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FACTORS CONTROLLING ISOTOPIC COMPOSITION OF WATER 
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Abstract: Stable isotopes in precipitation and atmospheric water vapor are observed over a 

paddy field, Mase, Japan, from June to October of 2013. We use observed isotope ratios, in 

combination with an isotope-enabled GCM (IsoGSM) to investigate the major processes 

governing water vapor isotopic variability in the region. The results show that the water 

vapor is slightly affected by the local evapotranspiration but significantly related to large 

scale air mass advection. The different characteristics of observed isotopic dynamic 

variability primarily depend on the advection of water from different source regions. 

 

1. INTRODUCTION 

Isotope method has been regarded as a robust tool for tracing the origin and movement of 

atmospheric water [1]. Recent development in high-frequency laser spectrometer in situ 

technology has made it possible to measure water vapor isotopic ratios at high temporal 

resolution and on a continuous basis [2]. Such a measurement offers unique opportunities to 

examine the temporal variation in water vapor isotopic ratios and gains insights into the 

involved mechanisms [2]. Although the ground-based monitoring of water vapor isotopes is 

important, temporally continuous water vapor isotopic measurement remains sparse [1].  

Furthermore, in spite of sophisticated in-situ based estimated of water vapor isotopes, it is 

difficult to evaluate the contribution of particular source of precipitation and water vapor with 

merely in-situ observation. To diagnose water cycle in respect of both isotopic variation and 

water origins, spatial variations of isotope should also be quantified. Given the inherently 

spatial and temporal complexities associated with the evolution of the vapor source, isotope-

enabled GCM provide a tool to interpret the cause of isotopic variability that accounts for 
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Figure 1. The mean wind field (arrow) and 850 hPa 

isotope ratios (color field) at 850 hPa in JJA and SO. 

large scale mixing thus minimizing the reliance on the problematic assumption of single 

water source [3]. Therefore, to provide a more deep understanding of the factors controlling 

water vapor isotopes, both in situ isotope measurement and isotope-enabled modelling are 

necessary. 
 

2. METHODS 

The study site (36◦03’ 14.3” N, 140◦01’ 36.9” E) is located in a rectangular paddy field (with 

an area of about 100m × 50m) in Mase, Tsukuba, which is 50 km northeast away from 

Tokyo. The water vapor isotopes are measured by in situ high-frequency laser spectrometer 

(Picarro, L2120-i). Precipitation samples are collected on a six hourly basis by a wet-only 

automatic sampling system. We use observed isotope ratios, in combination with an isotope-

enabled GCM (IsoGSM, Yoshimura et al. [2008]) to investigate the major processes 

governing water vapor isotopic variability in the region. IsoGSM is a global spectral model 

equipped with water isotope tracers, which is developed to constrain predicted pattern of 

precipitation and water vapor transport. 

3. RESULTS 

The observed results show that during rainy days, the water vapor is primarily influenced by 

precipitation. The significant correlation (R
2
=0.66) between measured water vapor δD and 

the predicted one from precipitation indicates that water vapor δD during the precipitation 

event can approach an equilibrium state with precipitation water. By applying Keeling plot 

approach with IsoGSM simulation, the contribution of local land is found to have a minor 

effect (about 20%) on water vapor 

during the fine days. Furthermore, 

lack of correlation between water 

vapor δD and local weather 

variability such as temperature and 

relative humidity, reflects the small 

influence of local evapotranspiration 

and the important contribution of air 

mass advection. Based on significant 

difference of water mixing ratios and 

d-excess, we divide the observation 

into two periods as JJA (Jun-Jul-

Aug) and SO (Sep and Oct). The 

different characteristics of isotopic 

dynamic variability between JJA and 

SO primarily depend on the 

advection of water from different 

source regions. IsoGSM simulation 

shows that the circulation pattern in 

JJA is associated with Japan sea 

water vapor flow, whereas Pacific 

Ocean water vapor flow plays a 

dominant role in SO (Figure 1).  
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4. CONCLUSIONS 

In this study, we use observed water vapor and precipitation isotope ratios, in combination 

with IsoGSM to investigate the major processes governing water vapor isotopic variability 

over a paddy field. The results show that the water vapor is greatly dependent on large scale 

air mass advection while less affected by the local evapotranspiration. The advection of water 

from different source regions is responsible for the diverse characteristics of observed 

isotopic dynamic variability. Our results demonstrate the robustness of combining isotope-

enabled GCM simulation with in-situ isotopic observations to study atmospheric water 

circulation processes.  
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Abstract: Due to the role of water vapor and clouds in positive feedback mechanisms, water 

vapor is a key player in the future Arctic climate. Ecosystems and human societies are 

vulnerable to climate change through even minor changes in precipitation patterns, including 

the occurrence of extreme events. It is therefore essential to monitor, understand and model 

correctly the mechanisms of transport of moisture, at the regional scale.  

 

The relative abundance of heavy and light water in the atmospheric moisture is affected by 

each phase change, because of their molecular properties (diffusivity and saturation vapor 

pressure). As a result, the isotopic composition of water vapor provides an integrated tracer of 

water cycle processes involved in evapo-transpiration, moisture transport, and cloud 

formation. Second order processes such as deuterium excess can carry a signal related to 

moisture origin. A correct representation of these water cycle processes is expected to play a 

key role in the future Arctic climate. Because water stable isotopes are incorporated in a 

growing number of regional to general circulation atmospheric models, such data can be used 

to benchmark atmospheric model results with a focus on the Arctic hydrological cycle. 

 

We present here results from international efforts to obtain water vapour measurements in the 

Arctic, using a network of land stations and ships. We highlight the specificities and 

complementarities of observations so far obtained from different sites (Greenland, Iceland, 

Svalbard, Siberia and research ships), calling for an international coordinated monitoring. 

Moreover, we report results from comparison with isotope-enabled general circulation 

models (nudged to re-analysis products), showing that they fail to correctly represent several 

key processes associated with the spatio-temporal variability of deuterium excess. The 

comparison of different stations, and calculations based on Lagrangian back trajectories are 

used to diagnose the spatial footprint of each station, arguing for an expanded and structured 

water vapor isotope-monitoring network in the Arctic.  
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Abstract: Water stable isotopes have been widely used as tracers of the atmospheric 

hydrological cycle, especially in palaeoclimatological studies based on ice cores to quantify 

past climate and the water cycle changes. 

 

During the past decades, the mechanisms controlling the precipitation isotopic composition 

have been investigated thanks to precipitation sampling and laboratory analyses, with a 

crucial contribution of the IAEA/GNIP network. In situ observations of water vapour isotopic 

composition used to be limited to cold trap methods (Jacob and Sonntag, 1991). During the 

last decade, new laser based techniques of high precision continuous in situ measurements of 

water vapour isotopic composition have become field deployable, allowing investigation of 

variations at very short time scales. 
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Moreover, satellite or surface based remote sensing techniques now allow measurements of 

vertical profiles of the water vapour isotopic composition, with different vertical sensitivities 

and with a wide spatial coverage for satellite measurements. 

 

In parallel, a growing number of regional to general circulation atmospheric models are being 

implemented with the explicit representation of water stable isotopes. The nudging 

techniques developed to guide such models with atmospheric analyses products provide a 

framework in which model results can be directly compared with water stable isotope 

measurements. 

 

All those techniques provide multiple information on the water vapour isotopic composition, 

but the heterogeneous precisions, horizontal or vertical coverages of these observations 

complicate there common use for documenting atmospheric processes. 

 

The extreme warm event observed in July 2012 over all Greenland (Neff et al., 2014) is an 

opportunity to combine the use of in situ and satellite measurements as well as model data to 

track the evolution of water vapour isotopic composition along transport from subtropical 

Atlantic to Greenland ice sheet (Bonne et al., in review). This case study allows to investigate 

the mechanisms relating isotopic signals and the origin of moisture, with implications for the 

interpretation of ice core records (e.g. similar warm events during the middle age period or in 

1889). 

 

This warm event led to surface melt over almost all the Greenland ice sheet. It was recorded 

in the isotopic composition of water vapour measured by the IASI satellite along the transport 

pathway (Lacour et al., 2012) and at two sites where continuous in situ surface vapour 

isotopic measurements were conducted: at Ivittuut, a coastal station of South Greenland 

(Bonne et al., 2014) and at NEEM camp, further north on top of the ice sheet (Steen-Larsen et 

al., 2013, 2014). These observations allowed us to monitor the isotopic composition of the air 

mass at different stages of its advection towards Greenland, which can inform on processes 

along this trajectory, such as cloud properties and moisture sources. In addition, two 

simulations of this event, using the AGCMs LMDZiso and ECHAM5wiso equipped with 

water stable isotopes and nudged towards large scale wind fields, are investigated.  

 

Furthermore, a regional high-resolution model was used to study the moisture transport to 

Greenland during this event using tagged water tracers of the North Atlantic ocean and 

coastal land evaporation. 

 

Using moisture source diagnostic based on the Lagrangian particle dispersion model Flexpart, 

we show that this 2012 heat wave event corresponds to moisture sources located over the 

subtropical Atlantic Ocean, where intense evaporation was caused by dry air masses 

associated with the US intense summer drought. This moisture was then advected northward 

along a narrow band, due to a very stationary surface cyclone southwest of Greenland. It 

reached southern Greenland (at Ivittuut on July 9th), travelled along the west coast of 

Greenland and was pushed continued eastwards above the ice sheet (arrived above NEEM on 

July 11th). 

 

Surface isotopic observations during the event show larger variations at NEEM than in 

Ivittuut, strongly reducing the isotopic and deuterium excess latitudinal gradient usually 

observed between South and North Greenland. This feature clearly deviates from a simple 
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Rayleigh distillation process. LMDZiso and ECHAM5wiso correctly simulate the magnitude 

of humidity and temperature peaks in both surface sites, associated with a strong isotopic 

enrichment and a deuterium excess decrease all over Greenland. Small biases are observed on 

temperature, humidity as well as isotopes, with an underestimation of deuterium excess 

variability, which is typical for these models at those sites. IASI observations are compared to 

model outputs along the transport path in the free troposphere (3-6 km) where the remote 

sounder is most sensitive to δD variations. 

 

These combined measurements and simulations demonstrate that the low deuterium excess of 

the initial subtropical air mass is preserved along transportation, contrasting with high 

deuterium excess levels associated with Arctic air masses. 
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Abstract:  Water stable isotopes (H2

16O, H2
18O, HDO, H2

17O) are well-known tracers of the 
past and present-day hydrological cycle. In contrast, in spite of the global monitoring of its 
concentration in precipitation (IAEA database) and a substantial dataset concerning polar ice 
([1] and references therein) tritium (HTO) has received little attention so far in atmospheric 
sciences. The main reasons for this are the relative complexity of its natural production by 
cosmic radiations, which requires a sophisticated cosmogenic production model [2, 3] and, 
above all, the lack of details concerning its massive injection by the nuclear atmospheric tests 
of the 1950’s and early 1960’s. However things have changed following the end of the “Cold 
War”, and the detailed information on individual nuclear tests (date, location, altitude, 
yield...) have been released by the governments, thus allowing to build a realistic atmospheric 
bomb tritium input function and to revisit the issue of tritium in the atmospheric water cycle. 
Tritium has indeed been shown to be an appropriate tracer for the intrusion of stratospheric 
air masses into the lower troposphere. After its production, it enters in the hydrological in the 
form of tritiated water molecules and has a radioactive half-life of 4500±8 days. Tritium is 
thus a good tool to study the links between the stratospheric injections, the hydrological cycle 
and the climate. 

In an approach combining data and model, we have first implemented natural tritium in the 
coupled Laboratoire de Météorologie Dynamique Zoom (LMDZ) Atmospheric General 
Circulation Model developed at IPSL [4]: LMDZ-iso. Its implementation uses the same 
model architecture as for the other water isotopes, after a correct description of associated 
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cosmogenic production terms [3]. The model is used in a configuration dedicated to the 
simulation of the stratosphere, with 39 layers. We are currently implementing the 
anthropogenic tritium in the model using the individual nuclear tests list and the distribution 
of tritium at the surface of the ocean from [5]. It was necessary to make this implementation 
in two steps to firstly study the transport of tritium and its spatial/seasonal variability under 
equilibrium conditions, without the masking effect of the dominant transient thermonuclear 
signal. 

In this presentation, we will firstly focus on the modeling of spatial and temporal natural 
variations of tritium content in precipitation. The model is validated against a compilation of 
available data for natural tritium. We show that the continental and latitudinal effects are well 
reproduced by the model. We will then present the ongoing work on the simulation of bomb 
tritium and its temporal evolution since the 1950’s in LMDZ-iso. 

REFERENCES 

[1]  FOURRÉ, E., JEAN-BAPTISTE, P., DAPOIGNY, A., BAUMIER, D., PETIT, J.-R., 
JOUZEL, J., Past and recent tritium levels in Arctic and Antarctic polar caps, Earth 
Planet. Sci. Lett. 245, 56-64 (2006).  

[2]  MASARIK, J., BEER, J., Simulation of particle fluxes and cosmogenic nuclide 
production in the Earth's atmosphere, J. Geophys. Res. 104(D10), 12,099-12,111 
(1999). 

[3]  MASARIK, J., BEER, J., An updated simulation of particle fluxes and cosmogenic 
nuclide production in the Earth’s atmosphere, J. Geophys. Res. 114, D11103 (2009). 

[4]  RISI, C., BONY, S., VIMEUX, F., JOUZEL, J., Water‐stable isotopes in the LMDZ4 
general circulation model: Model evaluation for present‐day and past climates and 
applications to climatic interpretations of tropical isotopic records, J. Geophys. Res. 
115, D12118 (2010). 

[5] BROECKER, W. S., PENG, T. H., OSTLUND, G., The distribution of bomb tritium 
in the ocean, J. Geophys. Res. 91(C12), 14,331-14,344 (1986). 

10



ID: 250 

COMBINING ISOTOPIC MEASUREMENTS OF ATMOSPHERIC 

VAPOR AND LAGOON WATER FOR ANALYSING ISOTOPE 

FRACTIONATION DURING EVAPORATION 

C. VALLET-COULOMB, H. DELATTRE, C. SONZOGNI 

CEREGE, Aix-Marseille Université, CNRS, IRD, Europôle méditerranéen de l’Arbois BP 80 

13545 Aix-en-Provence cedex 4, France 

E-mail address: vallet@cerege.fr 

 

Y. CHERAIN 

Réserve Nationale de Camargue, Socité Nationale de protection de la nature, La Capelière, 

13200 Arles, France 

 

O. BOUTRON 

Fondation Tour du Valat, Centre de recherche pour la conservation des zones humides 

méditerranéennes, Le Sambuc, 13200 Arles, France 

 

Abstract: The increasing use of laser spectrometry to measure isotopes in atmospheric water 

vapor has evidenced that the signal is submitted to high temporal variations. The relation 

between these atmospheric variations and the behaviour of isotope fractionation during a 

daily cycle of evaporation has to be better understood. We combine isotopic measurements in 

atmospheric and surface water during a summer period in a Mediterranean coastal wetland 

with high evaporation rates (Rhône River delta, France). Atmospheric isotopic (δ
18

O, δD) and 

climatic (temperature, humidity, wind speed and direction) data are interpreted at different 

time scales, while lagoon and canal data (δ
18

O, δD, surface temperature, water level, canal 

discharges) are used to calculate the average isotopic composition of evaporation flux, 

through the combined water and isotope budgets. This approach is used to evaluate the 

application of available schemes of kinetic fractionation that occur during evaporation of 

natural systems (Craig and Gordon 1965; Merlivat and Jouzel, 1979), which actually rely on 

a stationary state conceptualization. Data are analyzed with a specific focus on the slope of 

the evaporation line.  
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1. INTRODUCTION 

Stable water isotope ratios are used extensively in proxy records to help reconstruct past 

climate. However, in order to determine the climatological and hydrological variables of 

interest from isotope ratios, numerous assumptions must be made [1]. One possible way to 

get around these assumptions is to use isotope-enabled climate and earth system models, 

which can allow one to directly generate isotope values from the simulated climate, and 

can thus allow for a more direct comparison with observations [2]. There are also new 

measurement systems which can allow for a better understanding of isotope ratios in 

current environmental conditions [3]. This provides the opportunity to use isotopes to 

improve the models themselves. One particularly interesting opportunity is in the 

parameterizations of clouds and precipitation, which are difficult to simulate given the 

relatively small spatial and temporal scales of the actual processes involved. Given that we 

know isotopes are sensitive to such processes [4-6], one could use isotopic observations to 

better constrain and tune the parameterizations in the models, and eventually create 

completely new parameterizations which would improve the models’ accuracy and 

physical realism. This study examines this possibility by testing the sensitivity of 

simulated water isotope ratios in an IPCC-class climate model to changes in cloud 

parameters, including changes in the isotopic physics itself. By comparing the model 

output to observations, it can be determined which parameters isotopes are most sensitive 

to, and which physics choices result in the most accurate simulations. This knowledge will 

eventually be used to make improvements to the model itself. Ultimately, this line of 

research could have numerous scientific benefits, including increased understanding of the 

earth system, better paleoclimate reconstructions due to more robust model/proxy 

comparisons, and better future climate projections, which would have a direct impact on 

any policy decisions that need to take into account changes in climate due to either 

shorter-term natural climate variability or longer-term influences such as global warming. 

1.  METHODS 

This study will use the isotope-enabled National Center for Atmospheric Research 

Community Atmosphere Model Version 5 (iCAM5) coupled to the isotope-enabled 

Community Land Model Version 4 (iCLM4), both of which are components of the fully- 

coupled isotope-enabled Community Earth System Model (iCESM) [7,8], whose base model 

was used in the latest IPCC report. Figure 1 shows the precipitation-weighted long-term 

average of δ
18

O in precipitation as simulated by the model at 1.9° x 2.5° resolution. 

Numerous simulations will be done with modern SST and sea ice forcing, in order to produce  
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a climate that should match up well with current observations. One control simulation will be 

generated, and then numerous other model runs will be branched off the control simulation, 

with each new run having a different value for a cloud or isotope parameter, or even an 

entirely different isotopic parameterization. This will allow for one to determine the 

sensitivity of the simulated isotopic distributions to the cloud, precipitation, and isotopic 

paramaterizations, and to determine if a specific combination or set of parameter values 

results in the best comparison to observations. 

 

 
Figure 1. Long-term precipitation-weighted average δ

18
O of precipitation as simulated by 

iCESM, with prescribed modern-day sea surface temperatures and sea ice. 

2. RESULTS 

It is found that stable water isotope ratios, at least as simulated by the climate model used 

in this study, are quite sensitive to numerous cloud and precipitation parameter choices. In 

particular, it is found that how one models or parameterizes rain re-evaporation has a 

strong influence on the isotope ratios of precipitation, particularly the d-excess. The same 

is true for the super-saturation during the formation of cloud ice, which has a strong 

control on the kinetic fractionation during the deposition of vapor onto ice. Water isotope 

ratios also appear to be sensitive to quantities that also influence the radiation budget, such 

as the grid-cell relative humidity cut-off for the formation of clouds. 

3.  CONCLUSIONS 

Climate models have the capability to test hypotheses related to the distribution of stable 

water isotopes in our environment that would be difficult to examine otherwise, including 

the impact of atmospheric cloud and precipitation processes on measured isotope ratios. In 

order to help guide those experiments, and to help determine if current climate models 

have the ability to simulate such processes accurately, the isotope-enabled CESM model is 

used to test the sensitivity of the modeled water isotope ratios to changes in cloud and 

isotope physics parameters. It is found that sensitivity to such parameters does exist, and 

provides a way to not only improve our understanding of isotopes in the earth system, but 

also are ability to model the climate and earth system in general. This improvement in 

modeling could lead the way to better paleoclimate reconstructions and better future 

climate projections, which is one of the major goals of climate science as a whole. 
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Abstract: Water isotope ratios (δ
18

O, δD) in precipitation, surface waters, and seawater 

comprise the vast majority of paleo-hydroclimate proxies in the tropical Indo-Pacific. The δD 

and δ
18

O of precipitation and water vapor are powerful tracers of atmospheric circulation 

processes, and can help to illuminate fundamental interactions between ENSO and the 

atmospheric water cycle. Throughout the tropics, past changes in δD and δ
18

O are often 

attributed to ENSO-driven changes in rainfall amount (via the tropical “amount effect”) and 

related circulation processes. However, recent studies have revealed that ENSO’s impact on 

rainfall δD in many Indo-Pacific locations deviates substantially from the classic “amount 

effect,” with other fractionation and circulation processes becoming more important (e.g. 

Conroy et al., 2013). In order to accurately reconstruct past changes in Indo-Pacific 

hydroclimate using water isotopes, an improved understanding is required of the dynamical 

and microphysical processes controlling δ
18

Oprecip and δDprecip and their relationships with 

ENSO and other climate phenomena.  
 

In this study, we examine the controls on δDprecip and δDvapor in the Indo-Pacific and their 

relationships to ENSO in ground observations, data from the Troposheric Emission 

Spectrometer (TES) on NASA’s Aura satellite, and a new simulation with the isotope-

equipped Community Atmosphere Model v. 5 (iCAM5). In both the model and in 

observations, we find that the dominant processes driving monthly to interannual δDvapor 

anomalies differ substantially across the Indo-Pacific. Prominent differences are evident 

between the Indo-Pacific Warm Pool and the Central/Eastern Pacific (CEP), particularly in 

the relative importance of precipitation efficiency, detrainment, and rain evaporation on water 

isotope ratios. The dominant influence of the classic “amount effect” is spatially variable, 

with other processes playing important roles especially in the CEP. ENSO’s influence on 

δDprecip and δDvapor reflects the different controls on fractionation in each region. These 

findings may challenge the interpretation of some proxy records simply in terms of 

precipitation amount, while also opening up the possibility for novel reconstructions of other 

key aspects of atmospheric circulation. 
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Abstract: We aimed to partitioning ET at half- hourly time steps during the peak monsoon 
season Aided by a real time field monitoring scheme of stable isotopes of water vapor to 
produce Keeling plots and micromet-driven modeling of the isotopic composition of soil 
evaporation (E) and transpiration (T) of representative species of a subtropical shrubland. The 
study was conducted in the state of Sonora Mexico a legume-rich shrubland that gets 550 mm 
of rain yearly with 70% of the total occurring during the summer monsoon season. 
Preliminary results indicate that on a daily scale during the peak of the monsoon season in 
this ecosystem T is the dominant component of ET (T/ET 0.66 to 0.91) which suggests that 
the vegetation uses the available precipitation efficiently during the growing season. 

1. INTRODUCTION 

The evapotranspiration flux (ET) is a fundamental ecosystem process that transfers large 
amounts of water from the surface to the atmosphere via soil evaporation (E) and plant 
transpiration (T). The combination of hydrometeorological (eddy covariance, EC) and stable 
isotope techniques to study ecosystem-level processes is an attractive alternative since this 
combination of techniques allows partitioning ET into E and T at scales congruent for 
ecosystem studies (Williams et al., 2004; Tarin et al., 2014). The isotopic model to estimate 
the ratio of T/ET has a fundamental base in a mass balance (Yakir and Sternberg, 2000):    
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where, T/ET represents the T fraction that corresponds to the total ET flux; δET is the isotopic 
composition of ET which is determined by the Keeling plot approach using isotopic 
measurements of water vapor and vapor concentrations within a gradient; δT is the isotopic 
composition of transpiration and δE is the isotopic composition of the vapor from soil 
evaporation (Craig and Gordon, 1965). The isotope value of transpiration δT can be assumed 
to equal the xylem water isotopic values if plants are transpiring at ISS. However, δT is often 
not under steady state over short time scales (Farquhar and Cernusak, 2005).  Over diurnal 
time scales, changes in environmental factors, such as relative humidity and vapor pressure 
deficit, influence isotopic steady state.  Under these non-steady state conditions, the main 
method for determining δT is to use the modified Craig-Gordon model:  
 
δT = [αeqδL – hδa – εeq – (1-h)εK]/[(1-h) + (1-h)εK/1000]               [Eq. 2] 

where the subscripts, L and a stand for liquid water body and atmosphere, respectively; αeq  is 
the temperature dependent equilibrium factor, εeq = (1- αeq) 1000, εK is the kinetic isotope 
effect, and h is relative humidity. In this expression δL can be approximated by: 
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where ��
(�) and ��
(� − 1) are the non-steady state isotope compositions of the leaf water 
at predicted time � and at time (� − 1) respectively; ∆� is an interval time in seconds; ���(�) 
is the steady state isotope composition of leaf water at time � taking that (Yakir and Stenberg. 
2000): 
 
��� = �� + ��� + �� + ℎ(� − �� − ��)                                     [Eq. 4] 
 
where, most of these symbols were described above (Eq. 1). In equation 3, ∆t is a time 
interval in seconds, !	= W/Tleaf and represents the turn over time of water in the leaf; where 
W is the molar concentration of leaf water and Tleaf is the leaf transpiration rate (mmol m-2 s-1) 
of species leaves. The "	term relates α*αk(1 − ℎ) where αk is the kinetic fraction factor 
(1.023), α* and ℎ are as in Eq. 1. Thus, the isotopic composition of T under non-isotopic 
steady state (NISS) conditions can be estimated considering ��
(�) in as �# with Eq. 2.   
Despite that ��� does not estimate the isotopic enrichment at the sites of evaporation, it does 
represent the instantaneous condition of the leaf water and therefore is useful to represent the 
isotopic changes at the leaf through time (Farquhar and Cernusak, 2005) and therefore the 
non-isotopic steady state (NISS) model values of transient leaf water enrichment are a robust 
approximation of the isotopic composition of leaf water to estimate δT. 

In this study we used isotopic measurements of water samples from stems, soils and 
atmospheric vapor in a multispecies shrubland in the North American monsoon Region 
combined with continuous measurements of ET from the EC method to partition the ET flux 
over the growing season.  

2. METHODS 

The isotopic measurements of water vapor were carried over a water vapor 
concentration gradient throughout the ecosystem boundary layer in a subtropical shrubland in 
north western Mexico. Air was pumped from 5 tower heights (0.1, 2, 4.5, 6, 9 m) through low 
absorption Teflon tubing to a manifold system to automatically change between levels and 
divert the air to a cavity ring down spectroscope (DLT 100, LGR Inc.) to determine the 
18O/16O ratios and the water vapor concentration of canopy vapor. Using the isotope and 
moisture gradients we determined δET using the Keeling plot method. We calibrated the 
instrument every 1.5 hours using standard vapor. Stems were collected from four species 
representative of the shrubland: Prosopis sp., Fouquieria sp. Acacia sp., Parkinsonias sp. and 
Mimosa sp. The soil samples were collected from 0.05 to 0.1 m depths in two different 
microsites at bare soil and under canopies for a total of 6 samples per microsite on each 
collection day. Daily values of δT were calculated using Eq. 2 for each species and then 
averaged while dE was approximated by simply using the isotopic composition of soil water 
as �# in Eq. 2. Water from soils and stems was extracted at the laboratory using the cryogenic 
distillation method described by West et al. (2006) accepting extractions that confirmed that 
more than 95% of the water by weight was obtained. Water samples were analyzed in a 
cavity ring down spectroscope (DLT-100, LGR Inc.). The accuracy of the isotope analysis 
was 0.4‰ in 18O with respect to the LGR standards #1 and #5 from Los Gatos (LGR, 2008).  
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Figure 1.  Field deployment for water vapor monitoring at a subtropical shrubland in 

northwestern Mexico. 

3. RESULTS 

Real time monitoring of atmospheric moisture and the isotopic composition of water vapor 
(δ18O) permitted the generation of Keeling plots of water vapor at half hour intervals on two 
days during the peak of the monsoon growing season of 2012. Taking the y-intercepts from 
Keeling plots we observed that the δET values over both days varied in the range of 4.9 and -
7.6 ‰ Figure 2. 

 

Figure 2.  Half-hour integrated Keeling plots of water vapor (δ
18

O) in a subtropical 

shrubland in northwestern Mexico. 

