and the urine method were below 1 and 6 picogram 238U, respectively. Signal sensitivity
of 0.3-0.4 V ng'ml, negligible ?**U*H" formation and #*®U tailing below 3 x 10® at m/z 236
enables precise detection of 2*°U below 1 fg/gat 2*°U/?®U ratios of below 3 x 10®. Using an
enrichment factor of about 500 for urine the limit of detection for 2°U is about 2 x10'*° g/mL
(0.2 ag/mL) and for 22U about 1 x10**g/ml urine. Accuracy and precision were monitored
using NIST SRM NBL112a and SRM 950a as well as interna urine standards of natural and
depleted uranium composition. The latter were prepared from natura urine very precisely
mixed with uranium solutions made of pure metals. Errors were calculated by propagating the
main error sources, such as uncertainties of all applied corrections and the reproducibility of
the NBL112a.
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Mayak Production Association, East Ural, Russia was established in the late 1940s to produce
weapons-grade plutonium. Routine discharges and accidents at Mayak PA contaminated large
areas with radionuclides, including the Techa River. When the scale of contamination became
apparent a cascade of artificial reservoirs was constructed to store liquid wastes, hold back
contamination and significantly reduce the amounts of radionuclides entering the Techa
River. Reservoirs 10 and 11 (dams constructed in 1956 and 1963, respectively) are the largest:
Russian total inventory estimates in 1993-1995 were 6.6 PBq and 1.2 PBq for Reservoirs 10
and 11, respectively [1]. These reservoirs are expected to have been influenced by more
recent discharges from civil reprocessing. However, Techa sediments and riverbank soils,
notably in the boggy Asanov Swamp downstream from Reservoir 11, are expected to contain
artificial radionuclides from previous direct discharges associated with the production of
weapons-grade plutonium.

The present work was designed to study atom ratios for U and Pu isotopes in water, soil, grass
and aguatic biota samples collected in 1994 and 1996 from Reservoir 11 and the Asanov
Swamp area. The study had three objectives: to generate new data in the form of 23°U/Z°U
atom ratios to help clarify the nuclide source characteristics in the studied areas; to confirm
sediment and water 2°Pu/*°Pu atom ratios found in the literature for Mayak PA and
supplement them with new ratios for biota samples;, and lastly, to estimate concentration
factors (CF) for the different biota in the studied area.

Atom ratios €3°U/7®U, 2PU/BU and 2*°Pu/?°Pu) were determined using Accelerator Mass
Spectrometry (AMS) to confirm radionuclide source characteristics and calculate activities
and concentration factors for the studied samples. °U/”°U ratios give information about
nuclear fuel burn-up time; 2*°U/?°U ratios increase from weapons to civil sources. Plutonium
isotope ratios vary with reactor type, nuclear fuel burn-up time, neutron flux and energy; and
from weapon type and yield after nuclear detonations. 2*°Pu/>*°Pu atom ratios enable weapons
grade Pu (ratio of 0.01-0.05) to be distinguished from civil reprocessing (ratio of 0.2-0.8) and
global fallout (ratio of 0.17-0.19).

Our new data shows that Asanov samples had lower 2°U/?°U ratios than Reservoir 11
samples. 0.0005 - 0.0045 for Asanov compared with 0.0074 - 0.0153 for Reservoir 11
indicating that Asanov samples are affected by early discharges from weapons-grade Pu
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production. Results for Pu support this: The lowest 2*°PuW/?**Pu atom ratios were consistently
found in Asanov Swamp samples (about 0.019) while 2*°Puw?**Pu atom ratios in Reservoir 11
were higher, indicating influence from more recent civil reprocessing. Uranium and
plutonium concentration factors calculated for vegetation and biota samples at Mayak were
comparable with corresponding values found in the literature.

0 UP**y atom ratios

0.018
0.016 4 {»
0.014 4 “|;

0.012 4 + ‘E

0.01

0.008 1

0.006 1

0.004 1
0.002 1 |—x—‘
o I_EI = |_=-| 1.

Water, Ap\aceae Juncaceae,  Soil (A), Soil (B), Grass (A) Grass (B), Water, Mussel, Pike bone, 5 Roach,
Asanov Asanov Asanov Asanov Asanov Asanov Asanov Res. 11 Res. 11 Res. 11 Res. 11

FIG. 1. Atomratios for 2°U/?°U. Error bars show 10 % uncertainty.

240, 239
Pu/““Pu atom ratios

0.48

0.44
0.4
0.36 1
0.32 1 Civil
0.28 -
0.24 1
0.2 1
Fallout

0.16 1

0.12 1

OlO:- |—E| |—E| I |—I—| |—I—| ’J[‘ ﬁ ﬂ e

Water,  Apiaceae, Juncaceae, Soi \(A) Soil (B), Grass(A) Grass(B), " water Res.  MusselRes.  Pike bone 5 Roach Res.
Asanov  Asanov  Asanov anoy Asanov Asanov  Asanov 1 1n Res.11
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[1] JOINT NORWEGIAN-RUSSIAN EXPERT GROUP (JNREG), Sources contributing to
radioactive contamination of the Techa River and areas surrounding the ‘Mayak’
production association, Urals, Russia. Programme of the Joint Norwegian-Russian
Investigations of possible impacts of the Mayak PA activities on radioactive
contamination of the Barents and Kara Seas, INREG, @steras (1997).
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The activity concentrations as well as the activity and atomic ratios of the Pu and Am isotopes
in different szes of the soil sampled around BOMARC Missile Site were obtained by
radiochemical analysis. The association pattern between the actinides and soil particles was
investigated using a spherical model of a particle size with a variable radius. From the activity
and atomic ratios of Pu and Am, the origin of the Pu and Am isotopes was identified in the
BOMARC Missile Site soil.

Plutonium is one of the transuranic elements which is primarily present in the environment as
a result of human activity, namely as the fallout from nuclear weapon testings during the late
1940s through to the early 1960s, and accidental releases due to military mishaps. One
particular mishap occurred in 1960 at McGuire Air Force Base in New Jersey, when a Boeing
Michigan Aeronautical Research Center (BOMARC) missile caught fire and the warhead was
partially melted by the fire. Although the missile did not explode, subsequent fire fighting
activities cortributed to the disperson of weapons grade plutonium into the local
environment.

Soil samples around BOMARC site were taken to a depth of 2 inches by the U.S. Air Force
Ingtitute for Environment. The soil samples were blended and homogenized in a soil tumbler,
and subdivided into approximately 20-gram samples. Grain size fractions were determined
with sieves. Determination of 23%%%py, 28py, 241py, 2*1Am and 22U was performed using a
radiochemical method. After adding 2**Pu, ***Am and #*?U tracers, atotal of a 2 g ashed soil
sample was dissolved with concentrated HNO3z and HF and evaporated to dryness. Dissolution
in HNO3/HF was repeated and again evaporated to dryness. The residue was dissolved in 9 M
HCI. After filtration, the solution was passed over an anion exchange column (chloride form)
to which the Pu was sorbed. The columns were washed with 9 M HCI followed by 8 M
HNOs. This effluent was evaporated to dryness and reserved for subsequent separation of the
Am and U isotopes. Pu was eluted with 0.36 M HCI / 0.01 M HF. The Am and U residue was
dissolved in 2 M HNOs. Samples were loaded onto TRU Spec columns, after the TRU
columns were conditioned with 2 M HNOs. The columns were washed with 2 M HNOsz and 9
M HCI. The Am fraction was eluted with 4 M HCl U was eluted with 0.1 M ammonium
oxalate solution. The Am fraction was purified with anion exchange resin that had been
previously conditioned with 1 M HNO3; — 93% CH3OH. The purified Pu, Am and U isotopes
were electroplated on stainless steel platelets anxd measured by an apha spectrometer. For

measuring the 241Pu, Pu isotopes electrodeposited onto the stainless steel planchet were
dissolved in 8 M HNO, and purified with an anion exchange column. The purified Pu

isotopes were subjected to the 241Pu measurement by a low background liquid scintillation

169



M. Leeet al.

counter. Also, the atomic ratios of 240W239Pu were measured by a high resolution inductively
coupled plasma mass spectrometry.

The activities of 2°24°Py and 2**Am were apparently increased with a decreasing particle size
of soil due to an increasing surface area, and the fitted values for these isotopes were
correlated well with actual measured values ¢%?*°Pu; 0.994, *!Am; 0.992). This result
suggests that most of the Pu and Am isotopes are fixed to the soil as a surface coating. The
fitted values of 22U did not correlated well with the measured activities of 22U (R?; 0.588),
which implies that a significant fraction of the U may be partitioned into the soil matrix rather
than sorbed onto the particle surfaces.

The activity ratios of 238Pu/zgg'moPu in different particle sizes of the BOMARC soil were
found to be in the range of 0.018 to 0.033 with a mean value of 0.024, which is lower than the
reported value gO 04) influenced b%/ the SNAP-9A satellite accident in 1964. The activity
241 9240 241 39,240

ratios of Any Pu were measured in the range of 2.87 to 3.52 and
0.15to 0.24, respectlvely. These values are a little lower than the recently reported activity
ratios influenced by the falout from the nuclear weapons test. Also, the atomic ratios of
240PLJ/239Pu in the BOMARC soil were found to be in the narrow range of 0.0559 to 0.0594
with a mean vaue of 0.0576, which is close to the value (0.05) of the weapon grades
plutonium rather than the fallout value (0.18) influenced by the nuclear weapons test.
Therefore, as aresult of the act|V|ty ratlos of 238Pu/239240 241Pu/239240Pu and 241Am/2 % 240

aswell as the atomic ratios of Pu/ Pu the Pu and Am isotopes detected in the BOMARC
soil originated from the weapons grade plutonium rather than the nuclear weapon testings.
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It has been proved that noble gases stable isotope abundance measurements provide a tool for
detecting reprocessing activities of nuclear fuels [1-3]. Gas releases will significantly modify
the natural isotopic ratio of xenon in the air surrounding the nuclear material. Moreover, it has
been shown that specific parameters such as burnup and reactor type can be determined
thanks to high precision mass spectrometry [4, 5]. Nevertheless, these high cost instruments
require skilful staff and tedious analytical procedures. On top of that, concentration of xenon
from the air is needed as initial xenon concentration in the sample is below 100 ppb. The am
of the work presented here is to carry out simple, fast and accurate xenon isotopic abundance
measurements on air sampled at atmospheric pressure in the vicinity or inside a nuclear
facility. Moreover, these measurements must be performed without purification and pre-
concentration by gas chromatography, with a mass spectrometer available in our laboratory,
easy to handle for us and at a reasonable cost.

Until now, attempts for xenon isotopic measurements by quadrupole mass spectrometers with
electron impact source have not been successful [6, 7] because of alack of accuracy, alack of
sensitivity or elevated background noise of those instruments. As a matter of fact, we had
disappointing results with our first trials in our laboratory with a quadrupole mass
spectrometer Hiden HPR-20 (Warrington, England) dedicated to gas analysis and equipped
with an electron impact ion source. The xenon isotopic abundance measurement is hindered
due to alack of sensitivity and interferences arising from organics. Therefore, we tested other
types of mass spectrometers with various ion sources available in the laboratory, especially
ICP-MS (Inductively Coupled Plasma - Mass Spectrometer), which is largely used in the
laboratory for low-level actinide measurements. As the induction plasma is a powerful
ionization source, ICP-MS hes a great potential for noble gases isotopic measurements [8].
Furthermore, introduction of gaseous samples can be performed easily through a simple
modification of the sample introduction system.

The authors will discuss performances, advantages and limitations of these various types of
mass spectrometers for isotopic abundance measurements for xenon, and, in the special case
of ICP-MS, will give estimations of the ionization efficiency of xenon depending on plasma
physical parameters. Besides, measuremert of accurate xenon isotopic ratios requires
correction from polyatomic and isobaric interferences, especially hydrides of xenon, and
correction for the mass discrimination phenomenon. Therefore, the authors will present a
method for interferences and mass discrimination correction. Moreover, the authors will aso
evaluate the extent of the memory effect and give details of calculation with uncertainty
budget.
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Sample matrix effects on mass discrimination during inductively coupled plasma mass
spectrometry (ICP-MS) isotope ratio measurements are rarely reported. However, they can
lead to errors larger than the uncertainty claimed on the ratio results when not properly taken
into account or corrected for. For instance, up to 1% matrix specific effects were experienced
during an isotope dilution mass spectrometry campaign we carried out for the certification of
the Cd amount content in some food digest samples (7% acidity and salt content around

450ng g1 [1].

Specific nuclear safeguards programs were designed for the monitoring of declared and nor
declared nuclear activities and important efforts are currently deployed to better understand
the consequences on human health of the dispersion of depleted uranium in the environment.
The interest in developing and/or improving measurement capabilities for uranium isotope
raios and uranium content in environmental and biological samples has therefore
considerably increased in the last decade [2]. However, procedure validation is rarely
addressed with these developments even though, for instance, nondisputable uncertainty
statements are absolutely crucial to underpin correctly the important decisions of political,
economical, military or medical nature that @n arise from these results. This is why we
produced simulated urine samples (complex matrix made of organic and inorganic
components) with certified n(>**U)/n(>*2U), n(*°U)/n(*8U) and n(**°U)/In(*8V) ratios. These,
which will eventually be commercialy available for validation purposes, will first be used as
test materials for an internationa interlaboratory comparison organised by IRMM and this
exercise, named NUSIMEP-4 and open for participation to anyone [3].

This presentation will introduce magnetic sector-field inductively coupled plasma mass
spectrometry (ICP-MS) uranium isotope ratio measurements on real human urine samples and
in the NUSIMEP-4 test materials. These were carried out respectively with two different
types of instruments, a single detector (SD) “high resolution” ICP-MS and a multiple
collector (MC) ICP-MS. Our results illustrate the importance of carefully adapting the sample
preparation and measurement calibration strategies to meet the uncertainties targeted for the
end results. The analytical protocol originally developed included a microwave assisted acid
digestion step, a matrix separation step by extraction chromatography on U TEVA resin and
an acquisition step by SD-ICP-MS using the IRMM-184 isotopic certified reference material
to correct externally for mass discrimination effects. This combination proved to be fit for the
purpose of getting ~ 2.5% combined uncertainty (U, k = 2) on n(*®U)n(**®U) ratio
determination in real human urine samples at ultra low uranium levels (~ 5 — 20 pg g4) [2].
The same protocol was investigated for MC-ICP-MS measurements and simulated urine
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samples containing ~ 250 to 1000 times more uranium. Repeatability on MC-ICP-MS
measurements can be as good as 0.02% (simultaneity of the signal acquisition) and thus the
expectation was that this would result into an important reduction of the overall measurement
uncertainty. However, our results show that it is not possible to get even 0.2% U. As
described in the Figure below, this is mostly due to uncorrected small size matrix effects
becoming “visible” thanks to the performance achievable with the MC-ICP-MS. Hence, the
strategy of sample preparation and/or of instrument calibration must be reviewed to account
for these effects, correct for them and quantify the uncertainty arising from these corrections.

Typical Uc = 0.05% (k=2
1.005 4 P 2
5 1.003 A
@Q
m\_/
c
= 1.001 1 [ f
: t [ t
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GSMS i |+ UTEVA | i |+ Evaporation| i
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FIG. 1. Comparison of results obtained for different types of sample matrices, and corrected for mass
discrimination in 2 different ways. first, with IRMM184 in matrix-matching conditions (black
diamonds), second with IRMM184 in 3% HNO; matrix (blue squares). The two results obtained for
Mixt-X1 are superposed.

[1]  Spectrochim. ActaPart B 58 (2003) 1553-1565.

[2] Environ. Sci. Techn. 38 (2004) 581-586.

[3] WELLUM, R, et d., NUSIMEP: an externa QC programme for measuring nuclear
isotopes in environmental samples (these proceedings).
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Direct uranium isotopic determination by ICP-MS on sweeps samples have been successfully
tested on interlaboratory exercises carried out by the US-DOE. However, to determine
uranium (28U, ?°U and #*U) and thorium (3Th and 2°Th) isotopic composition in
environmental samplesit is necessary to include analytical steps aiming the matrix separation
and the pre-concentration of these radionuclides. On the ather hand, there is a need to reduce
the manpower involved on our laboratories. Therefore, the use of the flow injection technique
coupled to a quadrupole ICP-MS was investigated due its potential further automation. >2°Th
and 2°U were used as isotopic tracers and UTEVA (Eichrom Technologies Inc.) cartridges
were applied as atool for uranium and thorium concentration and matrix separation. About 10
mL sample solution (3M HNOs) is pumped through the cartridge, follows a washing step, also
with 3M HNO;3, and uranium and thorium are eluted together using a 0.05 M ammonium
oxalate solution.

Due to its short half-life, the method was tested for 2*U and °Th determination. It was used
a standard reference soil sample (IAEA-327), with 31.9 Bq kg* 2%*U and 34.1 Bq kg* Z°Th.
Four one gram aliquot samples were taken and completely dissolved by HNOs/HF/HCIO4 and
tetraborate fusion of the remaining residue. The observed mean concentrations were 34.6 Bq
kg! and 31.5 Bq kg*for 22*U and #°Th, respectively, with a bias of 8.6% and —7.6% and a
relative standard deviation of 2% for both radionuclides.

Six blank samples, including the 2*°Th and 2*°U spikes, were analyzed and, based on the
observed results, the detection limit (LD), the quantification limit (LQ) and the background

equivalent concentration (BEC) were calculated. The results, for one gram sample, are shown
below (Tablel).
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TABLE|. ACHIEVED DETECTION LIMIT (LD), QUANTIFICATION LIMIT (LQ) AND
BACKGROUND EQUIVALENT CONCENTRATION (BEC), BASED ON ONE GRAM
SAMPLE

Radionuclide LD LQ BEC

“*Th 045pgg™; 0.35mBqg” 15pgg;1l2mBqg. 12pgg; 0.86 mBqg-

el 0.22pgg"; 0.05mBqg"® 0.75pgg’; 0.17 mBgqg* 0.56pgg’; 0.13mBgg™”

The developed procedure were applied to five grams aliquots of three different samples of
Anadara notabilis (Roding, 1798) shells taken from the from Araruama Lagoon, Rio de
Janeiro, and 2*°Th/3*U ages of 3450, 3550 and 3900 years were obtained, what corresponds
to the Holocene period and are coherent with the krown origin of the lagoon [1].

[1] TURCQ, B., MARTIN, L., FLEXOR, JM., SUGUIO, K., PIERRE, C., TASAYCO-
ORTEGA, L., "Origin of the Quaternary Coastal Plain Between Guaratiba and Cabo
Frio, State of Rio de Janeiro, Brazil", The Fluminense Lagoons (BIDONE, E.,
KNOPPERS, B., Eds), Universidade Federal Fluminense Press, Niteroi, Brazil (1999)
(ISBN 8587468014).
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A new methodology for bromine stable isotope determination by Continuous-Flow Isotope
Ratio Mass Spectrometry (CF-IRMS) was developed. The technique was investigated on
inorganic samples. The system used in this study is an IsoPrime IRMS, with capabilities of
both Dual-Inlet and Continuous-Flow modes coupled with HP 6890 Gas Chromatography
(GC) and equipped with a CombiPAL autosampler.

| sotopic characterization of bromine isotopes could be a powerful tool of determining sources
of formation waters and determining geological and hydrogeological processes especialy if it
is used in conjunction with other isotopes such as chlorine stable isotopes.

There are two different techniques currently used for bromine stable isotope determination,
dua-inlet IRMS [1] and Thermal lonization Mass Spectrometry (TIMS) [2]. This study
represents the first attempt to measure bromine stable isotopes by using a CF-IRMS
technology.

In this technique, the bromine isotopic composition is being determined by analyzing methyl

bromide (CH3Br) gas. CH3Br gas is prepared by reacting 1 mg of silver bromide (AgBr) with
100 pL of methyl iodide (CHsl) in 20 ml gas tight amber vials. CHsl is added to the vialsin a
glove bag flushed with helium few times and kept filled with helium during the course of vial

preparation by applying a steady flow of helium to the glove bag. Once vials are prepared,

they are placed in an oven at 80°C for 48 hours for the reaction to occur. Once the reaction is
completed, vials are moved to the autosampler tray and analyzed for bromine stable isotope
determination. 400 uL of sample is injected into the GC, where CH3Br is separated from CHal

using a DB-5MS capillary column (Length 60 m, ID 0.32, Film 1um). Separated CHsBr gasiis
passed to the IRMS to be measured for bromine stable isotopes, while CHsl is directed to the
FID on the GC.

Due to the toxicity of the CHzBr gas used for the analysis of bromine stable isotopes, one of
the reservoirs on the dual-inlet system is used to provide the reference gas, instead of using a
reference gas tank.

The precision achieved in this study using this new technique compares very well with the
previous two techniques with a standard deviation better than 0.13 %o.
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Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) can be used to
determine the trace elements and isotope ratios of various matrices in bulk or spatially-
resolved analysis. As sample resolution is high (=10 um) it is possible to obtain simultaneous
analysis of a suite of isotopes within single growth bands of marine skeletal CaCOs3 based
organisms such as cora. This allows the determination of various environmental tracers
within a single coral skeleton such as Sr/Ca and Mg/Caisotopes for past temperature records,
Ba/Caratios for oceanic upwelling events and fresh water inputs and Pb isotopes for assessing
historical environmental inputs.

This poster addresses two main questions relating to the SAMS LA-ICP-MS set up. Firstly,
can we obtain accurate isotope ratios of coral and secondly, is it possible to determine
accurate quantitative concentrations of trace elements.

A variety of laser ablation systems exist using different wavelengths such as the Nd:YAG 266
nm, 213 nm and excimer 193 rm. Each system exhibits different ablation behaviour during
analysis such as non-stoichiometric ablation (elemental fractionation) and matrix matching
depending on the sample type 2. The Nd:YAG 266 nm has been shown to accurately
determine trace elements in silicate matrices, when matrix- matched standards are applied.
There has been evidence that this wavelength does not produce accurate data of CaC0Os based
material when silicate glass standards have been used * . To date, there are no commercial
matrix matched standards available for corals.

The extent of these inaccuracies has been determined by analysing a pressed pellet of coral
material with a 266 nm laser and calibrating it against silicate glass standards (NIST 612 and
610) and comparing this to the solution ICP-MS data of the same sample. The pressed pellet
of coraline materia was produced by The United States Geological Survey (USGS) yet is
still in the testing stage; elemental concentrations and homogeneity are not yet certified. The
solid state anaysis has then been compared to that determined using matrix- matched
calibration standards. This same format of analysis has also been applied to a thin section of
coral. Both illustrate the necessity to matrix match the calibration standards with the sample to
determine accurate, fully quantitative data. However, not al elements respond to the matrix
matching in the same way for example, Cr, Sr, Ba, Ce, and Sm are consistently at least 2
orders of magnitude greater in concentration when calibrated with the NIST glasses, yet arein
close agreement with other laboratories* concentrations when calibrated with a matrix
matched standard. Other elements such as Cu, Zn and Cd appear to be less affected by the
matrix (Tablel.).
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TABLE |. COMPARISON OF ELEMENTAL CONCENTRATIONS OF THE CORAL
PELLET (MACS1) BETWEEN THE INTRALABORATORY STUDY AND THOSE
DETERMINED BY THE SAMS 266 NM LASER USING MATRIX MATCHED AND
SILICATE GLASS STANDARDS FOR CALIBRATION. CONCENTRATIONS IN pg g*.

Coral Pdlet ID 2cr ®cy %zn %g Mg ¥pa ce ¥gm

Intralaboratory data 130.2 1644 1048 1645 114 1019 1343 13

Matrix matched

calibration 1329 168.7 106.7 166.2 111.6 1024 134.6 12.78
NIST glasses

calibration 349.6 155.8 134.8 370.8 168.3 424.8 297.3 414.6

The Sr/Mg ratios of coral samples have been determined by solution ICP-OES and LA-ICP-
MS. The comparison of these generated isotope ratios is discussed.

* Selected |aboratories are taking part in an intralaboratory study analysing a coralline pressed
pellet prepared by USGS using 5 different analytical techniques.

[1] HORN, I., GUILLONG, M., GUNTHER, D., Wavelength dependant ablation rates for
metals and silicate glasses using homogenised laser beam profiles — implications for
LA-ICP-MS, Appl. Surface Sci. 182 (2001) 91-102.

[2] GUILLONG, M., HORN, |., GUNTHER, D., A comparison of 266 nm, 213 nm and
193 nm produced from a single solid state Nd : YAG laser for laser ablation ICP-MS, J.
Anayt. Atomic Spectr. 18 10 (2003) 1224-2003.

[3] BELLOTTO, V.R., MIEKELEY, N., Improvements in calibration procedures for the
quantitative determination of trace elements in carbonate material (mussel shells) by
laser ablation ICP-MS, Fresnius J. Anal. Chem. 367 (2000) 635-640.

[4] SINCLAIR, D.J.,, KINSLEY, L.P.,, MCCULLOCH, M.T., High resolution analysis of
trace elements in corals by laser ablation ICP-MS, Geochim. Cosmochim. Acta 62 11
(1998) 1889-1901
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It iswell known that direct analysis of seawater by means of inductively coupled plasma mass
spectrometry (ICP-MYS) is hardly possible because of the sadt load in the samples.
Determination of the element content at ultratrace level in openrocean water requires a
separation from the matrix associated to significant concentration factors. For iron, an isotope
dilution (ID) ICP-MS method was proposed [1] based on a multiple steps protocol, including
a co-precipitation with magnesum hydroxide after ammonia loading and consecutive
dissolution with hydrochloric acid. To be able to measure the iron content in the low pg g*
range a correct assessment of the analytical procedural blank is of crucial importance. Not
only this blank must be low, but also realistic (i.e. based on complete analytical sequence
applied to real iron free seawater) and reproducible. This is particularly difficult considering
the ubiquity of iron and the complexity of the seawater matrix and, despite years of
experiments and publications, this remains a fundamental analytical challenge and a great
source of complexity for the realisation of reliable profiles of dissolved iron data.

The present study considers different approaches we developed to assess, in a redlistic way,
the procedural blank of the IDMS method proposed by Wu and Boyle [1]. Our aim was to
reproduce the full set of experimenta steps involved in the determination of iron in seawater
by IDMS at the nM level or below. Our results are evaluated in the light of those claimed by
Wu and Boyle [1] who use ~4%-sample volume for their procedural blank determination. The
results they present are rather convincing. However, downsizing by a factor of ~25 the sample
volume not only minimises sample-tube contact and labware contribution to the blank, but
results as well in a different set of operations and manipulations. These changes in the
analytical protocol can easily lead to nontrealistic procedural blank values. This is illustrated
in the Figure at the end, where we reported our findings in term of relative contributions to
our procedural blanks. Manipulations are by far the largest contributor as they contribute for ~
50% of the total. Reagents, and particularly the nitric acid used to acidify the sample, and
instrumental background come after with respectively nearly 25% and 20% of the
contributions.

The ICP-MS measurements were performed by means of a single collector double focusing
instrument ThermoFinnigan Element2 at medium mass resolution, to resolve the isobaric
interferences from argon-oxide based ions on iron isotopes. ‘Mass offset’ and ‘Lock Mass
settings of instrument software were enabled. Obtained data were filtered by means of a
spreadsheet program to remove peak spikes, which were not associated to the analyte but to
matrix effects. Data were then further processed as described by Tred et a. [2] to avoid
generating biases associated to the software peak integration routine.
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Apart from the centrifugation and the ICP-MS steps al the experiments were carried out
under class-10 ultra-clean room conditions. Only ultra-pure reagents and water were used for
sample preparation and treatment. Multisteps-procedure, including diluted ethanol, nitric and
hydrochloric acid, and ultra-pure water, was applied for labware cleaning prior to its usage for
sample preparation.
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FIG. 1. Breakdown of the relative contributions to the blank corresponding to analytical procedure
implemented for the determination of Fe in seawater.

[1] WU, J, BOYLE, E.A., Determination of iron in seawater by high-resolution isotope
dilution inductively coupled plasma mass spectrometry after Mg(OH), coprecipitation,
Anal. Chimica Acta 367 (1998) 183-191.

[2] TRESL, I|., QUETEL, C.R., TAYLOR, P.D.P., Solution to data integration problems
during isotope ratio measurements by magnetic sector inductively coupled plasma mass
spectrometer at medium mass resolution: application to the certification of an enriched
33Cr material by isotope dilution, Spectrochim. Acta B 58 (2003) 551-563.
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Intertidal environments of the Irish Sea are spatially complex and dynamic systems. The
ability to understand and monitor these environments is fundamental to a variety of industrial,
regulatory and government bodies. Intertidal estuarine environments often represent sinks and
sources for industrial discharges. The ability to map the fate of these discharges through
remote sensing provides a powerful tool in environmental monitoring and is critical in
understanding their redistribution. This study focuses on the Ribble estuary, Lancashire, UK,
which is accumulating elevated radionuclide concentrations discharged under license from
BNFL Sellafield and Springfields. This paper presents the results from a series of
investigations which demonstrate: i) that conventional airborne remote sensing using the
Airborne Thematic Mapper (flown by the UK’s Natura Environment Research Council)
combined with sophisticated image analysis and ground truthing could be used to
quantitatively map intertidal specific activity concentrations of anthropogenic radionuclides
derived from BNFL Sellafield (r*>0.8); and i) that time series imagery flown over tidal
sequences can be used to identify sources of radionuclide bearing sediments, characterise the
hydrodynamic features of the estuary and quantify fluxes of sediment and radionuclides over
tidal cycles.
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Following their accidental discharge in the 1960s, small fragments of radioactive fuel reside
in the nearshore sediments off the fast breeder nuclear facility at Dounreay in the north coast
of Scotland. As part of a wider programme of site decommissioning and environmental
clean-up, UKAEA have invested heavily in monitoring and retrieving particles from the beach
and offshore environment. Over 1000 particles have so far been safely retrieved. The
majority of these have been retrieved by divers using hand-held plastic scintillator probes to
locate them. In recognition of the continuing risk to divers in this difficult environment,
UKAEA are now testing the effectiveness of low-resolution detectors (sodium iodide) to
locate and map particles in the seabed.

Between the 1% and 16™ of September 2003, Fathoms deployed a frame-mounted sodium
iodide gamma detector in the offshore environment at Dounreay. In several different survey
areas, nearly 1300 gamma spectra were obtained. The detector was used in static mode for
this trial, although it is recognised that this is not an efficient way of locating dispersed
particles.

Measurements taken in an area where towed plastic detectors had found large variation in
total count rates (termed the ‘anomalous zone’) showed that there was a direct correlation
between gross (total) counts and the relative contributions from KUT (*’K, U-series and Th-
series radionuclides). Thus, large caches of particles are not responsible for the factor of 3-4
increase in count rate in this area.

General background count rates over a wide area appear to be quite constant over open sand,
~ 50-70 cps for the counting geometry used. Count rates can be lower or higher than this in
other areas e.g. near rock outcrops (100 cps) and over different sediment types (20 — 120 cps).
Natural variations in KUT content can raise the count rate to at least 250 cps e.g. in the
‘anomalous zone’. When the detector was set to approach a shallow buried particle, the gross
count rate climbed to hundreds of cps at around 40 cm distance and reached tens of thousands
of cps immediately above the particle. A peak due to *’Cs was preserved in the spectra,
acquired over 3 minutes, out to a distance of 45 cm and provided unambiguous particle
identification — Figure 1. Particle detection was provided to greater offset distances, but
without a "*’Cs peak is not unambiguous given the natural variations in background count
rates.
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FIG. 1. Gamma spectrum of a buried Particle at various offsets: 0, 15, 30, 45cm and comparison with
background spectrum. Log scaling. Counts normalised to 180 seconds acquisition.

Using the detector system in an ‘alarm’ mode demonstrated it’s high sensitivity; it was as
least as sensitive as the diver’s probe but with the added benefit of discriminating natural and
artificial radionuclides. In alarm mode, the device will trigger almost immediately the detector
i1s moved into the edge of the radiation field around a buried particle and a spectrum will be
recorded for the duration of the trigger. Controlling the movement of a detector over the
seabed, setting up the system in alarm mode and using a larger sodium iodide detector will
provide an opportunity to map particle locations. Fathoms are now building an inexpensive
ROV to be equipped with a much larger detector. Offshore trials are planned for
August/September 2004 and some results from this work could also be available for this
presentation.
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To explore the potential of isotope techniques for studying water balance and dynamics of the
Caspian Sea two research training cruises were carried out, in late summer of 1995 and 1996,
respectively, within the framework of an IAEA technical co-operation project [1].
Unfortunately during these expeditions there is a highly important aspect of the problem of
maintaining of ecological balance which is covered insufficiently. This is a composition of
seabed's radiational situation map. This question gains the special importance for exploitation
of closed systems, which include also the Caspian Sea. The problem is that the Caspian Sea
unlike to other water basins possessing rich deposits of hydrocarbon raw materials (e.g. the
Mexican Gulf, the North Sea, the Persian Gulf), is a closed type bio-ecological system, where
the rigid balance of hydrosphere, biosphere and especially of geological structure of seabed is
existed. The violation of any of these components can lead to practically irreversible
processes, and as a result, to ecological catastrophe. Realization of gamma survey of seabed
makes it possible to determine initial background of seabed's gamma field at the beginning of
well drilling work. Further periodical monitoring of radiational situation will be based on
results of initial condition of seabed's gamma-field. By this purpose we developed an original
complex for determination of percentage content of major components of gamma field,
namely, of natural radio-nuclides U-238, Th-232 and K-40 in three working energetical
windows: 1.65-1.85 MeV 2.5-2.8 MeV and 1.35-1.55 MeV using calibration on isotope Cs-
137 (0.662 MeV) (Fig. 1). Complex will consist of two parts; underwater part and ship s part

(Fig. 1).