The mean isotopic composition of the transpiration flux on August 8th, 2012 was 8.39 ± 
2.1 ‰ (Table 1) while the daily mean isotopic composition of the evapotranspiration flux was 
-32.16 ± 1.7 ‰ this difference permitted a mass balance to estimate the T/ET ratio on this 
day (Eq. 1.). Considering the range of variation of δET during the morning (4.3 to - 1.6 ‰), 
midday (4.7 to -1.8 ‰) and afternoon (4.9 to - 5.56 ‰) (see figure 2) the T/ET during these 
periods would vary from 0.61 to 0.90 in the morning, from 0.66 to 0.91 and 70 to 91 in the 
afternoon, during the afternoon period. This observation is contrasting with previous 
observations based on Keeling plots and the isotopic composition of contributing sources to 
the ET flux where, a marked variation in the T/ET ratio was reported for the morning and 
afternoon periods (Tarin et al., 2014). 
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Table 1.  Mean daily values of the isotopic composition (δ
18

O) of transpiration (δT) under 

non-isotopic steady state conditions (Eq 2.) for species representative of a subtropical 

shrubland in northwestern Mexico during August 8
th

, 2012. Standard deviation expresses the 

range of variation for of δT or each species over the diurnal cycle.  

Species δT species S.D. 

Acacia 9.6 2.5 
Fouquieria 3.0 4.3 
Parkinsonia 6.5 6.5 

Prosopis 15.5 5.6 
Mimosa 7.3 7.0 

δT ecosystem 
  8.39 ± 2.1   
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Abstract: New shallow ice core and snow pit records from Svalbard (in the Norwegian high 
Arctic) provide an overview of the spatial and temporal distribution of water stable isotopes 
(δ18O and δ2H) over the last decade. Snow pit samples were taken from the Lomonosovfonna 
ice cap and from the Ny-Ålesund area glaciers. The results give an idea of the spatial 
variation of water stable isotopes in Svalbard winter precipitations. Post-depositional 
phenomena may additionally modify the ice core isotope and chemistry data. To date the 
shallow ice cores, seasonal cycles were counted by means of the water isotope data, using the 
winter minima as an annual reference. 

1. INTRODUCTION 

Stable water isotopic composition (δ18O and δ2H) of ice cores is commonly known as one of 
the most valuable paleo-climate proxies for temperature conditions of the precipitation 
formation in the past. The observed relationship between air temperature and isotopic content 
of the precipitation both geographical and temporal has been robustly confirmed 
experimentally and explained theoretically. Isotopic data extracted from the deep ice cores in 
the polar ice sheets have contributed to much of the information on climate variability both 
on inter-annual and ice ages time scales. However, most of the ice core records available 
from the northern hemisphere are from the cold dry firn zone in interior Greenland. 

Ice cores from the glaciers outside the main ice fields have not received much attention, 
partly because of the surface melting during the summer season which could alter the original 
isotopic signal. In order to get a more comprehensive view of the climatic and environmental 
changes on a more global or hemispherical scale, the data from other locations outside large 
ice sheets is needed. 

In the Norwegian High Arctic, Svalbard archipelago, 3 cores were sampled at a resolution of 
5 cm or less in the lower part to account for glacial thinning towards the bedrock and studied 
in great detail with focus on the δ18O,  δ2H and major water soluble ion records. 
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Two ice cores have been drilled on Lomonosovfonna, one in 1997 (1250 m asl, 121 m long, 
covering ~1200 years), the other about 4.6 km further south in 2009 (1202 m asl, 149 m long, 
covering ~800 years). The ice core drilled in 1997 has been studied in great detail [1, 2] and 
confirmed that Lomonosovfonna is less affected by melting than other Svalbard glaciers [3].  

The ice core drilled in 2005 was sampled for the analysis of water soluble major ions, δ18O, 
δ2H [4]. Further studies are in progress.  

An ice core extracted from Holtedahlfonna ice cap (1150 m asl, 125 m long, covering 
~300  years), was analyzed for major ions, δ18O, δ2H [5] and for tritium [6]. 

2. METHODS AND RESULTS 

To illustrate the site-specific climatic and glaciological factors and to better estimate the local 
influence of environmental factors on Svalbard ice core records, a snow pit study was 
conducted in Svalbard. From 2001 to 2013, samples were taken with the aim of analysing the 
one year winter snow pack for δ18O and δ2H. Samples were taken from Lomonosovfonna and 
from Ny-Alesund area and measured at the Institute of Geology, Tallinn University of 
Technology by mass spectrometer Delta V Advantage or Laser Analyzer Isotope Analyser 
L2120-i. All isotopic measurements were calibrated on a two-point scale against the 
international standards VSMOW (Vienna Standard Mean Ocean Water) and VSLAP (Vienna 
Standard Light Antarctic Precipitation).  

The results give an idea of the spatial variation of water stable isotopes in Svalbard winter 
precipitations. Alteration by post-depositional processes, in particular seasonal melt in the ice 
core isotope and chemistry data was studied using shallow cores. 

3. CONCLUSIONS 

Svalbard is positioned in a climatically interesting area in the Eurasian Arctic since the 
climate over the archipelago is very sensitive to changes in the North Atlantic Current, being 
situated at the turning point of the oceanic conveyor. In addition, the atmospheric circulation 
conditions also make Svalbard a suitable place for the study of anthropogenic influences from 
Europe. Comparison of all the obtained data has shown that despite the fact that atmospheric 
records in these ice cores probably have been to some degree altered by melt, these records 
still provide information about the major trends in atmospheric variability of both climate 
parameters and pollution history. Thus we believe that with careful site selection, high 
resolution sampling and multiple isotopic and chemical analyses ice cores from small Arctic 
ice caps are extremely useful for a wide range of environmental studies. 
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Abstract: In order to facilitate the navigation within the wealth of water stable isotope 

records extracted from natural climate archives, a meta-database has been developed, and 

source records have been standardized, including information on age models. A user-friendly 

online visualization tool has been developed. The focus has been placed (i) on the past 

200 years in order to allow overlap with IAEA/GNIP records, and provide a pre-industrial 

background; (ii) on the mid-Holocene, 6 000 years ago, the Last Glacial Maximum, 21 000 

years ago, and the Last Interglacial, about 125 000 years ago, which are target periods of the 

Paleoclimate Modelling Intercomparison Project [1]. This database will strengthen the use of 

past records of water stable isotopes for model-data comparisons. 

1. INTRODUCTION 

During the past decades, thousands of water stable isotope records have been retrieved from a 

variety of natural archives, thereby providing key information on past changes in climate and 

the water cycle. In parallel, water stable isotopes are being implemented in a growing number 

of climate models, which perform simulations of key past climates. Model-data comparisons 

are crucial to expand the use of water stable isotopes to benchmark climate models beyond 

the IAEA era of direct measurements, to exploit water stable isotopes as fingerprints of 

climate feedbacks, and to understand the mechanisms of past changes in climate and water 

cycle. This strengthens the need for user-friendly tools to navigate within a standardized 

database of stable isotope records of past climate changes.  

2. METHODS 

Existing oxygen, hydrogen and carbon stable isotope records have been investigated for 

different types of archives: lake and marine sediments, speleothems, ice cores and tree ring 

cellulose, with a focus on the last two glacial-interglacial periods and selected target periods: 

the past 200 years, the mid-Holocene, Last Glacial Maximum and Last Interglacial. The first 

period provides an overlap with IAEA/GNIP data and meteorological instrumental records, 

and gives access to the climate response to large volcanic eruptions of the 19
th

 century. The 

other periods correspond to targets of the Paleoclimate Modelling Intercomparison Project [1] 

for systematic simulations, model intercomparisons, and model-data comparisons. The mid-

Holocene and Last Interglacial correspond to different orbital configurations, with warmer 

conditions in mid to high latitudes of the northern hemisphere driven by enhanced summer 

insolation. The Last Glacial Maximum is a cold extreme driven by the expansion of 

continental ice sheets and reduced concentrations of atmospheric greenhouse gases. 

Existing records from the NOAA [2] and PANGEA [3] online databases have been compiled 

as well as the internal database from LSCE and requests to authors of publications. Raw data 

were transferred into a standardized format and stored in individual files, as well as age 

model information. Age control quality flags were integrated in the single metafile also 
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providing essential information on each dataset (geolocalization, archive and proxy type). 

Altogether, this corresponds to ~1500 dated records for δ
18

O (with an additional set of 2600 

non dated marine sediment records), and 800 δ
13

C dated records. Figure 1 illustrates the 

geographical distribution of screened records, identified by type of archive. Figure 2 

illustrates the number of records from different sources for each past period.  

An open-access online platform is being built to provide dynamic and interactive browsing, 

visualization and downloading facilities for compiled data [4].  

 

 

 

Figure 1: Map of dated records. The color of each symbol represents one type of archive 

(orange, marine sediment cores; red, ice cores; black, speleothems; blue, tree rings). 

 
Figure 2: number of δ

18
O records from marine cores, speleothems, ice cores, and tree ring 

cellulose for each PMIP time slice. 

3. RESULTS 

The database reflects significant enhancement of the quality of the age models during the last 

two decades, although information exists from old records albeit with poor age control. 
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Information from marine sediment cores is however limited by uncertainties for marine 

sediment core tops, and therefore the reference present-day for which differences for past 

periods are calculated.  

The geographical coverage of records still remains heterogeneous (Figure 1), due to the 

limited number of continental records and the distribution of tree, cave, glacier and lake 

sediment records. Marine sediment information is also limited due to dissolution issues in the 

deep Indian and Pacific Oceans. For the most recent period, the number of stable isotope 

records covering the last 1 to 2 decades remains limited, as many archives were recovered in 

the mid to late 20
th

 century. This is a caveat for the use of stable isotope data and simulations 

for detection and attribution, and for temporal calibration studies. Nevertheless, these records 

from natural archives complement IAEA/GNIP datasets both in space and time. 

The significant offset between glacial and present conditions is virtually recorded all over the 

globe. Anomalies between the Mid-Holocene and present-day are equivocal and 

characterized by regional fingerprints, as the magnitude of the signal and sometimes difficult 

to distinguish from the noise associated with the archiving process and the background 

variability. As a result, the number of datasets indicating a clear (positive or negative), weak, 

or no significant offset between these two periods is of the same order. Anomalies for the 

Last Interglacial period are stronger, but age scale uncertainties also much larger.  

4. CONCLUSIONS 

This effort has been accomplished thanks to support from LABEX L-IPSL. An international 

framework is necessary to maintain this momentum, integrate new proxy records, build tools 

to facilitate calculations using outputs of simulations performed using isotopically-enabled 

climate models, and therefore allow user-friendly model-data comparisons.  
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Abstract: Level of the regional drainage basis for surface and groundwater repeatedly has 
been changed in last 120 Ka on the north-west margin of Eurasia. Eemian sea have occupied 
aquatories of modern Baltic and White seas and part of theirs watersheds. In this time the sea 
water intrusions in the continental aquifers could be formed near palaeo-shoreline. During the 
last ice age the sea level was significantly lower than modern one, therefore part of the deep 
aquifers in periglacial area of the Scandinavian ice sheet could be discharge on surface and 
the regional level of groundwater was lower, than before and after. Together with the 
underglacial hydrology all these changes should be formed the complex image of the 
groundwater chemistry in Baltic region. This complex situation could be decrypted by the 
environmental isotope tracers, which are archive of the paleohydrology conditions, and by 
groundwater dating. Aquifers of the stratified sediments and water of the crystalline basement 
on contact of Russian platform and Fennoscandian shield were studied in this work by the 
stable isotopes (δ2H, δ18O). Modern water was obtained in the quaternary sediments and in 
the bedrock aquifers, as it was expected. This water is very close to the modern atmospheric 
precipitation by chemistry and the isotope composition. Groundwater of Cambrian-Vendian 
aquifer system (CVAS) with depletion by oxygen-18 and deuterium (lightweight water) has 
been observed from the several sampling sites in Estonia and Finland [1, 2]. The depleted 
water we also found in catchments of the Ladoga Lake and the Gulf of Finland in Russia. But 
in some cases water from CVAS has a very high deviation of the stable isotope composition 
from the Global Meteoric Water Line (GMWL). This shift could be look like as depletion and 
also as enrichment of water by oxygen-18 and deuterium. Our interpretation of these data is 
follow. The lightweight water, which lies on GMWL, is the relict water of the Baltic Ice Lake 
as it has been proven to Tallinn water-intake [2, 3]. Water, which has the enriched isotope 
composition and simultaneously is shifted to right from GMWL, actually is water, which was 
re-formed from thawed permafrost. Depleted water, which isotope composition is shifted to 
left from GMWL, is the residual water. This water was extruded down from the earth surface 
due to slow moving of freezing front in the geological strata during climate cooling. Taking 
into account position of the enriched and depleted water in the geological section, it could be 
concluded, that lower edge of permafrost was on depth about 80–100 m from modern earth 
surface. 

1. INTRODUCTION 

In the northern part of the Baltic Artesian Basin (BAB) groundwater of the multilayered 
hydrogeological system (mainly the Cambrian and Vendian aquifers – CVAS) is the principal 
and most plentiful source for the public water supply in Russia and Estonia. But there are 
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problems with the water quality, which often do not conform the sanitary limits due to high 
salinity and/or the specific components abundance, such as the natural origin nuclides (Ra, 
Rn) or microelements (B, F, Fe, Mn), etc. The BAB is characterized by the limited 
knowledge about the hydraulic boundaries and conductivities. Taking into account the 
complex geological history of the Baltic region in the Pleistocene and Holocene, the isotope 
archive (δ2H, δ18O and other environmental tracers) is significant for the groundwater flow 
and mass-transport understanding. 

2. METHODS AND RESULTS 

The stable isotopes (δ2H and δ18O), chemistry (major components and microelements) and in 
some cases tritium, helium, radium and radon were studied in groundwater near the north-
east margin of the BAB in terrigenous and carbonate aquifers from a crystalline basement up 
to Earth surface (left panel of Figure). Also surface water was sampled and monitoring of 
stable isotope in atmospheric precipitations was done. 

 
Figure. Scheme of water sample collection (left: 1 – crystalline bedrock; 2 – stratified 

terrigenous sediments; 3 – modern recharge area of Vendian aquifer on Karelian Isthmus; 

4 – north boundary of Vendian aquifer; 5 – isolines of water salinity in Vendian aquifer; 6 –

 sampling points for groundwater; 7 – sampling points for surface water) and groundwater 

isotope composition (right: 1 – GMWL; 2, 3 – Vendian aquifer on Karelian Isthmus and near 

Sosnovy Bor town, respectively; 4, 5, 6 – Cambrian aquifer near Sosnovy Bor, Ivan-Gorod 

and Tallinn [2], respectively; 7 – Cambrian-Ordovician aquifer near Ivan-Gorod; 8 –

 Devonian aquifer; 8 – groundwater of Quarter sediments). 

 

Modern water was obtained in the bedrock aquifers on the Karelian Isthmus and in the 
quaternary sediments everywhere, as it was expected. This water is very close to the modern 
atmospheric precipitation by chemistry, the isotope composition and tritium contents. In these 
water-bearing rocks and sediments the fresh bicarbonate groundwater is encountered 
throughout the drill hole. Sometimes radon exceeds the sanitary limits in water from fissured 
granitoids. Mainly modern water is observed in Cambrian-Ordovician aquifer. Hardness and 
anthropogenic pollution is problem for exploitation of this groundwater. 
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Water of the Baltic Ice Lake is clearly fixed for Cambrian aquifer in Tallinn water-intake 
(Estonia) due to high depletion in oxygen-18 and deuterium abundance (right panel of 
Figure). The lightest stable isotope composition of groundwater for Europe, which good fits 
on GMWL, was found here δ2H = –160 ‰, δ18O = –21 ‰ [2]. Noble gases composition and 
radiocarbon dating are agreed with the stable isotopes for Kopli Peninsula [3]. Cambrian 
aquifer is raised to Earth surface to the east direction from Tallinn. Following this raising the 
isotope composition of water is gradually enriched by oxygen-18 and deuterium and stable 
isotope composition is increased to δ2H = –125 ‰, δ18O = –17 ‰ near the boundary between 
Estonia and Russia, and up to δ2H = –100 ‰, δ18O = –13 ‰ (that is like to modern 
precipitation) near Sosnovy Bor (Saint-Petersburg district), where Cambrian aquifer is 
provided on surface.  

The relict water (probably due to the Eemian sea intrusion) was opened in Vendian aquifer 
near town Sosnovy Bor and in Saint-Petersburg (south part of studied area). It is salty 
(M = 4–6 g/L) and isotopically fractionated water. This secondary fractionation of water 
could be look like as depletion and also as enrichment of water by oxygen-18 and deuterium 
(right panel of Figure). Water, which has the enriched isotope composition and 
simultaneously is shifted to right from GMWL, actually is water, which was re-formed from 
thawed permafrost. Depleted water, which isotope composition is shifted to left from 
GMWL, is the residual water. This water was extruded down from the earth surface due to 
slow moving of freezing front in the geological strata during climate cooling. Taking into 
account position of the enriched and depleted water in the geological section, it could be 
concluded, that lower edge of permafrost was on depth about 80–100 m from modern earth 
surface. 

Vendian aquifer is raised to Earth surface to the north direction, where modern recharge area 
is located. In this direction salinity of water is decreased, isotope composition is became 
closer to modern precipitation and tritium is appeared in water. On the north part of studied 
area Vendian aquifer is the principal and most plentiful source for the public water supply for 
Saint-Petersburg and satellite towns and villages. However, quality of water often do not 
conform the sanitary limits here due to specific components abundance, such as the natural 
origin nuclides (Ra, Rn) or microelements (B, F, Fe, Mn). 

4. CONCLUSIONS 

Isotope composition of water in terrigenous and carbonate aquifers on north-east part of 
Baltic Artesian Basin (BAB) reflects the complex geology history of Baltic and White sea 
watersheds. Sampling of ground and surface water, and monitoring of stable isotope in 
atmospheric precipitations were done near Saint-Petersburg. Extreme depletion of 
groundwater by oxygen-18 and deuterium (lightweight water) indicate on the glacial 
meltwater intrusion in aquifers during Baltic Ice Lake existence. Secondary fractionation of 
hydrogen and oxygen isotopes is result of the permafrost emergence and thawing. Aquifers, 
wich have these isotope fingerprints, content the relict water with high age (minimum several 
tens of thousands of years). There are modern water in aquifers, which lays the earth surface, 
including shallow groundwater of quaternary sediments and water in more ancient aquifers. 
These circumstances should be taken into account, when exploitation of aquifers for drinking 
water supply is organized. 

 

  

29



REFERENCES 

[1]  BLOMQVIST, R. Hydrogeochemistry of deep groundwaters in the central part of the 
Fennoscandian Shield. Report YST-101. Espoo (1999) 41 p. 

[2]  RAIDLA, V., KIRSIMÄE, K., VAIKMÄE, R., JÕELEHT, A., KARRO, E., MARANDI, A., 
SAVITSKAJA, L. Geochemical evolution of groundwater in the Cambrian-Vendian aquifer 
system of the Baltic Basin. Chemical Geology (2009) 258, 219–231 pp. 

[3]  VAIKMÄE, R., MARANDI, A. RAIDLA, V. Isotopically light meltwater from Scandinavian 
Ice Sheet in the Cambrian-Vendian aquifer system in northern Estonia: further study 
prospects. Proceedings of the 4th Mini Conference on Noble Gases in the Hydrosphere and in 
Natural Gas Reservoirs  held at GFZ Potsdam, GERMANY, 28.02.-02.03.2007. 

 

30



ID: 188 

WEIGHTING ALTERNATIVES (PRECIPITATION VS. 

ACCUMULATION) FOR WATER STABLE ISOTOPES – 

IMPLICATIONS FOR ICE CORE RECORDS - 

I.G. HATVANI, Z. KERN 
Institute for Geological and Geochemical Research, Research Centre for Astronomy and 
Earth Sciences, MTA, Budaörsi út 45, H-1112 Budapest, Hungary  
E-mail address: hatvaniig@gmail.com, zoltan.kern@gmail.com 
 
Abstract: It is a generally accepted notion that amount-weighted stable isotope signals are 
archived in ice cores. Therefore, in dealing with the current and important question of 
whether to use precipitation or accumulation when calculating weighted annual averages, it is 
unavoidable. In the present study monthly measured accumulation, calculated effective-
accumulation, precipitation, air temperature (T), δ18O and δ2H values acquired from the 
Halley Bay (1972-2012) and Vernadsky (1964-2008) stations in Antarctica and annual δ18O 
and δ2H stable isotope records from ice cores in the vicinity of the stations were used. 
According to the different weighting schemes, (i) the alternatively weighted time series of 
δ18O and T from the stations; and (ii) all the time series of the variables measured at the 
stations and in the nearby ice core records were correlated with each other. Results indicate 
that post-depositional processes have a much more determining effect in isotopic composition 
of the firn than expected. 

1. INTRODUCTION 

According to the classical interpretation, [1] precipitation weighted isotope signals are 
archived in ice cores. It is worth exploring whether a stronger link may exist between amount 
weighted stable isotope records [2], and ice cores, or not. Furthermore, when weighting with 
accumulation, drift-snow should be taken into account [3]. Therefore, the calculation of 
effective-accumulation weighted annual averages should be prepared and considered in the 
analysis. 

Two questions were raised: (i) to what extend do the different weighting approaches 
(precipitation, accumulation, effective-accumulation or arithmetic means) improve the δ – T 
relationship at precipitation monitoring stations in Antarctica, and (ii) which weighting 
approach approximates the actual signal stored in the nearby ice cores better. 

2. METHODS 

For the calculation of the weighted annual averages, monthly records of primary isotopic- and 
climatological parameters were acquired from GNIP ISOHIS [4] and the British Antarctic 
Survey (BAS) for the Vernadsky and Halley Bay stations (Antarctica) respectively. For the 
comparison of the results with external stable isotope records, nearby ice cores were used 
(Table 1, for details see [5]). 

Only monthly precipitation totals were available at Vernadsky. However, two types of 
accumulation were used at Halley Bay station. The raw accumulation data (Acc) and 
effective accumulation (eff-Acc; Figure. 1). 
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Table 1. Acquired data with time intervals of availability  

 

 

 

 

Figure 1. Acc, calculated Snow level and eff-Acc. When there was a decrease in Acc 

(e.g. 11&12.1977) the eff-Acc represented the Acc preceding the months of decrease 

(10.1977) minus the “blown away snow”. Gaps in eff-Acc represent the years of negative 

Acc. 

The main path of the approach consisted in (i) calculating the alternatively weighted time 
series of δ18O and T and correlating them to each other at each station separately; then (ii) the 
time series of all the available variables at the stations were weighted and correlated to the 
stable isotope records of the nearby ice core records (Table 1). 

The assumption is that the most realistic scheme of weighting is the one which gives the 
highest correlation (p<0.05) (i) between the similarly weighted δ18O and T and/or (ii) with the 
ice core stable isotope records. 

The amount-weighted annual averages were calculated according to general practice (Eq. 1). 
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 (1) 

where i= 1-12; wtd represents the weighted variable (δ18O, δ2H or T), while weight is the 
variable which was used for weighting (Acc, eff-Acc, Prec or arithmetic mean (i.e. weighting 
with one)). In the denominator weight.ann is the annual sum of the weight, while weight.no.d is 
the sum of the weight for those months where no corresponding wtd was measured. To avoid 
major bias, if the number of missing values for a year exceeded 50% for either wtd or the 
weight, then that particular year was omitted. 
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3. RESULTS 

The amount-weighting approach indicated a stronger linear δ - T dependence at the stations, 
while the annual arithmetic means gave a significant and influential coefficient only at 
Vernadsky station (Table 2). 

Table 2. Correlation coefficients between δ
18

O and T for the same type of weighting; 

significant values are shown in italics  

 

Regarding the comparison of the weighted time series of all the available variables at the 
stations and the stable isotope records of the nearby ice cores, it turned out that at Halley Bay 
only the arithmetic means of T had a significant correlation with the δ18

O records of core c55. 
Although, the T did not have a significant correlation with δ18

O from the other nearby cores 
(c17 & c34), the arithmetic mean temperatures showed the relatively highest coefficients 
(r > 0.37). Correlating the other variables, measured at the station and in the ice cores, did not 
give any meaningful results. 

At Vernadsky the weighting of δ2H with precipitation did not give an explicitly better r with 
δ2H at core c61 than the arithmetic means. However, in the case of weighted T from the 
station and δ2H from the core, the arithmetic mean showed a stronger, yet still insignificant, 
linear relationship to the δ2H at core c61 than the precipitation-weighted ones (Table 3). 

Table 3. Correlation coefficients between differently weighted T and δ
2
H from Vernadsky 

station (VNK) and δ
2
H records from nearby ice core c61 

 

4. CONCLUSIONS 

The strong correlation between the arithmetic means of T records measured at the stations 
and the isotope records from the cores reinforce the notion that post depositional processes 
exercise a stronger influence on the stable isotope content of the firn. Taking T conditions 
between precipitation events into account can indeed improve the statistical link. A plausible 
explanation could be the continuous replacement of interstitial-, with atmospheric water 
vapor [7] transferring the temperature signal into the firn. 

Although, additional cores should be included in further analysis, ones even closer to the 
stations than the present one, the results obtained indeed concur with the higher importance 
of post depositional processes and highlight the fact that in this case amount weighting did 
not improve the expected linear relationships any further. 
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Abstract: Disentangling variable δ
2
Hprecpipitation versus variable isotopic evaporative leaf 

water enrichment in paleoclimate research using leaf wax δ
2
Hn-alkane records alone is 

challenging. Here we propose a coupled δ
2
Hn-alkane and δ

18
Osugar biomarker approach offering 

a possible solution. Accordingly, the biomarkers are used to reconstruct the leaf water 

isotopic composition. The deuterium-excess of leaf water may then serve as proxy for relative 

air humidity. Furthermore, using a Craig-Gordon model, the reconstructed isotopic 

composition of leaf water also allows calculating the isotopic composition of plant source 

water (~δ
2
Hprecpipitation and δ

18
Oprecipitation). 

1. INTRODUCTION 

During the last ~15 years, compound-specific δ
2
H analyses of biomarkers, especially of leaf 

wax-derived n-alkanes, have become a popular tool in paleohydrolgy and –climate research 

[1]. By contrast, a method for compound-specific δ
18

O analyses of (hemi-) cellulose-derived 

sugar biomarkers extracted from plants, soils and sediments was proposed only recently [2-

4]. Still, a major challenge when interpreting δ
2
H or δ

18
O records obtained from biomarkers 

is to differentiate between climatically controlled variations of plant source water 

(~δ
2
Hprecpipitation and δ

18
Oprecipitation) and climatically controlled variations of evaporative 

2
H 

and 
18

O enrichment of leaf water during transpiration.  

2. METHODS 

Here we propose a conceptual model which allows overcoming this limitation by a coupled 

δ
2
H or δ

18
O biomarker approach (Fig. 1). Accordingly, the isotopic composition of leaf water 

can be reconstructed from δ
2
H or δ

18
O of sedimentary leaf wax-derived and (hemi-)cellulose 

biomarkers (n-alkanes and sugars, respectively) by applying biosynthetic fractionation 

factors. The deuterium(d)-excess of leaf water may then serve as proxy for evaporative 

enrichment and allows calculating relative air humidity using a Craig-Gordon model. 

Furthermore, also the isotopic composition of palaeoprecipitation can be calculated as 

intersect of the evaporation lines (EL) with the Global Meteoric Water Line (GMWL). 
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Figure 1. δ

2
H versus δ

18
O diagram illustrating the conceptual model for a coupled δ

2
H-δ

18
O 

biomarker approach. GMWL = Global Meteoric Water Line, EL = Evaporation Line [5]. 