The detection unit is standard scintillation block developed on the basis of monocristal NaJ
(T1). having sizes 150 x 200 mm, protected by sealed water-tight underwater housing made
of sheet of steel, having width equal to 10 mm, designed for pressure up to 100 atm, i.e. for
depth nearly equal to 1000 m. A cable-rope with length equal to 1000 m connects this
underwater housing with ship's winch. The underwater housing is mounted on the carrying
frame of transportation structure, pulled by towing cable-rope along the seabed. Gamma
survey is carried out on the basis of landscape map of seabed of determined area /2/. An on-
board computer carries out detailed processing of information about percentage content of U,
Th and K at the given point, received from the seabed. Reliability and possibility of long time
period of continuous work of proposed device allows to carry out mapping of area's
radiational situation at the sea conditions along predetermined route, the coordinates of which
are determined by high-precision navigational satellite system DGPS. Data received from
synchronous measurements of radiational background and geodesy coordinates are brought in
to on-board computer's date base. The special software of processing make it possible to
develop the map of radiational situation of pre-arranged scale for determined area and to
record the initial condition of environment at the moment of measurement.
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FIG. 1. Structure of underwater gamma-spectrometer.

As a result, these maps make it possible to decide two problems. The first is an ecological
problem. Successful introduction of oil contracts last years, on the other hand, create the
conditions for sharp increase of the deep oil platform’s refuses to the Caspian Sea. But that, in
its turn, become the reason of an increase of seabed’s natural radioactive background. The
second is oil and gas deposits exploration. Researches have shown that natural radioactive
background existing over the oil and gas deposits contours is approximately 3-5 times low
than that of other areas. The reason is that speed of leakage of radionuclides to upper layers in
oil, is comparatively low. This process causes the shortage of such natural radionuclides as
uranium, potassium and thorium, in upper layers of seabed. The contours of oil and gas
deposits situating in depth of seabed may be accurately determined using developed maps [3].

[1] FROEHLICH, K., ROZANSKI, K., POVINEC, P., OREGIONI, B., GASTAUD, ]J.,
Isotope studies in the Caspian Sea, Sci. Total Environ. 237/238 (1999) 419-427.

[2] BAYRAMOV, Z.T., "Devices Designed for Radiation Monitoring and Marine Gamma
Survey in the Azerbaijan National Aerospace Agency", II Eurasian Conference on
Nuclear Science and Its Application Abstracts, NATO Advanced Research Workshop:
Environmental Protection Against Radioactive Pollution, Almaty, Republic of
Kazakhstan, September 16-19, 2002.

[3] AGAYEV, F., BAYRAMOV, Z.T., RZAYEV, E.A., FRANTSEVA, V.V, KERIMOV,
F.N., Marine Gamma Survey (Proc. ASPG/EAGE Int. Conf. Petroleum Geology and
Hydrocarbon Potential of the Caspian Sea & Black Seas Region, Baku, May 2002).
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Since May 1996, groundwater monitoring ¢?°Rn, pH, electrical conductivity, pressure of
dissolved gases and temperature) at the Gran Sasso Naiona Laboratory of the Nationa
Institute for Nuclear Physics has been performed by a multiparametric equipment [1].

The automatic multiparametric equipment is made of stainless steel with pneumatic valves
and it consists of a system for groundwater geochemical analysis (temperature, electrical
conductivity, pH) and extraction of dissolved gases (pressure of dissolved gases) and of a
detection system for alpha radioactivity due to the decay of radon and its daughters ¢*®Po,
214pg). The groundwater analyzed flows in a tube introduced into the rock down to a depth of
about three meters and a sampling period of twelve hours has been selected [1]. The
measurement site is located at the Gran Sasso National Laboratory near the main overthrust
fault, and, particularly, in the well drained cretacic formations

This monitoring activity is amed to better define the geophysical and geochemical properties
of the Gran Sasso aquifer, the most important of centra Italy, and its radon variation
source(s). The hydrological system is CaMg(COsz),-CO»-H20O with a high dynamics behaviour
due to high permeability of cretaceous limestones.

From the analysis of the raw data may be observed: a) the groundwater temperature is
characterized by a mean deviation of 0.2 °C; b) the electrical conductivity had a small range
of variability of the order of 0.2 mS/m but two spike-like events occurred in October-
November 1996 and August-September 1998, respectively; c) during the period from
September 1996 to March 1997 pH increased of 0.4 pH units [about 5% of Average
Background Vaue (ABV)], then from April 1997 to August 1997 a pH buffering effect
occurred, and then decreased to its initia value in November 1997; d) a spike-like event of
radon content in groundwater in November 1996 occurred. Furthermore, the mean value of
the 222Rn from January 1997 to March 1997 decreased (about 3% ABV), then from April
1997 to September 1997 decreased (15% ABYV), and then increased (September 15th, 1997)
till November 1997 (about 16%-14% ABV).

The occurrence probability of hydrogeochemica spike-like anomalies has been estimated
with a time series approach and has been computed avoiding the influence of non tectonic
factors, i.e. meteo-climatic and stratum parameters. Then, selecting an autoregressive linear
model to describe the residual time series, the presumed anomalies on the white noise series
obtained were identified when the modulus was greater than three times the estimated
standard deviation [1].

In order to correlate the groundwater chemical-physical spike-like anomalies with seismic
activity, we estimated the e deformation parameter [2] in an area of 150 km from
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measurement site by the ING catalogue. We first selected seismic events and clusters
assuming a lower limit for e of 0.1-10°8.

The time series analysis shown strong anomalies in pH and radon highly correlated with the
known 1997-1998 Umbria-Marche seismic sequence occurred in central Apennines (Italy).
This phenomenology may be justified by the occurrence of transient compression phase
changing the carbon dioxide content in groundwater and then modifying the carbonate
equilibria and the radon transport properties. Also, electrical conductivity spike-like
anomalies correlate with low magnitude local seismic events and probably due to variationsin
groundwater dynamics induced by strain processes have been emphasized.

[1] PLASTINO, W., BELLA, F., Radon groundwater monitoring at underground
laboratories of Gran Sasso (Italy), Geophys. Res. Lett. 28 14 (2001) 2675-2678.

[2] DOBROVOLSKY, I. P., ZUBKOV, S. I., MIACHKIN, V. |., Estimation of the size of
earthquake preparation zones, Pure Appl. Geophys. 117 (1979) 1025-1044.
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In 1999, samples of bladder-wrack (Fucus vesiculosus) were collected at about 30 locations
aong the Finnish coast for *°Tc analyses. The aim was to establish whether *°Tc can be
detected in Finnish coastal waters and to clarify the origin of the eventually detected *°Tc.

A new modification of the method for analysing °*Tc in marine samples was developed. The
method is based on extraction chromatography using special reagent (TEVA resin). Dried
samples of bladder-wrack (about 10g) were wet-ashed in Tecator combustion apparatus with
nitric acid. After filtration the samples were evaporated to near dryness on a hot plate and
dissolved in 0.1 M HNOs. Small amount of H,O, was added to make sure that the technetium
was in pertechnetate form. Technetium was removed from the sample as a pertechnetate ion
with Eichrom’s TEVA resin columns and the TEV A resin containing the Tc was transferred
to liquid scintillation vial with 4 ml of distilled water. 15 ml of Ultima Gold AB was added to
the vials and the samples were left to wait for about 1 week to alow the ™Tc tracer
completely decay away. Samples were measured typicaly 600 minutes with a low
background liquid scintillation counter Quantulus. The chemical yield was determined by

gamma counting; the *°™Tc tracer was added at the beginning of the analysis. The method was
tested in an intercomparison exercise of seaweed samples arranged by the Risg National

Laboratory, Denmark. Our results were in good agreement with those reported by the other
participating laboratories.

Small amounts of *°Tc were observed in dl the Fucus samples collected; the activity
concentrations ranged from 1.6 to 11.6 Bq kg* dry wt. The highest concentrations were found
in two samples taken from the northernmost stations in the Quarck, probably for biological
reasons. Due to the low salinity of the water, Fucus vesiculosus is very slow-growing and
smadl in this area, which is a the extreme limit of its permanent distribution range in the
Baltic Sea. In seawater and in all other biota samples, the concentration of **Tc was below the
detection limit, which supports the use of Fucus as an indicator organism for *Tc in the
marine environment. Earlier, in 1983, the activity concentrations of *°Tcin Fucus sampled
from the Aland Isiands (SW Finland), as reported by [1], varied between 1.9 and 3.3 Bq kg*
dry wt.

Global fallout from atmospheric nuclear weapons tests carried out in the 1950s and 1960s was
certainly the most important source of ®Tc detected in Fucus on the Finnish coast [2].
Another potential source would be the discharges from the Sellafield nuclear fuel
reprocessing plant in mid and late 1990s and their transportation to the northern parts of the
Baltic Sea by seacurrents[1, 3].

The collection of Fucus and some other marine samples was repeated in 2003 along the
Finnish coast to monitor the progress of **Tc concentrations in the northernmost parts of the
Baltic Sea. This paper presents the recent results from 2003 and considers the origin of *°Tc.
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FIG. 1. Detection locations of **Tc in the 1999 survey.

[1] HOLM, E., RIOSECO, J, MATTSSON, S, Technetium-99 in the Bdtic Sea,
(DESMET G., MYTTENAERE C., Eds), Technetium in the environment, Elsevier

Appl. Sci. Publ. (1986) 61-68.

[2] ILUS, E., VARTTI, V-P.,, IKAHEIMONEN, T.K., MATTILA, J, KLEMOLA, S,
Technetium-99 in biota samples collected along the Finnish coast in 1999, Boreal Env.

Res. 7 (2002) 91-97.

[3] IKAHEIMONEN, T.K., VARTTI, \VP., ILUS, E., MATTILA, J., Technetium-99 in
Fucus and seawater samples in the Finnish coastal area of the Baltic Sea, 1999, J.

Radioanal. Nucl. Chem. 252 2 (2002) 309-313.
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Seals are high trophic level feeders that bioaccumulate many contaminants to a greater degree
than most lower trophic level organisms. Their trophic status in the marine food web and
wide-spread distribution make seals useful sentinels of arctic environmental change. The
purpose of this investigation is to document the levels and bioaccumulation potential of
radiocaesium in high latitude seal species for which data have not previously been available.
The study was carried out on harp, ringed, and hooded seals caught along the northeast coast
of Greenland (75-80° N) in 1999. The results are then compared with previous studies in
order to elucidate factors responsible for bioaccumulation in Arctic seals. Concentrations of
137Cs were determined in muscle and liver samples from atotal of 22 juvenile seals. The mean
concentration in muscle and liver samples for al animals was 0.36+0.13 Bg/kg f.w. and
0.26+0.08 Bg/kg f.w. respectively. The results are consistent with previous studies indicating
low levels of radiocaesium in Arctic seals in response to a long term trend of decreasing
levels of **’Cs in the Barents Sea region. Bioconcentration factors (BCFs) estimated for seals
from NE Greenland are similar to those reported earlier by [1] for the northern Barents Sea,
ranging from 32-150. Comparing these values with reported BCFs from other sectors of the
European Arctic, we suggest that the combination of physiological and ecological factors on
radiocaesium bioaccumulation is comparable among different Arctic seal populations.
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TABLE|. RADIOCAESIUM CONCENTRATIONS (Bg/kg f.w.) IN SEAL MUSCLE AND
LIVER TISSUE. SEALS WERE COLLECTED IN 1999 FROM NORTHEAST
GREENLAND

Foecies Weight Muscle Liver
(kg) (Barkg f.w). (Barkg f.w).
Ringed 21 <0.2 0.18+0.03
Ringed 58 0.2+0.05 0.32+0.07
Ringed 47 <0.2 -
Harp 62 0.39+0.04 0.21+0.05
Harp 58 0.29+0.06 <0.30
Harp 54 0.30+0.06 <0.13
Harp 32 0.44+0.05 0.36+0.05
Hooded 36 0.25+0.05 <0.17
Hooded 43 0.36+0.09 0.32+0.07
Hooded 205 0.44+0.08 0.20+0.04
Hooded 36 0.26+0.07 0.16+0.03
Hooded 39 0.45+0.07 0.36+0.06
Hooded 43 0.32+0.05 0.24+0.05
Hooded 56 0.72+0.13 -
Hooded 35 0.18+0.04 <0.10
Hooded 45 <0.4 <0.20
Hooded 32 <0.2 -
Hooded 27 <05 -
Hooded 38 <0.3 -
Hooded 41 0.37+0.05 0.20+0.04
Hooded 34 0.24+0.04 <0.24
Hooded 66 0.40+0.07 -
meantstdev 0.20 0.25+0.07
(Ringed) (n=3) (n=2)
meantstdev 0.36+0.07
(Harp) (n=4)
meantstdev 0.37+0.15 0.25+0.08
(Hooded) (n=15) (n=10)
meanzstdev 0.36+0.13 0.26+0.08
(Al (n=22) (n=16)

[1] CARROLL, J, WOLKERS, H., ANDERSEN, M., ANRISSANEN, K.,
Bioaccumulation of radiocaesium in Arctic seals, Mar. Poll. Bull. 44 (2002) 1366-1371.
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Future scenarios indicate agricultural and industrial expansions in major river basins and
enhanced world populations focusing in coastal watersheds [1], particularly in SE Asia. Such
scenarios are consistent with increasing concentrations of various contaminants, including
metals and radionuclides. It is important to assess the likely impacts on fisheries, their
response and possible adaptability to enhanced contaminant levels and the implications for
resulting transfer factors and contaminant levels in fisheries, that can be the maor sources of
subsistence and livelihood for coastal communities.

The likely future responses of fisheries to projected increases in contaminant loadings over
broad geographical scaes can be probed through the employment of currently highly
contaminated aguatic environments. Such a system with these attributes, that we have
investigated periodically since the early 1970s, is the Finniss River in tropical northern
Australia, that has continued to receive acid mine drainage from the Rum Jungle U/Cu mine
since the 1950s. Prior to mine-site remediation in the early 1980’s measured loadings of Cu,
Zn, Mn and sulfate caused severe impact to fish diversity and abundance, including fish kills
observed in the main Finniss River and its East Branch. Following mine-site remediation and
measured reductions in contaminant loadings, there has been recovery of fish communitiesin
the main Finniss River and considerable recolonisation of the still highly contaminated region
of the East Branch, that was virtually devoid of fish populations prior to remediation [2].

Following mine site remediation reductions in annual-cycle contaminant loads of sulfate, Cu,
Zn, and Mn by factors of 3-7 were accompanied by an unexpected degree recovery in fish
community structure in the contaminated region of the Finniss River, to the extent that they
were not statisticaly (P > 0.05) distinguishable from unexposed environments [2]. However,
these fish communities continue to be exposed to considerable annual tonnages of these
contaminants, as well as the naturally-occurring radionuclides associated with uranium mine
wastes. Hence their capacity to accumulate contaminants under these conditions of long-term
exposure and their adaptive response can be critically investigated, and is of concern to local
stakeholders, both Aborigina and European, who consume some of these fish species| 3].

A more unexpected field observation was made in 1993 when five small fish species were
found living in the East Branch of the Finniss River, where individual species penetrated the
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pollution gradient to varying degrees, but with one species (Melanotaenia nigrans) occurring
at extremely high concentrations of Cu [4]. A laboratory-based study investigated the
mechanisms of copper tolerance in M. nigrans from the polluted East Branch, compared to
unexposed or reference populations. The bioconcentration of cyclotron-generated ¥5’Cu in
fish was used to investigate the mechanism of copper tolerance in exposed fish. In this short-
term experiment Cu concentrations in all tissue sections were significantly (P<0.05) less (up
to 50%) in exposed fish compared with the respective tissue sections of reference fish, when
exposed to both low and elevated Cu water concentrations. The mechanism of copper
tolerance was concluded to be reduced copper uptake in the gills, rather than increased
binding or elimination. Initial and subsequent allozyme electrophoresis showed that
heterozygosity was reduced in exposed fish compared with that of reference fish.
Collectively, these results suggest that genetic selection may have occurred in the exposed
fish population. This was the first study on the mechanisms of copper tolerance in a wild fish
population that has been exposed to elevated copper concentrations [5].

A pilot study of Cu, U, Zn, Co, Ni, Pb, Mn, Ra and Po-210 in several edible species of fish
that now occur in abundance in the region of the main Finniss exposed to mine effluents has
shown the following. Each contaminant water concentration was enhanced in the
contaminated zone at the time of sampling. Compared to unexposed control sites, flesh
samples from two species [Bony bream (Nematalosa erebi) and Eel-tailed catfish (Neosilurus
ater)] were not significantly (P>0.05) enhanced in mean concentrations of any of these
contaminants, with some being actualy reduced (P<0.05) in the most contaminated region.
This pattern of reduced accumulation in the exposed populations under field conditions is
comparable to that obtained experimentally for Cu uptake in M. nigrans.

[1] GESAMP, Protecting the Oceans from Land-based Activities; Land-based sources and
activities affecting the quality and uses of the marine, coastal and associated fresnwater
environment, Rep. Stud. GESAMP No. 71 (2001) 162 pp.