3. RESULTS 

The proposed conceptual model can be validated by applying it to modern climate and topsoil 

transects. This enables the comparison of actual humidities and isotope precipitation values 

with “biomarker-based” reconstructed humidities and isotope precipitation values. First 

respective results from an Argentinean climate transect show that the model-based 

reconstructed δ
18

Oprecipitation values systematically underestimate the actual values (Fig. 2). 

However, they also show a highly significant correlation of reconstructed and actual values. 

 

Figure 2.  Correlation of “biomarker-based” reconstructed δ
18

Oprecipitation values with actual 

δ
18

Oprecipitation values for a Argentinean climate/topsoil-transect [6]. 
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4. CONCLUSIONS 

It can be concluded that the proposed coupled δ
2
Hn-alkane and δ

18
Osugar biomarker approach is a 

promising innovative tool in palaeoclimate/-hydrology research offering the potential 

(i) to reconstruct relative air humidities and 

(ii) (ii) the isotopic composition of palaeoprecipitation. 

Last but not least, the proposed coupled δ
2
Hn-alkane and δ

18
Osugar biomarker approach can also 

promisingly be adopted in palaeolimnologic studies [7]. 
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Abstract: We couple compound-specific δ
2
H results of leaf wax-derived n-alkanes with 

compound-specific δ
18

O results of hemicellulose-derived sugars extracted from the loess-

paleosol-sequence Maundi on Mt. Kilimanjaro. This coupling allows the reconstruction of a 

ca. 100 ka record of isotopic composition of leaf water. This in turn allows reconstructing (i) 

the deuterium-excess of leaf water which may serve as proxy for palaeohumidity and (ii) the 

isotopic composition of precipitation. Our results suggest that sedimentary δ
2
Hleaf wax records 

should not be interpreted directly in terms of reflecting δ
2
Hprec because variable leaf water 

evaporative enrichment can strongly overprint the δ
2
Hprec signal. Furthermore, our deuterium-

excess record as proxy for palaeohumidity does not support the interpretation of δ
2
Hprec in 

terms of an “amount-effect” in East African palaeoclimate studies. 

1. INTRODUCTION 

The isotopic composition of precipitation (δ
2
Hprec and δ

18
Oprec) is largely climatically 

controlled. In order to contribute to the reconstruction of climate history of East Africa, we 

investigate a 6.5 m loess-paleosoil-sequence of the Maundi crater (3°10'27.5''S, 

37°31'05.8''E) located on the south–east slopes of Mt. Kilimanjaro at ~ 2780 m above sea 

level. 

2. METHODS 

A detailed description of the study site including sedimentological characterization as well as 

the age-depth model of the Maundi sediments is already given by [1]. The recent climate 

conditions at the study site are dominantly controlled by the seasonal migration of the inner 

tropic convergence zone (ITCZ), which causes pronounced rainfall maxima in spring and fall 

[2]. For the here presented palaeoclimate study we measured compound-specific δ
2
H values 

of leaf wax-derived n-alkanes (δ
2
Hn-alkane) and compound-specific δ

18
O values of 
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hemicellulose-derived sugar biomarkers (δ
18

Osugar). The coupled δ
18

Osugar and δ
2
Hn-alkane 

approach allows reconstructing an approximately 100 ka record of the isotopic composition 

of leaf water. Furthermore, this allows (i) using the reconstructed deuterium-(d)-excess of 

leaf water as proxy for relative air humidity and (ii) reconstructing the isotopic composition 

of palaeoprecipitation (by using the slope the local evaporation line (LEL) derived from a 

simple Craig-Gordon model) (Figure 1). 

 
Figure 1.  Conceptual model for coupling 

2
Hn-alkane and 

18
Osugar results [3]. 

3. RESULTS AND DISCUSSION 

The δ
18

Osugar record (weighted mean of arabinose, fucose and xylose) and the δ
2
Hn-alkane 

record (weighted mean of n-C29 and n-C31) show basically the same trends (Figure 2). 

 
Figure 2.  δ

2
Hn-alkane, δ

18
Osugar, d-excess of leaf water and δ

18
Oprec Maundi. 

The Maundi δ
2
Hn-alkane can be compared with δ

2
Hwax records from Lake Challa, Lake 

Tanganyika and Lake Malawi (Figure 3). Accordingly, the Maundi δ
2
Hn-alkane record is 
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generally in good agreement with the Lake Challa and the Lake Tanganyika δ2Hwax records 

[5, 6]. However, a clear altitude effect can be seen in the δ
2
H records (Maundi: 2780 m a.s.l.; 

Lake Challa: 880 m a.s.l.; Lake Tanganyika: 773 m a.s.l. [6]; Lake Malawi: 474 m a.s.l. [7]). 

Moreover, the Maundi δ
2
Hn-alkane record reveals a clear smaller range compared to the other 

δ
2
Hwax records. Finally, Figure 3 also illustrates clear different features amongst the available 

δ
2
Hwax records, especially with the Lake Malawi δ

2
Hwax record [7]. These differences resulted 

in different interpretations of the δ
2
Hwax records (amount effect vs. source effect) [5-7]. 

Our coupled δ
18

Osugar and  δ
2
Hn-alkane approach sheds new light into this discussion: 

• One the one hand, a reconstructed weak d-excess of leaf water during the African 

Humid Period (AHP) indicates humid climatic conditions. By contrast, strong d-

excess of leaf water indicates that arid climatic conditions prevailed during the 

Younger Dryas (YD), the Last Glacial Maximum (LGM) and during a mega drought 

period (MD) having occurred ~ 70-60 ka BP [4] (Figure 2). 

• On the other hand, the reconstructed isotopic composition of precipitation for the 

Maundi sediments (δ
2
Hprec/ δ

18
Oprec) would result in a clear contradiction to d-excess 

when interpreting δ
2
Hprec in terms of an amount-effect. This suggests that the amount 

effect is not the only driver of variable isotopic composition of palaeoprecipitation. 

 
Figure 3.  Comparison of Maundi δ

2
Hn-alkane with other δ

2
Hwax records. 

4. CONCLUSIONS 

Our results from the coupled δ
18

Osugar and δ
2
Hn-alkane approach show that: 

• variable evaporative enrichment hinders a direct interpretation of δ
2
Hwax as δ

2
Hprec. 

• reconstructed d-excess of leaf water may serve as valuable proxy for palaeohumidity. 

• reconstructed isotopic composition of precipitation does not support a solely “amount-

effect” interpretation for palaeoclimate studies in East Africa. 
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Including the Maundi precipitation record in a circum pacific comparison may help to 

identify the drivers of the past isotopic composition on east equatorial Africa. This study 

demonstrates the great potential of the coupled biomarker approach. However, in future 

studies also the uncertainties of the conceptual model should be investigated in more detail. 
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Abstract:  Costa Rica is located on the Central American Isthmus, which receives 
moisture inputs directly from the Caribbean Sea and the Pacific Ocean. While this location 
includes unique mountainous and lowland microclimates, only limited knowledge exists 
about the impact of relief and regional atmospheric circulation patterns on precipitation 
origin, transport, and isotopic composition. Therefore, the main scope of this project is to 
identify the key drivers controlling variations in meteoric waters of Costa Rica using stable 
isotopes based on daily sample collection for the year 2013. The monitoring sites comprise 
three strategic locations across Costa Rica: Heredia (Central Valley), Turrialba (Caribbean 
slope), and Caño Seco (South Pacific slope). Sporadic dry season rain is mostly related to 
isolated enriched events ranging from −5.8‰ δ18O up to −0.9‰ δ18O. By mid-May, the 
Intertropical Convergence Zone develops over Costa Rica resulting in a notable depletion 
in isotope ratios (up to −18.5‰ δ18O).HYSPLIT back air mass trajectories indicate the 
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strong influence on the origin and transport of precipitation of two main moisture transport 
mechanisms, the Caribbean Low Level Jet and the Colombian Low Level Jet as well as 
localized convection events. Multiple linear regression models constructed based on 
Random Forests of surface meteorological information and atmospheric sounding profiles 
suggest that Lifted Condensation Level and surface relative humidity are the main factors 
controlling isotopic variations. These findings diverge from the recognized ‘amount effect’ 
in monthly composite samples across the tropics. Understanding of stable isotope dynamics 
in tropical precipitation can be used to enhance groundwater modeling efforts in ungauged 
basins where scarcity of long-term monitoring data drastically limit current and future 
water resources management. 
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Abstract:  The monthly monitoring of snowmelt carried out in High Atlas Mountains from 
January 2012 till May 2014 shows variable isotope contents, ranging from -14.5 to 
-1‰ VSMOW and from -119 to -20 ‰ VSMOW for oxygen-18 and deuterium respectively. 
The majority of the samples shows evaporation by sublimation during the sampling period, 
but the final monthly samples collected by the sampling design (wicks) chosen are not 
evaporated and thus close to the GMWL. The isotopic signatures of spring water and 
reservoir water are similar for the monthly samples indicating a clear contribution of the 
snowmelt to the recharge of these reservoirs. In all studied cases, the study proves that snow 
melt plays an important role in recharging groundwater and reservoir water in both borders of 
the High Atlas Mountains. The results have clearly shown that the isotopic composition of 
snowmelt varies due to melting progresses. Therefore, a characterization of the snowmelt 
using the average stable isotopes (oxygen-18 or deuterium) composition obtained from snow 
cores is limited.  
 
1. INTRODUCTION 
The High Atlas Mountains in Morocco represent important water storage because of the 
orographic effect, i.e. increasing rainfall with elevation. Given the large range of elevation 
(700 to 4200 m.a.s.l.) in this area, precipitation occurs as rain as well as snow. A common 
global practice in arid zones is upstream water storage in dammed reservoirs that captures 
mountainous snowmelt, and downstream agriculture irrigation. The snow cover shows large 
variations in the High Atlas Mountains during the winter. The covered surface varies from 
year to year and in space. This snow cover melts completely by summer and constitutes the 
main recharge and support of flow of springs, rivers and groundwater in the area toward the 
northern and southern parts of the Atlas Mountains.   The main objective is to characterize the 
isotopic signature of snowmelt and assessment of its contribution to the recharge of Surface 
water and groundwater in the borders of the High Atlas Mountains.  

2. METHODS 

The sampling in Souss upstream catchment was carried out in 15 sites along the river from 
the High altitude (2248 m.a.s.l.) in Ifni area towards the Souss plain (600 m). In the 
Oukaimeden area the snow cover is very important. The access is easy and the equipment is 
available in the Oukaimeden station (meteorological data). 5 sites are monitored since 2011: 
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Mauritania

Ifni area

Oukaimden area

2 snow sites, 1 lake site, 2 springs and one river. The altitude of these sites varies between 
1194 to 3244 m.a.s.l.   
 

 

 

 

 

 

 

Figure 1: Sampling points in Oukaimeden and Ifni sites with drawings and photos of the passive 

capillary sampler showing details (Wicks design, [4]). 

3. RESULTS 

The monthly monitoring of snowmelt carried out in High Atlas Mountains from January 2012 
till May 2014 shows variable isotope contents, ranging from -14.5 to -1‰ V-SMOW and 
from -119 to -20 ‰ V-SMOW for oxygen-18 and deuterium respectively. The very negative 
values are observed in March 2013 at high elevation (3230 m.a.s.l.). The snowmelt waters 
collected by passive capillarity sampler are not evaporated comparing to the ones sampled 
directly from snow cover. 

 

 

Snow melt results in Oukaimeden site 

 

Similarity of snow  signal and GW 

Figure 2: Isotopic signature of snow, surface water and GW in Oukaimeden sub-catchment.  

4. CONCLUSIONS 

According to the isotopic signature of snowmelt from the Atlas Mountains, we notice in all 
cases that the snowmelt contributes both quantitatively and qualitatively to the recharge of 
stream flow and groundwater. Toward downstream of the studied catchments, the 
contribution of fresh water coming from snowmelt reduces the salinity of water resources 
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[1-3]. Using the model balance, the quantitative rate contribution varies from 40 to 80% in 
some cases. Stable isotopes show a clear mixing between rain water and snow precipitation, 
which is consequence of the same origin of the air masses of these inputs. Stream water can 
also be more or less evaporated, depending on the sub-catchment of provenience. An altitude 
gradient is observed for every sub-catchment. The characterization of the snowmelt using the 
average stable isotopes (oxygen-18 or deuterium) composition obtained from snow cores is 
limited.  
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Abstract: Following tritium concentration records in precipitation for the period 1999-2013, 

and tritium behavior during this period for Rm.Valcea location, the individual precipitations 

of the late spring and summer for 2009-2013 periods were investigated. Despite good 

correlation between monthly mean tritium concentration and monthly mean precipitation for 

the 15-year period of observations (Pearson coefficient, 0.87), individual precipitations had 

no linear correlation between tritium concentration and amount of precipitation. 

 

1. INTRODUCTION 

Tritium is produced naturally in the atmosphere as a result of thermal neutron interaction with 

nitrogen-14 nuclei. The cosmogenic production is estimated to be between 3.4 and 15 TU (1 

Tritium Unit = 1 tritium atom to 10
18

 hydrogen atoms), prior to 1953 [1]. Atmospheric testing 

weapons between 1954 and 1970s produced additional tritium leading to dramatic increase of 

annual tritium average levels in mid-continental precipitation of few thousands TU [2]. Its 

application in groundwater hydrology, especially in dating groundwater, uses the peak bomb 

in precipitation as a tracer in hydrological system. Tritium atmospheric pulse gradually 

decayed and washed out from the atmosphere by the 80’s and 90’s. By 1997 and 1998, 

tritium in precipitation in Europe had reached low levels that have since remained more or 

less stable near 10 TU in Vienna [3]. The tritium input value to groundwater, represented as 

volume-weighted mean tritium concentrations in precipitation, diminished, and it is strongly 

dependent on the local average tritium level in post-bomb-pulse precipitation [4].  

Although the Global Network of Isotopes in Precipitation (GNIP) was established in the 60’s 

by IAEA and WMO, many areas in the world lack long term monitoring tritium in 

precipitation, or due to a variety of reasons many of the data sets are not complete. Romania 

reports now by Rm. Valcea location isotopes in precipitation, but the records period start with 

1999 for tritium and 2011, for stable isotopes. Regarding the tritium level in precipitation at 

Rm. Valcea location there was identified a particularity for the monthly tritium average and 

monthly precipitations average of long term period of observations: the months with 

maximum concentration are also months with maximum quantity of precipitations [5]. In 

order to investigate this particularity there was collected and measured individual 

precipitation of the warm months during the period 2008-2013. Here we present the results of 
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tritium concentration in individual precipitation with the aim of provide a relation between 

tritium concentration with the amount of the precipitation.  

2. METHODS 

Atmospheric parameters, including the amount of precipitation, were recorded using a 

weather station Davis Vantage Pro2. Precipitation sampling at our Institute was performed 

with a typical rainwater collector [6]. It was decided to collect each individual precipitation in 

a month, the quantity corresponding to the collecting interval to be recorded, to be stored at 

low temperatures and at the end of the month to prepare both the individual precipitations and 

weighted mean of monthly precipitation for tritium concentration determination. They were 

measured in the same batch using the same conditions. The tritium concentration mean of the 

individual precipitation was calculated and compared with tritium concentration determined 

in the monthly composite precipitation. All the recorded values during the 2008-2013 periods 

were practically the same, taking into account the associated uncertainty of the tritium 

measurements.  

The samples were measured by liquid scintillation method [7] with a Quantulus 1220 

spectrometer for 500 min/samples. The liquid scintillation cocktail was UltimaGold uLLT 

(PerkinElmer). The ratio sample:scintillate was 8:12 ml, in PerkinElmer polyethylene vials of 

20 ml volume. The counting efficiency varied during the period reported here between 

24.67% and 25.90% (at the best figure of merit). The background recorded for the tritium free 

water sample also varied, from 0.547 CPM (counts per minutes) to 0.684 CPM. The 

deuterium depleted water with a concentration below 15 ppm D/D+H was used as tritium free 

water. The limit of detection [7, paragraph 8.4] was evaluated to be around 4 TU. The 

variation of tritium level presented below was calculated both for the annual arithmetic mean 

and for volume weighted annual mean according to WMO/IAEA recommendations [8]. 

3. RESULTS 

The annual maximum value of tritium concentration varied during 1999-2013 from May to 

August, Figure 1. 
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Figure 1. Annual tritium concentration variation during 1999-2013 periods in precipitation 

at Rm. Valcea location 

May, June, July, and August are months that could have maximum values for one year 

period, according to recorded observations. Their tritium concentration values varied between 

15.1±2.1 TU (May 2012) to 24.4±2.1 TU (May 2008). Annual arithmetic mean of tritium 

concentration in precipitation for period 1999-2013 showed a variation between 9±2 TU 

(2012) and 13.7±2.1 TU (2009). Values of volume weighted tritium mean ranged between 

10.9±2.1 TU and 15±2.2 TU (2008). Analyzing the monthly calculated averages of tritium 
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concentration and precipitations for the period 1999-2013, Figure 2, one can observe the 

same behavior: the months with maximum values of precipitations are the same months with 

maximum values of tritium concentration. Pearson coefficient of these parameters rises from 

0.81(1999-2009 periods) to 0.87 for 15 years of observations. 
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Figure 2. Monthly mean value of tritium concentration and mean value of monthly 

precipitation for 1999-2013 period in Rm. Valcea, Romania  

This behavior was investigated by sampling and analyzing the individual precipitations of the 

months: May, June, July and August. May is the month with the widest range of tritium 

concentration, from 4.7±1.8 TU (26-27.05.2013) to 33.9±2.7 TU (12.05.2008), Figure 3. 

Tritium mean for 2008-2013, of 14.9±2.2 TU is close as that established for 15 years of 

observation (15.9±2.2 TU). The precipitation mean for the same period was 84.1 mm, higher 

than that for 1999-2013 periods of 71.9 mm. 
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Figure 3. Tritium concentration and amount of individual precipitation for May, period 

2008-2013 

June of 2008-2013 period had tritium concentration in precipitation between 8±2.1 TU and 

26.8±2.4 TU, Figure 4. The calculated mean of 16.2± 2.2 TU was slightly higher than 

14.9±2.2 TU, mean of 1999-2013 periods. The precipitation amount of June for the same 

period was 75.1 mm, lower than that of 15 years of observations (83.6 mm). The same 

behavior was recorded for July and August, 2008-2013. Tritium concentration in individual 

precipitation didn’t have values below 9 TU, and didn’t exceed 28 TU. Even if the tritium 

concentration means were near of those calculated for 15 years of observations (15.8±2.2 TU 

for July, and 16.1±2.2 for August), the amount of precipitations were well below the usual 

recorded quantities, only 52.5 mm for July (against 83.5 mm, mean for 1999-2013) and 46.1 

mm for August (against 83.2 mm, mean for 1999-2013). In fact August didn’t have any 

precipitation for the year 2008.  
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Figure 4. Tritium concentration and amount of individual precipitation for June, 2008-2013 

periods 

4. CONCLUSIONS 

Despite the good correlation between monthly mean tritium concentration and monthly mean 

precipitation for 1999-2013 period (Pearson coefficient, 0.87), individual precipitations of the 

late spring and summer didn’t present the same characteristics. Pearson coefficients were: 

-0.09 (May), -0.07 (June), -0.2 (July), and -0.21 (August), values that didn’t show a linear 

correlation between studied parameters.  

In order to build a tritium time series for Rm. Valcea location longer than fifteen years, it will 

be much easier to use GNIP stations data and different methods for reconstruction of tritium 

time series [9]. The established characteristics could be considered criteria in choosing the 

appropriate GNIP station.  
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Abstract: New isotope data are available for the Central African Republic. Through the 

IAEA CAF8003 and CAF7001 two GNIP stations and one GNIR station on the Ubangi River 

have been settled in the Bangui urban area. Since August 2009, precipitation and the Ubangi 

River stable isotopes of the water molecule are monthly sampled providing unique scientific 

information for the central African region. In a first attempt, the isotope data are presented 

and discussed, the local meteoric water line is defined and the mean weighted composition of 

rain water is computed. 

1. INTRODUCTION 

Two GNIP stations have been installed in the Bangui city urban area in the framework of 

IAEA CAF8003 and CAF7001 projects. These GNIP stations are located in the Bangui plain 

(GNIP-Bangui-Université) and in the hills surrounding the city (GNIP-Bangui-SODECA). 

One GNIR station (GNIR-Ubangi) has also been installed along the Ubangi River, major 

tributary of the Congo River basin. The three stations are operating since August 2009. 

2. METHODS 

Here are the exact geographic coordinates of the Bangui GNIP and GNIR stations: 

- GNIP-Bangui-Université : N04°22’37.5’’ ; E18°33’44.9’’ ; 363 m asl. 

- GNIP-Bangui-SODECA : N04°21’56.5’’; E18°35’14.1’’; 386 m asl. 

- GNIR-Ubangi : N04°21’51.3’’ ; E18°35’42.6’’ ; 341 m asl. 

Precipitation and river water are sampled monthly (end of the month) in rainwater collectors 

designed according the IAEA recommendations. Samples are stored and refrigerated before 

being sent to the IAEA laboratory for isotope analysis at the end of each year. 

3. RESULTS 

Precipitation data in Bangui doesn't show any significant evaporation and are plotted along 

the World Meteoric Water Line. For both GNIP-Bangui-Université and GNIP-Bangui-
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SODECA the Local Meteoric Water Line has been defined and the mean weighted 

composition of rainwater has been computed for the 2009-2013 period (Table 1). 

Table 1.  Mean weighted stable isotope composition of precipitation and Local Meteoric 

Water Lines for Bangui GNIP stations. 

Station δ
18

O
 
(‰) δ

2
H

 
(‰) LMWL 

GNIP-Bangui-Université -2.47 -7.09 δ²H = 7,69 δ
18

O + 11,92 

GNIP-Bangui-SODECA -2.22 -4.78 δ²H = 7,52 δ
18

O + 12,36 

 

Concerning the GNIR-Ubangi stable isotope data, a very clear seasonal oscillation is noted 

with depleted values at the end of the rainy season and enriched values at the end of the dry 

season (Figure 1). 

 
Figure 1.  Seasonal stable isotope evolution of the Ubangi River waters at GNIR-Ubangi 

station (2009-2013). 

 

4. CONCLUSIONS 

The data set is only slightly influenced by evaporation processes occurring during the 

sampling procedure which can be considered as a validation of the sampling protocol. The 

two GNIP stations of Bangui don't show significant isotopic variations despites their different 

locations. Strong isotopic contrasts are registered all along the hydrological year in relation 

with the dry/rainy season cycles both for GNIP and GNIR stations. The amount effect is also 

particularly well documented through this chronicle. The GNIP and GNIR stations of Bangui 

provide unique isotope information for the central African region and will be strategic key 

tools for further isotope hydrology studies in the whole African continent for both climate 

and hydrogeological surveys. 
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Abstract: Corsica is a French island of the Occidental Mediterranean with a mean elevation 

of 568 m and a mountain barrier oriented N-S reaching more than 2700 m in altitude. To 

characterize the stable isotopic signal of the precipitation, a network of 10 stations has been 

established since February 2013 all over the island. The first preliminary results show strong 

isotopic contrasts in relation with the physiography and the elevation of the stations. For each 

station, the mean weighted composition of precipitation is computed and the local meteoric 

water line for Corsica is proposed. This network provides fundamental observations for the 

definition of isotope patterns in precipitation for the western Mediterranean. 

 

1. INTRODUCTION 

Corsica is a French island of the Occidental Mediterranean which is situated 160 km from the 

French mainland and 80 km from the Italian coast. The Corsica has an area of 8680 km² with 

a maximum altitude of 2706 m at Monte Cintu and a mean elevation of 568 m. The 

mountainous barrier is oriented N-S and plays a dominant role on the contrasted 

hydroclimatic conditions of the island. For a proper management and evaluation of the water 

resources, a characterization of the stable isotopic signal of the precipitation has been carried 

out since February 2013 on 10 stations spread all over the island. 

 

2. METHODS 

A network of 10 rainfall collector stations has been established all over the island (Figure 1) 

with 5 coastal stations (Bastia, Ile-Rousse, Ajaccio, Bonifacio and Aleria), 3 inner stations 

(Corte 750 m asl, Campana 500 m asl and Palneca 850 m asl), and 2 intermediate stations 

(Pirio and Sartene). Rainfall collectors are designed according to IAEA recommendations to 

prevent evaporation during the sampling. Each station is sampled at the end of the month. 
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The analyses of the stable isotope (
18

O, 
2
H) content of precipitation are carried out with a 

LGR laser spectrometer DT-1000 at the Hydrogeology Dept. of the University of Corsica.  

 

 

Figure 1. Location of the 10 precipitation stations of the Corsican network. (Sartene 

station is in square grey because no isotopic data of this station is available for the 

moment)  

 

3. RESULTS 

The monthly stable isotopic compositions of the precipitation for 2013 are plotted on the 

Figure 2 along the West Mediterranean Meteoric Water Line (WMMWL) and the Global 

Meteoric Water Line (GMWL). A slight evaporation effect is detected for the precipitation 

collected during the summer period. The rainfall isotopic signal of the inner stations is more 

depleted than the coastal stations in relation with the altitude elevation. A variation of the 

isotopic signal according the geographic position for the coastal stations is also observed, 

with a more enriched signal for stations located in the northern part than for these placed in 

the south. 
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Figure 2. Monthly stable isotopic composition of precipitation in Corsica for 2013, the 

GMWL and the WMMWL. 

 

4. CONCLUSIONS 

The isotopic signature of precipitation in Corsica is governed by intricate geomorphological 

and microclimatological conditions. The main obstacle made by the central mountain range 

give rise to very different exposure conditions for the main valleys and hence favors very 

much contrasted isotopic signatures. This network is a first step to accurately define the local 

isotopic signature of recharge waters and to understand and manage the water resources from 

the island which are the object of an ever increasing demand. 
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Abstract: We analyzed stable isotopic composition of 708 daily precipitation samples taken 

from Singapore rain stations.  These data provide valuable information about the major 

drivers of δ-values of daily precipitation in the area; regional atmospheric circulation and 

moisture sources.  The samples with the lowest δ-value in the Early Northeast (NE) Monsoon 

are closely related to cold surges from subtropical regions, which likely brought low δ-value 

moisture to the region.  Regional organized convection or local convection is largely 

responsible for a periodic shift in δ
18

O-values to lower ones in the Southwest (SW) Monsoon. 

Amount effect is not observed in the study area but evaporative enrichment of raindrops 

during condensation is a minor driver of δ-values of daily precipitation in Singapore. 

1. INTRODUCTION 

Drivers of variations in stable isotopic compositions of precipitation in the tropics are highly 

uncertain and controversial, but knowledge of such drivers will help us to interpret 

paleoclimate archives, understand regional climate dynamics and thus to predict the future 

climate change. In 2013, the IAEA launched a new Coordinated Research Project (CRP) 

“Stable Isotopes in Precipitation and Paleoclimatic Archives in Tropical Areas to Improve 

Regional Hydrological and Climatic Impact Models (2013-2016)” with a focus on present 

precipitation in the tropics.  As part of this international effort, our project targets the tropical 

regions of Southeast Asia, i.e., Singapore and surrounding countries. In this paper, we present 

the preliminary results of stable isotopic analyses of daily precipitation collected over one 

year at rain stations in Singapore (Fig. 1). The correlation between stable isotopic 

compositions of precipitation and various climate factors is discussed. 

                    

        Figure 1.  Locations of Singapore rain stations.   Figure 2. Rain collector at Changi airport. 
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2. METHODS 

Rain collectors for precipitation were designed by IAEA and distributed by PALMEX 

[1].They were normally installed in open spaces to prevent rainfall from being blocked by 

high buildings or trees (Fig. 2).  The stable isotopic composition of rain samples was 

analyzed using a Picarro water analyzer L2130-i. The memory correction was done following 

van Geldern and Barth [2]. The stable isotopic data are reported in the standard δ-notation 

relative to Vienna Standard Mean Ocean Water (VSMOW) for oxygen and hydrogen, and 

normalized
 
on scales such that the δ

18
O and δ

2
H values of Standard Light Antarctic 

Precipitation (SLAP) are –55.5 ‰ and –428 ‰, respectively 
[3]

. The long-term precision of 

our QA standard is 0.04‰ for δ
18

O and 0.2‰ for δ
2
H. 