[2] JEFFREE, RA., TWINING, JR., THOMPSON, J., Recovery of fish communities in
the Finniss River, Northern Australia, following remediation of the Rum Jungle
uranium/copper mine site, Environ. Sci. Technol. 35 (2001) 2932-2941.

[3] FERRIS, J, HOLDEN, P., The Finniss River Symposium: Rapporteurs Report (Proc.
Finniss River Symposium, August 23-24, 2001, Darwin), (MARKICH, S.J., JEFFREE,
R.A., Eds) ANSTO E/748 (2002) 74-76.

[4] JEFFREE, R.A., TWINING, JR., Contaminant Water Chemistry and Distribution of
Fishes in the East Branch, Finniss River, following Remediation of the Rum Jungle
Uranium/Copper Mine Site (Proc. 2000 Contaminated Site Remediation Conference,
Melbourne, 4-8 December, 2000) 51-56.

[5] GALE, SA., SMITH, SV., LIM, R.P., JEFFREE, RA., PETOCZ, P., Insights into the
mechanisms of copper tolerance of a population of black-banded rainbowfish
(Melanotaenia nigrans) (Richardson) exposed to mine leachate, using /%’ Cu, Aquatic
Toxicology 62 2 (2003) 135-153.
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In the period 1994 to 2003, elevated levels of Tc-99 was discharged to the Irish Sea from the
reprocessing facilities at Sellafield. Tc-99 is transported with ocean currents to the Norwegian
coast, and earlier studies have shown that lobsters have a high ability to accumulate this
radionuclide [1, 2].

A few lobster samples caught in 1997 as part of the Norwegian marine monitoring
programme for radioactivity suggested higher concentration factors for lobsters along the
Norwegian coastline compared to results reported from the Irish Sea [3]. A large variability in
the Tc-99 concentrations in Irish Sea lobsters have been observed [4], which could perhaps be
due to the relatively large variability of Tc-99 sea water concentrations in the Irish Sea. It is
expected that sea water concentrations would be more homogenous further away from the
source, giving concentration ratios between biota concentrations and sea water concentrations
that corresponds somewhat better to the theoretical equilibrium concentration factors.

A more extensive sampling programme of lobsters (Homarus gammarus) in Norwegian
Coastal areas was therefore carried out in the period 2001-2003, in most cases with
simultaneous sampling of sea water. The sampling areas are shown in Figure 1.

The lobsters were frozen, and their gender, Eamm:'g:;j;‘m Tor Bk Sbors
. gammarus}
wet weight, carapace length and total 2001-2003

length were recorded. Radioanaysis was

mainly performed on tail muscle tissue but

results on individua organs will be e
reported later.

Simultaneous sea water samples were

collected a Sandgya, Kvitsgy and

Vaglandet. Sea water concentrations were

estimated based on monitoring results at ~
Stefjord, Mgre and Flekkergy. Generaly, va—y

the activity concentration of Tc-99 in the

seawater varied in the range 0.95 to 2.1 Bq

m>. Short term variations of this order can Hdtrey

be expected within a geographical area due ,_sancays
to various coastal effects, variations in ;

currents or weather conditions. _ _
FIG 1. Location of lobster sampling areas.
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The analysis results show a large variation in the activity concentrations of the lobsters,
ranging from 2.2 Bg/kg wet weight and up to 62.2 Bg/kg w. w. In Table I, mean and median
concentration factors (CF) obtained for each subsample are summarized. The concentrations
are higher in female lobsters compared to males, with a factor ranging from 3.4 to 7.2 for the
various subsamples, confirming earlier observations from the Irish Sea [4].

TABLE |. CONCENTRATION FACTORS OF %Tc IN LOBSTER (HOMARUS
GAMMARUS), NORWEGIAN COASTAL AREAS, 2001-2003

L ocation (year) Gender n Organ Concentration Factor
(F/M) mean +1s median
Kvitsgy (2001) F 4 Tail muscle | 36,400 + 5,200 34,200
M 17 Tail muscle | 7,000 +4,100 5,800
Stefjord (2001) F 1 Tail muscle | 20,200
M 1 Tail muscle | 2,800
Vealandet (2002) F 5 Tail muscle | 17,800 +12,600 12,700
M 5 Tail muscle | 3,000 + 800 2,700
Flekkeray (2002) F 2 Tail muscle | 11,800 + 200 11,800
M 4 Tail muscle | 3,500 + 3,300 2,100
Mgre (2002) M 6 Tail muscle | 3,700 + 2,900 2,600
Sandaya (2003) F 8 Tail muscle | 9,400 + 5,700 8,500
M 9 Tail muscle | 2500 + 800 2,400

Individual concentration factors varied from 1,540 Bq kg™*/ Bq I™* to 13,500 Bq kg™*/ Bq I™*
with a median value of 3100 Bq kg™/ Bq I'* in males, and from 3800 Bq kg’/ Bq I™* to a
maximum of 44,000 Bq kg™/ Bq I™* with a median value of 12,500 Bq kg*/ Bq I™* in female
lobsters.

The high accumulation of technetium-99 of lobsters compared to other crustacea is confirmed
in this study, as well as the clear differences between males and females [4]. However, there
is also alarge variation in activity concentrations between lobsters collected at the same time
in the same area and of the same gender. No clear correlation of concentration factor with
carapace length or whole body fresh weight was observed. The most probable explanation for
the large variations is food ingestion of Tc-99 or variations related to the molting/reproduction
cycle of the lobsters.

[1] SWIFT, D.J.,, The accumulation of **™Tc by juvenile lobsters (Homarus gammarus L.)
J. Environ. Radioact. 2 (1985) 229-243.

[2] BUSBY, R., McCARTNEY, M., McDONALD, P., Technetium-99 concentration
factors in Cumbrian seafood, Radioprotection-Colloques, 32 (1997) 311-316.

[3] BROWN, JE., KOLSTAD, A.K., BRUNGOT, A.L., LIND, B., RUDJORD, A.L.,
STRAND, P., F@YN, L., Levels of Tc-99 in biota and sea water samples from
Norwegian coastal waters and adjacent Seas, Mar. Poll. Bull. 38 7 (1999) 560-571.

[4] SWIFT, D.J.,, NICHOLSON, M.D., Variability in the edible fraction content of Co-60,
Tc-99, Ag-110m, Cs-137 and Am-241 between individual crabs and lobsters from
Sellafield (North eastern Irish Sea), J. Environ. Radioact. 54 (2001) 311-326.

[5] SMITH, D.L., KNOWLES, JF., WINPENNY, K., The accumulation, retention and
distribution of ®*™Tc in crab (Cancer pagurus L.) and lobster (Homarus gammarusL.) A
comparative study, J. Environ. Radioact. 40 2 (1998) 113-135.
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Scallops caught in the North coast of the Gulf of St. Lawrence (Québec, Canada) have been
found to contain elevated levels of cadmium (Cd), though this area is far from any point
source of pollution. Concentrations observed ranges from 2 to more than 20 mg/kg (w.w.) in
the whole animal. This exceeds the European guidelines of 1 mg Cd/kg set for molluscs and
have led to the refusal of scallop stocks from the area mentioned above.

Relatively little is known about the uptake of Cd by scallops, apart from the fact that they
often exhibit high concentrations of this metal in their tissues, especiadly in the digestive
gland. To better understand the fate of Cd in scallop, we have exposed Chlamys islandica (60-
80 mm shell height) to waterborne *®Cd(I1) (nominal concentration 37 kBg/L, closed system)
for 45 hours. Accumulation of Cd was followed over time by non-destructive in vivo gamma
counting (IVGC). At the termination of the exposure period, scallops were then placed in
clean running seawater and radioactivity loss was monitored for 35 d. Results from 1IVGC
were used to quantify the kinetics of uptake and elimination. Six of these scallops were
sampled at t = 0, 7, and 35 d during the depuration period and used for whole-body
autoradiography to precisely determined the distribution of the accumulated *°Cad.

Preliminary analysis of data from IVGC (Fig. 1) showed that scallop rapidly accumulated
1%9¢d(11) from the water and that elimination was bi-exponential, with 30-35% of the
radioactivity being eliminated within 2 d while the remaining 65-70% was eliminated at a
slower rate, with half-life values ranging from 20 to 140 d (average 73 = 52 d). Whole-body
autoradio- graphy (Fig. 2) shows that **°Cd was distributed in al tissues of the scallop, the
highest concentration being found in the kidney and the lowest in the muscle. Actualy, the
concentration of the radiolabel in the kidney is some 10 times higher than in any other tissue.
Despite of its small size (ca. 1 % of soft tissue weight), this organ contains 40 to 60 % of the
199¢d body burden.

Our results indicate that the scallop Chlamys islandica readily accumulates cadmium from
seawater. However, the distribution observed by whole-body autoradiography does not
correspond to the one observed for wild scallops, since in the latter the hepatopancreas was
the main accumulation site, containing 80 to 90 % of the Cd body burden (C. Rouleau,
unpublished data). This may indicate that the main accumulation route of cadmium in wild
scallop is not direct uptake through water. Further work is planned to look at the uptake of
this metal via the phytoplanctonic food of scallop. The results of this study on the
accumulation of Cd via water and food will provide a better understanding of the fate of this
metal in scalop. Data collected will be used to build a predictive and quantitative
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accumulation model that will be useful to assess Cd contamination of scallops in pristine and
human-impacted areas.

Exposure Depuration
400 400
£
= 300 - 300
©
3]
< 200 - 200
3
< 100 - 100
(-C) 0 </ T T T 1 0 T T T T 1
0 0.5 1 15 2 0 10 20 30 40
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FIG. 1. Cd levelsin the tissues a scallop Chlamys islandica during a 45-h exposure to waterborne
199¢Cd(11) (37kBgy/L) and during depuration in clean running seawater.

Autoradiogram Tissue section

mantle

muscle digestive gland  mantle muscle digestive gland
gills gonad kidney gills gonad kidney

FIG. 2. Distribution of *®Cd in 20mm-thick cryosection of a scallop Chlamysislandica following a
45-h exposure to waterborne *®°Cd(l1) (37kBg/L).
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The SW lagoon of New Caledonia is subjected to intense heavy metal input from land-based
mining industries exploiting metals such as Ni and, secondarily, Cr and Co [1]. However, as
is the case for most tropical environments, little is known about the contamination status of
this lagoon [1, 2]. In order to alow a better ecotoxicological characterization of the New
Caledonian lagoon through monitoring of its seawater quality status, three locally common
and abundant species were selected for laboratory radiotracer experiments. The objective of
the study was to characterize and possibly validate their usefulness as bioindicator speciesin
programmes for local pollution surveys and monitoring of the coastal zone.

The three species selected were the edible clam Gafrarium tumidum, and the oysters
Isognomon isognomon and Malleus regula. Bioaccumulation and tissue distribution of six
elements (Ni, Cd, Co, Cr, Zn, Ag) were determined following exposures via sea water,
sediment and food using radiotracers (®*Ni, 1°°Cd, *'Co, *'Cr, ®zn, 1®Ag) and highly
sensitive nuclear detection techniques (beta and gamma spectrometry).

Transfer from food was shown to be quite efficient; assimilation efficiencies (AE) of metals
ingested with phytoplankton (sochrysis galbana) ranged between 34 and 77%, and these
ingested fractions of metals were retained for long periods of time (biological half-lives
ranged between 20 and 400 days depending upon the element). In contrast, in terms of
transfer efficiency, sediments were found to be a much less important pathway than sea water;
for example, concentration factors from sea water estimated at steady-state, CFss, were three
to five orders of magnitude higher that steady-state transfer factors from sediments, TFss
Nevertheless, metal concentrations in sediment are severa orders of magnitude higher than
those in sea water and, in terms of quantities of trarsferred elements, their impact on total
metal accumulation may not be negligible.

Therefore, it was necessary to use a mathematicad model [3] to estimate the relative
contribution of each uptake pathway to the total bioaccumulation of metals in bivalves. The
kinetic parameters measured in the different experiments investigating the exposure routes
have been used to run the model. Computations suggest that sediment always accounts for
only a minor part of the total bioaccumulation in the 3 bivalves (< 3%; except for Cd in the

200



L. Hedouin et al.

oysters. 20% in 1. isognomon and 30% in M. regula). In the clams, the predominant uptake
route for all metals was found to be the food (95-99%). In contrast, both oysters accumulated
Co and Cd mainly from food, whereas sea water was the predominant route for Zn
accumulation. Interestingly, the two oysters displayed the same behaviour with respect to all
the metals except Ag. The latter element was far more efficiently taken up and retained in the
soft parts of |. isognomon than in M. regula. For this metal the biocaccumulation model
indicated that 1. isognomon took up Ag mainly from sea water (88%) whereas M. regula
accumulated it principally from its food (90%). Furthermore, our results suggest that differing
mechanisms (or induction threshold level) of Ag detoxification/storage occur in the two
oyster species, and that the mechanism in 1. isognomon is particularly sensitive and efficient.

In conclusion, food and, secondarily, sea water appear to be the predominant routes for the
uptake of these metals in the three tropical bivalves investigated.

[1]] LABROSSE, P., FICHEZ, R., FARMAN, R., ADAMS, T., New Caledonia
(SHEPPARD, C.R.C., Ed.), Seas at the Millennium: An environmental evaluation,
Pergamon Press, Amsterdam (2000) 723-736.

[2] BREAU, L., Etude de la bioaccumulation des métaux dans quelques especes marines
tropicales : recherche de bioindicateurs de contamination et application a la surveillance
de I’environnement c6tier dans le lagon sud-ouest de la Nouvelle-Caédonie. PhD.
Thesis, La Rochelle University, France (2003) 282 pp.

[3] REINFELDER, JR., FISHER, N.S,, LUOMA, SNN., NICHOLS, JW., WANG, W.X.,
Trace element trophic transfer in aguatic organisms. A critique of the kinetic model
approach, Sci. Total Environ. 219 (1998) 117-135.
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In a previous study on zooplankton sampled from very low productivity waters of French
Polynesia[1], their Po-210 concentrations were found to be unexpectedly elevated, compared
to values measured in marine zooplankton from various other geographical regions of the
world. For the French Polynesian samples their Po-210 concentrations also increased
appreciably as their biomass declined. A simple conceptual and mathematical model, that
incorporated the established role of zooplankton faecal pellets in the removal of Po-210 and
particle-reactive radionuclides and stable metals from the water column, could capture the
shape of this empirical relationship between Po-210 concentration and their biomass and also
explained the biomass-related mechanism that increases Po-210 concentrations in
zooplankton [2]. Similarly, a field investigation in the Timor Sea showed that a range of
particle-reactive elements showed elevated water concentrations as particle removal rates, as
inferred from Th-234: U-238 disequilibria, reduced in the euphotic zone [3]. However, in
these previous studies simultaneous in situ measurements of arange of parameters valuable in
assessment of the role of zooplankton in the biogeochemica cycling of particle-reactive
elements like Po-210 and Pb-210 were not made.

Here we report preliminary results of a field study, that was undertaken in the oligotrophic
waters of the South-West Pacific between New Caledonia and Fiji, where we simultaneously
measured a) zooplankton biomass and their faecal pellet production rates, b) Po-210 and its
progenitor Pb-210 in water, zooplankton and their faecal pellets and c) particle flux rates
using U-238:Th-234 disequilibria, to further assess the role of zooplankton in Po-210 and Pb-
210 biogeochemistry in the euphotic zone of oligotrophic systems [4].

Zooplankton sampled from the oceanic region of the SouthrWest Pacific between Fiji and
New Caledonia had biomasses ranging from 0.1 to 7.1 mgDW/n?, with a median value of 3.6
and mean of 2.65 mgDW/n?. Their faecal pellet production rates were measured on board and
varied between 1.82.104-3.78.10° g dry faecal pellet. g dry zooplanktori®. hour, median ).
Their measured Po-210 and Pb-210 concertrations were 830-2655 Bg.KgDW™ and 44-
617Bg. KgDW?, respectively. Po-210 and Pb-210 concentrations in zooplankton varied
between 565-1736 Bg.Kg dry weight* and 47-551 Bg.Kg dry weight™®, respectively.

Po-210 concentration factors that only varied between 1.3 —3.3. 10° were elevated compared
to the IAEA recommended value of 3.10% based on previous values [5]. Similarly, Pb-210
concentration factors ranging from 0.9-9.1. 10%, were considerably elevated compared to the
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IAEA recommended value of 1.10° [5], indicating the presence of a further concentrating
mechanism.