3. RESULTS AND DISCUSSIONS 

Singapore samples show a large range of variation with δ
18

O values from 1.41 to -17.52‰, 

and δ
2
H values from 11.92 to -126.70‰. They define well a local meteoric water line 

(LMWL), which is close to the global meteoric water line (GMWL) (Fig. 3).  

     

  

Figure 3. The δ
18

O and δ
2
H values of one year’s daily   

precipitation samples (n=665) from Singapore stations. 

    

 
 

The time series of δ
18

O values of daily precipitation samples from Singapore shows the 

variation of their δ
18

O values versus time through one year (Fig. 4).  The samples with the 

lowest δ-values were collected during the early NE Monsoon. During the SW Monsoon and 

inter-monsoon period, the δ
18

O values periodically shifted to more negative values, although 

not as low as those observed during the NE Monsoon.  
     

    
Figure 4. The time series of rainfall amount and δ

18
O values of daily precipitation samples (n=708) 

from all rain stations in Singapore.  

 

An “amount effect’ is seemingly not a major control of stable isotopic compositions of daily 

precipitation because no correlation is observed between the δ
18

O values and rainfall amount 

(Fig. 5). A weak negative correlation between the δ
18

O values and relative humidity implies 

some evaporation enrichment in raindrop during condensation, particularly over dry seasons, 

during which rainwater generally shows the highest δ
18

O values (Fig. 6).  
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Figure 5. Correlation between δ
18

O 
values of precipitation samples and 

relative humidity (RH) at (a) 

sampling site and (b) at 500hPa. 
 

 

 

During the NE Monsoon, the dominant moisture source of the region is from the North or 

Northeast due to the prevailing winds (Fig. 6a).  The rainwater with the lowest δ
18

O values 

collected in the early NE Monsoon is likely related to cold surges that might bring moisture 

with very low δ
18

O values here from subtropical regions over the South China Sea. Less 

negative δ
18

O values during the 2014 NE Monsoon is probably because of some contribution 

of moisture from local tropic oceans (Fig. 6b)  

 

 
Figure 6 (a) NCEP atmospheric re-

analysis at 850 hPa (December 1 to 

10, 2013); (b) Average back 

trajectories (5 days) of air masses at 
NTU site of December 2013 and 

December 2014 calculated using 

HYSPLIT model. 

 
 

During the SW Monsoon, moisture sources also change with winds to the South, Southwest 

or Southeast according to atmospheric re-analysis and back-trajectory (Fig. 7a and 7b).  The 

periodical drift to more negative values of the precipitation during this time is not due to the 

moisture source in the tropical oceans, which generally has very constant isotope values. The 

negative shift in stable isotope values is likely related to the local convection activities.   

 

   

    

 

 

Figure 7. a) NCEP atmospheric re-

analysis at 850 hPa (June to August 

2014); b) Average monthly back 
trajectories (5 days) of air masses at 

NTU site (June to August 2014) 

calculated using HYSPLIT model. 

         

 

 

 

Outgoing longwave radiation (OLR) has been used as a proxy of deep tropical convection, 

and ORL values correspond to cold and high clouds [4-6]. However, the shifts in δ
18

O to 

more negative values during the SW Monsoon do not directly correspond to the lowest values 

of OLR (Fig. 8). A more significant correlation exists between the δ
18

O values and OLR 

when it is averaged over 4 days preceding the event (r= 0.52; p<0.01) whereas the 
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instantaneous correlation is low (r = 0.21).  This integration of local convective activity is 

attributed to the progressive isotopic depletion of low-level water vapor during convections 
[6]

.  It is therefore reasonable to conclude that regional organized convection is the cause of 

lower δ
18

O values observed in some samples during the SW Monsoon. 
                 

    

 

Figure 8. Correlation coefficient (r) 

between OLR and δ
18

O values of the 

precipitation over 10-days preceding the 
rainy event. 

 

 

4. CONCLUSIONS 

This preliminary study indicates that regional atmospheric circulation also plays an important 

role in moisture transport. During the NE Monsoon, moisture from Northeast South China 

Sea is dominant whereas the moisture from Indian Ocean is dominant during the SW 

Monsoon.  It is likely that subtropical intra-seasonal systems invaded the tropics to bring 

moisture with very low δ-values during the NE Monsoon, especially in the early Monsoon.  

The periods with low δ-value during the SW Monsoon are closely related to regional 

organized convection. Further studies are needed to investigate the relationship between 

stable isotopes and convections. Rain amount is not a driver of daily precipitation δ
18

O values 

in the region, as there is no close correlation between δ
18

O values and rainfall amount.  A 

weak, inverse correlation between δ
18

O values and relative humidity suggests that 

evaporation enrichment of raindrops during condensation affects δ-values of precipitation.   
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Abstract: The study investigated the concentrations of stable isotopes of 
18

O and 
2
H in 

samples of precipitation in Iraq. Eighteen sampling stations were used to collect rainwater 

samples during (December 2011, and January to March 2012). Results show a linear 

correlation between Temperature and isotopes concentration. The same was found between 

altitude and isotopes concentration but with a negative trend. Finally local meteoric water line 

(LMWL) was obtained by fitting the results of deuterium with oxygen-18 to find the 

deuterium excess. The obtained equation shows higher deuterium excess value (13.81‰) that 

reflects the continental nature of Iraq with high temperature and low humidity. 

1. INTRODUCTION 

Iraq is suffering a drastic water shortage caused by a long dry weather period engulfed the 

entire Middle East countries and reducing the Iraqi share of fresh surface water. Therefore, 

new techniques to manage water resources are necessary for supporting sustainability in 

water resources management. Environmental isotope technique is one of such technique and 

it has been used successfully by several countries starting from obtaining the meteoric water 

characteristics using stable isotopes, and tritium isotope to obtain the origin [1-4].  

Iraq mainly consists of desert, but near the two major rivers (Euphrates and Tigris) are fertile 

alluvial plains. The north of the country is mostly composed of mountains; the highest point 

being at 3,611 m in Al-Sulaimaniya in the north of Iraq, while the lowest point is 8 m in Al-

Basrah in the south. 

The climate of the study area is of continental arid, characterized by a cool winter and a dry 

summer. Summer temperatures average above 40 °C, while winter temperatures infrequently 

exceed 21 °C. Typically, precipitation is low; most places receive less than 250 mm annually, 

with maximum rainfall occurring during the winter months. Rainfall during the summer is 

extremely rare, except in the far north of the country. The aim of the study is to characterize 

rainwater in Iraq using stable environmental isotopes (
18

O and 
2
H). The study will cover the 

effects of temperature and altitude on the concentration of the stable isotopes. 

2. METHODS 

Water samples were collected from 18 sampling location to cover the area of Iraq (Figure 1). 

Samples were collected as an incident base from December 2011, January to March 2012. 

The samples were analyzed for δ
18

O and δ
2
Husing laser spectroscopy type LGR-100 at the 

Iraqi ministry of science and technology, and the Turkish accreditation Agency.  
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Figure 2.  Rainwater sampling stations throughout Iraq. 

3. RESULTS 

a- Effect of temperature 

The relation between temperature and isotopes concentration is shown Figure 2. It can be 

seen that the higher air temperature at Basrah station, shows the highest stable isotope 

concentration, and the lowest temperature at Sulaimaniya shows the lowest concentrations. 

The result shows a linear correlation between the measured values and temperature, which 

indicates that temperature, is one of the major parameters controlling the behavior of the 

isotopic composition in precipitation. 

b- Effect of Altitude 

The relation between stable isotopes concentration with altitude is shown in Figure 3. The 

relation is, as expected, an inverse behavior than that shown in Figure 2 because temperature 

reduces as altitude increases. It is fit in the range by in which the gradient δ
18

 O between 

(-0.15‰) and (- 0.5‰) per 100 m rise in altitude and the gradient in δD is between (-1‰) and 

(-4‰) per 100m. 

c- Meteoric Water Line 

The relationship between δ
18

O and δ
2
H was plotted in order to find the equation of the local 

meteoric water line (LMWL). The slope of the line was fixed to 8 and deuterium excess was 

fitted to the experimental data and the result is (d=13.82 ‰). This value is higher than the 

GMWL value (10) due to the continental effect that characterizes Iraq with less humidity and 

high temperature. The obtained LMWL equation is: 

δ
2
H (‰) = 8 x δ

18
O (‰) + 13.82 

The equation is close to former study results for Baghdad [5], and it was plotted together with 

the experimental results and the global meteoric water line in Figure 4.  
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Figure 2.  Relation between stable isotopes concentration and temperature 

 

Figure 3.  Relation between stable isotopes concentration and altitude 

 

Figure 4.  Relation between δ
2
H and δ

18
O to obtain LMWL 
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4. CONCLUSIONS 

Positive linear relationship was found between temperature and stable isotopes concentration 

for both δ
2
H and δ

18
O, while the relation was negative linear relationship with altitude. The 

LMWL equation was found and compared with the GMWL equation. The determined 

equation shows higher deuterium excess that reflects the continental nature of Iraq with high 

temperature and low humidity. 
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Abstract: Cumulated data of tritium concentrations in groundwater of East-Frisian islands 

(German Bight) are elevated with respect to tritium concentration in precipitation of inland 

locations. Tritium concentrations in ocean water are high along the Southern shore of the 

North Sea because an eastward current carries tritium from the nuclear reprocessing plant in 

La Hague, France. This contribution compares time series of precipitation data and North Sea 

waters, leading to the hypothesis that tritium from the Southern North Sea surface waters 

evaporates and contributes to the precipitation of the islands and costal location. Here, an 

unique setting can be found: high tritium levels of a confined but large enough area to mark 

the source of evaporating water, and combined with prevailing westerly winds, leading to a 

deposition of elevated tritium levels on land.  

1. INTRODUCTION 

The reservoir providing tritium to the hydrological cycle primarily is the lower stratosphere 

[1]. Mid latitude stratospheric-tropospheric exchange of water vapour in spring refills the 

tritium levels of the troposphere. The ocean surface generally acts as the sink for tritium. The 

so called continental effect is attributed to this feature [2]. But also nuclear facilities provide 

tritium in various amounts to the environment. Local tritium sources from nuclear 

reprocessing plants and nuclear power plants contribute to tritium in rivers and shore-near 

ocean areas.  

In the German Bight tritium concentration in ocean water are elevated up to 40 TU (in 2000). 

An eastward current carries tritium from the nuclear reprocessing plant in La Hague, France. 

Additionally, tritium is released to the Southern North Sea from the rivers Rhein, Ems, Weser 

and Elbe. All these rivers carry a tritium load from nuclear power plants.  

2. RESULTS 

Tritium concentrations in groundwater samples from the East Frisian Islands Spiekeroog and 

Langeoog were elevated compared to samples from more inland locations of Northern 

Germany. The tritium concentration of groundwater samples were reconstructed from 

analysis of tritium and tritiogenic 
3
He. From the ratio of both tracers the infiltration period 

(calendar year in Fig. 1) is calculated and the sum is a measure for the infiltrated tritium 

concentration, sometimes called ‘initial tritium’.  

A comparison of initial tritium with tritium in precipitation indicates dilution of recent 

recharged water with old and therefore tritium-free water. But here, all groundwater samples 

fall above all available data from monthly mean tritium concentration in entire Germany.  

A separated examination of tritium in precipitation from the costal station Cuxhaven clearly 

shows that Cuxhaven data are at the upper limit of all Germany data since the late 1990s. 
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Until the mid-1990s Cuxhaven concentrations are at the lower side of all German tritium 

data, as would be expected when assuming that the continental effect applies. An interesting 

feature in the general decline of tritium in precipitation at all stations is the slight increase in 

1996 and 2006/2007. During these years the solar activity shows minima. This leads to 

reduced shielding of cosmic radiation and increased stratospheric tritium production.  
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Figure 1.  Tritium concentration in precipitation (data: IAEA GNIP up to 2010, data 2010 – 

2012: Bundesanstalt für Gewässerkunde, Koblenz), tritium concentration in surface water in 

the German Bight (data: Bundesamt für Seeschifffahrt und Hydrographie, Hamburg) and 

tritium concentration of groundwater samples from the East Frisian Islands Spiekeroog and 

Langeoog.  

A (not complete) record of tritium concentrations of ocean surface waters in the German 

Bight [3] is shown in Fig. 1. These values increase significantly after the mid-1990s. In the 

period from 1990 to 1998 the release of tritium from the nuclear reprocessing plant in La 

Hague, France, increased from about 2 PBq to about 10 PBq. As the ocean currents in the 

Southern North Sea display a cyclonic structure La Hague may have caused this tritium 

increase in the German Bight.  

3. CONCLUSIONS 

An increase of tritium in the surface layer of the waters in the German Bight after the late 

1990ies clearly correlates with higher tritium concentrations in precipitation in the nearby 

locations on land. Hence, a fraction of the precipitation at these costal locations therefore 

must have been evaporated from the nearby surface ocean waters. As the tritium 

concentration in surface waters falls of on a length scale of about 100 km perpendicular to the 
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direction of the current, i.e. to the North, tritium serves as a tracer for the location of the 

evaporation process.  

The portion of locally evaporated water will depend on weather conditions. So, the records of 

tritium in precipitation on the islands or costal station like Cuxhaven should correspond to 

single weather events. A monitoring program should also include stable isotopes and better 

resolution of the tritium distribution in the German Bight surface waters. Hence, tritium can 

be used as tracer for a study of regional evaporation processes. Numerical atmospheric 

models could be challenged by implementing tritium distribution in water vapour.  
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Abstract:  At the Stable Isotope Laboratory at Rijeka University (SILab Rijeka) we monitor 

the stable isotope composition (δ
18

O, δ
2
H) of precipitation in Croatia. Our data base contains 

about 50 stations distributed all around the country. Their different latitudes, longitudes and 

altitudes give information in great detail, including the influence of the topographic structure 

on the precipitation in this south-eastern part of Europe, as well as the complex interplay of 

the different climate conditions in the area. Within a few hundred kilometers, the stable 

isotope values display a significant change from the maritime character in the South (mean 

δ
18

O around –6 to –8 ‰) to the continental behavior in the North (mean δ
18

O around –8 to 

-11 ‰). In addition, depending on the location, the mean δ
18

O values vary with altitude at a 

rate between approximately −0.2‰ /100m to −0.4‰ /100m, respectively. Particular attention 

is given to the correlation between δ
18

O and δ
2
H (the Local Meteoric Water Line, LMWL), as 

well as the d-excess d = δ
2
H − 8٠δ

18
O. 

 

1. INTRODUCTION 

 

The precipitation as the input into the water system and its stable isotope composition has to 

be known for the proper use and management of water resources. The stable isotopes of 

oxygen (
16

O, 
17

O, 
18

O) and hydrogen (
1
H, 

2
H) are natural tracers in the water cycle, therefore, 

they serve as powerful tools for the understanding of many meteorological, hydrological and 

climatic processes. Average distributions of the O and H isotope content in precipitation are 

available in the literature (e.g. [1]). They are mostly based on the GNIP compilation (Global 

Network of Isotopes in Precipitation [2]); particularly since Croatia is not well represented in 

this data base, such global data are often not really useful if it comes to the treatment of 

hydrological processes in an actual local setting. For example, besides latitude, longitude and 

altitude, important parameters to be considered include the orographic structure, the climate, 

the prevailing winds etc. A particularly sensitive situation is also found in Croatia: the country 

is under the influence of at least three climate zones (Mediterranean; Atlantic; continental), 

and the topography is quite complex (in the North the Pannonian plain; in the middle part the 

Dinaric hills and mountains with altitudes of up to approximately 2000 m; in the South it 

borders on the Adriatic Sea with a coast line of about 1800 km length). 

 

Therefore, in recent papers [3, 4] we discussed some general aspects and the mapping of the 

isotopic composition of the meteoric precipitation in Croatia. Prompted by a renewed interest 

in rather detailed information, we have now reanalyzed the available country-wide data on the 
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stable isotope (
16

O, 
18

O, 
1
H, 

2
H) composition of precipitation. While in the previous papers we 

concentrated mainly on yearly averages of the meteoric isotopic composition in some 

representative sampling stations, the present more detailed analysis is based on original 

(monthly averaged) data of the Local Meteoric Water Lines (LMWL, the dependence of the 

isotopic amount ratios 
18

O/
16

O on 
2
H/

1
H) and the deuterium excess d = δ

2
H − 8٠δ

18
O. The 

data are presented in “delta” notation  

δ = (rsample/rstandard − 1) • 10
3
 ‰;                                     (1) 

 

rsample is the molar ratio of heavy-to-light isotopes in a sample, relative to that in Vienna 

Standard Mean Ocean Water (V-SMOW), rstandard . 

  

2. METHODS 

 

The analysis is based on data from more than 50 stations. Most stations are part of a network 

that has been established by the Stable Isotope Laboratory Rijeka (SILab Rijeka); it includes 

some stations which are served by Croatian schools in the GLOBE program (Global Learning 

and Observation to Benefit the Environment), a worldwide primary and secondary school-

based science and education program for students and teachers). In addition, we use data from 

GNIP stations [2].  

 

According to the GNIP protocol sampling is made on a monthly basis. Each sample should 

represent precipitation for at least one entire one-month period, beginning on the first day of 

the month and continuing until the end of the month. In the sampling stations served directly 

by SILab Rijeka we used collectors in which a layer of paraffin prevents evaporation, as well 

as a newly developed type of collector [5] with a practically identical performance (though 

easier to handle). The complete results of the sampling campaigns will be made available in 

the GNIP data tables.  

 

Samples have been analyzed for their isotopic composition in the Stable Isotope Laboratory 

SILab at Rijeka University. δ
2
H and δ

18
O were measured in a Thermo-Finnigan Delta

plus
XP 

isotope ratio mass spectrometer using a combination of dual inlet and equilibration unit as 

periphery. The precision of the δ-values thus determined is better than 1‰ for δ
2
H and 0.1‰ 

for δ
18

O.  

 

3. RESULTS AND DISCUSSION 

 

3.1. The Local Meteoric Water Lines (LMWLs): 

As an example, Figure 1 displays the LMWL using the averaged data of all stations in 

Croatia. Closer inspection of the data shows that the individual LMWLs are not very sensitive 

to the details of the local conditions: The average slopes show an only slight dependence on 

the locality (c.f. Table 1), indicating the transition from the continental conditions in the East 

to the more Atlantic climate in the West and to the Mediterranean influence on the coast. All 

slopes are smaller than 8, i.e., smaller than the slope of the Global Meteoric Water Line 

(GMWL), δ
2
H = 8•δ

18
O + 10, suggesting enhanced evaporation below the cloud base [6, 7]. 

 

The d-excess: 

An example for the d-excess d = δ
2
H − 8٠δ

18
O is shown in Figure 2. In the warm season the 

d-excess is smaller than in the cold season in agreement with our earlier work [3, 4]. This is 

due to a prevailing Mediterranean influence in autumn and winter [6, 7]. The general behavior 

is consistent with the one known for the northern hemisphere [8]. 
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Table 1. Slopes of the LMWLs in Croatia and the three main climate regions. 

 

Coast 7.01 

Croatian Dinarides 7.61 

Pannonia 7.32 

All stations 7.54 

 

 
 

Figure 1. The LMWL for Croatia, averaged over all stations in the network (abscissa: 

δ
18

O; ordinate: δ
2
H). 

 

 

 
Figure 2. Seasonal variation (abscissa) of the d-excess (ordinate) in Kastav (altitude 350 m 

a.s.l., close to Rijeka on the coast). The data points represent different years. 
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4. CONCLUSIONS 

 

The slopes of the LMWL are smaller than 8, the slope of the Global Meteoric Water Line, 

suggesting enhanced evaporation. The d-excess is larger in the cold season if compared to the 

warm season. It increases with increasing altitude and the difference between d in the warm 

and the cold season is smaller for increasing altitude. Therefore, the general tendency is clear; 

however, if accurate values are required, measurements of the relevant data are necessary. 

The sensitivity of the d-excess to the origin of the precipitating air mass will be discussed in a 

forthcoming paper. 
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Abstract: Meteoric waters in Ethiopia are the most δ
18

O-δ
2
H enriched. Origin of the δ

18
O 

and δ
2
H signal of rainfall waters of the Addis Ababa and Ethiopia has been widely debated 

over the last four five decades. The earlier explanations attribute the enriched signals to the 

isotope effects. Nevertheless isotope effects could not explain for instance as to why 

rainfalls in the high altitude in Ethiopia are still highly enriched and as to why amount 

effect is non-existent in high rainfall seasons. Other explanations attribute the signals to the 

sources of the moisture. This is faced by the challenge that one tracer cannot give full 

information on multiple source reservoirs- as the region is sitting in a zone where multiple 

moisture sources converge. The purpose of the current study is to investigate the linkage 

between the stable isotope variations and the atmospheric vapor derivation processes 

including a) residence time, b) recycling and c) integrated water vapor content of the 

atmosphere as an attempt to find mechanistic explanation for origin of the isotope signals. 

Daily rainwaters and intermittent atmospheric vapor have been sampled between March 15 

and October 15, 2014 at Addis Ababa and three other stations in Ethiopia for δ
18

O and δ
2
H 

measurement. The atmospheric moisture properties were investigated using Geodetic GPS 

applications.  The general seasonal pattern of the moisture properties matches well the 

seasonal isotope pattern. This work will show the linkage between IWV content, 

atmospheric mean residence time and moisture recycling at daily time scale. 
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Abstract: Isotopic composition of precipitation at 5 new GNIP stations located in NW 
Slovenia is presented for the period 2010−2013. Oxygen isotopic composition was 
determined by different techniques (IRMS and LAS) and deuterium excess was calculated by 
using both sets of results. The estimated differences indicate the need for caution in future 
application of different stable isotope analytical techniques in hydrological investigations.  

1. INTRODUCTION 

Geographical diversity (complex topography, geology, geomorphology, varied vegetation, 
etc.) and geographical position considerably influence the climate of Slovenia [1]. It is well 
known that precipitation is of major interest in the hydrological cycle and that understanding 
of temporal and spatial variations in the amount and mode of precipitation as well as 
information about the isotopic composition can help in basin-wide balance studies. Some 
European countries have established networks of stations where isotopic composition of 
precipitation is regularly determined on monthly basis [e.g. 2]. In Slovenia, the precipitation 
monitoring program is performed in the framework of the regular activities of the 
Environmental Agency of the Republic of Slovenia (ARSO). However, monitoring of 
isotopic composition of precipitation is not included into the regular national monitoring 
program but has been performed in the past by the Jožef Stefan Institute (JSI) in cooperation 
with other institutions in the frame of Global Network of Isotopes in Precipitation (GNIP) 
organized jointly by the IAEA and WMO. In the beginning of 2010 was isotopic monitoring 
in Slovenia performed at 4 locations: Ljublajan (Reaktor), Portorož, Postojna and Dvor. None 
of those sampling locations is situated in NW Slovenia (Julian Alps and Karavanke), an area 
that falls within the mountain climate zone according to climatic division of Slovenia [1] and 
represents the upper catchment area of river Sava, the longest water course in Slovenia and a 
transnational watershed. In addition, NW Slovenia represents an important water resource, 
therefore, we focused on more detailed investigations of isotopic composition of water cycle 
components in this area in the frame of IAEA CRP F3.20.06, including establishment of new 
isotope in precipitation monitoring network. 

2. METHODS 

We started with monthly sampling of precipitation in 2010 in co-operation with the ARSO at 
5 locations in NW Slovenia. Four of them (i.e. Kredarica, Rateče, Bohinjska Češnjica and 
Zgornja Radovna) are situated in Julian Alps while Podljubelj is located in Karavanke. Basic 
information about sampling locations is presented in Table 1. Monthly composite 
precipitation samples were collected according to IAEA technical procedures for GNIP 
stations. 

The oxygen stable isotopic composition (δ18O) was determined on isotope ratio mass 
spectrometer (i.e. IsoPrime with MultiFlow-Bio module or Varian MAT 250) at the Jožef 
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Stefan Institute (JSI) by means of water-CO2 equilibration technique. All measurements are 
carried out against laboratory standards that are periodically calibrated against international 
standards recommended by the IAEA. In addition, reference materials provided by IAEA 
were used for daily quality control. Precipitation samples were sent for isotope analyses also 
to Isotope Hydrology Laboratory (IHL) at IAEA. The oxygen (δ18O) and hydrogen (δ2H) 
stable isotopic composition was determined by laser absorption spectroscopy (LAS) 
according to IAEA laboratory procedures.  

Table 1.  Basic information about sampling locations.  

 Kredarica Rateče B. Češnjica Podljubelj Z. Radovna 

Station type Synoptic   Synoptic Climatological Precipitation Precipitation 
Latitude 46°23’ N 46°30’ N 46°18’ N 46°24’ N 46°26’ N 

Longitude 13°51’ E 13°43’ E 13°57’ E 14°17’ E 13°57’ E 
GNIP code 1400800 1400700 1400601 1401001 1400801 

Altitude (m a. s. l.) 2514 864 595 681 750 
Mean annual 

temperature (°C)* 
 

–1,7 
 

5,9 
 

7,5 
 

n.d. 
 

n.d. 
Annual amount of 

precipitation (mm)* 
 

2164 
 

1547 
 

2088 
 

1725 
 

1850 
Legend: n.d. – not determined; * − period 1961–1990 

3. RESULTS 

The results of isotopic composition of oxygen show different patterns in particular year 
(Figure 1) that are related to different climate conditions during observation period. The 
lowest mean δ18O values are observed at Kredarica and the highest at Bohinjska Češnjica 
(Table 2). The different climate conditions in February and March 2012 are distinctly 
recorded (Figure 1). February 2012 was very cold, dry and windy [3] while March 2012 was 
very mild and dry [4]. The average air temperatures at Kredarica were −12.6 and −2.7°C in 
February and March 2012, respectively, and differed considerably from long-term averages. 
Comparison of results for δ18O determined at Kredarica and Bohinjska Češnjica by different 
analytical techniques is presented in Figure 2 indicating slight differences in the frame of 
analytical error. Comparison of mean values calculated from results obtained either by IRMS 
analyses or by LAS analyses is presented in Table 2. Isotopic composition of hydrogen is 
changing parallel to oxygen isotopic composition. Both isotopes are highly correlated and the 
results are distributed along the global meteoric water line.  

Table 2. Mean isotopic composition of precipitation for the period from April 2010 to March 
2013. Legend: JSI – analyses performed at JSI, IAEA – analyses performed at IAEA. 

Location δ
18

OJSI δ
18

OIAEA δ
2
HIAEA dJSI dIAEA (dJSI - dIAEA) 

Kredarica -11.3 -11.0 -76 14.5 12.4 2.1 
Rateče -10.6 -10.5 -74 11.1 10.2 0.9 

B. Češnjica -8.7 -8.6 -59 10.6 10.3 0.3 
Podljubelj -9.4 -9.2 -65 9.7 8.8 0.9 

Z. Radovna -9.7 -9.5 -66 11.5 9.8 1.7 
 

Deuterium excess was calculated taking into account oxygen data obtained either by IRMS 
analyses or by LAS analyses (Table 2). The differences in mean d values for all 5 locations 
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are summarized in Table 2 and comparison of calculated values for Kredarica is presented in 
Figure 3. Mean d values at all stations in Julian Alps exceed 10 ‰, while at Podljubelj which 
is located in Karavanke we observed slightly lower d values (Table 2). Some data at 
Podljubelj might indicate the influence of evaporation or some sampling error. In addition, it 
has to be stressed that at JSI we performed analyses prior to analyses performed at IAEA and 
that some leaking from bottles sent to IAEA was observed. Comparison of different 
techniques continues and more attention is paid to proper storage and transport of samples. 