TABLE 1. PO-210 AND PB-210 CONCENTRATIONS IN SAMPLES OF WATER,
ZOOPLANKTON AND THEIR FAECAL PELLETS. Y BASED ON WET WEIGHT: DRY
WEIGHT CONVERSION RATIO OF 7.5 [4]

Location Date Zooplankton Zooplankton Water Zooplankton Concentration
biomass concentration concentration faecal pellets factorsfor
(mgDW/m?) (Ba/KgDW)" [dissolved(mBg/L)] (Ba/KgbW) zooplankton

Po-210 Pb-210 Po-210 Pb-210 Po-210 Pb210 Po-210 Pb-210

Oceanic (OF1-14-03)  Mar 02 209 1736 266 0.70 1.67 2655 617 33.10° 2.1.10°7
Oceanic (OF2-16-03)  Mar 02 7.12 1404 324 152 157 1389 438 1.2.10° 28.10*
Oceanic (OF3-19-03)  Mar 02 1.40 1039 187 0.47 1.72 2660 351 29.10° 14.10°
Oceanic (OF4-20-03)  Mar 02 2.22 998 209 0.92 3.19 2529 389 14.10° 09.10*
Oceanic (OF5-21-03)  Mar 02 4.68 1319 196 0.93 2.52 1784 419 19.10° 1.0.10*
Offshore1 Nov 01 291 1285 302 1.23 0.81 830 115 14.10° 5.0.10*
Offshore2 Nov 01 2.53 1348 551 0.68 0.81 1468 408 26.10° 9.1.10°
Offshare3 Nov 01 2.66 1580 528 1.58 0.97 2578 390 1.3.10° 7.3.10*
Offshore4a Nov 01 0.7 1239 266 0.83 2.35 1734 431 2.0.10° 15.10°

Our results for Po-210 and Pb-210 show a consistency with published values [5,6] in that the
concentration factor for Po-210 is elevated relative to Pb-210, but contrast with previous
reported values in both being elevated by about an order of magnitude. Their comparably
elevated concentrations in faecal pellets suggest that enhanced concentrations in zooplankton
are areflection of the heightened concentrations in their dietary phytoplankton.

[1] POLETICO, C., TWINING, JR., JEFFREE, R.A., Comparison of Concentrations of
Natural and Artificial Radionuclides in Plankton from French Polynesian and Australian
Coastal Waters (Proc. 9th Pacific Basin Conference, Sydney, Australia, 1-6 May) Trans.
Am. Nucl. Soc. 70 1 (1994) 989-993.

[2] JEFFREE, R.A.,CARVALHO, F., FOWLER, SW., FARBER-LORDA, J., Mechanism
for enhanced uptake of radionuclides by zooplankton in French Polynesian oligotrophic
waters, Environ. Sci. Techn. 31 (1997) 2584-2588.

[3] JEFFREE R.A, SZYMCZAK, R., Enhancing Effect of Marine Oligotrophy on
Environmental Concentrations of Particle-Reactive Trace Elements, Environ. Sci.
Techn. 34 10 (2000) 1966-1969.

[4] JEFFREE, R.A, SZYMCZAK, R., PECK, G.A., Zooplankton concentration factors for
Po-210 and Pb-210 in the Oligotrophic South-West Pacific (in prep.).

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Sediment Kds and Concentration
Factors for Radionuclides in the Marine Environment, IAEA Technical Report Series
TRS 247, Vienna (2003).

[6] NOZAKI, Y., THOMSON, J., TUREKIAN, K.K., The Distribution of #°Pb and ?*°Po
in the surface waters of the Pacific Ocean, Earth Planet. Sci. Lett. 32 (1976) 304-312.
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Tissues of marine mammals (Phocoena phocoena, Halichoerus grypus, Phoca hispida and
Senella coerulecalba) from the southern Baltic Sea were analysed for concentration of 26
elements (Al, As, B, Ba, Cd, Co, Cr, Cu, Fe, Ga, Li, Mn, Mo, Ni, Pb, Se, Si, Sr, Tl, V, Zn, Ca,
K, Mg, Na, P) and radionuclides {*'Cs, “°K, ?°Po). The trace and macroelements were
determined by ICP-MS and ICP-AES while radionuclides using g-spectrometry and a-
spectrometry.

To find satistically significant relationship between hepatic concentrations of chemical
elements and radionuclides, if any exist, the data obtained were processed by correlation
analysis. Significant interelemental correlations (p<0.05) were found for the following
assemblages. Al-Mg, Al-Mn, Ba-Ca-Sr, CaK-Mg-P, Cd-Fe, Fe-K, Fe-Se, K-Mn, K-S, Mg
Sr, Mg-Se, Mg-Zn, P-Se and P-Zn. Hepatic concentration of **’Cs were negatively correlated
with those of K and Si while #*°Po showed positive correlation with Mo.

The radioactivity data obtained in the present study are compared to those reported for marine
mammals from the North Sea, Norwegian and Barents Sea (Fig. 1.). It is observed that levels
of 1¥’Cs in porpoises from the southern Baltic are mostly attributable to the Chernobyl
accident in 1986 while mgor source of this radionuclide in North Sea porpoises are
discharges released from Procng plants at Sellafield, England. Unlike the naturally
occurring isotope “°K, the **Cs displays tendency to accumulate significantly in mammals
from Polish coast of the Baltic Sea
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New Caledonia is a small South Pacific isand whose main economic resources are derived
from nickel exploitation. Local mining activities inevitably result in metal contamination of
the surrounding environments. In particular, these long term activities are responsible for
large inputs of metals into the SW lagoon and thereby constitute a threat to the local coastal
marine ecosystems.

Available information on metal contamination in biota from New Caledonia is extremely
scarce [1]. However, a recent study has screened metal contamination levels in a variety of
local marine organisms in different locations of the SW lagoon [2]. This study showed that
several species could be considered as potentia bioindicators. Among these, the brown alga
Lobophora variegata appeared as one of the most valuable candidates. Indeed, this speciesis
abundant, widely distributed in the lagoon as well as in other tropical ecosystems, and
displays high levels of metals within its tissues. The am of this work was to investigate metal
bioaccumulation kinetics in L. variegata in order to further assess its value as a sentinel
species for identifying and monitoring environmental contamination.

Uptake and loss kinetics of six different metals (Cr, Co, Zn, Cd, Ag, and Ni) were determined
using multi-element exposures with carrier-free or high specific activity radiotracers (°>'Cr,
*Co, ®zn, 1®Cd, M™Ag, Ni) in order to carry out the experiments at realistic contaminant
levels. In another set of experiments, mono-element exposures were carried out with five
increasing concentrations of each metal (14d of exposure followed by 21 d of depuration) in
order to assess the possible influence of ambient dissolved concentration on metal
bioconcentration and retention capacity in the alga. The ranges of concentrations for each
metal were selected in order to cover the range of dissolved concentrations encountered in the
lagoon.

Results showed that all the metals tested were readily incorporated in the tissues of L.
variegata and were concentrated according to linear kinetics. After 28 d of exposure, the alga
attained concentration factors (CF) ranging from 585 to 6,530 depending on the element.
Previously exposed algae were then replaced in non-contaminated conditions for 2 months.
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Loss kinetics indicated that the metals were efficiently retained in the algae, and retention was
characterized by biological half lives (Ty,) aways longer than 33 d. Except for Zn, the CFs
were independent of the ambient dissolved concentration of the metals. In the case of Zn, only
the highest concentration tested had a lower CF observed. This was due most likely to a
saturation of Zn binding sites at the highest ambient concentration used. Similarly, Ty, was
found to be constant over the whole range of dissolved concentrations tested.

In summary, Lobophora variegata appears to be an excellent bioindicator species that shows
arapid response time in metal uptake and therefore has a suitable potential to furnish valuable
quantitative information on the contamination levels occurring in its surrounding
environment.

[1] LABROSSE, P., FICHEZ, R., FARMAN, R., ADAMS, T., New Caledonia,
(SHEPPARD, C.R.C., Ed.), Seas at the Millennium: An environmental evaluation,
Pergamon Press, Amsterdam (2000) 723-736.

[2] BREAU, L., Etude de la bioaccumulation des métaux dans quelques especes marines
tropicales : recherche de bioindicateurs de contamination et application ala surveillance
de I’environnement coétier dans le lagon sud-ouest de la Nouvelle-Calédonie, PhD
Thesis, La Rochelle University, France (2003) 282 pp.
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Information on distribution coefficients (Kys) of natural and artificial radionuclides are most
important for evaluation radionuclides transport pathways in marine and fresh water systems;
Kqg values are used in modeling radionuclides dispersion and addressing the problem of
radioactive release [1-5]. It is aso necessary for prediction of how efficiently sediments in
suspension can remove contaminants from the water and the sorption potential of
contaminants onto particulate matter. In addition, risk assessment modelers usually adopt
mean Ky values reported in the IAEA Technical Report [1], which are only generic estimates
and modelers has to use the values for a particularly system that is under investigation [4] and
it was recommended to use Kys ranges of values for specific element rather than single mean
values be incorporated into model simulations of radionuclide dispersion [3, 4].

There is a lack of information on Kgs distribution coefficients of natura and artificia
radionuclides in river and marine sediments of Syrian environment. Current risk assessment
studies of the two main potentia sources of enhanced naturally occurring radionuclides
require Kq values in river sediments; viz. phosphate and oil industry. Emphasis has been
placed on two areas, Orontos River near the phosphate factory and Euphrates River near the
Syrian oil fields. Water, suspended particulates, and sediment samples were collected from
severa dites aong the two rivers. Validated radioanaytical methods have been used for
analysis. Laboratory Ky experiments were conducted for the following radionuclides
discharged by these phosphate and il industries: “°Ra, uranium, ?°Po and °Pb. Variations
of Kgs with aqueous phase composition and sediment composition have been studied using
the batch sorption method. Correlations of Kgs values with some elements present in sediment
have been established. Kds values were found to vary between 5.8 x10° — 2.3 x 10%, 4.4 x10° —
1.1 x 10%, 6.8 x10* — 1.6 x 10°, 9.2 x10° — 2.8 x 10% for #°Po, #°Pb, *'U and **U,
respectively. These values agree with some minimum values given in the IAEA Technical
report for marine sediment [1]. However, the data obtained in this study can be used for the
radionuclides dispersion studies in the river system to assess risks to public due to discharges
of the phosphate and oil industry.

[1] INTERNATIONAL ATOMIC ENERGY AGENCY, Sediment Kgs and Concentration
Factors for Radionuclides in the Marine Environment, Technical Report Series No. 247
(1985) IAEA, Vienna.

[2] MOORE, W.S., DEMASTERS, D.J.,, SMOAK, JM., MCKEE, B,A., SWARZENSKI,
P.W., Radionuclide Tracers of Sediment Water Interactions on the Amazon Shelf. Cont.
Shelf. Res. 16 (1996) 645-665.
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[3] CARROLL, J, BOISSON, F., FOWLER, SW., TEYSSIE, JL., Radionuclides
Adsorption to Sediments from Nuclear Waste Dumping Sites in the Kara Sea, Mar.
Pollut. Bull. 35 (1998) 296-304.

[4] CARROLL, J, Harms, I., A Note on Partition Coefficients Distributions, J. Math. Geol.
28 (1998) 1025-1033.

[5] CONKIC, L.J, BIKIT, J, SLIVKA, J, MARINKOV, L., Concentration Factor of *'Cs
in River Sediment, Water Res. 22 (1988) 241-243.
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A study of the uptake of ?°Ra by swamp morning glory was carried out in Bangkhen canal
where is the pathway releases from the Office of Atoms for Peace (OAP). This aguatic plant
is an important diet of the Tha population and is grown widespread in various canals. Its
consumption represents a significant pathway for the intake of radionuclides including radium
and for the delivery of the internal dose to man from those radionuclides.

Water and vegetable samples were collected four times a year from 1998 to 2002 inclusive
from four stations along Bangkhen canal. Samples were determined by radiochemical
separation.

Data obtained by 5 year-analysis were compiled to explain the mechanism of radium-226
transfer from water to swamp morning glory (Ipomoea Aquatica Forsk). The concentration
factors (CFs), relative to fresh weight of vegetable, for *°Ra uptake from water into swamp
morning glory ranged from 23 to 120, mean average 44. In general, these data are comparable
to the lower values found in the literatures (cited in 1). This may be due partly to the fact that
the study area was an uncontaminated zone with little or no contamination by the OAP and
swamp morning glory appeared to concentrate radium from the water to a lower degree than
other aquatic plant.

Radium-226 uptake depends on its concentration in water as its concentration in the
vegetables being a linear function of its concentration in water, r’= 0.715 as shown in Fig. 1.

The CFs or the rate constants of uptake and loss rate coefficient were found to be of first order
kinetics and approximately equal to slope of the equation. Mechanism of radium-226 transfer
from water to swamp morning glory grown in the study zones can be expressed as an equation
Ch=a C..” Where the parameter a and b are dependent on the aquatic plant species, in case of
swamp morning glory a= 64.326 and b = 0.46.

The equation shown good agreement with values obtained from difference stations in the
same canal. The equation could be applied in a number of ways as it provides reliable
estimates and economy in budget and time.
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FIG. 1. Linear regression of the ?°Ra concentration in swamp morning glory versus its concentration
in water.

[1] HALBERT, B.E., CHAMBERS, D.B., CASSADAY, V.J., Environmental Assessment
Modeling, IAEA Technical Reports Series No. 310 Vol 11 (1990) p. 446.
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The activity concentration of fallout radionuclides v.z.,>®Pu ,2%2©py, 2*Am,**'Cs and *sr
has been measured in some species of multicellular marine algae, coral fishes and shellfish,
and surface sediments collected from the fringing reef at different locations along the
Sudanese coast of the Red Sea. The measurements were carried out using apha-particle
spectrometry, high-resolution gamma spectrometry and gas-flow proportional counter.

In the sediments analyzed, the activity concentration averaged 2.65+1.3 (**®Pu), 47.96 + 26.3
(*¥?0py), 19.1+ 6.5 (**Am), 273 + 157 (**'Cs) and 140.8+73.9 (*Sr) mBg/kg dry weight.
Activity concentration ratios were 0.066+0.041 (*®*pu: 2%2°py), 0.22+0.04 (3****pu:¥'Cy),
and 0.43+0.1 (**Am:*%?py). These values are typica of those reported in the literature
from the regions unaffected directly by nuclear accidents or nuclear reprocessing plant
discharges and can thus be attributed to global fallout.

Average activity concentrations (mBg/gk Dry weight) in marine algae from different locations
were found to be 20.1+14.1, 21.6+13.3 and 8.5+3.8 (*¥**°py), 6.2+4.0, 11.7+6.1 and 5.1+3.5
(**Am) and 688+242, 868+713 and 116+14.8 (**'Cs) for brown, red and green agae,
respectively. These results were found to be consistently decrease towards the south from
Portsudan harbour (Fig. 1)and comparable to global fallout values. High levels of **'Cs were
observed in brown agae (Cystoseria species) and red algae (Lauranthia species). This
possibly suggests their suitability to be used as bioindicators since agae are known to be
effective bioindicators for monitoring the anthropogenic radioactivity in the marine
environment.

Plutonium isotopes were measured in some species of coral fishes and shellfish samples from
the fringing reefs area at Port Sudan. Activity concentrations of both 22Pu ,%*?®py in fish
are close to detection limits, while shellfish show values an order of magnitude higher relative
to coral fish species. The lowest concentration for 2**2*Py was met in the molluscs species
Tridacnica and the highest value was met in the coral species Favites.
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FIG. 1. Comparison of Pu and Am mean activity in mBg/kg in algae from different locations along the
Red Sea coast.
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Urban sewage dudges are widely used as alternative P input because of their high P content
[1]. Irradiation of sewage sludge is developed in Egypt to make safe spreading of Sludge on
agricultural fields. Precise knowledge of dudge P bioavailability is required to optimize the
application rate to meet plant requirement, avoid accumulation of P in soils and/or leaching to
the aquifer. Five sludges were sampled from representative urban wastewater treatment plants
located in Cairo (Egypt). Subsamples were irradiated to a dose of 6 kGy. The sludges were
analyzed for their elemental composition. A pot experiment was conducted under plastic
greenhouse using an arable sandy P-deficient Egyptian soil. The soil was homogeneoudly
labeled with a radioactive solution of carrier-free *PO, (about 3 MBq kg™ soil) to determine
the contribution of the different sources of P in plant nutrition. All sludges were applied at 50
mg P kg' soil. In addition, 50 mg P kg™ soil was applied as commercial monocalcium
phosphate (SSP), control trestment, to compare sludge P availability to a water-soluble
mineral fertilizer. A reference treatment, without any P application but with the addition of
the radioactive solution was included. One gram of ryegrass seeds (Lolium multiflorium) was
sown in each pot. The aeria parts of the ryegrass were harvested four times, every 3 weeks. In
paralel, the contribution of ryegrass seed to plant P nutrition was estimated as the difference
between P in seeds at sowing and P remaining in seeds residues after two cuts. Guivarch [2]
has reported a value of 0.9 mg P kg™ soil contributed by seed phosphorus.