 

Figure 1. Isotopic composition of oxygen at locations Kredarica and Bohinjska Češnjica 
determined at JSI. 

 

Figure 2.  Comparison of results for δ18O determined at IAEA vs. JSI. 
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Figure 3. Comparison of results for deuterium excess calculated by taking into account δ18O 
determined at JSI (Kredarica (JSI)) and at IAEA (Kredarica (IAEA)). 

4. CONCLUSIONS 

We established new isotope in precipitation monitoring network in NW Slovenia in the frame 
of IAEA CRP F3.20.06. Oxygen isotopic composition was determined using different 
analytical techniques and results show that further calculations can lead to different 
conclusions especially when deuterium excess is used for determination of air mass sources. 
The data will be submitted to GNIP database where it is necessary to add also information 
about analytical techniques used for determination of isotopic composition. 

5. ACKNOWLEDGEMENT 

This study was supported by research program P1-0143 and IAEA project 16199/R0. I thank 
the staff of the meteorological stations for their invaluable help with sampling and S. Žigon 
for help with isotope analyses. The help the staff of Isotope Hydrology Section at IAEA is 
also gratefully acknowledge. 

REFERENCES 

[1]  PUČNIK, R., Velika knjiga o vremenu, Cankarjeva založba, Ljubljana, (1980) 368 pp. 
[2]  SCHÜRCH, M., KOZEL, R., SCHOTTERER, U., TRIPET, J.P., Observation of isotopes in 

the water cycle – the Swiss National Network (NISOT), Environmental Geology 45 (2003) 
1−11. 

 [3]  CEGNAR,T., Naše okolje, Bilten Agencije RS za okolje XIX/3 (2012).  
 [4]  CEGNAR, T., Naše okolje, Bilten Agencije RS za okolje XIX/4 (2012). 

75



ID: 108 

 

9 YEAR LONG MOISTURE SOURCE DIAGNOSTIC FOR THE 

PRECIPITATION IN DEBRECEN, EAST HUNGARY: IMPLICATIONS 

FOR THE CHANGES IN THE CLIMATE REGIME 
 

E. BOTTYÁN,  
Department of Meteorology, Eötvös Loránd University, H-1117 Budapest, Pázmány P. 
sétány 1/A, Hungary,  
E-mail address: emese.bottyan@gmail.com 
 
G. CZUPPON,  
Institute for Geological and Geochemical Institute, RCAES, Hungarian Academy of 
Sciences, H-1112 Budapest, Budaörsi út 45., Hungary 
 
L. PALCSU,  

Hertelendy Laboratory of Environmental Studies, Institute for Nuclear Research of The 
Hungarian Academy of Sciences, H-4026 Debrecen, Bem tér 18/C, Hungary 
 

K. KÁRMÁN,  
Institute for Geological and Geochemical Institute, RCAES, Hungarian Academy of 
Sciences, H-1112 Budapest, Budaörsi út 45, Hungary 
 
T. WEIDINGER,  
Department of Meteorology, Eötvös Loránd University, H-1117 Budapest, Pázmány P. 
sétány 1/A, Hungary 

 
L. HASZPRA 

Hungarian Meteorological Service, H-1675 Budapest, P.O.Box, 39, Hungary, also at 
Geodetic and Geophysical Institute, Hungarian Academy of Sciences, H-9400 Sopron, 
Csatkay Endre u. 6-8., Hungary 
 
 
Abstract: In the last few years, the analysis of backward trajectories has become a common 
use for identifying moisture uptake regions for the precipitation of a given region (Sodemann 
and Zubler, 2010, Krklec and Domínguez-Villar, 2014).  Our examination focuses on the air 
moisture source regions for the precipitation in Debrecen (East-Hungary) from January 2006 
to December 2014. In addition, for this period, there is an event-based stable isotopic data set 
for the precipitation in Debrecen, so these data were also involved to the analysis. Beside the 
determination of the origin of the water vapour, we tracked the moisture variability for 
relative long time period. Additionally, we evaluated the relation between the isotopic 
composition of the precipitation and its source region, as well as their seasonal and 
interannual variability during the examined period.  
 
For the determination of the moisture source regions, we applied the NOAA HYSPLIT model 
based on GDAS database with 1° spatial and 6 hours temporal resolution. The backward 
trajectories were calculated for every day and every hour when precipitation was observed, 
for heights of 500, 1500 and 3000 m. The evaluation of the right time interval of the 
precipitation event was carried out by applying a threshold for relative humidity of 80% for 
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every height for the starting point. Only these trajectories were considered for further 
calculation. 
 
The evaporative regions along the trajectories were determined by calculation of the specific 
humidity along the trajectories. If the amount of the humidity rose between two time intervals 
at least 0.1 g/kg, then the area overpassed in the time interval was considered as moisture 
source area. 
 
We determined five moisture source regions based on the trajectories: Atlantic, North 
European, East European, Mediterranean and continental. We also evaluated the ratios of the 
water originated from the different regions so we could give the first long-term quantitative 
estimation for the precipitation supply of Hungary. We examined the statistics of the stable 
isotope data for every region and looked forward to find relation between the source region 
and the stable isotope composition of the precipitation samples.  
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Abstract: El Cajon hydroelectric power plant is located in the central part of Honduras; 

between 3 important departments and it is the most important project for the country, 

generating 300 MW. The reservoir has an extension of 8600 km
2
. The geology of the area is 

basically conformed of limestone and volcanic rocks. A few years ago the civil engineering 

department found that in the right side of the dam where the galleries are not concrete filled 

some infiltrations of water have begun, because of this and with the support of the IAEA in 

2003 ENEE start a project named “Filtrations in the El Cajon Reservoir”. The main objective 

of the study was to know using hydro chemical and isotope techniques the origin of these 

filtrations, meanwhile the campaign covered piezometers and hydrometers all over the dam, 

which allows us to differentiate the main local water groups. The results show that the water 

of the filtrations on the right side galleries belongs to the reservoir, although the results of  

lower elevation of the dam indicate a different source of the water that probably belong to a 

regional aquifer. To have a better understanding of the hydrogeological behavior of the area 

is that in 2012, 7 meteoric water stations where installed all over the basin to evaluated the 
18

O and 
2
H contents with the main objective of establish the local meteoric water line. 

1. INTRODUCTION 

In the General Francisco Morazán hydropower plant known as El Cajón, in Honduras, 

Central America, the stable isotopes of 
18

 O and 
2
H have been used since 2003 when the civil 

engineering department with the support of the IAEA started the Project “Filtrations in the El 

Cajon Reservoir” using hydroquemichal and isotope techniques with the main objective of 

characterize the water flowing thru the filtrations in the right drainage gallery.  

The stable isotopes of 
18

O and 
2
H in the water have been used as tracers to know the origin of 

groundwater. Its content depends on various factors and processes such as: the water history, 

the precipitation conditions, geographical and climatological factors, the evaporation 

processes, geothermal and metamorphic processes, and human activity. 

Its content is expressed in ‰ respect to a global meteoric water line that has been defined by 

Craig (1961) as: δ
2
H= δ

18
O+10. This value correspond to a global meteoric water line and is 

used worldwide as references to correlate information obtain of isotopic analysis, however 

this value change under different circumstances so it’s different for every country and to each 

study area. This is why on 2012 it has been decided to installed 7 meteoric water stations all 

over the basin to evaluate 
18

O and 
2
H composition of the meteoric water with the objective of 

establish the local meteoric water line of El Cajón basin in Honduras. 
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2. METHODS 

A monitoring network has been located all over the basin, the location of the stations was 

chosen according to general conditions as: facility of access, safety and care of the stations 

and the representativeness of the study area.   

General information of the stations is shown in table 1 and the geographic location is shown 

on figure 1. 

Table 1: General information of the sampling stations. 

Station Code Elevation 

(masl) 

East (m) North (m) Department 

Los Planes E1-PL 840 415161 1659626 Cortés 

Puente 
Bailey 

E2-PB 92 419865 1662308 Cortés 

Puerto 

Escondido 

E3-PE 769 423232 1662871 Yoro 

Tapiquilares E4-TA 429 414403 1652172 Cortés 

Terreritos E5-TE 485 423608 1657927 Comayagua 

Cabecera E6-CA 736 433011 1653397 Comayagua 

Lajas E7-LA 1.045 438194 1646539 Comayagua 

 

 

Figure 1: Geographical location of the stations. 
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3. RESULTS 

The isotopic composition of the precipitation in the study area is under the range of 0.2 - -

8.82 ‰ for the 18O and 20.9 - -59.54 ‰ for the 2D. The equation of the local meteoric water 

line is: 

    δD= 8.94δ
18 

O+ 16.587 

 

4. CONCLUSIONS 

1. According to the results the dominant control on the temporal variations on rainfall is the 

precipitation amount, showing more negative values on humid station and more positive 

on the dry season. 

2. The local meteoric water line moves above the global meteoric water line which 

according with Clark & Fritz is an indication that the moisture source of the study area 

has a humidity percentage lower than 50%. 

 

REFERENCES 

 

[1] CLARK, I., & FRITZ, P., 1997: Environmental Isotopes in Hydrogeology. - 328 pages.  

 

80



ID: 116 

 

OF THE IMPORTANCE OF D-EXCESS IN UNDERSTANDING 

RECHARGE PROCESS IN TWO CASE STUDIES OF FRANCE 

 

L. GOURCY
1
, L. ARNAUD, D. SALQUEBRE 

BRGM, Orleans, France 

E-mail address: L.Gourcy@brgm.fr 

 

Abstract: Stable isotopes of water (δ
2
H and δ

18
O) are classical tools for determining 

hydrogeological parameters ea. recharge area, flow directions, groundwater-surface water 

exchanges, (Mook et al. 2008). However the successful use of the isotope techniques depends 

on local or regional hydrogeological characteristics. Meteorological and hydrological 

conditions leading to contrasting isotope composition of the water bodies are required.  

 

The relation between these two elements in precipitation from various part of the world is 

δ
2
H = 8xδ

18
O + 10. The so called Global Meteoric Water Line (GMWL) is characterised by a 

slope of 8 and an intercept with the 
2
H axis of 10‰. This intercept is more generally called d-

excess and may vary from 10 depending on the humidity and the temperature of the 

evaporation region. Then depending on the existing conditions during the formation of 

precipitation (=evaporation) and mostly at the site of sea-air interaction the d-excess may 

vary. The d-excess is then highly variable from one precipitation station of another and may 

reflect various so-called “effect” (continental, seasonal, altitude effects) as well as other 

processes such as re-evaporation of rain droplets. In two recent studies carried out in south of 

France and in the Martinique French overseas the d-excess has proven to be a valuable tool 

giving additional and more evident information than the stand alone δ
2
H and δ

18
O. 

 

In Berre plain, near Marseille, two sampling campaigns were carried out in October and in 

April. Samples from the deep calcareous aquifer, the alluvial aquifer, the Arc River and the 

water supply channel were analysed for δ
2
H and δ

18
O. The samples from October (1) plot 

quite well along the local precipitation line (Gardanne, Celle 2000) having a d-excess between 

7.9 and 10‰. Part of the samples from the second sampling campaign (high stage water, 2 in 

the below figure) has a quite different d-excess, usually close to +16‰.  

 

For the water having a similar d-excess in April and October, the aquifer is considered as less 

vulnerable as recharge process is quite slow. For the other points, as well as for the River Arc, 

the seasonal variation can be clearly seen showing high sensitivity to direct recharge 

processes (by surface water or precipitation).  

At Martinique (French West Indies), a study was performed during a short period of time 

(Dec. 2011 up to August 2012). The sampling site, at the North-Eastern part of the island, 

covered a great part of the basin area of the Falaise River. Altitudes of the river basin range 

from 30m (Chalvet groundwater sampling points) up to 1230m (Pele Mountain).  A difference 

in d-excess was observed between high altitude precipitation (Aileron, 800m) and low altitude 

rainfall (Chalvet, 30m) (see Figure). This was observed in the past for example by Gat and 

Dansgaard (1972) for the Jordan River System. This difference can be used to determine 

mean recharge altitude of groundwater and surface water basin in the studied site while δ
2
H 

and δ
18

O variation were more difficult to interpret.   
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Isotope composition of ground- and 

surface water collected in April and 

October in Berre plain (South of France) 

 

δ
2
H vs δ

18
O at Falaise River Basin, 

Martinique 
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Abstract: Spatial and seasonal variations of stable isotopes in precipitation across Japan were 

observed based on the intensive observation throughout 2013. Annual mean values in 

oxygen-18 show the strong altitude effect from -13‰ in the north part to -6‰ in the 

southwest part of Japan. Annual mean values in d-excess ranged from 7‰ in the southwest 

part to 22‰ in the northeast part of Japan. The d-excess values in the north part and along the 

Japan Sea coast are relatively higher than those along the Pacific coast of Japan. Monthly 

oxygen-18 values ranged from -15‰ to -5‰ and those values were relatively high in spring 

months and low in winter months. On the other hand, the monthly d-excess values show 

strong seasonal variations from 0‰ to 40‰ observed both in the north and southwest parts of 

Japan. Especially in the north part of Japan, monthly d-excess values were extremely high in 

the winter month. 

1. INTRODUCTION 

Stable isotopes in precipitation (oxygen-18 and deuterium) are useful natural tracers for 

understanding the hydrological cycle and reconstructing paleo-climates. There are a lot of 

observational studies of stable isotopes in precipitation in Japan [1, 2]. However, most 

observations on the local scale were conducted only one point or less than several points. 

Seasonal variation and spatial distribution of stable isotopes in precipitation across Japan was 

revealed by the integration of previous studies at 48 stations which observed within one year 

or less than several years in the different periods [3]. There have not been conducted 

precipitation samplings all across Japan during the same period. It means that the spatial and 

temporal variation of stable isotopes in precipitation across Japan is still not well understood. 

The Isotope Mapping Working Group of the Japanese Association of Hydrological Sciences 

(JAHS-IMWG) conducted the intensive observation of stable isotopes in precipitation across 

Japan throughout 2013 (IOP2013). In this study, seasonal variation and spatial distribution of 

oxygen-18 and d-excess more than 60 stations across Japan was shown from the preliminary 

result of the IOP2013.  

2. METHODS 

More than 100 stations all over Japan were conducted precipitation isotope sampling every 

10 days to every month. Ball-in-funnel type collector was used to prevent evaporation in the 

plastic bottle. Isotope sampling points across Japan conducted in IOP2013 was shown in 

Figure 1. Precipitation sampling at 56 points were conducted in this study, but not conducted 

83



at 5 points. Also precipitation sampling and analyzing stable isotopes were conducted at 39 

points by other research projects and were conducted at 24 points by each university and/or 

institute. More than 2,000 water samples from more than 60 stations were collected and were 

analyzing oxygen-18 and deuterium values by using the Isotope Ratio Mass Spectrometer 

(Delta-V) in the Hydrology Laboratory of Kumamoto University. This is the first study that 

stable isotopes in precipitation were observed across Japan in the same period. Annual and 

monthly mean oxygen-18 and deuterium values were calculated weighted by the precipitation 

amount in each point. 

 

 

Figure 1.  Locations of the isotope sampling points across Japan conducted in IOP2013.  

3. RESULTS 

Spatial distributions of annual mean values in Oxygen-18 and d-excess observed in the 

IOP2013 are shown in Figure 2. Annual mean values in Oxygen-18 show the strong altitude 

effect from -13‰ in the north part to -6‰ in the southwest part of Japan. The oxygen-18 

values along the Pacific coast and the Japan Sea coast of Japan are more and less than -8‰, 

respectively. Annual mean values in d-excess ranged from 7‰ in the southwest part to 22‰ 

in the northeast part of Japan. The d-excess values in the north part and along the Japan Sea 

coast are relatively higher than those along the Pacific coast of Japan. The differences in d-

excess values between the Pacific coast and the Japan Sea coast are mentioned in the 

previous studies [3].  

Seasonal variations of monthly oxygen-18 and d-excess observed in the IOP2013 are shown 

in Figure 3. Stations located only in the northeast and southwest parts of Japan are shown in it. 

Most of the monthly oxygen-18 values ranged from -15‰ to -5‰ observed in the north part 

of Japan, and those values were relatively high in the spring months (March-June) and low in 
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the winter months (December to February). Most of the monthly Oxygen-18 values ranged 

from -10‰ to -5‰ in the southwest part of Japan, the seasonal variation is small. On the 

other hand, the monthly d-excess values show strong seasonal variations observed both in the 

north and southwest parts of Japan. Those values ranged from 0‰ to 40‰ in the north part 

and from 0‰ to 30‰ in the southwest part of Japan. Especially in the north part of Japan, 

monthly d-excess values were extremely high in the winter month (December to February). 

The high d-excess values are caused by the strong evaporation from the Japan Sea in the 

winter months [4]. 

4. CONCLUSIONS 

This is the first study that stable isotopes in precipitation were observed more than 60 stations 

across Japan in the same period throughout 2013. Seasonal variation and spatial distributions 

of annual and monthly mean Oxygen-18 and Deuterium values were revealed. Annual mean 

values in Oxygen-18 show the strong altitude effect, while the d-excess values in the north 

part and along the Japan Sea coast are relatively higher than those along the Pacific coast of 

Japan. The monthly d-excess values show strong seasonal variations observed both in the 

north and southwest parts of Japan. Especially in the north part of Japan, monthly d-excess 

values were extremely high in the winter month. 

 

Figure 2. Spatial distributions of annual mean values in Oxygen-18 (left panel) and d-excess 

(right panel) observed in the IOP2013. 
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Figure 3. Seasonal variations of monthly Oxygen-18 (left panels) and d-excess (right panels) 

observed in the IOP2013. Stations located only in the northeast part (upper panels) and 

southwest part (lower panels) of Japan are shown in it. 
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Abstract: Stable isotopes in precipitation in Romania have been measured only 

sporadically with no long-term monitoring project existing so far. Here we present the 

results of  a 3-year, ongoing, monitoring study of stable isotope distribution in precipitation 

in 20 stations from Romania (East-Central Europe), spread throughout the country, at 

altitudes between 0 and 1150 m a.s.l. The general Meteoric water line is described by the 

equation δ
2
H = 7.7*δ

18
O+6.9. The monthly δ

18
O and δ

2
H values range between -12 and -6 

‰, and -40 and -90 ‰, respectively, being higher at high altitudes and in NW Romania, 

and lower in the W and SE Romania. No clear continentality trend could be discerned in 

the distribution of δ
18

O and δ
2
H. Altitude, latitude and local factors (rain shadow, foehn 

effects, high evaporative plains) seems to be the most important factors in the spatial 

pattern of δ
18

O and δ
2
H distribution. While most of the precipitation is derived from 

moisture originating in the North Atlantic, SW Romania receives supplemental amounts of 

precipitation from the Eastern Mediterranean, as clearly seen in the higher than average 

(16-18‰, compared to ~10‰) d-excess values in precipitation from this region (mainly 

during the autumn and early winter months). 
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Abstract: Understanding the controls on the stable isotopic composition of water in the west 

Pacific warm pool is vital for accurate representation of convective processes in climate 

models and accurate interpretation of the numerous water isotope-based paleoclimate proxies 

located in this region. Measurements of the stable isotopic composition of precipitation and 

water vapor at Manus Island (2.06°S, 147.42°E, 4 meters above sea level) in April-May 2013 

show that at the sub-event scale, precipitation isotope values are strongly correlated with 

surface vapor isotope values. Vapor and precipitation isotope values progressively increased 

throughout the period of measurement, coincident with a transition from a period of low to 

high Madden Julian Oscillation values. Vapor isotope values approached calculated values of 

vapor in equilibrium with seawater during the quiescent part of the measurement campaign. 

Abrupt drops in vapor and precipitation isotope values lag behind maximum precipitation 

rates, although precipitation d-excess values were related to humidity, surface temperature 

and cloud base height. Our results support the interpretation of western tropical Pacific water 

isotope values as indicators of large-scale convective activity and conditions at the moisture 

source and condensation height. 

 

1. INTRODUCTION 

High-frequency precipitation isotope measurements through individual events are extremely 

useful for parsing convective processes and provide useful information on isotopic exchange 

between vapor and precipitation, precipitation height, and intraseasonal oscillations [1-3]. 

Coupled vapor-precipitation datasets through individual storms, which are becoming more 

common with new technology [3-4], can provide even more insight into the microphysical 

processes that define convective activity in observations, isotope-based paleoclimate records, 

and model simulations. Ultimately, the hope is that paleo and present-day isotopic data can be 

used to improve model simulations of convection, a source of uncertainty in future 

hydroclimate projections [5]. Here we present the results of paired vapor-precipitation 

measurements through 7 rain events on Manus Island, Papua New Guinea.  Manus, a small 

island in the heart of the west Pacific warm pool, the world’s largest zone of deep convection 

[6] is ideally situated to investigate convective processes, as atmospheric measurements taken 

here reflect regional, oceanic conditions [7].  
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2. METHODS 

We measured the stable isotopic composition of near-surface water vapor and 

precipitation at the highly instrumented U.S. Department of Energy Atmospheric Radiation 

Management (ARM) facility on Manus Island from April 28 to May 8, 2013. Vapor 

measurements were performed on a Picarro L1102-i water isotope analyzer. Heated copper 

tubing drew ambient air from a height of 3m into the instrument at a rate of 1 L/minute. 

Resulting data are reported in 10 minute averaged intervals. A total of 162 precipitation 

samples were collected at timed intervals throughout 7 rain events. All samples were taken 

immediately and sealed in 3.5mL crimp top vials. Precipitation samples were measured on a 

Picarro L2120-i water isotope analyzer. Each instrument was calibrated with NIST-VSMOW, 

NIST-GISP, and NIST-SLAP and three internal lab standards. Cross-instrument calibration 

indicates no instrument-specific isotopic offsets in the calibrated results. Precision is 0.1‰ 

for δ
18

O and 1.0‰ for δD values. Memory and drift corrections were applied using internal 

standards. Isotope data were then compared to surface meteorological data, including 

temperature, relative humidity, vapor mixing ratios, precipitation rate, wind speed and 

direction, pressure, and cloud base height. 

3. RESULTS 

Mean δD values of near-surface water vapor (δDv) were -108.6±39.3‰ during the 

period of measurement, ranging from -224.9‰ to -71.0‰. A gradual transition from lower to 

higher δDv values over time coincided with a transition through a Madden-Julian Oscillation 

event into a quiescent period, when measured δDv was equilibrium with seawater δD. Of all 

surface meteorological variables, δDv was most strongly correlated with specific humidity 

(r=0.67, N=1407, p<0.001). During precipitation events, δDv dropped abruptly following 

maximum precipitation rates, then gradually returned to pre-event values. 

Intra-event δD values of precipitation (δDp) were most strongly correlated with δDv 

(r=0.98, N=50, p<0.001) and only weakly correlated with surface meteorological variables. 

We did not observe an amount effect through all precipitation events, as the lowest δDp 

values often lagged maximum rain rates. Precipitation deuterium excess (d-excess) values 

were significantly correlated with surface relative humidity (r=0.54, N=50, p<0.001) and 

temperature (r=-0.44, N=50, p<0.001), as well as cloud base height measurements (r=0.61, 

N=28, p<0.001), with higher d-excess values corresponding to higher cloud altitudes (Figure 

1).  

 

 

 

 

 

 

Figure 1: Precipitation d-excess versus cloud base height (left), surface relative humidity 

(middle) and surface temperature (right).  
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4. CONCLUSIONS 

Our data suggest that δDv and δDp are tightly linked on event timescales. The lagged 

relationship between δDv, δDp and precipitation rate highlights the importance of rain 

evaporation and mesoscale subsidence in controlling vapor and precipitation isotope values. 

Low δDv and δDp values coincident with the passage of an MJO event support the 

interpretation of δDp values as a proxy for large-scale convective activity in the western 

Pacific [8]. The lack of a local ‘amount effect’ at sub-monthly timescales also supports recent 

findings elsewhere in the western tropical Pacific [8-10]. However, at the intraevent 

timescale, precipitation d-excess responds to both variability in climate at the moisture source 

as well as processes related to condensation.  
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Abstract: The stable water isotopes in precipitation transfer area-wide hydro-climatic 
changes to surface water and groundwater. Regular data collection started in 1971. Today the 
isotope network of the Swiss Federal Office for the Environment provides data from 
precipitation, river, and groundwater from important hydro-climatic regions for scientific and 
public use. Precipitation stations, although limited in number, are situated close to stations of 
the Swiss National Basic Climatological Network [1]. Despite differences in altitude and 
seasonality the monthly δ-values are fairly well correlated, thus allowing the estimation of 
regional δ-input data.  The longest time series capture the warming trend since the early 
1980s; however, during the last decade this trend has changed. On a seasonal basis the air 
masses contributing moisture originate from different oceanic and continental sectors and this 
mix may have changed [2, 3], with consequences for using δ-values as temperature proxies, 
although this does not affect the use of the δ-values as natural tracer input data for 
hydrogeological studies. In addition, the spot collection of these precipitation data is 
confirmed by the corresponding river runoff δ-values that integrate large regional areas. In 
Figure 1 we present an example of combined precipitation – river – spring data from the 
alpine area of the Berner Oberland. Precipitation data are mean amount-weighted yearly 
averages from Meiringen (600 masl) and Grimsel (1950 masl) to better characterize the 
supposed recharge area of the Spring Funtenen and to account for the recharge of the spring. 
River and spring data are low-pass filtered to smooth variability in the spot measurements 
and to pronounce the seasonal variations according to snow melt (one to two samples per 
month). The river data also average two stations approximately 10 km apart.  Both 
precipitation and river δ-values, scaled on the left side of the graph, depict the increase in the 
1980s, followed by a high inter-annual variability. As mentioned, during the last decade the 
trend seems to reverse to more negative values, especially in winter, in contrast to the 
generally rising δ-values from Funtenen spring scaled on the right side of the graph. This 
steady increase probably indicates a large reservoir and the isotope data may be used as 
boundary conditions for model considerations. In the paper we will present more details 
together with similar examples from other Swiss regions.  
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Abstract: A study of 
18

O and 
2
H isotopes in the monthly rainfall in Douala (GNIP station 

No. 6491001) was conducted from July 2006 to December 2012. The ultimate goal, to get the 

isotopic signature of rainwater that infiltrate in groundwater. This can also be used to 

improve atmospheric circulation models applied in the study of climate change. 

The data obtained from the analyses of 
18

O and 
2
H isotopes of rainwater yielded a local 

Meteoric Water Line (MWL) with d-excess values of 11‰ that fall between the Atlantic 

(10‰) and western Mediterranean (14‰) values. The isotopes in meteoric water are 

influenced by heavy rainfall values (>3471mm/year) in the Douala area, typical of the 

Equatorial rainforest zone. Mass effect is also noticed to show two trends, however, 

temperature show insignificant effects on the isotopic composition in the precipitations. This 

can be explained by low thermal variations observed in Douala. Despite the heavy rainfall the 

δ
18

O-values of the rainwater still follow a seasonal trend with a maximum in February 

(-0.22 ‰) related to high temperatures observed at this time of the year (dry season) and a 

minimum in October (-4.75‰) which corresponds to the end of the rainy season, and a 

change in the wind direction. 

 

The deuterium-excess values obtained permitted an identification of the air masses that 

causes rain events in the Douala area. Using the Inter-tropical Convergent Zone and the 

stable isotopes in the rainwater we noted the influences of the African Easterly Jet (SE trade 

wind) and the Tropical Easterly jet (NE trade wind). 

 

Four different stations within the Gulf of Guinea, show large differences in  d-excess values 

ranges from 11‰ to 13‰, indicating the influence of local geographic factors. 
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Abstract: This study evaluates the regional differences in stable isotope compositions of 
precipitation in the Pannonian Basin based on hydrogen and oxygen isotope analyses of daily 
rainwater samples collected in seven distinct meteorological stations in Hungary (Farkasfa, 
Kecskemét, Szeged, Pécs, Kékes, Budapest, Siófok) since April 2012. Thus, this work 
provides the first “comprehensive map” of isotopic composition of precipitation for Hungary. 
Additionally, we present an investigation about the determination of air moisture source 
regions for each location during the studied period. To reconstruct the path of the air moisture 
from the source region, we ran the NOAA HYSPLIT trajectory model using the GDAS 
database with 1° spatial and 6 hours temporal resolution for every precipitation event, for 
heights of 500, 1500 and 3000 m. We determined the location where water vapor entered into 
the atmosphere by calculating specific humidity along the trajectories. Five possible moisture 
source regions for precipitation were defined: Atlantic, North European, East European, 
Mediterranean and continental (local/convective). 

Stable isotope variations show systematic and significant differences between the regions, 
especially large differences in the local meteoric water line were observed between the 
stations in West and East Hungary. The variability of moisture source shows also systematic 
distribution. Interestingly, the most dominant among the identified source regions in all 
stations is the Mediterranean area; while the second is the Atlantic region. The ratio of the 
precipitations originated in Eastern and Northern Europe seem to correlate with the 
geographic position of the meteorological station. Additionally, the ratios of the different 
moisture sources show intra annual variability. In each location, the amount weighted d-
excess values were calculated for the identified moisture sources. The precipitation originated 
in the Mediterranean regions has systematically higher d-excess values than that originated in 
the Atlantic sector, independently from the absolute value which apparently changes from 
station to station. The precipitation fraction attributed to the Northern European sector has 
also relatively elevated d-excess values that might be related to the cold-season domination of 
moisture transport from this region. 
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Abstract: For 20 years, isoscapes (high-resolution gridded spatial datasets of precipitation 
isotopes) have been used for numerous hydrological, climatological and ecological studies. 
Prediction models combining multiple regression and subsequent interpolation of the 
residuals remain the state-of-the-art technique for isoscape generation at global and regional 
level, yet suffer from constraints imposed by either a global parameter forcing, or a reduction 
of the geographical domain. Bridging the gap between these two approaches, a regionalized 
prediction model framework was previously developed based on fuzzy climatic clusters 
(RCWIP). Here we present improvements to the existing approach, including an expansion of 
the models application domain using the most up-to-date data from the Global Network of 
Isotopes in Precipitation (GNIP), and advanced regression selection based on the Akaike’s 
Information Criterion (AIC).  

1. INTRODUCTION 

The Global Network of Isotopes in Precipitation (GNIP, [1]), a joint endeavour pioneered by 
the International Atomic Energy Agency (IAEA) and the World Meteorological Organization 
(WMO) and currently in its 6th decade of operation, continues to be an indispensable source 
of basic data for stable (δ18O, δ2H) isotope ratios in global precipitation for various 
disciplines. However, due to the inherent spatial disparities of GNIP sampling station 
coverage, and since the provision of precipitation samples or isotope data by governmental or 
academic institutions is voluntary, large spatial and or temporal gaps are found inhernet to the 
GNIP database (e.g. [2], [3]). To help overcome these spatial gaps, a number of prediction 
techniques were employed, including simple interpolation (e.g. [4]), Cressman objective 
analysis ([5]), and finally models combining multiple regression and subsequent interpolation 
of the residuals (e.g. [6], [7]). The variety of models has quickly amplified, establishing 
isoscapes for specific regions (incorporating regionally specific corollaries, e.g. [8], [9], [10], 
and [11]) or particular elements of the water cycle (e.g. groundwater, cf. [2], [12] or [13]). 
Any of these models suffers from either a global parameter forcing ignoring e.g. regionally 
differing altitudinal gradients (cf. [14]), or from a constrained spatial domain limiting its 
applicability to other parts of the world. 

In [15] we sought to bridge the gap between regional and global models by establishing a 
regionalization framework based on like climatic clusters with fuzzy boundary delineation 
[16], resulting in 36 distinctive regions. For these climatic clusters, specific regression 
equations were derived based on multi-annual means of monthly and annual precipitation 
δ

18O and δ2H GNIP data against an array of available spatial and climatic covariates, through 
automated testing of their combinations and ranking them by their coefficient of 
determination (R2). Residuals of the best-performing regression equations were weighted 
according to their cluster membership and subsequently interpolated onto the regression 
surface, resulting in significantly improved kriging performance indicators and overall 
reduced interpolation uncertainty compared to previous globally parameterized approaches. 
The resulting isoscape grids reasonably reproduced the global δ18O and δ2H distribution in 
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modern precipitation; however, preliminary efforts to compare the resulting isoscape grids to 
established proxy datasets (e.g. shallow groundwaters) as well as to downscale the approach 
to regional patterns, occasionally resulted in diverging trends for the two isotopic species, 
particularly exemplified by the 2nd-order parameter of d excess [17].  

Here we attempt to remediate these deficiencies by establishing a more robust selection of 
covariate combinations using Akaike’s Information Criterion (AIC, [18]). In addition to that, 
new isotopic data were added for some regions previously not sufficiently covered by the 
RCWIP model could now be predicted using regionalized regressions (as opposed to the 
2009 snapshot used in [15]).  Additional data was derived from concerted efforts over the 
past few years to improve the GNIP spatial coverage [19].  

2. METHODS 

While globally parameterized or regional multiple regression based prediction models can be 
built with a fairly small number of regressors, RCWIP required the testing of almost 20,000 
combinations of dependent and explanatory variables for their suitability. This task was 
performed using the R statistical computing language [23]. Previously, regressor 
combinations were considered to be useful only if they had an R2>0.50 and the ratio of the 
remaining degrees of freedom and the number of regressors used were > 7.5; from which the 
combination with the highest R2 was chosen as the best model. The computations were run 
separately for δ18O and δ2H, which was subsequently identified as one factor contributing to 
the partial divergence of the two isoscapes since it was possible that δ18O and δ2H predictions 
could be based on slightly different regression equations. To address this statistical 
vulnerability, additional statistical assessments were implemented in the regression decision 
tree, including but not limited to AIC. Moreover, automated regression selections were 
conducted for both isotopic species simultaneously, tightly coupling the δ18O and δ2H 
isoscapes and rejecting a covariate combination if the discrepancy of any statistical testing 
was more than 10 % between the two isotopes. Hypothesizing that this approach would result 
in a reduced number of erroneous d excess patterns, we examined the deviation of the 
predicted deuterium excess �� from the observed for both the previous and the current 
methods using the Root Mean Square Error (RMSE) as simple diagnostics tool. 

3. RESULTS 

As a new benchmark for the improvement of RCWIP regression selection, we present 
improved RMSE statistics for a substantial number of RCWIP cluster-month-species 
combinations. It must be kept in mind that smaller residuals result in a lower kriging sill, 
which is one of the driving parameters for the interpolation uncertainty. Notwithstanding 
ongoing discussions about the uncertainty quantification of isoscapes (cf. [24]), the reduction 
of any uncertainty component of isoscape grids can is considered as desirable. 
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Abstract: For more than five decades, the Global Network of Isotopes in Precipitation 

(GNIP) has been a unique source of baseline data for stable (δ
18

O, δ
2
H) and radioactive (

3
H) 

isotope ratios in global precipitation, with an increasing variety of applications in numerous 

disciplines. New and less resource-intensive analytical techniques on one side and the 

growing demand for up-to-date isotope data on the other side impose new challenges for the 

operation of the GNIP, but also for the data dissemination cyberinfrastructure. The Water 

Isotope System for Data Analysis, Visualization and Electronic Retrieval (WISER), a web-

based platform for geospatial presentation and distribution of GNIP data, has been in 

operation since 2004 and has been subject to a major technical overhaul based on a recently 

conducted user survey. Here we present both a status update concerning the coverage of the 

GNIP, highlighting recent developments, as well as the renewed WISER platform, which 

excels with a modernized interface and shorter update intervals. 
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Abstract: An accurate picture of the spatial distribution of water stable isotopes of modern 
precipitation is a crucial prerequisite for many hydrological, ecological and 
paleoclimatological applications. The main aim of our research is to develop a gridded data 
set of monthly stable oxygen isotope composition of precipitation (δ18Op) for the Alps and the 
adjacent regions. However, as a pre-processing step, it is necessary to assess the spatial 
dependence structure of the isotopic parameters of the Alpine precipitation in order to tune 
the interpolation method to improve the performance of a derived isoscape model. δ18Op of 
88 stations distributed in the 45.5-49N, 5.5-17E domain have been gathered and analysed. 
The main spatial trends related to the rain-out process (altitude and continentality effects) 
were estimated by multivariate regression for each month using the mean long-term (1992-
2000) monthly δ18Op values and the basic 3D geographical coordinates (latitude, longitude, 
altitude) as independent variables. Then the monthly model estimates were removed from the 
original measured δ18Op values and the residuals were entered into the variogram analysis. 
Gaussian models with ~70-90 km range could be fitted to the ‘normal’ experimental 
semivariograms. Based on this preliminary range estimate (80 km) and assuming isotropy for 
the Alpine δ18Op range ellipses could be drawn around each monitoring stations. The 
obtained ellipsoids showed multiple overlaps over the Berner Alps and Tirol. While the 
current network seems to be unable to provide accurate information over large regions of the 
Southern Alps. 

1. INTRODUCTION 

The stable isotopes of past and present precipitation are important natural tracers of the 
hydrological cycle on global, regional and local scales. The Alps host the oldest and densest 
network monitoring stable isotopes of precipitation compared to any other mountainous area 
of the world owing to the good representation of international (GNIP) and national 
(Switzerland and Austria) networks (Fig.1).  
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Figure 1. Spatial and temporal distribution of the 88 stations with available records of 

monthly stable oxygen isotope ratio of precipitation over the Alpine domain. Temporal 

distribution is shown between 1973 and 2010. (Data sources: Switzerland: NISOT [4] and 

the network run by the Division of Climate and Environmental Physics, Physics Institute, 

University of Bern, Austria: ANIP [5], Germany: [6], N-Italy [7,8], and GNIP-ISOHIS [9] for 

France, Slovenia, Croatia and Slovakia. 

The main aim of our research is to develop a gridded data set of monthly oxygen isotope 
ratios in precipitation (δ18Op) for the Alps and the adjacent regions. The derived data product 
will most probably provide a better calibration target for modern high-resolution terrestrial 
proxies than the traditional practice using the “nearest”, sometimes 100s of km away, and 
usually discontinuous station record. However it is a crucial prerequisite to assess the spatial 
dependence structure of the isotopic parameters of the Alpine precipitation. 

 
Figure 2. Examples of omnidirectional experimental semivariograms (black dots) and fitted 

Gaussian models (blue line) of the Alpine δ
18

Op. Total variance is indicated by a dashed 

horizontal line. Lag width = 20.5°km, no. of lags = 20. 
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2. METHODS 

Measurements of δ18Op started as early as 1961 in Vienna (Austria) and 1965 in Thonon des 
Bains (France) in the Alpine region. The network was very sparse during the first years. We 
have gathered δ18Op of 88 stations distributed in the 45.5-49N, 5.5-17E region (Fig.1). A 
multivariate regression model has been calibrated for each month for the long-term (1992-
2000) mean monthly δ18Op values using the basic 3D geographical coordinates (latitude, 
longitude, altitude) as independent variables. The main well-known spatial trends related to 
the rain-out processes (such as the altitude effect and the continentality effect [1] and the 
influence of the seasonal differences in the dominant air mass/moisture sources [2] were to 
remove from the original measured δ18Op values by subtracting the corresponding monthly 
model estimates. Afterwards the residuals were entered into the variogram analysis. As 
earlier studies indicated the seasonal discrepancies of the vertical isotopic trend of the Alpine 
precipitation [3] variogram analyses were conducted on monthly basis.  
 

 
Figure 3. The Alpine δ

18
Op monitoring network available in 1996 (top) and in 2010 (bottom). 

Spatial representativeness of the network can be characterized by the halos of range ellipses 

[e.g. 10]. 

3. RESULTS 

Station density significantly improved only from 1973 when more Swiss and Austrian 
stations were involved (Fig.1). Station density is around 0.2 station/103km2 from 1992 to 
2000 peaking at 1996 (0.22 station/103km2). 

Only ~30% of the derived 108 experimental semivariograms showed optimal pattern as 
defined in literature: rising tail and wiggling around the mean variance over large distances. 
Gaussian models were fitted indicating a ~70-90 km range regularly (Fig.2). The rests were 
so-called nugget type variograms lacking the rising tail. Random tests suggested that 
sometimes only a sole anomalous value biases these semivariogram functions. Checking the 
variogram clouds for each nugget type semivariograms will be a next major task.  

101



Based on this preliminary range estimate (80 km) and assuming isotropy for the Alpine δ18Op 
range ellipses could be drawn around each monitoring stations. Despite the remarkable 
reduction of the station density compared to the densest network of 1996, the network 
available in 2010 still provided a good coverage for most of the Alpine region (Fig.3). The 
range ellipsoids show multiple overlap over the Berner Alps and the region of Tirol. While 
the current Alpine δ18Op monitoring network seems to be unable to provide accurate 
information over large regions of the Southern Alps. The most desired places for two new 
stations are i) Trento, east from the Garda Lake, ii) Piedmont, at the southern part of the Gran 
Paradiso group. 

4. CONCLUSIONS 

Preliminary results from the variogram analysis of the Alpine δ18Op network suggests that a 
Gaussian empirical variogram function with a 80 km range can be used in the future 
geospatial models for the precipitation stable water isotopes for the Alpine region. The map 
derived using this preliminary range estimate pointed to insufficient station density over the 
Southern Alps. 
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Abstract: Variability in the oxygen isotopic composition of rainfall (δ
18

O) at low latitude 

tropics are contributed by numerous parameters like moisture transport mechanism, raindrop 

reevaporation, moisture mixing along the trajectories, changes in the vapor source condition. 

Owing to sporadic dataset of rainfall δ
18

O values and in absence of temporally and spatially 

dense meteorological network, characterization of climatic controls on the rainfall δ
18

O 

variability mostly remain unknown in India. Due to course spatial coverage of IAEA-GNIP 

stations (only three IAEA-GNIP stations are employed in India), no long-term record is 

available in eastern India from where the BoB branch of vapor enters the Indian landmass. In 

this study, daily-resolved 3-year time series of rainfall δ
18

O from Mohanpur, located in 

eastern India (22.9ᵒN, 88.5ᵒE) is presented and the role of different climatic variables has 

been identified. Rain samples were collected at daily time-series from 2011 to 2013. The 

δ
18

O values of daily rainfall vary from 6.7 to -17.5‰ with an average value of -5±4.3‰ (1σ, 

n=201) and exhibit poor correlation with rainfall amount (R= -0.2, p < 0.01). However, daily 

rainfall δ
18

O shows better correlation (R= -0.4, p<0.05) with amount in dry season (Jan to 

Apr) and suggests a higher amount effect during dry season than wet season (Jun-Sep time). 

The correlation between rainfall δ
18

O and amount enhances with increased temporal 

averaging which can be seen at monthly intervals (R= -0.5, p <0.05) or at annual scale 

(R= -0.9, p <0.05). This reflects the time integrative nature of rainfall δ
18

O values. Slope 

versus amount range plot reveals that samples below 5 mm amount has suffered post-

condensation evaporation. Filtering of such samples (n=51) improves LMWL from 

δD=7.3δ
18

O+ 2.9 to δD=7.9δ
18

O+ 7.2 and the reevaporation of falling rain-drops is more 

pronounced in dry season. Back-trajectory computation (HYSPLIT-4) has revealed the 

change in the moisture sources from dry to wet season, which also been supported by d-

excess value. Based on the specific humidity change along the trajectory path, the regions of 

moisture entertainment have been located. Rainfall during Indian Summer Monsoon is 

dominantly fed by the Bay of Bengal (BoB), whereas continental water bodies are also 

significant contributor. The most depleted rainfall δ
18

O days were supplied by continental 

water bodies. The contribution pattern of each moisture source almost remains similar in 3-

year time-scale. Present study disentangles the effect of different climatic parameters and 

hence, provides support to the accurate interpretation of paleo-archives present in this region. 

In future, incorporation of this rainfall δ
18

O dataset to the atmospheric general circulation 

model would be helpful to understand the regional hydrological system at a finer spatial 

resolution. 
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Abstract: The Vienna GNIP-station is also part of the Austrian Network of Isotopes in 
Precipitation (ANIP) and as a result of this, monthly precipitation samples were measured 
both by the IAEA and the Arsenal research, now Austrian Institute of Technology (AIT). 
This presents a unique opportunity to estimate the variability and errors of a long term 
precipitation monitoring data set spanning over forty years. Starting in 1973 only 8 monthly 
data of δ 18O-measurement are missing in both data sets. The difference in the results is only 
greater than 0.3‰ in 20% of the 462 monthly values. Moreover in only 6% of the data are the 
differences greater than 1 ‰. However, the mean difference per decade decreases from 0.18 
to 0.01 ‰ over 40 years. The mean δ 18O-values increase, as is the case in most stations, from 
-10.33 to -9.52 ‰ over the four decades. 

1. INTRODUCTION 

The Vienna GNIP-station (Global Network of Isotopes in Precipitation, [1]) is also part of the 
Austrian Network of Isotopes in Precipitation (ANIP, [2]). The Isotope Hydrology Section of 
the International Atomic Energy Agency (IAEA) started to measure the isotope composition 
since February 1961 in Vienna. Since January 1973 the Bundesversuchs- und 
Forschungsanstalt (predecessor organisation of AIT) started to measure δ 18O in the ANIP-
stations including Vienna. The data of both laboratories present a unique data set spanning 
more than forty years allowing us to estimate the variability and errors of this long term 
precipitation monitoring. 

Figure 1.  Vienna (Hohe Warte) precipitation collection site and long-term δ18O variation at 
the sampling site 
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2. METHODS 

At the Vienna (Hohe Warte, 198 m altitude) main meteorological station (Figure 1) the daily 
precipitation is collected in a standard Hellmann – Ombrometer and combined to a monthly 
sample. From this normally 1 L is send to the IAEA and the AIT-laboratory for analysis. The 
amount of precipitation and the mean monthly temperature is measured by the meteorological 
station in immediate vicinity. 

The available data [1, 2] were compared by forming mean values by decades and by 
calculating the difference of every single pair of values. From these differences a mean value 
and the standard deviation was calculated for the decades 1973-1982, 1983-1992, 1993-2002 
and 2003-2013 (Table 1). 

3. RESULTS 

From the 492 month during 41 years 467 (95%) and 481 (98%) δ 18O-values have been 
measured by IAEA and AIT, respectively. From just 8 month (1.6%) no values are available.  

Table 1.  Mean �18O-values and mean difference of the δ18O-values of the IAEA and AIT 
laboratories per decade 

 2003-2013 1993-2002 1983-1992 1973-1982 
IAEA mean18O -9.52 -9.62 -9.56 -10.15 
AIT    mean18O -9.57 -9.61 -9.78 -10.33 
Mean diff. IAEA - 
AIT 

-0.01 0.05 0.18 0.09 

Std.Dev. diff. 
IAEA - AIT 

0.11 1.05 1.92 0.72 

 

From 462 month (94%) two values for comparison are available. The frequently accepted 
difference between two laboratories 0.3 ‰ is however is exceeded in 20.8% of the cases. The 
exceedance of the extreme difference of 1 ‰ still occurred in 6.5 % of cases (Figure 2). The 
mean values increase from -10.33 to -9.52 ‰ over for decades. The mean difference and their 
standard deviation decreased from 0.18 to -0.01 ‰ and 1.92 to 0.11, respectively from 1983 
to 2013. In the decade 1973-1982 the mean difference and standard deviation was already 
smaller by 0.09 and 0.72 ‰ respectively (Table 1 and Figure 2). 

4. CONCLUSIONS 

This unique data set of dual measurements of the same precipitation is a good opportunity to 
estimate the frequency of not sampling the exact aliquot of rain, analytical errors mix up of 
samples etc. in a routine monitoring process. The differences up to 0.3 ‰ can be regarded as 
standard analytical error between two laboratories. Errors above the 0.3 ‰ must be related to 
not sampling well mixed aliquots, evaporation effects, transcription and analytical errors. 
Differences of more than 1 ‰ can only explained by mixing up samples, transcription and 
major analytical errors. 
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Figure 2.  Difference of monthly δ 18O-values (n=462) of the IAEA and AIT laboratory from 
the Vienna (Hohe Warte) GNIP-ANIP station since 1973. 
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Abstract: This study falls within the framework of the overall problematic of chemical and 

isotopic characterization of rainwater in the West African Sahel. It was initiated with the aim 

of first bearing to a lack of quantitative and qualitative characterization of the input signal 

rainwater yet very useful for hydrological and hydrogeological studies of the hydrosystem the 

northern coast of Senegal. The stable isotope composition and the tritium content of 

precipitation analysed within the framework of the IAEA/WMO Global Network for Isotopes 

in Precipitation (GNIP) have been evaluated for the Senegalese stations located in the arid 

Sahel region characterized by semi arid coastal Sahelian climate that offers enough features 

particularized in Dakar, often continentalized in Pout and sub-desert climate in Louga.The 

daily composite samples of rain have been collected at these stations. The samples were 

analysed for the isotopic ratios of the stable isotopes (
2
H/

1
H and 

18
O/

16
O) and the radioactive 

isotope tritium (
3
H/

1
H). The latter is given in tritium units TU (1TU = 0.118 Bq/l), and the 

former as d values (relative to VSMOW in per mille . 

 

The rainfalls in Senegal are controlled by moving Monsoon which is humid equatorial wind, 

and low generator rain from the south-southwest sometimes becoming northwest in the 

coastal area. Monsoon gradually covers the entire West Africa and moves between the 4
th

 and 

20
th

 parallel north it reached in July and in January. In the Sahelian fringe precipitations 

depend almost exclusively on the latitudinal position of the ITCZ (Leroux, 1983). The 

advance of the ITCZ to the north, facilitated by the continental depression centered over the 

Sahara allows the invasion of monsoon rains which brings intense convective small scale. 

Monsoon with diverse routes and variable transit times over the land subsequent to their 

recovery is responsible of the variation of rainy season duration and of chemical and isotopic 

compositions. The evaluation of the chemical and isotope data of the three stations provided 

specific information on the moisture source of the Monsoon rains. The chemical composition 

and the average isotope ratios clearly represent an imprint of oceanic and continental moisture 

during the summer monsoon period. Furthermore, the isotope data indicate a lack of 

correlation between monthly δ
18

O and rainfall and guessed the importance of atmospheric 

circulation pattern.  The large isotopic variation over the rainy months and the rain water 

isotope line slopes observed in these station rains could be explained by combination rain-

forming mechanisms and moisture source changes (continental and oceanic). Rainfall in 

Dakar station show a linear correlation with a slope 8.0 features condensation that always 

occur at saturation. Oceanic vapor precipitation which gives a d-excess value equal to 8. In 

the other stations, evaporation leads in linear correlations for contents δ
18

O and δ
2
H with 

slopes equal to 7.2 and 5.7 respectively in Pout and Louga stations where deuterium excess 

increasingly negative. Values for d
18

O range from -8.4 to -2.2 ‰ and for δD, from -57.8 to 

-5.5 ‰ in Dakar; values for δ
18

O range from -7.4 to 0.09 ‰ and for δD, from -55.7 to 

-0.65 ‰ in Pout and in Louga values for δ
18

O range from -9.42 to -0.6 ‰ and for δD, from -

73.24 to 5.13 ‰. 
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Abstract: In this paper we report isotopic data of 10 years (1988-1997) of rain samples 

collected at Tarbala dam site in Pakistan. Isotopic data is used to explain the origin of vapor 

source responsible for precipitation in this region. Seasonal variations in the isotopic 

composition of rain in addition to deuterium excess parameter particularly associated with 

winter/summer rain are observed and co linked with vapor source. The variations are clearly 

associated with different source regions of vapors i.e. Arabian Sea/Bay of Bengal in summer 

and Mediterranean Sea in winter. It is also related with the transportation trajectories of vapor 

masses responsible for precipitation. Inverse relation is observed between humidity and 

temperature at the site of precipitation. 
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Abstract: Isotopic composition (δ
18

O and δD) in precipitation simulated by a regional 

isotope circulation model with 10 km horizontal resolution was compared with observed that 

at 56 sites throughout Japan. The model could capture both seasonal variation and spatial 

pattern of the isotopic composition through a year, except for January along Pacific side in 

eastern and western Japan. The simulated isotopic composition in January overestimated 

anomaly δ
18

O values by 8.1 ‰ and 3.4 ‰ in eastern and western Japan, respectively. The 

reason of the overestimation was caused by that simulated sea level pressure in the center of 

an extratropical cyclone in 14 January 2013 was higher by 10 hPa than that derived from 

Japanese 55-year reanalysis data. 

1. INTRODUCTION 

The isotopic composition in precipitation (δ
18

O and δD) exhibits a broad range of 

spatiotemporal variations because of atmospheric hydrological processes, such as moisture 

transportation and complex phase changes of water (e.g., Dansgaard, 1964). That is used for 

estimations of origin, transport pathway, mixing process, and age in water. Many studies 

incorporated the water isotopes into atmospheric general circulation model, and compared the 

simulated isotopic composition with observed that (e.g. Yoshimura et al., 2008). However, 

the scale of the comparison was more than country or global scale. The problem is caused by 

two reasons; a lack of observation data with fine spatial resolution (less than country scale) 

and few regional isotope circulation models. We carried out intensive observation of isotopic 

composition in precipitation at 56 sites throughout Japan in 2013. In this study, the isotopic 

composition simulated by a regional isotope circulation model with 10 km horizontal 

resolution was compared with obtained that. We summarized imperfect points of 

reproduction by a regional isotope circulation model. 

2. METHODS 

Precipitation samples were observed at 56 sites throughout Japan in 2013 (see Figure 1). The 

Isotope Ratio Mass Spectrometer (Thermo Fisher Scientific, Delta-V) was used to measure 

δ
18

O and δD of precipitation samples with a CO2/H2O equivalent method for δ
18

O and a 

platinum catalyst equivalent method for δD. Isotopic ratios are expressed by convention as 

parts per thousand (‰), deviations relate to Vienna Standard Mean Ocean Water. The 

analytical errors for standard measurements of δ
18

O and δD are better than ± 0.05 ‰ and 

± 0.5 ‰, respectively. 

The isotopic regional spectral model (IsoRSM; Yoshimura et al., 2010) was used in this study. 

Major physical processes were included: the relaxed Arakawa–Schubert scheme, the Noah 

land surface model, the Chou radiation scheme, and a planetary boundary scheme. Isotopic 
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physical schemes were included: the 

parameterization of equilibrium fractionation 

among vapor, liquid, and ice, kinetic 

fractionation for surface evaporation from 

open water, condensation from vapor to ice 

under super-saturated conditions at 

temperatures lower than −20 °C, and 

evaporation and isotopic exchange between 

falling raindrops and vapor in surrounding air. 

The domain of the IsoRSM simulation in this 

study is shown in Error! Reference source not 

found.. The simulation domain sufficiently 

covers all observation sites of stable isotopes 

in precipitation over Japan. The simulation 

domain had 289 × 350 horizontal grid points 

and 28 vertical layers. The horizontal grid size 

was approximately 10 km. The IsoRSM 

simulation run in 2013. The initial and lateral 

boundary conditions were taken from the 

global nudged isotope simulation (Yoshimura 

et al., 2008). The sea surface and ice 

distributions were taken from the National 

Oceanic and Atmospheric Administration 

Optimum Interpolation Sea Surface 

Temperature V2.  

In order to check spatial patterns of sea level 

pressure (SLP), we utilized Japanese 3-hourly 

55-year Reanalysis (JRA-55) data in 2013.  