For all harvests, P and total P content were measured. The two values were used to
determine the respective contribution of soil and sludge to plant nutrition and the plant-
available soil P (L value), Larsen [3], using the isotopic dilution principle after correcting for
seed contribution. The ratio of radioactive P to non-radioactive P, i.e. isotopic composition,
were calculated. The total P content in the different urban sewage sludge ranged from 6.2 to
13.8 g P kg* and were dlightly affected by irradiation. In this extremely P deficient soil (L
value=0.3 mg P kg™ soil), P derived from seeds represented 99% of the P taken up when no P
was applied and 87% after applying 50 mg P-SSP kg™. After correcting for the contribution of
ryegrass seeds, sludge P participated for 98% to plant nutrition and 7.2% of the applied P was
recovered. The dludge type and irradiation factors did not significantly affected sudge P
availability, assessed by L value, and their contribution to plant nutrition. However,
contrasting conclusions on sludge P availability compared to SSP were obtained when either
relative contribution of sludge P or percentage of P recovery were considered. These
differences were mainly explained by amounts and forms of N added associated with sludge P
addition. The correlation coefficient between N and P uptake is highly significant (r =
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0.86**). Irradiated sludge was a safe and effective source of P for plants.

P UPTAKE =-2.115+ .47256 * N_UPTAKE
Correlation: r = .86169

P_UPTAKE

_ o Regression
12 14 16 18 20 22 24 26 95% confic

N_UPTAKE

FIG. 1. Correlation between nitrogen uptake and phosphorus uptake by ryegrass aerial part.

[1] KIRKHAM, M.B., Agricultural use of phosphorus in sewage sludges, Adv. Agron. 35
(1982) 129-163.

[2] GUIVARCH, A., Plant-availability and relative fertilizing value of phosphorus in
sewage sludge derived from different urban waste waters treatment plants, Ph.D. Thesis,
Institut National Polytechnique de Lorraine, France (2001).

[3] LARSEN, S., The use of **Pin studies on the uptake of phosphorus by plants, Plant and
Soil 4 (1952) 1-10.
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While the major rivers of the world are reasonably well gauged and analyzed, thus allowing
comparatively precise estimates of riverine inputs to the ocean, it remains very difficult to
evauate the influence of direct groundwater discharge into the ocean. In spite of the
recognition that many land-sea interfaces of the world are characterized by “leaky”
continental margins, it is unclear how important groundwater-derived springs and seeps arein
terms of overall marine geochemical budgets.

The principal reason that groundwater estimates have not attained the precision base that is
typically achieved of other oceanic inputs is that the direct discharge of groundwater into the
coastal zone is inherently very difficult to measure. Concerted efforts are required to improve
this situation by integrated application of hydrological and oceanographic techniques.
Standard hydrological and oceanographic methodological approaches are quite different and
have rarely been systematically compared by following a systematic scientific evaluation
process. Hydrogeologists and oceanographers are literally approaching the same problem
from different ends. In order to develop the scientific and technical knowledge that will
enable these issues to be addressed with a higher degree of certainty, the IAEA together with
UNESCO (I0C and IHP) is conducting a collaborative program which includes carefully
designed intercomparison experiments in different coastal environments in order to provide a
standardized methodology for assessment of SGD. Many of the methods being assessed are
based on naturally-occurring radioisotopes that act as tracers of SGD. An important aspect of
our program is to disseminate the results widely, to coastal managers and other relevant
parties, in the hopes that national authorities will encourage the scientific community to
investigate these phenomena properly. Thus far, we have conducted intercomparison
experiments in Florida (August, 2000; karst hydrogeology); Western Australia (November,
2000; coasta plain); Sicily (volcanic and karst; March, 2002); Eastern Long Island (May;
2002; glacia till); and Ubatuba, Brazil (fractured crystalline rock). Results have generally
shown good agreement between direct seepage meter measurements and estimates made via
geochemical tracers. The agreement with hydrogeological models, however, has been more
spotty. This may be a reflection of the models not including consideration of transient
processes, such as tidal pumping, that force water through near-shore sediments. Plans for
next year include an SGD assessment intercomparison experiment in the Mauritius Islands,
Indian Ocean. It is becoming recognized that oceanic islands display disproportionately
higher amounts of SGD compared to many continental areas.
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During the 1990s an unprecedented number of oceanic radiocarbon measurements were made
as part of the World Ocean Circulation Experiment (WOCE). The samples were analyzed
using both large volume beta counting and small volume accelerator mass spectrometry. The
number of WOCE radiocarbon samples is approximately 10 times larger than measured
during the GEOSECS survey in the 1970s. A new technique was developed to separate the
natural and bomb produced radiocarbon components. This procedure is based on the strong
linear correlation between radiocarbon and potential alkalinity that is found in intermediate to
abyssal waters worldwide. The primary benefit of the potential alkalinity separation method
over the previoudly used silicate method is that it is applicable at all latitudes.

While still sparse relative to hydrographic or nutrient measurements, the new data are
sufficient to produce three dimensional objective maps. These maps confirm the major
GEOSECS findings, but add considerable detail. As an example, in the deep Pacific the
northward abyssal flow is clearly defined as a western boundary current which flows adjacent
to the island arc system while the return southward deepwater flow at approximately 2500m is
broad and appears to divide into two tongues in the southern hemisphere. Global integration
of the natural radiocarbon yields an inventory of 1.8x10°° atoms with an uncertainty of
approximately 15%.

At the time of GEOSECS, the measured and bomb radiocarbon signals were always highest at
the ocean surface. While this was generally true for WOCE, some regions of the Pacific and
Indian Oceans showed highest concentrations below the surface in the upper thermocline.
This change is due to a decrease in the atmospheric source combined with mixing and upper
ocean circulation. In general the radiocarbon penetration depth increased, however the change
is relatively subtle for most regions. In the Atlantic, a small increase was found in North
Atlantic Deep Water as far south as the Lesser Antilles (15N latitude).

Global integration of the bomb radiocarbon gives an inventory of 3.1x10?® atoms. This total is
only marginally higher than earlier estimates using the GEOSECS data. Modeling results
imply that the earlier inventory calculations were high by approximately 25%. Since the
earlier measurements were of the same quality as the WOCE data, this implies that the earlier
inventory estimates were biased simply due to a lack of data. The new inventory estimate is
consistent with estimates based on atmospheric models and measurements. The highest
column inventories are found in the North Atlantic, but high inventories are also found near
the formation regions for North Pacific Intermediate Water and in the southern hemisphere
associated subduction of Antarctic Intermediate Water and Subpolar Mode Water (Figure 1).
Changes in these southern water masses can be traced on isopycnal surfaces almost to the
Equator.
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Tritium is a well-studied tracer for processes in the hydrosphere, including the oceans,
continental surface waters and groundwater. The main portion of the tritium signals observed
in the modern environment is due to its production during nuclear weapons tests, most of
which were conducted in the 1950s and early 1960s. Most of the so-called bomb tritium was
produced in the northern hemisphere resulting in a large north/south gradient in the oceanic
tritium concentrations. This asymmetric oceanic tritium distribution with very low
concentrations in the Southern Ocean requires tritium measurements in the mTU range to
achieve sufficient resolution for application of tritium as tracer. Such low detection limits can
only be achieved through mass spectrometric measurements of tritium by the *He ingrowth
method.

Over the past two decades high-precision tritium measurements based on the *He ingrowth
method were obtained from several sections in the Southern Ocean. Most of the sections are
located in the Atlantic sector (Weddell Sea). The sections show that the surface waters in the
Southern Ocean near the Antarctic continents are only ca. 100 mTU (0.1 TU). The deep
waters have varying concentrations reaching from the detection limit of ca. 5 mTU to ca. 80
mTU in bottom waters near the formation areas of new Antarctic Bottom Water. The surface
concentrations increase towards the north to concentrations of several hundred mTU.

We present distributions of tritium in the Southern Ocean and discuss the information that can
be derived from them with respect to formation, circulation and mean residence of major
water masses in the Southern Ocean. The interpretation is based on analysis of the tritium
sections in the context of hydrographic properties, as well as on simple time-dependent mass
balances or box models.
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Seawater samples were collected in 2003-2004 in the Southern Pacific, Atlantic and Indian
Oceans during the BEAGLE (Blue Earth Global Expedition) cruise on the R/V MIRAI which
was conducted by Japan Marine Science and Technology Center [1] with the aim to study
present distribution of anthropogenic radionuclides as part of the joint Japan — IAEA project
on the Southern Hemisphere Ocean Tracer Study (SHOTS). The nain target radionuclides
with the most frequent analyses are 3’Cs, plutonium, tritium, radiocarbonand *°Sr, however,
other radionuclides will be analysed as well, supported by oceanographic and non-radioactive
analyses such as nutrients and CFCs

The ship tracks are shown in Fig. 1. Sampling of surface seawater and water column were
carried out during the legs 1, 2, 4 and 5. The number of statiors where surface water sampling
was accomplished is 93. This corresponds to horizontal spacing of around 290 km. The
number of stations where water column sampling was carried out is 57 and the total amount
of the water layers is 789. The layer depths were 100, 200, 400, 600, 800 and 1000 db in
shallow depths. The layer interval of 500 db was applied below 1000db water depthto near a
sea bottom. The sample volume for surface water was 80 L per station. Volumes of water
column samples ranged from 5 to 20 L. The samples were filtered through a 0.45 um pore
size membrane filter and stored after adjusted pH to 1.6-2.0 by adding concentrated HNO3.
For tritium measurements, 778 samples were collected and stored as non-acidified samples.
Measurements of oceanographic parameters, general chemical analyses, analyses of nutrients
and CFCs were carried out on the shipboard.

The main global source of anthropogenic radionuclides in the marine environment is fallout
from atmospheric nuclear tests carried out between 1945 and 1980. Several globa studies
have been carried out in the world oceans [see e.g. 2, 3, 4], however, the Southern Ocean has
not been covered well and data on the distribution, inventory and behaviour of anthropogenic

220



M. Aoyama et al.

radionuclides have been missing. Radionuclide data stored in the IAEA’s Global Marine
Radioactivity Database (GLOMARD) [4, 5;, as well as in the HAM Pacific database [6],
includes only a few hundred records for *’Cs concentratiors in seawater of the Southern
Hemisphere Ocean, compared to several ten thousands records for the Northern Hemisphere
Ocean.

Preliminary data on nutrients and oceanographic parameters will be presented and discussed
with the am to contribute to better understanding of water and heat transport from the
equatorial regions to the Antarctic Ocean, a programme of relevance to global climate change
studies.

R/V MIRAI Cruise Trackline in MR03-K04 (BEAGLEZ2003)

150E

MOZL

IR 004 Mor 18 18:19:07) 7 MIRAIMRCE KD Cruse Trackdne, Copyight, JAMSTEC.

FIG. 1. The BEAGLE cruise sampling legs

[1]  http://www.jamstec.go.jp/mirai/2003/data 2003.html.

[2] LIVINGSTON, H.D., BOWEN, V.T., CASSO, SA., VOLCHOK, H.L., NOSHKIN.,
V.E., WONG, K.M., BEASLEY, T.M., Fallout Nuclides in Atlantic and Pacific Water
Columns : GEOSECS Data, Woods Hole Oceanog. Inst. Tech. Rep. WHOI-85-19
(1985).

[3] WORLDWIDE MARINE RADIOACTIVITY STUDIES (WOMARS), (POVINEC,
P.P, Ed.), Deep-SeaRes. 11, SI 50 (2003) 17-21.

[4 WORLDWIDE MARINE RADIOACTIVITY STUDIES (WOMARS). Radionuclide
Levelsin Oceans and Seas, IAEA TECDOC, IAEA, Vienna (in print).

[5] GLOBAL MARINE RADIOACTIVITY DATABASE (GLOMARD), IAEA-
TECDOC-1146, IAEA, Vienna (2000).

[6] AOYAMA, M., HIROSE, K., Artificial radionuclides database in the Pacific Ocean:
HAM database, The Scientific World 4 (2004) 200-215.
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An important part of the continental water balance involves submarine groundwater discharge
(SGD) [1]. Current estimates range from less than 10% to nearly 50% of the total riverine
discharge into the oceans. As a result, SGD is increasingly being recognized as an important
factor in the understanding and sustainable management of coastal freshwater aquifers in
many areas of the world. In addition, SGD is a significant pathway for contamination of the
near-shore marine environment from land-based activities.

Estimation of groundwater fluxes into the marine environment is complicated due to the fact
that direct measurement is not possible by conventional means. Measurement of a range of
isotopic tracers at the aquifer-marine interface provides the possibility to produce integrated
flux estimates of discharge not possible by other non-nuclear methods. Within the framework
of a coordinated research project of the IAEA and in cooperation with UNESCO, research
work was initiated to develop isotope techniques for characterization of SGD. Together with
the University of Palermo, Italy, the Sicilian coast was chosen for a pilot study based on
various factors like availability of background information on geological setting, clear
manifestation of SGD, local logistical support, and the Mediterranean Sea, which is a
particularly vulnerable marine environment to fluxes of fresh and/or contaminated
groundwater.

A reconnaissance sampling campaign was undertaken in 2001 and a few samples were
collected and analysed for environmental isotopes. Twenty-three water samples from various
sources like seawater, wells and springs were drawn in 2003 from different locations on the
southwestern and southeastern parts of the Sicilian coast for isotope and chemica analyses.
The samples were analyzed for 2H, 20, ®H/°He, ¥Sr, CFCs, etc. to better understand the
submarine groundwater discharge process.
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Fig. 1. Isotope studies suggest 30-40 % of fresh groundwater resource flows to sea as submarine
groundwater dischargein Scily.

Figure 1 shows the plot of d*30 versus d®H of Sicilian samples. Groundwater and some of the
springs lie close to the Mediterranean meteoric water line with d*®0 values in the range of —
4510 6% (VSMOW). Coastal springs and wells, representing submarine groundwater
discharge, have a value of about —2 to —3%. d®O and fall on a mixing line between
groundwater and seawater. These samples may consist of about 30 — 40% fresh groundwater,
implying high submarine groundwater discharge in the coastal areas. Tritium content varies
from 147 + 0.24 to 4.08 £ 0.30. The residence time of groundwater in the limestone
formations of Sicily, based on *H/*He measurements and CFCs, is estimated to range from
about 2 to 30 years.

[1] TANIGUCHI, M., et d., Investigation of submarine groundwater discharge, Hydrol.
Process. 16 (2002) 2115-2129.
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Along the oriental south coast Sicily are present a plurality of phenomenons of interest
concomitant hydrogeological, they had focused the attention both of the Authorities of the
control of the water resources and those of the researchers interested to the study of the
environmental problems. The progressive salting up of the aquifers coastal it is becoming, in
Sicily, one of the maximum problems. The causes of such phenomenon are well notes and
resume in two terms. ground water mining and irrationality of the wells use. Every control's
lack in the distribution of the wells and the wrong and having opposite effect modalities with
which water is extracted, are to the origin of the instant lowering phenomenons and, finaly,
progressive of the piezometric level of the underground aquifer coastal. By now, in different
coast lines, also to different kilometers from the shore-line, depression zones are found in
which the dynamic level also reaches negative values some times superior to the 150 meters
under the sea level and the static level aso superior to the 60 meters always under the sea
level. This situation determines, within the coastal aquifers, arapids salt water intrusion with
consequent progessive salting up of the sweet aquifers. Such pollution manifests it in very
persistent way and alone slow the native conditions could also be recovered after the
elimination of the phenomenon causes. The sdinity increase in the underground aquifer it
happens with greater rapidity and with so much greater gravity when aguifer is carbonatic
type, as that of the study areas, that is interested from karst phenomenons and from tectonic
fractures. The thematic that, under these conditions, attracted the attention of the researchers
were: The underground runs of the submarine springs feeding, to be able to value possibility
of earth intercept. The relationships established along the coastal lines, in the coastal aquifers,
among sweet water and sea water and the preferential streets followed by intrusion. The
pollutants diffusion, organic and chemical, particularly hydrocarbons and heavy metals, in the
round waters and their dispersion in the sea water. The induced variations to the phenomenons
above- mentioned, from the antropic interventions realized in the hinterland: obstruction dams,
springs intercept, wells distribution and exploitation modality. A project, on purpose
compiled, financed by UNESCO and IAEA, and finalized to the phenomenons study of which
above, it has as object the possibility to experiment the methodologies applicability of
isotopic analysis in the wells and springs study, with particular reference to those submarine,
observing and attentively valuing the complexes relationships that coexist between
underground waters and sea waters along the Sicily coastal regions. To such purpose has been
formulated a research program based on the samplings and analysis of the springs waters
individualized to inland and to sea and some wells on purpose selected present along the coast
line from North Syracuse to South-West Donnalucata. We had retained opportune to effect, in
coincidence with the seasona variations, 4 series of annual drawing of water samples to be
submitted to analysis chemical-physics; the study program had beginning with the first series
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of samplings in the individualized zones in the March’s month 2002 and they still continues
in the year 2004. In Figure 1 are brought the water points of which the periodic sampling is
foreseen. The sampled points are 31, it are divided in the 5 zones. Zone A. - Ciane: n. 4 inland
springs and n.5 wells; Zone B - Ognina: n. 1 submarine springs n. 2 wells, Zone C - Cassibile:
n. 5 wells and 2 submarine springs; Zone D - Avola: n. 2 inland springs and n. 2 submarine
springs, Zone E - Donnalucata: n. 5 wells and n. 2 submarine springs and n. 1 inland springs.
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FIG. 1. Location of wellsand springs (inland and springs).