3. RESULTS 

Comparison of seasonal variations of simulated and observed regional averaged anomaly 

δ
18

O in precipitation are shown in Figure 2. The regional averaged values were calculated by 

anomaly δ
18

O from the averaged value weighted by precipitation amount at each site, because 

latitude effect of δ
18

O in precipitation throughout Japan (Tanoue et al., 2013). There are clear 

seasonal variations of observed δ
18

O in precipitation in each region; positive anomaly in the 

Northern Japan (Pacific side and Japan Sea side) from March to July, and Eastern and 

Western Japan (Pacific side and Japan Sea side) from March to May. However, seasonal 

amplitude of observed δ
18

O throughout Japan (approximately 6 ‰) was lower than that in the 

other monsoonal region (Araguás-Araguás et al., 1998). Seasonal variation of simulated δ
18

O 

by the IsoRSM agrees with observed that. However, the simulated values in January are 

overestimated in Pacific side in Eastern and Western Japan. 

Relationship between monthly mean δ
18

O in precipitation weighted by precipitation amount 

and latitude of stations are shown in Figure 3. The Simulated and the observed δ
18

O in 

precipitation show latitude effect (values decrease with increasing latitude of observation 

site), except from June to September. The IsoRSM can capture the intensity of latitude effect 

of observed δ
18

O values, however simulated absolute values were higher than observed that 

in latitude from between 30°N and 40°N, especially in January. The low observed δ
18

O 

Figure 1: Domain of the IsoRSM 

simulation and geo-potential height 

(shaded; gpm) in this study. Light 

blue, dark blue, light brown, dark 

brown, light green, and dark green 

indicated stations on the Northern 

Japan/Pacific side, Northern 

Japan/Japan Sea side, Eastern 

Japan/Pacific side, Eastern 

Japan/Japan Sea side, Western 

Japan/Pacific side, and Western 

Japan/Japan Sea side, respectively. 
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values (less than -20 ‰) was brought by the enhanced extratropical cyclone in middle 

January 2013. Spatial SLP patterns in 14 January are shown in  

Figure 4. We found that simulated SLP in the center of the enhanced extratropical cyclone 

(approximately 1000 hPa) was higher than that derived from JRA-55 (less than 990 hPa).  

Generally, δ
18

O values do not have physical connection to SLP. However, underestimated 

SLP cause suppressed cyclone system, leading to change precipitation amount and 

condensation level. We will further numerical simulation with different convective scheme. 

4. CONCLUSIONS 

We verified the isotopic composition in precipitation simulated by the IsoRSM with fine 

horizontal resolution using by intensive observation data throughout Japan. The IsoRSM can 

capture seasonal variation and spatial pattern of the observed isotopic composition in 

precipitation, however simulated isotopic composition overestimated in the case of 

precipitation event by the enhanced extratropical cyclone. In order to adjust SLP pattern, we 

will run further numerical simulation with different convective scheme. 
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Figure 2: Comparison of seasonal variations of simulated (red) and observed (blue) regional 

averaged anomaly δ
18

O in precipitation in the regions. 
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Figure 3: Relationship between monthly mean δ
18

O in precipitation weighted by 

precipitation amount and latitude of stations. Circles and squares indicate observation and 

simulation, respectively. 

 

 

 

Figure 4: Spatial SLP patterns derived from (a) IsoRSM simulation and (b) JRA-55 data in 

13 January 2013.  
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Abstract: Chile is located within a latitudinal range (17º S to 56 º S) has wide range of 
weather conditions due the geographic characteristics, offer an interesting opportunity to 
study stable isotope variations in a region bounded by the South Pacific Ocean (west side) 
and the Andes Cordillera (east side); this large geographic spectrum turns in a wide range of 
climatic scenarios from desert in the north, to alpine tundra in the east and southeast, 
Mediterranean climate in the central region, and humid subtropical in the Eastern Island, 
Oceanic climate in the south and Polar climate in the Antarctic Territory . Here, we present 
10-year of monitoring (2004-2013) archive (N= 435; monthly composite samples) of five 
GNIP stations administrated by the Environmental Isotope Laboratory of Chilean 
Commission of Nuclear Energy: La Serena (northern semi-arid region, 142 m.a.s.l), Santiago 
(central region, 520 m.a.s.l), Eastern Island (South Pacific region, 42 m.a.s.l), Puerto Montt 
(southern coastal region, 81 m.a.s.l), and Punta Arenas (Patagonia region, 37 m.a.s.l). The 
maritime meteoric water line of Eastern Island is described as: δ2H = 6.68·δ18O + 5.76 
(r2=0.81) with an average d-excess of +8.7 (‰). No significant correlations were found 
between precipitation volume (r2=0.08), surface temperature (r2=0.01), and 18O composition 
at Eastern Island suggesting that other oceanic or atmospheric processes may play a 
significant role controlling the isotopic variations at this site. The continental meteoric water 
line of Chile is described as: δ2H = 6.72· δ18O − 5.46 (r2=0.90) with a mean d-excess of 
+2.96‰. In the semi-arid region of Serena, a moderate (r2=0.22) relationship between the 
precipitation amount and the δ18O (‰) was observed. Contrary to the other continental 
monitoring sites (Santiago, Puerto Montt and Punta Arenas, i.e. lower slopes and intercepts), 
the meteoric water line at Serena is particularly similar (δ2H = 8.02·δ18O + 10.8; r2=0.92) to 
the Global Meteoric Water Line with d-excess values ranging from +4.42‰ up to +19.2‰ 
The isotope data registered will provide a fundamental baseline for future hydrological 
modeling studies in Chile. 
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Abstract: Stable water isotopes (δ
18

O and δ
2
H) have been frequently used as environmental 

tracers to understand processes and timescales in hydrology and climate research. Capturing 

changes of isotopic composition over time and investigating long-term processes requires 

long-term data set analysis. In Germany, we have one of the world’s densest national 

networks for long-term isotopic analysis (i) in precipitation covering up to 36 years of time 

series at 28 locations and (ii) in rivers covering between 13 and 26 years of time series at 9 

locations. These data allow to answer the following research questions: (i) how and why does 

the isotopic composition in precipitation change over time and space?, (ii) how and why does 

the isotopic composition in rivers change over time and space?,  (iii) are spatiotemporal 

changes in precipitation and rivers following same trends? Water isotopes in precipitation 

show increasing trends over time in most locations in Germany which is associated with 

temperature increases [1]. However, not all of these trends are significant [2]. Similar trends 

were found for rivers too with some exceptions in the Weser and Rhine catchments. Next to 

temporal trends, the isotopic composition of the nine investigated rivers has a clear variability 

in space. Average and seasonal dynamics can reflect the location (latitude, longitude, 

elevation of recharge area) and the size of catchment area (small, little tributaries vs. many 

tributaries).  
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Abstract: The regional distribution of stable isotopes of water in precipitation and 
groundwater, both of which is traditionally, a priori, often assumed to be geographically 
invariant on the small scale. Yet, stable isotopes have been proven to be a useful tool as a 
tracer for the hydrological studies. Precipitation defines the input function to the hydrological 
cycle. Due to increasing temperatures over the next century this input function will be subject 
to significant changes in its isotopic composition. A four degrees Celsius increase will yield 
2.4 to 3.6 ‰ increase. In the near future this will create a very significant contrast in most 
aquifers between "pre-climate change" and "post-climate change" water. Little is known 
about the spatial distribution and yearly variation of precipitation in Denmark, but has been 
assumed to be constant in recent years. Within the small country area of Denmark the spatial 
variation of precipitation and Temperature is large, which certainly produces an effect on the 
isotopic composition in rain. Furthermore, could atmospheric studies from Denmark have 
shown that air masses delivering rain have different geographical origin during a single rain 
event and are not necessarily dominated by moisture sources from west, but rather originate 
from north or south as well[1].  

The aim of this study is to a) characterize the 18O/2H composition of monthly accumulated 
precipitation across Denmark and detect major trends and factors causing such isotopic 
variation. Thereby a “Danish meteoric waterline” will be developed. b) Investigate the 
isotopic composition throughout specific rain events in different seasons and find major 
formation conditions for such 18O/2H signal development. 

Rain water was collected over three years on a monthly basis on eight stations across 
Denmark. Rain event sampling was carried out between October 2013 and June 2014 for 8 
rain events at a sampling location north of Copenhagen. The collection device for the 
monthly samples is developed and described by [2]. Event-based sampling was carried out 
with a funnel construction where evaporation loss from funnel was minimized due to the high 
manual sampling frequency. Samples were analyzed with a Picarro 2130-i analyzer. 

The data shows a 1‰ change in isotopic composition over a short distance (70 km) over land 
with average δ18O of -7.8‰ at the coast to -8.7‰ 70 km inland. Accordingly, variation 
within a year also increases with distance from the ocean. The most western station has an 
δ18O-standard deviation (δ18O-Stdv.) of 1.2 ‰ whereas the station 70 km east of the coast has 
an δ18O-Stdv. of 2.6‰ throughout the year (Fig.1).  Preliminary results show that the effect 
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of temperature can be neglected due to the small difference between each station, hence; an 
altitude effect cannot be seen. A decrease in the regression slope(s) between each station is 
not observed. Yet, a lower d-excess compared to the GMWL in all stations indicates higher 
humidity conditions during formation of vapor masses.  

From the event samples δ18O maximum range from -5 ‰ to -14 ‰ throughout an event could 
be observed. Common observed δ18O trends are V-shape and descending trends (defined in 
[3]). According to rain trajectories V-shape trends can be explained by the delivery of new 
vapor masses with different travel passes over sea and land. Descending trends result from 
the amount effect. 

 

Fig.1. Showing the continental effect across Denmark at three stations with different    

distance to coast. 
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Abstract: The natural protected lagoon of Guanaroca, located between Cienfuegos Bay and 
the Arimao River, Cuba, has been heavily impacted by human-induced environmental 
changes over the past century. Sources and burial patterns of organic matter in the Guanaroca 
lagoon were investigated in a sediment core. Analyses included: variation in total organic 
carbon (Corg), total nitrogen (TN), stable carbon isotopic composition (δ13C and δ15N) and 
ratio of total organic carbon to total nitrogen (Corg/TN). On such a basis, the environmental 
evolution and the primary productivity changes of the lagoon were revealed, and the impacts 
of human activities identified. Downcore variation patterns of the parameters representing 
sources and burial flux of organic matter were predominantly related to the impacts of human 
activities. Up to the nineteenth century, the principal sources of organic matter to sediments 
(more than 80%) were a mixing of terrestrial vascular plants (~43%) and freshwater 
phytoplankton (~41%), with minimal contribution from the marine component. In the period 
1900–1980, due to the strong influence of human activities in the catchment area of the 
Arimao River, the water exchange capacity of the lagoon declined substantially, as indicated 
by the relatively high proportion and burial flux of organic matter originated from marine 
sources. Since 1980, as a result of management actions in the protected area, the lagoon has 
regained gradually his capability to exchange freshwater, showing sources and burial fluxes 
of organic matter similar to the natural conditions recorded previous to 1900. 
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Abstract: This paper reports some preliminary results obtained on waters and sediments 

from the Inle Lake. Carbonate equilibria dominate the lake water hydrochemistry. During the 

summer season, strong evaporation affects the water body, coupled to intense photosynthetic 

activity. These processes favour authigenic carbonate precipitation, as indicated by the high 

calcite content detected in the lake sediments. Isotopes of the water molecule indicate a 

residence time shorter than one year. The short residence time and calcite precipitation likely 

prevent the accumulation of anthropogenic contaminants and nutrients within the lake.  

1. INTRODUCTION 

Inle Lake, situated in Naung Shwe Township, Southern Shan State (20°27'–20°40' N, 96°52'–

96°57' E, 870 m a.s.l.) is the second largest and the most important lake in Myanmar. Its 

average length is 18 km and the width is 11 km [1]. The Inle Lake region is characterized by 

a large, flat valley running N to S, surrounded by mountain ranges. The basin is located in the 

Shan Plateau, mainly constituted by limestone, about 50 km E of the tectonically active 

Sagaing fault and faults along the Shan scarp [2]. The lake is fed by several streams, the main 

contributor being the Nanlit Chaung, which flows from N to S with headwaters 16 km north 

of the inlet to the lake. The lake outlet flows to the S, entering the Thanlwin River [3].  The 

drainage area and storage capacity of the lake have been estimated at 5.612 km
2
 and 3.5 x 10

7
 

m
3
, respectively, while annual inflow and water residence time are estimated as 1.1 x 10

8
 m

3
 

year
–1

 and 0.32 year [4, 5]. The climate in the lake area is tropical monsoon with three 

seasons: hot dry, rainy and winter season. Approximately 70% of the annual rainfall occurs 

during the months of July, August, and September: the mean annual rainfall is 920 mm, 

generally occurring on 70–75 individual days. Mean air temperature near the lake ranges 

from 16.9°C to 31.5°C. The depth of the lake fluctuates with the seasons ranging from four 

meters in summer and seven meters in the rainy season [3]. 

The lake is a vital part of the broader ecosystem and economy of Shan State, providing many 

goods and services to its surrounding communities. Over 200 villages surround the lake and 

inhabit the immediate watershed. The lake is a main water resource for Law Pi Ta 

hydroelectricity power plant, a major tourist attraction upon which many in the local 

economy rely, a provider of agricultural products, and a habitat for rich biodiversity and 

traditional culture.  

118



Inle lake is severely threatened by anthropogenic activities on the lake sides and in its 

drainage basin, causing an increase in sedimentation, with a consequent shrinking of the open 

water surface, and a change in water quality [6, 7].  The objectives of this study are to 

investigate present day water dynamics and sedimentation processes, to reconstruct its 

environmental evolution and assess the anthropogenic impact.  

2. METHODS 

During the one-year sampling period, water and sediment samples were collected from 5 

study sites, selected based on their environmental setting (Table 1 and Figure 1).  

Table 1.  Sampling stations. 

Station Environmental setting Characteristics 

1 Natural biodiversity fishes and birds Wildlife Sanctuary 

2 Input from the main inflow Inflow Stream 

3 Water at the center of lake Wide View Area 

4 Influence of agrochemicals and 

anthropogenic pollution 

Floating Cultivation Area 

5 Output from the lake Outflow Stream 

 

 

 

Figure 1.  Location of the Inle Lake in Myanmar with water and sediment collection stations.  

Sampling campaigns were performed in August, September and October 2013 (monsoon),  in 

November and February 2014 (winter), and in May 2014 (summer) for hydrochemical and 

isotopic monitoring. Nine sediment cores were also collected in October 2013. A more 

detailed sampling campaign was carried out in March 2014 (summer), increasing the number 

of sampling stations (Figure 1) and collecting surface and bottom water, together with 

dredged bottom sediment, and sediment cores. During this campaign, water depth, surface 

temperature, pH, Eh, and alkalinity were measured in the field. In the laboratory, all water 

samples were (re)analyzed for pH, electrical conductivity and alkalinity (by titration). The 
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major ion contents were determined by ion chromatography. Stable isotopes of the water 

molecule were analyzed by WS-CRDS. Water samples from the March 2014 campaign were 

also analyzed for δ
13

CDIC using the gas evolution technique [8]. Sediment samples were dried 

at room temperature for 2-3 days. Major shells were eliminated by manual picking and the 

sediment was ground to fine powder in an agate mortar. The mineralogical composition of 

sediment samples were measured by XRD powder diffraction. 

3. RESULTS 

Water stable isotopes range from -8.23 to -0.76‰ in δ
18

O and from -63.55 to -18.06‰ in 

δ
2
H. In the rainy season, the isotopic compositions align parallel to the Global Meteoric 

Water Line (GMWL), but with a lower d-excess (Figure 2). At the end of winter, but mostly 

during the summer season, with rising temperatures, the lake water is subject to strong 

evaporation under low relative humidity conditions. In all sampling campaigns, the most 

enriched isotopic value is displayed by Station 3 at the center of the lake. Also, at the onset of 

the rainy season, this station maintains an enriched isotopic composition, whereas at the end 

of the rainy season it displays a composition in agreement with that of precipitation. This 

observation indicates that, during the rainy season, the lake water is fully flushed by the 

inflow water, and therefore the residence time is < 1 year. As a reference, the isotopic 

composition of precipitation in Yangon (retrieved from the Global Network of Isotopes in 

Precipitation - GNIP database) is also shown in Figure 2.  

 

Figure 2.  Stable isotope composition of water samples collected during one hydrological 

year, the GMWL and the regression line for Yangon precipitation data (GNIP database). 

Lake waters are characterized by relatively low conductivities (range 257 to 486 µS/cm 

during the annual monitoring, with higher conductivities characterizing samples from the 

summer season), neutral to alkaline pH (range 6.51 to 8.37) and oxidizing conditions (range 

122 to 250 mV). The most abundant cation is calcium, followed by magnesium, sodium and 

potassium, whereas bicarbonate is the most abundant anion, followed by chloride, sulphate 

and carbonate. Therefore carbonate equilibria dominate the lake water hydrochemistry.  
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The isotopic composition of dissolved carbonates (δ
13

CDIC), measured during the March 2014 

campaign, ranges from -7.74 to -1.86‰ PDB, with the most depleted values characterizing 

inflow water and the most enriched values recorded in open lake water. Depleted DIC could 

derive from the dissolution of soil CO2 in areas dominated by C4 vegetation, while in open 

lake waters, DIC could be enriched as a result of photosynthetic activity.  

In the bulk sediment, the most abundant mineral is calcite, followed by quartz, mica/illite, 

kaolinite, aragonite and traces of dolomite. The clay fraction is mostly composed by kaolinite 

with lower mica and chlorite, and traces of smectite. Calcite is not evenly distributed in the 

lake area: samples collected at the inflow and outflow show a percentage of about 50%, rising 

up to 90% in samples collected within the lake. This observation suggests that authigenic 

calcite precipitation could significantly contribute to sedimentation. 

Preliminary isotope data obtained on sediment calcite range from -1.34 to +4.67‰ in δ
13

C. 

Based on δ
13

CDIC, the more depleted values could correspond to authigenic calcite 

precipitated from open lake waters, whereas enriched values could correspond to detrital 

calcite.  

4. CONCLUSIONS 

Preliminary results indicate that carbonate equilibria dominate the lake water hydrochemistry. 

During the summer season, strong evaporation affects the water body. The increase in 

temperature, coupled to intense photosynthetic activity, induces authigenic carbonate 

precipitation, as testified by the high calcite content detected in the sediments. Isotopes of the 

water molecule indicate a residence time shorter than one year. The relatively short residence 

time and calcite precipitation likely prevent the accumulation of anthropogenic contaminants 

and nutrients within the lake. The characterization of sediment core samples will allow for 

the reconstruction of the environmental evolution in time and assess the anthropogenic 

impact on this valuable ecosystem. 
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Abstract: The Joumine reservoir, located in the north west of Tunisia and constructed in the 
early 1980s, has an upstream watershed area of 418 km2 and the reservoir capacity is 
130 Mm3. The dam presented a water leakage immediately after its construction. Shortly after 
the first filling of the reservoir in 1987, an important water leak was detected at the dam toe. 
The emerging flow rate at the maximum level in the reservoir was close to 500 L/s. An 
important sinkhole was detected in a limestone block outcropping in the left abutment, at a 
short distance from the uptake tower. The emergency work aimed at stopping the sinkhole by 
the injection of mine tailings lowered down the flow-rate of the leakage to about 120 L/s. The 
flow-rate of the leakage was monitored in two drains D1 and D2, located at the dam toe. The 
decrease of the flow-rate of the leakage due to emergency work was accompanied by an 
increasing of the salinity in the drain D2, which was interpreted as a risk to the integrity of 
the dam. A combined hydrogeological, geochemical and isotopic investigation (2H, 18O, 3H 
and 13C) was carried out afterwards in 2013 to determine the origin, flow path and other 
characteristics of leakage, integrating water level data from monitoring piezometers, water 
temperature and electrical conductivity, as well as hydro-chemical and environmental 
isotopes. Flow-rates measured in drains D1 and D2 by means of the tracer dilution technique 
were 45 and 58 L/s, respectively. The study carried out at the Joumine reservoir is a good 
example illustrating the usefulness of geochemical tracer methods for obtaining more precise 
and rapid information of the main features of water leakages, which if ignored may result in 
great repair costs or even affect the stability of a dam.  

1. INTRODUCTION 

In arid and semi-arid regions, the growing water demand for irrigation, industrial uses and 
domestic water supply is often satisfied by the combined use of a network of irrigation systems 
feed by reservoirs and local groundwater. In the case of Tunisia, water transfer systems consist of 
pipe lines and canals constructed to transfer surface water from dams in the north part of the 
country to the coastal urban and farming areas, where the demand for water is high. The ratio of 
water supply from surface and groundwater is about 50/50. About 97% of available surface 
runoff in Tunisia has already been used through the construction of reservoirs or planned to 
exploit. Due to the difficulties to develop new surface water resources it is necessary to optimize 
existing infrastructures to minimize water losses through leaks in dams and reservoirs. Therefore, 
sedimentation and leak control is an important issue in the sense of sustainable surface water 
resource management. Millions of people depend on dams and reservoirs for domestic, industrial 
and agricultural water supply, for flood protection and for electricity.  
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One of the most efficient and least costly methods of detecting and characterizing leaks from 
dams and canals is the use of geochemical and isotope tracers to delineate the source and 
movement of water [1]. These methods will often reveal the flow path of the leak and will help in 
adopting engineering approaches to reduce the safety risks and water losses, instead of the costly, 
yet common, trial and error method of repair. Such tests may also reveal that sudden changes in 
flow-rates downstream are not necessarily due to a leak from the reservoir, but may actually be 
the result of natural groundwater discharges unconnected with the dam. 
 
The Joumine reservoir, located in the north-west of Tunisia, constitutes an important water 
resource for the region and the sedimentation and leaks in the dam site have been the subject of 
previous studies [2]. The dam presented a water leakage immediately after its construction. The 
reservoir has an upstream watershed area of 418 km2 and the capacity is 130 Mm3 which ranks 5th 
in water storage capacity among all the water reservoirs in Tunisia. Water salinity in the reservoir 
is lower than most reservoirs in Tunisia, and due this property, water stored in the Joumine is 
utilized not only for drinking purposes and irrigation (about 1800 ha) but also, is mixed with 
water from other reservoirs to produce water of lower salinity. The Joumine reservoir has been in 
use since 1987.  
The objective of the study is to illustrate the crucial role of isotope hydrology and related 
geochemical tools in characterizing the origin and flow paths of leaks from dams, contributing to 
the adoption of corrective measures leading to reduce water losses and/or minimize safety risks. 
 

2. METHODS 

The first part of this investigation on the leakage problem in the Joumine reservoir was carried 
out in 1998 within the framework of an international workshop on dam leakage studies organized 
in Tunis by the International Atomic Energy Agency (IAEA) and the National Centre of Nuclear 
Science and Technology of Tunisia. The figure 1 present, respectively, the results obtained from 
the measurements of potentiometric levels, conductivity and temperature profiles in all accessible 
piezometers at the dam site. For simplicity, the individual values of these parameters obtained at 
each borehole have been omitted. The flow rates measured in drains D1 and D2 by means of the 
tracer dilution technique were, respectively, 45 and 58 L/s. 
 
Previous hydrochemical data of surface and ground water in the area was obtained as part of a 
reconnaissance study in 1964. For this study, the geographical position, depth to the water table, 
pH, electrical conductivity and temperature were measured in 62 sampling points in the study 
area during field campaigns carried out in 1998, 2013 and 2014. Samples were also collected for 
analysis of major ions, stable isotopes of water (2H, 18O), carbon-13 in total dissolved inorganic 
carbon (TDIC), and tritium. Isotope analysis of the water samples (2H, 18O, 13C and 3H) were 
conducted at the Isotope Hydrology Laboratory (IAEA), Vienna, Austria through the technical 
cooperation project RAF/8/028 and at the DEVIL: Duke Environmental Stable Isotope 
Laboratory, Duke University, NC, USA. 
 

3. RESULTS 

Water level measurements at boreholes provide valuable information on the local groundwater 
flow and hydraulic connections in the dam and in the surrounding areas. The potentiometric 
contour lines shown in Figure 1 indicate that the subsurface waters emerging at both drains are 
related to the infiltration occurring at a zone of the reservoir close to the uptake tower, that is, 
from the zone where the sinkhole was initially found. The piezometric high observed in the zone 
of piezometer P57 is explained by the infiltration of local precipitation into the two affected 
piezometers. Local precipitation remained stored inside the casing of these piezometers due to the 
partial clogging of their screens, which are located at the bottom. The piezometric level outside 
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this casing was normal. The low conductivity of the waters of these piezometers confirms the 
previous statement. The arrows marked in the figure show the direction of the preferential 
pathway of the water escaping from the reservoir. 
 

 

Figure 1.Piezometric map and sampling sites. 

Stable isotopes of hydrogen and oxygen are very suitable tracers for hydrogeological 
investigations because (1) they are part of the water molecule and follow their behavior through 
the hydrological cycle; (2) they are conservative in most low-temperature environments [2], [3], 
[4], [5]. The plot of δ18O versus δ2H (Fig. 2) reveals that groundwater close to the reservoir has a 
stable isotope composition which is indicative of an appreciable contribution of water coming 
from reservoir (P57, P17, P21, P22 and P55). Moving away from the reservoir the δ values 
become more depleted, owing to the contribution of infiltrating precipitation which also recharges 
the local groundwater system of piezometers P42, P41, P12 and P49.  
 
Leakage water in D1and D2, in addition to reservoir water R with piezometers: P57, P17, P57-2 
and P55 that show a similar isotopic composition and hence, reflecting the same origin. 
Regression line that best fit the aforementioned group has a slope of 4.36, which reflect the effect 
of evaporation and/ or mixing on δ values. This cluster P57, P17, P57-2 and P55 represents the 
first end member which is the surface water suffering from partial evaporation. The second end-
member P42, P41, P24 and P49 (which is more depleted in stable isotope contents) and whose 
δ18O contents vary between -5.41 and -4.96 ‰, thus less than -4.41 ‰, the weighted average of 
rain in Tunis-Carthage, is mainly composed by the local groundwater system which shows a 
different isotopic composition that has ruled out of theory that the reservoir water is only source 
of water in the piezometers (Fig 2). This separate cluster plot to the left of meteoric water line is 
indicative of non-local recharge. The points located between the two end members in Fig 2 (P22, 
P57) represent a mixture of the reservoir water and the local groundwater with different mixing 
proportions. 
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Figure 2.  Plot δ

2
H vs δ

18
O. 

4. CONCLUSIONS 

The results presented in this paper have provided a deeper insight into the nature and 
characteristic of the leaks and discharge of local groundwater in the vicinity of the Joumine 
dam. The main results are: 
1) Water leakage from the reservoir mainly occurs in the karstic area situated in the left bank 
foundation and abutment and moves towards the middle part of the downstream toe of the 
dam, then dissipates into two main flows that join through the drainage system drains D1 and 
D2. 
2) The spatial distribution of temperature, electrical conductivity and the chemical 
composition of water in the piezometers and in D1, D2 a shows that the origin of leakage 
occurs through a perched aquifer situated in the left abutment and has a direct impact on the 
water quality in D2 by increasing the salinity and has no influence about the stability of the 
dam. 
3) Finally, the change in the salinity of water observed in D2 is due to the contribution of 
brackish water from the mound on the Triassic formations in the left bank. Hydrological 
maps were produced showing the water leakage paths at the dam site. Many of the 
conclusions presented in this paper could not have been obtained using exclusively classical 
hydrological methods. 
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Abstract. The aim of this research is based on applying a gamma-ray spectrometry using 
natural archives, such as peat bogs, where information about the past conditions can be 
preserved. We used isotopes for radiometric dating of the resent peat record. We are seeking 
to reconstruct ages in Holocene period using measurements by gamma-spectrometry. For this 
research, the isotopes 210Pb and 137Cs have been used as time indicators. 210Pb used to date 
surficial peat deposits providing chronology on a 100-150 year scale. 137Cs widely used as 
supportive information in 210Pb dating techniques.  
 