The analyses are conducted by different groups of search of three Italian Universities and
precisaly:

1. Palermo University will effect the analyses inherent: Heavy metal (Pb, Cu, Co, Zn,
Cd, Ni, As, Hg); Microcontaminants (NO,", NOs’, Niot, POs>, Piot, NH3).

2. Bari University will effect the analyses inherent: Chemistry major (Ca, Mg, Na, K, Sr,
Ba, Cl, SO4, NO;, Br).

3. Venice University will effect the analyses inherent: *C

The radioisotopes study (Ra, Rn, U, etc.) it is submitted to the IAEA technicals. The
periodical control of the characteristics chemical-physics of the wells waters and the springs
(submarine and inland), it behaves extremely precise checks, based fundamentally, on the
presence of natural isotopes of different elements. Such study, will consent the
characterization of the spring waters also furnishing exact indications on their runs of feeding
and discharge to sea.

[1] AURELI, A., ADORNI, G., CHIAVETTA, A.F., FAZIO, F, FAZZINA, S,
Caratteristiche delle linee di flusso dell'intrusione marina influenzate dalla tettonica in
area costiera ove gli acquiferi sono sovrasfruttati - Mem. Soc. Geol. Ital. 37 Roma
(1987) 481-488, Pubbl. n.23 del G.N.D.C.I.

[2] AURELI, A., Esperienze e programmi di intervento in materia di ricarica delle falde,
per contrastare I'intrusione marina in un acquifero carbonatico sovrasfruttato — 1V
Congr. Di Geoingegneria, Difesa e valorizzazione del suolo e degli acquiferi — Torino,
10-11 Marzo 3 1994, Ass. Mineraria Subalpina, Torino (1994) 813-818.
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Karstic springs on Mediterranean environments are sensitive eco tops to hydrology in arid or
semiarid areas and to paleohydrological changes during Holocene [1, 2]. Often these springs
discharge below sea level, thus creating problems for a correct water resources management.
A spectacular submarine spring row characterises the Southern Sicily offshore consisting of a
wide carbonate plateau essentially formed by limestone and dolostones. Each single vent
feature provides a unique opportunity to examine the onshore-offshore hydrogeologic
processes, as well as point source submarine groundwater discharge. The marine carbonate of
the Sicily Canal is one of the world's most productive aquifer systems. Parts of Sicily, Malta
and other central Mediterranean islands almost entirely depend on this aquifer representing a
reliable resource for municipal, agricultural and industrial water supply. The aquifer systemin
southern Sicily consists of interspersed limestone and dolomite strata. Impermeable beds
confine the water-bearing zones under artesian pressure. Near the coast, Miocene and younger
confining strata were eroded away, enabling direct hydrologic communication of carbonate
ground water with coastal bottom waters. Mainland and offshore geology is illustrated by
several geologic sections [3]. Groundwater is often under sufficient pressure. A relatively
large volume of water is discharged from the aquifer system through terrestrial and submarine
springs, and this upward flow is expected to issue also along the seaward side of the land/sea
margin, possibly even out to the shelf break. Groundwater, spring and seawater were analyzed
for a suite of constituents that included major solutes (Cl, Na, SO4, Mg, Ca, K, Sr, F, SIOy),
nutrients, select trace elements (Mn, Mo, Ba, U, V, Fe), and environmental isotopes (°H, **C
14C, 80). The upper gradient groundwater indicate a salinity of around 0.5 mSiemens,
whereas the coastal groundwater depict a salinity higher than 1.5 mSiemens, which is a partial
dilution by ambient seawater during advection/mixing.

Chemical data indicate that the meteoric waters mentioned above were at varying extents

modified along the flow paths before issuing from terrestrial and submarine springs.
Considering the consistency of individual water point water chemistry, the chemical
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interactions must approach chemical equilibrium or involve mineral reactions with very stable
kinetics. Such chemical continuity is typical for groundwater with relatively long subsurface
residence times. Waters discharging from these springs are presently at or near saturation with
calcite.

Understanding the geochemical processes which lead to an increase in the TDS concentration
of groundwater along the flow path and, for nutrients, to water pollution will enable better
assessment and management of these coastal aquifers. At present, only some boreholes
situated near the coast present significant fingerprint of marine intrusion.

In an attempt to identify the hydraulic connections between the various outlet points,
groundwater was analyzed for stable and radioactive isotopes. The upgradient boreholes and
springs are a mixture of present and older water on the basis of their relative low C values
(32.1 pmc). The older component contains an even lower amount of modern Carbon.
However, the undersaturation of the mixture with respect to calcite, its high aqueous CO,
content (up to 60 mg/L), and its enriched *C values (- 1.8 to - 3.1%0) suggest intensive
water/rock interactions, which would contribute **C-devoid bicarbonates to the solution.
Downgradient springs discharging aong or below the Mediterranean coast contain
groundwater contributions from higher altitudes, as evidenced by their depleted 0 and D
composition with respect to the local precipitation [4, 5] however, a larger portion of the
recent water component could be contributed from direct precipitation on the carbonate.

The hydraulic behaviour of such a structure is obviously dominated by conduit flow
conditions, i.e. fast flow and short groundwater residence time. The rapid flow conditions
occurring in the infiltration zones, illustrated by tracing tests experiments, are the cause of the
typicaly high time and space variability of their hydraulic and geochemical characteristics.
Thus, these aquifers are relatively small, unconfined and characterized by groundwater
residence times of years to tens of years. Consequently, these aquifers are fragile systems that
respond rapidly to natural and anthropogenic processes. Groundwater quantities in these
aquifers usually respond to short- and long-term climatic fluctuations influencing the amount
of recharge and therefore the amount of groundwater available for use. Consequently, it is
vital to understand processes influencing recharge to these aquifers more than discharge
processes.

[1] ANDREO, B., LINAN, C., CARRASCO, F., JMENEZ DE CISNEROS, C.
CABALLERO, F., MUDRY, J, "Influence of rainfall quantity on the isotopic
composition (**0 and H) of water in mountainous areas’, Application for groundwater
research in the Y unquera-Nieves karst aquifers (S Spain), Appl. Geochem. 19 4 (2004)
561-574.

[2] VANDENSCHRICK, G., VAN WESEMAEL, B., FROT, E., PULIDO-BOSCH, A.,
MOLINA, L., STIEVENARD, M., SOUCHEZ, R., Using stable isotope analysis (D—
'80) to characterise the regiona hydrology of the Sierra de Gador, south east Spain, J.
Hydrology 265 1-4 (2002) 43-55.

[3] CATALANO, R., DI STEFANO, P, SULLI, A., VITALE, F.P., Paleogeography and
structure of the central Mediterranean: Sicily and its offshore area. Tectonophysics 260
4 (1996) 291-323.

[4] CELLE-JEANTON, H., GONFIANTINI, R., TRAVI, Y., SOL, B., Oxygen-18
variations of rainwater during precipitation: application of the Rayleigh model to
selected rainfalls in Southern France, J. Hydrology 289 1-4 (2004) 165-177.

[5] LONGINELLI, A., SELMO, E., Isotopic composition of precipitation in Italy: a first
overal map, J. Hydrology 270 1-2 (2003) 75-88.
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Submarine groundwater discharge (SGD) has been recognised as an important pathway for
material transport to the marine environment. Groundwater discharges are important for the
marine geochemical cycles of elements and can lead to environmental deterioration of coastal
zones. While the magjor rivers inputs to the ocean are gauged and well analysed, thus allowing
relatively precise estimates of fresh water and contaminants inputs to the ocean, assessing
groundwater fluxes and their impacts on the near-shore marine environment is much more
difficult, as there is no ssmple means to gauge these fluxes (and contaminants) to the sea.
SGD to the world ocean may be as high as 50% of total river runoff in temperate and tropical
forested regions, as well asin karstic regions.

Under an IAEA’s Co-ordinated Research Project “Nuclear and Isotopic Techniques for the
Characterisation of Submarine Ground Water Discharge (SGD) in Coastal Zones™ carried out
together with the IAEA’s Isotope Hydrology Section, and in co-operation with UNESCO,
joint investigations have been carried out offshore of south-eastern Sicily and in Ubatuba
coastal areas in Brazil, using radioactive and stable isotopes. In this presentation we shall
concentrate on an application of in situ gamma-ray spectrometry in SGD investigations.

In situ gamma-ray spectrometry has been recognized as a powerful tool for analysis of
gamma-ray emitters in sea-bed sediments, as well as for continuous analysis of gamma-ray
emitters in seawater (e.g. **'Cs). However, there were no trials to use the in situ gamma-ray
spectrometry for investigations of SGD. Following successful operations of IAEA-MEL’s in
Situ gamma-ray spectrometers in a continuous mode, it has been possible to apply this
technique for continuous monitoring of radon (as well as thoron) decay products in seawater,
as possible indicators of SGD in coastal zones.

e countrate (s)
A Salinity (/)

20-21-22 March 2002

FIG. 1. In situ gamma-spectrometric measurements in Scily (left) and ?“Bi counting rate vs salinity
and tide.
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The IAEA-MEL’s in situ gamma-ray spectrometer used in 2002 and 2003 expeditions in
Sicilian [1] and Brazilian coastal waters [2] consisted of an Nal(Tl) detector coupled with
electronics and a data acquisition system enabling to sample gamma-ray spectra in regular
intervals and to calculate activities of “°K, and ***U and ?**Th (or their decay products — for
radon measurements usually #“Bi for 2?Rn and Tl for ?°Rn).

In situ gamma-ray measurements carried out in the Donnalucata port (Sicily) from 20 to 22
March 2002 showed clear anti-correlation between the counting rate (in the window of B,
representing “’Rn) and the salinity records, indicating a pumping effect of tide on the flux of
SGD in the location.

A similar effect has been found during in situ gamma-ray measurements carried out in the
Flamengo bay (Brazil) from 20 to 22 November 2004.
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Development of salinity, tide and ***Bi count rate at Base with time

POVINEC, P.P,, et a. Applications of isotopic techniques in characterisationsubmarine
ground water discharge offshore of south-eastern Sicily — SGD Collaboration (in
preparation).

POVINEC, P., COMANDUCCI, JF., LEVY-PALOMO, I., SILVA, N., OLIVEIRA, J,
Assessment of groundwater discharge via in situ underwater gamma-spectrometry and
natural radionuclidesin Ubatuba coastal area (in preparation).
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Radium isotopes were used in conjunction with direct measurements to assess the discharge
of groundwater across the northwest section of the Venice Lagoon floor about eight
kilometers from the city. Thisis an area of about 50 square kilometers of marshland dissected
by channels. The lagoon sits atop a series of nine unconsolidated or semi-consolidated
aquifers with atotal thickness of about 1000 meters [1]. The surrounding land is of low relief,
unlikely to support any substantial, water-table hydraulic gradient, but free-flowing artesian
wells are found. Water samples for radium analysis were collected along three transects in
May and June 2004. End-member samples were also collected in the Adriatic Sea, a nearby
artesian well and two surface wells (near the Sile River) on the mainland. Over 250 direct
measurements of submarine groundwater discharge were made over the course of nine
months using benthic chambers vented to a plastic collection bag.

Up to two orders of magnitude of difference in short-lived radium (**Ra and %*Ra) activities
were observed in surface waters. These values were comparable to those reported in coastal
settings elsewhere where SGD has already been estimated [2]. Indeed, high activities were
measured in a well sample from the marsh as well as in water collected from the benthic
chambers. Enrichment was also observed in the artesian well. On the contrary, low levels of
radium isotopes were determined in river, land wells and Adriatic waters. Overal, these
results point to a substantial groundwater source to the lagoon. The surface water seems to be
a mixture of at least four sources. the Adriatic, upward leakage from deep confined aquifers
(the Artesian wells), near surface groundwater and rivers. A multiple end-member mixing
model allows estimates of the contribution of each source. Direct measurements showed a
high degree of variability with discharge rates ranging from five cm®/cm?/day to over 200
cm/cn.day. Higher discharge rates tended to be found deeper in the channels possibly where
the channel cuts through a local aquitard. Nutrient analyses from the benthic chamber and
ambient water samples show a concentration of ammonium in the seepage device water which
isfour to eight times greater than that of ambient water samples. The average seepage device
ammonium concentration was 325 ppb while it was 50 ppb in the ambient water. The
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circulation of groundwater through the marshes seems to be augmented with groundwater
driven across the sea floor from deeper artesian aquifers that may be a significant source of
ammonium to the lagoon. A second site in the industrial sector of the lagoon was also
examined.

[1] CARBOGNIN, L., GATTO, P., MOZZI, G., Guidebook to Studies of Land Subsidence
due to Ground-Water Withdrawal, IAHS-AISH 121 (1977) 65-81.

[2] CHARETTE, M.A., BUESSELER, K.O., Submarine groundwater discharge of
nutrients and copper to an urban subestuary of Chesapeake Bay (Elizabeth River),
Limnol. Oceanogr. 49 2 (2004) 376-385.
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In the Mediterranean coast of Israel, two aquifers are draining to the sea — the Pleistocene
coastal granular aquifer and the Cretaceous carbonate one. The Pleistocene aquifer consists of
interlayered Nilotic sandstone, calcareous sandstone, siltstone, loam, and marine clays, which
form several sub-aquifers, with total thickness of 100-200 meters. The upper sub-aquifer of
about 50 m thickness is phreatic, while the lower ones are confined and there is a possibility
that they drain to the sea in their submarine exposure along the continental slope, some 20-30
kms offshore. The carbonate aquifer is mainly confined, but drains to the sea at several
locations along the northern coast. The northern coast is aso characterized by many young,
recently active, transversal faults, some of them are aready known for being major pathways
for seawater intrusion into the aguifers.

Recently, we started a research of SGD along the Israeli coast, focusing on the role of
transverse faults in SGD and on the proportions of recycled seawater in this discharge. The
project involves geochemical tracing and continuous in-situ measurements of flow rates and
solute fluxes, as well as a detailed ecological study of the coastal water. The geochemical
tracing includes the study of Rn and the Ra quartet, as well as salinity and nutrients. Flow
rates and solute fluxes and their temporal patterns will be determined using newly developed
methodology, which apply the osmotic pumping principle to the in-situ continuous sampling
of seawater and pore water. Tracing the profiles of a dye tracer previously injected into the
sediment, flow rates as low as few cm/yr can be determined. Together with chemistry of pore
fluids, this will allow the determination of fluxes of solutes, and especially of nutrients, into
the coastal seawater. In the ecological part of the project, we will focus on the variability in
microbial autototrophic and heterotrophic communities in relation with SGD-induced
differences in the input of nutrients (nitrate, nitrite, phosphate, ammonium, silica) and other
dissolved anthropogenic constituents (e.g. radium, polonium and heavy metals).

Preliminary analyses of surface water along the Isragli coastline at 13-40 meter bottom depth
(Figure 1a) show relatively high concentrations of #?Rn (40-50 dpm/100kg, excess argon -
30-40 dpm/100kg) with a peak at the Haifa bay (82 dpm/100kg ). A transect taken
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perpendicular to the coastline (Figure 1b), from Haifa to the northwest, shows a peak above
the continental slope at bottom depth of 600 meter (62 dpm/100kg) with very low *°Ra
content (3 dpm/100kg), implying the possible existence of alocal plume. The source for this
anomaly should be further studied.
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FIG. 1. Rn activities in surface water (8-12 m depth): a. along a transect from Haifa to Tel-Aviv
(March 2004), bottom depths vary between 13 and 40 m; b. along a transect from Haifa westwards

(toward Cyprus, Feb. 2004).
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The principal reason that groundwater discharge estimates have not attained the precision that
is typically achieved of other oceanic inputs is that the direct discharge of groundwater into
the coastal zone is inherently very difficult to measure. Concerted efforts are required to
improve this stuation by integrated application of hydrological and oceanographic
techniques. In order to develop the scientific and technical knowledge that will enable these
issues to be addressed with a higher degree of certainty, UNESCO (10C and IHP), together
with the IAEA, has developed a 5-year program which includes intercomparison experiments
in different coastal environments. An important aspect of our program is to disseminate the
results widely, to coastal managers and other relevant parties, in the hopes that national
authorities will encourage the scientific community to investigate these phenomena properly.
We present here our isotopic results from the 3™ intercomparison experiment held in Ubatuba,
Brazil November 16-22, 2003.

We used a combination of radioisotopic tracers (*’Rn and Ra isotopes) to estimate SGD
fluxes and exchange rates during the Brazil intercomparison These tracers work because they
display large concentration differences in groundwater relative to ocean water and behave
conservatively (or nearly conservatively) in seawater. The short-lived radium isotopes (**Ra
and ??*Ra) are introduced near shore either by SGD or surface inputs and decrease away from
shore as a result of radioactive decay and mixing. Since the decay terms are known precisely
(the half-lives of “*Raand %?*Ra are 11 and 3.66 days, respectively), we can assess exchange
rates by examination of the onshore-to-offshore distributions.

We measured the distribution of radon in the surface waters using a newly developed multi-
detector radon system Three detectors were fed surface seawater from a submersible pump
while being towed from a boat at an average speed of about 7 km/hr. Each detector is set to
integrate counts over a 30-minute period and the detectors are run out of sequence by 10
minutes. Thus, a data point is recorded every 10 minutes. The results (Fig. 1a) show that there
are definite areas of higher radon in the two embayments investigated. The highest area was
along arocky shoreline in the north central area of Flamengo Bay. We observed small springs
in this area that consistently showed up as positive radon anomalies with lower salinities.

At the same time we were conducting the radon survey, we towed “Mn fibers’ in a mesh bag
behind the boat for periods of 30-40 minutes for determination of radium isotopes. The results
for the ?*Ral***Ra activity ratio (Fig. 1b) show that there is a systematic trend from high
ratios near shore and steadily decreasing ratios as one moves offshore. We consistently
measured high ratios (~25) in the same area of north central Flamengo Bay where the high
222Rn activities were observed.
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FIG. 1. Distribution of ?Rn (left, dpmvL) and the **Ra/*®Ra activity ratio in surface waters off
Flamengo Bay.

The radium isotopic results may be used to estimate residence times of the water, assuming
that the radium enters into the coastal waters with a constant isotopic composition:
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where [?*Ral*®Ra] s and [**Rali**Ral]; represent the observed and initial activity ratios of
the radium source water. Based on an initia activity ratio of 27 (the highest measured in
Flamengo Bay) and a ratio of 5.3 near the end of our transect line at approximately 10 km
offshore, we estimate a residence time of approximately 12.6 days.

We estimated SGD rates from continuous measurements of 2?Rn at a fixed location within
the interior portion of Flamengo Bay. Net %?Rn fluxes were determined by evaluating the
change in inventories over each measurement interval after making appropriate allowances for
tidal fluctuations and atmospheric evasion. Mixing with offshore waters is also accounted for
and is estimated based on inspection of the calculated radon net fluxes or independently by
use of short-lived Ra isotopes. The estimated SGD rates ranged from 0-15 cm/day and
showed a similar pattern as seen by automated seepage meters that were also deployed in the
area. It is clear from these results that the advection of pore water fluids across the seabed is
not steady state but episodic with a period that suggests tidal forcing or modulation. Most of
the seepage spikes we observed occurred during a transition from high tide to low tide. The
highest flow events occurred on Nov. 17", a period during which the highest rainfall was also
recorded.
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The knowledge of the four natural Ra isotopes in agueous systems can be used to constrain
important environmental processes occurring at the land-sea margin. The high variability of
the 2?°Ra/*®Ra activity ratio in waters, as has been reported by several authors [1-3], clearly
demonstrates the suitability of Ra isotope relationships do determine fluxes and mixing rates
of continental waters into oceans and estuaries and exchanges between ground water and
surface water.

Two main geochemical characteristics control the production and input of Ra isotopes in
coastal areas. the existence of particle-reactive Th isotopes in sediments as its direct
radiogenic parents and the vastly different environmental behavior of Ra in fresh water and
salt water media. The short-lived Ra isotopes of the ?*’Th series, which are highly depleted in
the ocean basins due to their rapid decay and the strong depletion in parent Th isotopes, have
been used to track advection from the coasts. Because of the 5.7 year half-life of 2?®Ra, this
isotope has been used effectively to estimate oceanic horizontal eddy diffusivities and coastal
water residence times over timescales of less than 30 years. By using both *Raand **Ra
(ty2= 3.7 days), timescales of less than 10 years can be investigated.

In this paper, to assess the cross-shelf Ra distributions in Sdo Paulo Bight, four shore-
perpendicular profiles were collected up to 100 km offshore from 23 to 26 February 2003
(summer), on board the R/V Prof. Besnard. The S&o Paulo Bight is the arc-shaped part of the
southeastern Brazilian margin extending from 23°S to 28°S. All samples studied here were
taken in the selected area between latitudes 23°15’S and 25°50°'S and longitudes 44°W and
46°W, in order to estimate coastal mixing rates and ground water discharge fluxes (Fig. 1).
This region is considered a tropical coastal area and the main geologic/geomorphologic
feature is the presence of granites and migmatites of a mountain chain locally called Serra do
Mar (altitudes up to 1,000 meters), which reaches the shore in ailmost all of the study area, and
limits the extension of the drainage systems and of Quaternary coastal plains. Wave action is
the most effective hydrodynamic phenomenon responsible for the bottom sedimentary
processes in the coastal area as well as in the adjacent inner continental shelf. The terrestria
input of sediments is strongly dependent on the rainfall regime, leading to a higher
contribution of sediments during summer season. During the summer, the advance of the
South Atlantic Central Water (SACW) over the coast leads to the displacement of the Coastal
Water (CW), rich in continental suspended materials, and to the transportation of these
sediments to the outer portions of the continental shelf. During winter, the retreat of the
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SACW and the decreasing of the rainy levels restrict the input of sediments from the
continental areas.

The activity concentrations of 2?°Ra in surface sea water varied from 0.2 to 41 mBq 100 L?,
2*Ra in excess from 2.0 to 253 mBq 100 L'}, ?*°Ra from 122 to 181 mBq 100 L't and ***Ra
from 39 to 442 mBq 100 L. The ?*°Ra/®**Ra activity ratios observed in sea water samples
ranged from 0.3x10* to 13, whereas *Ra**°Ra AR varied in the interva from 0.3 to 2.4.
These results seems to indicate that Ra isotopes from 23?Th series prevail in a major number
of samples, when compared with Ra isotopes from 228U and 2°U series.

Considering the results obtained in the summer 2003, shore-perpendicular profiles of *°Ra
and **Rain surface waters along the coast were modeled to yield eddy diffusion coefficients.
The results were also corrected by mixing, using the activities of 2*>Ranormalized to *®Ra.

. - , Kl
Ws0° 497 48° 470 46° 45° 44" 437 42° 410 40°

FIG. 1. Location of the sea water sampling stations, collected on the Sdo Paulo State continental
margin, Southeastern Brazl. Ilha Grande bay horizontal profile isrepresented by 1G, Ubatuba by UB,
SAo Sebastido by SSand Santos by SB.
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The territory of the Aral Sea Region is known as an ecological disaster zone. Heath
specidists have identified high and increasing mineralisation of potable water, and also the
abundance of highly toxic pollutants (mainly pesticides) in water, air and food, which
contribute to the deterioration of the population's health. It is now obvious that, in order to
provide reasonable living conditions to the population, it is first of all necessary to drastically
improve the quality of the water dedicated to human needs. Due to their intensive pollution by
industrial wastes and by drainage waters from irrigated fields, the Syr Darya and Amu Darya
rivers can no longer be considered as a source of safe and sustainable water supply. In such a
situation, a number of scientists consider that the population's water supply must be achieved
through a more comprehensive use of fresh and even subsaline groundwater resources.

According to the data obtained during our work on the INTAS 1003/1014 projects in 2003-
2004, the Aral Sea coastal aguifers, intruding seawater through the free connection to the sea
is mixed with and measurably diluted by groundwater derived from land drainage.
Hydrological changes associated with poor water management, climate change and
desertification in the Aral Sea region put question marks on long-term submarine groundwater
discharge (SGD) development and the possibilities for its modelling and quantification. In
order to meet this objective, we used, extend, compare and combine SGD results from
different site-specific numerical simulations of groundwater outflow, and associated seawater
intrusion and re-circulation in coastal aquifers. We simulated the groundwater dynamics in
three different aquifers of the Aral Searegion.

Our field trips/sampling and data collection have shown that the problem of public water
supply in the Aral Sea Region is still extremely acute because of the absence of fresh water
sources. Surface waters are polluted with salt. They have very high mineralization in the level
up to 3-4 g/l and even more at rigidity 25-35 milligram/l. One of the promising approaches to
solve this problem is the extended and sustainable use of groundwater, but our studies also
have shown that in the Aral Sea coastal aquifers, intruding seawater through a free connection
to the sea is mixed with and measurably diluted by groundwater derived from land drainage.
This dynamic mixing, or sainity transition zone constitutes an estuary that may be of great
importance for the Aral Sea ecosystem by supplying nutrients to the seawaters. We simulated
large-scale dynamics of groundwater discharge to the Aral Sea in three different agquifers of
the Aral Sea Basin. We subjected these aquifers to a wide range of boundary and management
conditions and changes in net water drainage from land. The resulting groundwater discharge
a steady state is quantifiable and predictable by smple linearity in the net land-determined
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groundwater drainage, defined as total groundwater drainage minus groundwater extraction in
the land aquifer system. This linearity appears to be general and independent on site-specific,
variable and complex details of hydrogeology, aquifer hydraulics, streamlines and salinity
trangition zones in different geological systems of the Aral Sea Basin. We find analogous
generaity in the groundwater and seawater components of groundwater discharge, which
along with the linearity in total groundwater discharge may facilitate a relatively simple,
generic approach to the groundwater modelling and prediction over the Aral Sea Basin under
present and potentially changed future conditions due to climate change and desertification in
the Aral Sea Region.

The analyses of conditions of groundwater-seawater interactions of the Aral Sea basin has
shown that the conditions, changed for the last decade, water exchange and, in particular, sea
level, require more precise calculation of values of an underground flow. First of al we
propose a clear formalization of geologicalk-lithological and hydrodynamic conditions of the
flow within the seawater area. At the same time the Ara-Kyzylkum (Arkhangelsk) swell
should be corsidered as an internal bordering condition for the model.

The conclusions of studies brought opinion about increasing the SGD or groundwater inflow
into the Aral Sea due to the drop of its water level comparably real hydrodynamic condition is
not quite right, because more then 30% of pressured groundwater in northeastern, eastern and
southeastern parts of the basin is being used for decentralized water supply purposes. Now
one of the critical issues in the region is to improve water supply systems for populated and
agricultural zones using groundwater resources of higher cretaceous aquifers. This aspect
does not kill the hope that the increase of SGD or inflow of pressured groundwater into the
Aral Sea can stabilize its level at a certain range. But the share of groundwater in the seawater
balance was not significant and it will decrease year by year due to increased use of
groundwater for water supply purposes. It is appeared a hydrology- hydrogeological situation
in the former and current Aral Sea water area causing the change in groundwater flow turning
it into opposite direction from water area to transit zone of artesian basin. Such an inversion
will be observed from the moment of reaching the borders of piezometric depression in
pressured layer that are being formed by the intake of groundwater within territory by
Arkhangelsk swell. It obvious that the quantitative parameters of such situation could be
obtained by above proposed method of simulation. The nonlinear non-steady filtration
model operating as the input available observational data and results of the previous model
calculations, updated by experiment is proposed as an instrument for studying the flow of the
multicomponent system of groundwater-seawater interactions in the Aral Sea region.

The estimations, obtained for vertical filtration as 5.1-5.3 n%/? and 6.3 n%/?, have allowed
calculating specific values of a pressured groundwater inflow on the floor space of the Aral
Sea. The results have shown considerable dimensional heterogeneity of values of an inflow of
water. The model for groundwater filtration for a case of two aquifers was proposed assuming
a horizontal filtration in aquifers and vertical in stratums with low water conductivity
property. Unlike balance methods, this model has enabled to caculate allocation of
groundwater discharge, running in hollow, on the floor space of a water body and to calculate
dimensional filtration arguments on the basis of a solution of an inverse stationary problem.
In assumption of laminated water bearing pattern of depositions with common field
infiltration as uniform water bearing complex, the author proposed that the main flow of water
in this stratum takes place in a horizontal direction and for sectioning water bearing stratum
the preferential flow of waters is in a vertical direction. The obtained results lave revealed
that the main groundwater discharge takes place by overflow through low conductivity
stratum on beads of hollow.

Support for the analyses was provided by grants from INTAS (Projects # 1003/1014).
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The Lower Tagus — Lower Sado Basin is located in SetUbal-Lisbon region and represents an
important water resource for a vast region. The highly populated urban and industrialized
areas of Setlbal and Lisbon are supplied by this system, which has been extensively exploited
over the last decades. In order to find out the source of salinization in the groundwater
systems chemical (Cl', HCOs, SO, Ca&*, Mg?*, Na" and K*) and isotopic analyses (d?H,
dc, d*®0, *H and **C) were performed on groundwater samples collected in 39 boreholes. In
the region under investigation there is a growing concern that these groundwater systems
maybe threatened by further exploitation (not controlled) due to mixing with the shallow
aquifers (highly polluted), seawater intrusion processes in the coastal areas, or either by brine
dissolution detected in depth by geophysical studies[1].

From the geological point of view the Lower Tagus — Lower Sado Basin is characterized by a
synclinal structure composed by Tertiary sediments, mainly marine deposits. Three main
groundwater systems can be identified in the region: a shallow quaternary aguifer constituted
by aluvial deposits presenting high transmissivity values, underlied by the Pliocene and
Miocene formations. Sandstones and limestones of marine origin related with different marine
transgression and regression events compose the Miocene deposits. These deposits show an
average thickness around 200 to 300 m, although in the central part of the basin these values
increase up to 800 m. Fluvial terraces made of sands and clays represent the Pliocene layers.
Geophysical studies performed in the region, reveal two important fault systems. The first
located in the Lower Tagus valley with a N30°E direction, and the other the so-called Setibal
- Pinhal Novo fault runs N-S and is responsible for a graben structure which allows the rising
of a brine formation or ancient seawater trapped in the sediments [1].

The hydrochemical evolution is characterized by a progressive increase in the total dissolved
solids varying from 80 mgL ™ up to 2565 mgL ™ in the Pliocene aquifer while in the Miocene
the mineralization varies between 200 mgL™ to 7800 mgL™. In the central part of the basin,
where waters are used for public and agriculture supply, an increase of the water salinization
was detected. The CI" and Na' increase in the groundwater is most probably associated with
the graben structure, responsible for the rising of the brine to minor depths. Two different
evolution trends were identified in the ratio Ca/Na: the first reflecting seawater mixing and
the other with higher Ca content characterizing most probably the brine dissolution (Fig. 1).
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No tritium was found in Miocene water samples, however in the shallow aquifer the *H
content range from 1 to 3 TU. Radiocarbon was determined in 12 boreholes on the Total
Dissolved Inorganic Carbon (TDIC). The range of values varies from 71.9 + 0.7 pmc to 88 £
0.8 pmc in the Pliocene, and from 2.9 £ 0.3 pmc to 45.6 £ 0.9 pmc in the Miocene. The
apparent carbon-14 groundwater age was estimated using d*3C values as correction factor [2],
and the apparent ages vary between modern (borehole 31 — sea water intrusion) and 25.4 + 3.3
ka (borehole 3). It is important to notice that all analysed water samples show a Saturation
Index (SI) for calcite lower than —1.69, simultaneously the d**C measured in the TDIC of the
groundwater samples is around —10%,. The observed relation, between the apparent carbon-
14 groundwater age and the electrical conductivity or the CI” content reveals an interesting
pattern (Fig. 2). In fact, a dispersion of the samples boreholes with the increase of salinization
and apparent groundwater age can be observed, pointing out to brine dissolution mechanism
(southern part of the basin) as the mechanism responsible for the deterioration of the water
quality.

However, a different origin of the salinization was identified in Almada region (northern part
of the basin): the results are pointing to recent seawater intrusion as the main mechanism
responsible for the salts increase in the groundwater (Fig. 2).
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FIG. 1. Sodium content as a function of calcium concentration.
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FIG. 2. (a) - Distribution of Cl” content (meqL™) in the groundwater samples.
(b) CI" content as a function of the apparent **C groundwater age.
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The nutrient inputs through the submarine discharge of fresh, brackish, and marine
groundwaters may be comparable to the inputs through river discharge in the coastal ocean
[1]. However, the biogeochemical influences of submarine groundwater discharge (SGD) in
the coastal ocean are poorly understood. We present the biogeochemical and ecosystem
changes in the coastal ocean due to the submarine discharge of nutrients in the South Sea of
Korea.

We estimated SGD in a eutrophic semi-enclosed bay (Yeoja Bay) in the South Sea using
radium isotopes (***Ra, **Ra, and ®Ra). The nitrogen, silicate, and radium concentrations in
coastal groundwaters were in general much higher than those in seawaters offshore. Thus, the
fluxes of new nutrients through SGD were higher than those through stream flow in this bay.
This appears to result in the large input of excess nitrogen and silicate into the coastal ocean
In the offshore of this bay (red-tide areas), good correlations among %?*Ra, Si, and DIN
(dissolved inorganic nitrogen) were observed, although phosphorus was amost completely
depleted. Thus, the outbreak of red tides in this region seems to be due to the limited growth
of diatoms under depleted DIP conditions, and the efficient utilization of DIN and DOP
(dissolved organic phosphorous) by dinoflagellates. This case study indicates that nitrogen
pollution in coasta groundwater and its subsequent discharge into the ocean may cause a
significant ecological change that could trigger or facilitate harmful algal blooms.

In a volcanic island, Jeju, Korea, seepage rates were in the range 50-300 m/yr, which are
much higher than those reported from typical continental shores. On the eastern shore of Jgu,
amost al groundwater discharge is attributed to recirculating seawater, while fresh
groundwater contributes about 20% of the total SGD on t