The four peat cores were collected in a 2 m x 2 m area from the two peat bogs of Lithuania - 
Čepkeliai and Žudiškės in September 2013 for treatment in the laborotory. The peat cores 
were sub-sampled at 0.01-0.02 m layers. 210Pb and 137Cs specific activities were measured 
using well calibrated gamma-spectrometry based on HpGe detector. The gamma transmission 
used for activity calculations was 46.5 keV for 210Pb and 662 keV for 137Cs. Sequential 
isotopes data were processed to obtain peat ages using an appropriate CRS (Constant Rate of 
Supply) model of radioactive decay through time. CRS model is known to produce 
reasonable results for most environments, including recent peats.  
 
Modern spectroscopy equipment base and research methodology allow for much greater 
precision than in the past to measure the activity of radionuclides in natural or artificial 
matrices. However, in order to achieve greater accuracy and reliability of the research 
allowing sufficient resolution to investigate chronologically related samples sequences we 
need to create a single chronological scale and improve the existing research methodologies 
and to time-series models. 
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Abstract: This study focalizes on the area between Al-Samawa and Al-Shinafiya cities in the 

southern of Iraq. Chemical and isotopic analysis was used to characterize the groundwater 

and its relationship to the surface water in Al-Atshan River (A branch from the Euphrates 

River). The chemical study showed that ground water is characterized by its high salinity, and 

the presence of two layers of ground water; one with high total dissolved solids (50-100 g/L) 

and one with medium salinity (4-25 g/L).  The study also showed that the salinity of Al-

Atshan River increases with the path of the river from north to south. The study found weak 

relationship between surface and ground water. The results of the stable isotopes 

concentration (
18

O and 
2
H) confirmed the presence of the two layers of the groundwater, and 

the weak relationship between surface and groundwater. 

1. INTRODUCTION 

The study area lies in the south of Iraq, between Al-Samawah and Al-Shinafiyah cities (about 

220 km south of Baghdad). It is bounded from the east by Al-Atshan River; a branch from 

Euphrates River. To the west of the study area, there is the western plateau with a simple 

inclination tendency toward the river. In the middle of the study area, there is a saline water 

natural lake (named Sawa), with a TDS of about 70 g/L. The detailed description of the 

geological formation can be found in [1-4]. In general, the area is considered semi-arid area 

with an annual average temperature of 24 ⁰C and a relative humidity of 35-40%. The annual 

evaporation rate is about 3.5 m, while the annual rainfall rate is 75-100 mm. The area is 

important for its large agricultural usage. River water is normally used for irrigation, and its 

drain is returned back to the river column.  The study aims to characterize groundwater and 

surface water in the area from the chemical and isotopic point of view and define the 

relationship between them. 

2. METHODS 

Water samples were collected from 12 artesian wells and 14 monitoring wells. Surface water 

samples were collected from 10 sampling points along the riverbank in the study area. Water 

samples from Sawa Lake were also collected. Stable isotopes (
18

O and 
2
H) were analyzed 

using laser spectrometer type LGR-100, while chemical analysis were implemented using 

conventional analysis for dissolved solids in water samples. 
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Figure 1.  Study area aerial view. 

 

Figure 2.  Sampling locations for wells and springs 

 

3. RESULTS 

Chemical analysis for the ground water showed that TDS range from about 4 to 100 g/L. 

Well water was characterized by high chloride concentration (0.7-70 g/L) and Boron (1.5-

54 mg/L). River water, on the other hand, shows relatively high sulphate (170-780 mg/L) and 

low boron concentration (0.3-0.8 mg/L). A conclusion arises that there is week interaction 

between groundwater and surface water. 

Isotopic analysis for 
18

O and 
2
H are shown in Figure 3 together with the Global meteoric 

Water line (GMWL) and the local one (LMWL). The results showed three different 

fingerprints. Ground water samples can be classified accordingly into two groups; one is 

highly depleted (Group2) and the other is slightly depleted (Group1). Group1 is characterized 

by its high water TDS values (50-100 g/L), which points to the source of the water from the 

south with the ability to dissolved salts from rock formation. Group2, with less TDS values 

(4-25 g/L) indicates that water source is from Al-Damam formation with relatively low 

recharge activity. Figure 4 shows the relationship between 
18

O concentration and TDS in 
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water samples, and shows the same two groups of groundwater. Both groups have stable 

isotopes concentration higher than that of the river water samples, which confirms the 

previous conclusion of weak interaction between ground and surface water in the area.   

 

4. CONCLUSIONS 

Chemical and isotopic analysis for samples showed weak interaction between ground and 

surface water. The TDS buildup of Al-Atshan River water can be attributed to the effect of 

the agricultural drainage on the river. 

 

 

Figure 3.  Relationship between δ
2
H and δ

18
O 

 

Figure 4.  Relationship between δ
18

O and water samples TDS 
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Abstract: Proxies from lake sediments can be used to infer paleoclimate in the absence of 

long-term climate and environmental monitoring data.  More specifically, stable isotopes 

(carbon, nitrogen, oxygen) have become an essential part of paleolimnological studies.  In 

lacustrine systems, variations in the oxygen-isotope composition of biogenic carbonates arise 

from changes in temperature, precipitation/evaporation ratios and/or water sources, whereas 

changes in carbon- and nitrogen-isotope compositions and abundances of organic matter 

generally reflect changes in productivity and/or source inputs.  We have analyzed proxies 

from three pistons cores located from west to east across Lake Ontario to reconstruct the 

climate/environmental/water balance history of the basin from ~16,000 to 3,500 cal BP.  In 

addition, we are using benthos cores from the same locations to compare results for such 

proxies, at high-resolution, with archival climate records available from 1850 to 2008 A.D, 

and with modern lakewater isotopic records collected since 2006.  This has allowed us both 

to validate the proxy method and to observe how well sediment proxies from Lake Ontario 

have responded to recent climatic, hydrological and environmental changes.  During the 

glacial period (>13,000 cal BP) lakewater oxygen-isotope composition (–17‰, VSMOW), 

inferred from ostracodes valves, indicates significant involvement of glacial meltwater.  The 

low abundances of organic carbon (~0.25%) and carbon-isotope compositions of ~ –27‰ 

(VPDB) and other biomarkers in the glacial sediments suggest a dominantly allochthonous 

organic matter source.  In postglacial sediments, the lakewater oxygen-isotope composition 

initially increases from ~ –14 to –9‰ from 12,500 to 12,300 cal BP, marking cessation of 

meltwater influx and hydrologic closure of the basin.  By 10,500 cal BP, the lakewater 

oxygen-isotope composition increases to –6‰, reflecting greater evaporation under cold and 

dry conditions.  C/N ratios and increasing carbon-isotope compositions of bulk organic 

matter (–29.5 to –27.5‰, VPDB) during postglacial times indicate rising primary lacustrine 

productivity.  Pb-210 chronology for the most recent sediment record has allowed us to 

establish a robust age-depth model over the last ~200 years.  Initial proxy results demonstrate 

a strong correlation with measured climatic and environmental changes in Lake Ontario 

during that time. 
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Abstract: The Red River network in northern part of Vietnam is vital to the socio-economic 

development of this region. The development has, however, created profound hydro-

environmental changes to the River (e.g. discharge reduction; nutrients load increase, salinity 

intrusion in delta area). Our preliminary results have shown great variation of stable isotopes 

between different sites. Those sites were selected based on the difference of anthropogenic 

activities and water regime change. This variation after a well calibration with additional data 

could be integrated with water quality data to give a quantitative picture of anthropogenic 

impacts to the lower section of Red River. 
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Abstract: This paper proposes to characterize the interactions between groundwater and the 
anthropogenic wetlands resulting from mining activities in Buenos Aires province, Argentina. 
The methodology consisted of measuring levels, hydrochemical and isotopic sampling, and 
construction of diagrams. Wetlands located on quartzites have a higher level than the 
groundwater in the transition zone to the porous aquifer. Wetlands have an isotopic 
enrichment relative to groundwater, suggesting the occurrence of evaporation processes. The 
origin of wetlands is water from the fractured aquifer whose thickness corresponds to the 
quarry face, and also from runoff.  

1. INTRODUCTION  

The production of aggregates from mining is one of the main socio-economic activities of 
peri-urban areas of Mar del Plata, head of the General Pueyrredón County in the southeast of 
Buenos Aires Province, Argentina (Figure 1). From the hydrogeological point of view, the 
exposed rock formations are quartzites (Balcarce Formation) arranged in horizontal layers 
with a thickness between 0.30 and 1 meter. These layers are affected by systems of high-
grade fractures, crossed by faults with NE-SW [1], which constitute a system of low 
permeability. Overlying these rocks, there is a sequence of silty-like loess Quaternary 
sediments. These constitute the Pampean aquifer, source of water supply to urban, 
agricultural and industrial purposes. 

In the peri-urban area, 18 quarries have been developed since 1960 as a result of mining 
activity. In 8 of them (Pétrea, Paso de Piedra, Don Mariano, La Gloria, Minera, Cerámica, 
Silex y Castillo), (Figure 1), the existence of wetlands has been ascertained, whose surface 
varies between 2100 and 14000 m2 and their depth ranges from 6 to 12 m. 
  
Wetlands located in areas of quarries are facilitators of local development, by providing 
various services to human welfare, including the provision of water for mining, development 
of aquaculture for the rehabilitation of environmental liabilities resulting from mining 
activity, and cultural services (tourism, landscape, identity and sense of belonging) [2]. 
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The aim of this work is to characterize the wetlands – groundwater interactions in the 
fractured / porous media transition of peri-urban areas, and establish the importance of these 
water bodies as a source of recharge to the main aquifer. 

2. METHODOLOGY 

A water sampling was conducted in 6 wells and 2 wetlands in summer 2013 and in 4 wells 
and 3 wetlands in spring 2014, for the determination of physicochemical parameters and 
content of stable isotopes 2H and 18O. Information on groundwater levels was collected and 
physicochemical analysis in the study area were performed. Chemical and isotope hydrology 
diagrams were used. 
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Figure 1.  Location map 

     

3. RESULTS 

The flow patterns indicate that wetlands resulting from mining activities in quartzites rocks 
have a higher level than the groundwater in the transition zone to the porous aquifer; a level 
in a wetland of up to 24 m above the water table has been recorded in a well located within 
200 m of the wetland (Figure 2). The flux passing through the fractured aquifer recharges the 
porous aquifer. This flow has been estimated in an average annual contribution of 5 hm3 [3] 
through the numerical simulation of the aquifer for supply of Mar del Plata. 
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Ion analysis establishes two types of water: calcium - magnesium bicarbonate or sodium 
bicarbonate. The electrical conductivity varies in a range between 1720 µs/cm and 142 µs/cm, 
with mean value of 854 µs/cm in groundwater and 221 µs/cm in wetlands. The conductivity 
increases as the topographic heights decrease, associated to water recharge and transit areas 
[4]. 
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Figure. 2. Flow diagram in the fractured – porous media transition 

 

The isotopic composition shows that groundwater is practically on the local meteoric line 
(Figure 3), suggesting that rain water is the source of recharge. In spring wetlands have a 
certain isotopic enrichment relative to groundwater; in summer, they are strongly evaporated. 
The mean values of the isotopic contents are shown in Table 1.  

The relationship between concentration of Cl- and δ18O is shown in Figure 4. Groundwater 
presents homogeneous isotopic values, but an increase of Cl- in the direction of flow. 
Wetlands, isotopically enriched, show a low Cl- content, similar to groundwater from wells in 
quarries. 
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Figure. 3. Diagram  δ
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4. CONCLUSIONS 

The origin of wetlands is water from the fractured aquifer whose thickness corresponds to the 
quarry face. Runoff is another source of wetlands. Studies including seasonal isotopic 
monitoring will allow quantifying the mass balance. The flux passing through the fractured 
aquifer recharges the porous aquifer.  

The functional model of the environment shows that anthropogenic wetlands are supporting 
productive activities such as intensive aquaculture, and sites of social recognition for their 
amenity associated to recreation. Concerning the groundwater, it has a direct role as a water 
source. 

Table 1. Mean isotopic contents 

 Rain water Groundwater Wetlands    

10-2014 
Wetlands    

02-2013 

δ2H -29,85 -27,41 -20,6 -4,48 
δ18O -5,03 -5,12 -4,17 -1,09 

 

 

 

 

 

 

 

 

 

Figure 4. Relationship between concentration of Cl
-
 and δ

18
O  
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Abstract – The hydrologic complex of Babitonga Bay (134 km
2
), one of the main estuarine 

formations in the south of Brazil, encompasses 1.400 km
2
. The hydrographic network is 

formed by carved thalwegs and strong vertical gradient that, associated to the high 

pluviometric index, determines a great hydraulic potential. Discharges of groundwater in 

coastal areas (Submarine Groundwater Discharge - SGD) occur when an aquifer (superficial 

or confined) is hydraulically connected with coastal areas. Responsible for transporting 

nutrients, they are object of study in several countries, due to the importance of mixing 

processes and chemical reactions that occur in these areas. SGDs are present in all coastal 

zones and are controlled by a series of climatological, hydrological and oceanographic 

processes. This work intends i) to identify evidences of the occurrence of SGDs in Babitonga 

Bay (BB) and ii) to characterize isotopic composition in surface and groundwaters in the 

region. Preliminary results of parameters such as temperature, salinity, pH, DO, and electrical 

conductivity from superficial and bottom water in the sampling sites of the BB where SGDs 

were supposed, seem to confirm the hypothesis of their presence. Moreover, determinations 

of δ
18

O and δ
2
H from wells inside BB’s islands, springs nearby the bay and surficial waters 

suggest possible sources of these phenomena in this area.  

 

1. INTRODUCTION  

The hydrologic complex of Babitonga Bay (BB), one of the main estuarine formations in the 

South of Brazil, is located in Santa Catarina State - southern of Brazil, and encompasses 

1.400 km
2
 including a mangrove ecosystem (130 km

2
). The complex is located 45 km 

northeast of the city of Joinville (population: 511604). The bay’s drainage basin (26°02’-

26°28’s and 48°28’-48°50’w) forms a vast environmental complex, where agricultural and 

shellfish farming activities as well as a spectrum of industries, like textile, “metal-

mechanical”, foundries, etc. coexist with a unique natural area of Atlantic rain forest. 

According to USGS [1], Submarine Groundwater Discharge (SGD) - is a coastal 

characteristic present all around the world. These occurrences are controlled by a series of 

climatological, hydro(geo)logical and oceanographic processes, such as terrestrial hydraulic 

gradients that reflect climatic conditions and, in the long term, they carry surface and 

groundwater to the coast. In coastal waters, physical oceanographic processes such as the 

formation of waves, tide variation and the circulation driven by density, impact these 
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hydraulic gradients and thus affect rates of submarine groundwater discharge. Although only 

the groundwater discharge of fresh water is explained by traditional numerical simulations of 

coastal waters, the discharge of saline recirculated groundwaters can be even more important 

in terms of material transport (i.e., nutrients, metals, organic substances) through the 

continental/sea boundaries. Thus, SGD can encompass underground fresh water, sea water 

recirculated, or a composition of both. Consequently, SGD can be considered as a vector for 

nutrients and other substances, including pollutants, to coastal waters. An approach used to 

study inputs of groundwater into the oceans is the use of geochemical tracers. According to 

[2], geochemical tracers (such as δ
2
H, δ

18
O, δ

13
C, Cl

-
, Br

-
, etc.) have been used successfully 

to evaluate SGD influences. The use of isotopic techniques, combined with traditional 

geochemical tools, allows identifying different sources of waters and to trace their paths and 

reactions.  

2. SITE DESCRIPTION 

Babitonga Bay is an estuary located in the northern portion of the Santa Catarina State coast, 

South of Brazil (26°02'-26°28'S and 48°28'-48°50' W), bordered in the northwestern portion 

by the Serra do Mar geomorphological unit. The geomorphology discloses a vast diversity of 

lithological and structural aspects, including: quaternary sediments, which correspond to 

plains, Precambrian rocks, which correspond to the mountains area where the landscape was 

intensely affected by erosional processes. The basin and topography of the region generates 

pronounced altimetric contrasts. The principal geomorphological unit is the Serra do Mar, 

formed by a set of crests, peaks, uplands, mountains and scarps separated by deep “V-shaped” 

valleys with high declivities. In this region the highest altitudes are found, with peaks 

exceeding 1500 m. The altimetric amplitude can exceed 400 m, especially in the east front, 

where the uplands raise over the coastal plains. This Crystalline unit and the high 

precipitation observed (mean 2000mm/y, with large concentration in summer season) is 

caused by the influence of this relief, which blocks the humid winds originating in the ocean 

favour the hydrographic network, that shows carved thalwegs and strong vertical gradient, 

determines a great hydraulic potential. The occurrence of groundwater is related to three main 

aquifer formations: weathered crystalline rocks, fractured granite complex, and quaternary 

sedimentary formations. The underground discharge rate in the crystalline aquifer is up to 

15 m
3
/h. 

3. METHODS 

Measurements and collection of water samples followed [4] results that found salinity 

inversions in the water column at some points within BB. Sampling campaigns performed 

during the austral summer (2008) allowed for the collection of 30 samples from private wells, 

springs in BB islands, São Francisco do Sul (SFS) Island and continental zone near BB 

islands (Figure 2, oval shapes). Moreover, samples inside Cubatão River Basin were sampled 

as representative of the hydrologic complex [3-4]. In situ measurements involved pH, Eh, 

Dissolved Oxygen (DO). BB waters (surface and bottom) were also analyzed in some points. 

In situ measurement involved pH, Eh, DO, Electrical Conductivity, temperature and 

alkalinity. Samples for stable isotope analysis were collected and prepared according to 

standard procedures [5]. All gases were analysed on a Finningan™ MAT 250 Mass 

Spectrometer at ISO4 s.n.c., Turin, Italy. 

 

4. RESULTS AND DISCUSSION 

On the diagram (Figure 1), results indicate: 

1. Figure 1 a): The electrical conductivity of the all collecting samples, excluding BB waters, 

(mean =0.098; St Dev = 0,055 mS/cm; N=17) varied from 0.03081 mS/cm to 0.14 mS/cm 
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which correspond to the samples collected in the continental area (Cubatão River Basin) 

and a spring inside a BB island. Despite the little difference among the δ
18

O of all the 

samples (mean = -3,48‰; St Dev = 0.41‰; N=17) two groups of water could be 

identified. a) Groundwaters related to the Cubatão River basin (CRB), characterised by 

lightest isotopic content and lower electrical conductivity (mean = -3.64‰; St Dev = 

0.12‰; N=11). Cubatão River, during the two campains, presented a δ
18

O value of -

3.58‰. b) Groundwaters characterised by heaviest isotopic content and higher electrical 

conductivity collected from shallow wells and springs located inside BB islands in sandy 

areas (mean = -2.96‰; St Dev = 0.12‰; N=6).  Such correspondence can be attributed to 

the effective recharge of rainfall (higher during summer than winter season) and surface 

water to the aquifers, suggesting the harmonisation of hydrological and hydrogeological 

systems. Moreover, rivers sampled in SFS from low altitude water springs present δ
18

O 

value of -2.96‰. These results can suggest water inputs from different origins in wells 

and springs in the region. 

a) 

 

b) 

 

Figure 1a: Correlation between δ18O and electrical conductivity in samples, presenting two 

groups of water. Groundwaters from CRB (left) and groundwaters from shallow springs 

inside BB islands (right). Figure 1b: Water stable isotope content in study area. Square 

highlight the isotopic composition of Cubatão River. 

2. Similar conclusions can be obtained observing the diagram δ
18

O versus δ
2
H, Figure 1b). 

Water samples related to the Cubatão River basin (CRB) are characterised by lightest 

isotopic content. In summer season, little differentiation is observed in the isotopic 

composition in BB hydrologic complex [3-4], even so it is possible to distinguish two 

different groups. Groundwaters from plateau system present little deuterium excess, 

around 11-13‰, that can be attributed to discrete fractionation processes of local rainfall 

in summer. Evapotranspiration can be the responsible of this result. In fact the dense 

vegetation of the BB region can be the source of this evapotranspirative flux because of 

the re-evaporation of the lighter 
2
H

1
H

16
O molecule. Very similarity is observed in waters 

from shallow wells and springs inside BB islands. Again, isotopic content from these 

samples is very similar to those coming from rivers of low altitude springs.  

Table 1: Electrical conductivity (in mS/cm) measured in different point of Babitonga Bay 

Point Surface Bottom Point Surface Bottom 

B9 42,7 44,0 B14 44,9 40,6 

B3 43,9 41,8 B17 43.9 27.2 

B12 42,9 43,5 B20 43.6 35.1 
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3. Inversions of salinity. Figure 2 shows points (B14, B17 and B20) where the greatest 

salinity inversion were found in the water column, an indication that these sites may be 

occurrence of SGD. Moreover Table 1 presents results of electrical conductivity from 

campaings carried out in order to find these inversions.  

 

Figure 2. Study area, oval shapes indicate the sampled zone. Dots indicate points B14, B17 

and B20 where salinity inversion in water colunm were found.  

5. CONCLUSION 

The potential process responsible for the iversion of salinity in BB water column can be the 

same by which freshwater is found in the islands inside the bay. It could  mean that freshwater 

from the continent arrives to the Bay as free submarine disharge. The geology and hydraulic 

gradient formed by the strong vertical gradient could support this hypothesis. Unfortunately 

no samples could be collected as a function of the depth (mean 5m) and structure available. 

More efforts must be done to confirm SGD presence and source of these waters. 
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Abstract: Hot springs are evidence of geothermal filed, where the internal thermal of the 

earth, resulted from volcanic activities and from geochemical reactions, is transferring to the 

land surface. Ayub Peighambar and Shafa hot springs, with temperature of about 40 
o
C and 

CaSO4 water type, are located in Northeast of Iran. These springs due to have high 

temperature than other adjacent springs and are using for balneotherapy purposes, are very 

important. According to geotermometery and stable isotope (
18

O and 
2
H) studies, depth of 

Ayub Peighambar hot spring geothermal reservoir is about 4-5 kilometer and its temperature 

is less than 150 
o
C. 

1. INTRODUCTION 

Several factors can generate hot springs including: 1- volcanic activities; 2- geothermal 

gradient with deep circulation of water; 3- radioactive material (long-lived radioactive 

isotope) and decay process that produced heat; 4- tectonic and fault movement/earthquake; 

and 5-physicochemical reaction [1-6]. To estimate the temperature and the depth of 

geothermal reservoir, the geothermometers tools (minerals, element and chemical 

composition) can be applied [7]. 

2. METHODS 

Samples were collected, each in polyethylene 25 ml bottle, from Ayub Peighambar and Shafa 

hot springs. All samples were filtered using 0.45µm membrane and the cation samples were 

acidified with concentrated HNO3 acid. Samples were sent to Ottawa University 

Geochemistry and G.G Hatch stable isotope laboratories for measuring anions, cations and 

stable isotope (
18

O and 
2
H) compositions. During field observation and sampling period, the 

field parameters (T, EC, TDS, Ph, Eh and DO) were measured. In this paper, the temperature 

and the depth of geothermal reservoir of Ayub Peighambar and Shafa hot springs were 

estimated using Na-K geothermometer, methods developed Giggenbach [8] and by 

Mohammadi [9], and stable isotope techniques.  

3. RESULTS 

Based on chemical composition, the temperature and depth of geothermal reservoir for Ayub 

Peighambar and Shafa hot springs were calculated and the results were tabulated in Table 1. 

The δ
18

O and δ
2
H contents of samples from Ayub Peighambar and Shafa hot springs indicate 

origin of geothermal and meteoric waters (Figure 1). The average δ
2
H values of hot springs is 

about -73 ‰, therefore, the source of temperature/heat for Ayub Peighambar and Shafa hot 

springs can’t be related to volcanic activities (with δ
2
H values of -20 ‰ to -30 ‰). The 
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temperature/heat source and the origin of water for both hot springs are geothermal gradient 

and meteoric waters. Meteoric water, by penetrating to the depth through existence deep 

faults/fractures in the study area, get the heat of the earth and altering to geothermal waters, 

then rising to the land surface. The depth of water circulation in Ayub Peighambar hot spring 

calculated using isotopic composition and the results are tabulated in Table 2.  

 

Table 1: Temperatures and depths of hydrothermal reservoir for Ayub Peighambar and Shafa 

hot springs. 

 Ayub Peighambar hot spring Shafa hot spring 

 Sp8.1 Sp8.2 Sp8.3 Sp8.4 Sp8.5 Sp10.1 Sp10.2 

Using Aq.QA hydrogeochemistry software 

Temperature (Na-K) 150 > 150 > 150 > 150 > 150 > 150 > 150 > 

Depth (km)* 5 > 5 > 5 > 5 > 5 > 5 > 5 > 

Depth (km)** 4.65 4.65 4.65 4.65 4.65 4.65 4.65 

Using Mohammadi  method’s [9] 

Temperature (Na-K) 113 114 114.50 109.80 111 100.90 100.90 

Depth (km)* 3.76 3.80 3.82 3.66 3.70 3.36 3.36 

Depth (km)** 3.42 3.45 3.47 3.31 3.35 3.02 3.02 

Using Giggenbach method’s [8] 

Temperature (Na-K) 157 157 158 154 155 146.50 146.50 

Depth (km)* 5.20 5.20 5.26 5.10 5.16 4.80 4.80 

Depth (km)** 4.89 4.89 4.92 4.79 4.82 4.54 4.54 

Note: *General law (0.03 
o
C/m) and ** Using Marques et al., method [10]. 

 

Table 2: Maximum depth of circulation of hot water in study area 

Average amount in 

cold spring (‰) 

 

Average amount in hot 

spring (‰) 

Difference (‰) Maximum depth of 

circulation of water 

(‰) 

δ
18

O δ
2
H δ

18
O δ

2
H δ

18
O δ

2
H δ

18
O δ

2
H 

-9.29 -66.47 -9.97 -73 -0.68 -6.53 4.16 3.66 

 

4. CONCLUSIONS 

According to geological, hydrogeochemical and stable isotope studies of Ayub Peighambar 

hot spring area, the main source for fairly high temperature of water (38 
o
C) in this spring is 

the geothermal gradient and may be the underground alteration and partial melting (new deep 

situated material). The origin of water is meteoric water which is penetrated to the depth 

through existence deep fault in highly tectonized study area. According to geothermometry 

and stable isotope studies, depth of Ayub Peighambar hot spring geothermal reservoir is 

about 4-5 kilometer and its temperature is less than 150
 ◦
C. 
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Figure 1:  The range of δ
18

O and δ
2
H in various crustal rock and water type [11] and in 

Ayub Peighambar hot spring and other cold water resources in the study area. 
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Abstract: The development of isoscapes for meteoric water hydrogen and oxygen isotopic 

values and the reflection of the hydrologic variation in human tissues [1] has led to an 

exploration of these proxies in determining human migration.  We present data that has 

considerable variation in oxygen and hydrogen stable isotope ratios between ~1 cm serial 

sections of human hair of co-local individuals from Boston, Massachusetts. Within individual 

variation reaches up to 1 ‰ in δ
18

O and < 5 ‰ in δ
2
H, and a significant difference in the 

covariation of these isotopic pairs both within and between individuals. At this point, it is 

difficult to suggest a uniform sampling of hair strands to assess an “average” value in both 

hydrogen and oxygen isotopes, particularly in seasonal environments. In spite of this 

variability a significant difference is noted between Boston and Gainesville, Florida samples; 

however, as noted previously by others [2-3] this difference is far less than the drinking water 

isotopic difference. 
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Abstract: An investigation of the isotopic changes induced in Vitis Vinifera plants grown in 

different environmental conditions was performed in this paper by means of the isotopic 

analysis using continuous flow mass spectrometry (CF-IRMS). Our results showed that the 

geo-climatic conditions of the growing area and the plants varieties, the laboratory and 

greenhouse conditions respectively, greatly influence the stable isotopes fingerprint 

(deuterium and oxygen 18) in water and their distribution in plants.  

 

1. INTRODUCTION 

 

For this research we firstly performed an isotopic survey of the waters and precipitation 

collected during 2009-2011 from the study area, the Valea Calugareasca vineyard (Romania), 

continuing with an isotopic characterisation of the grape vines sap, and finally with the stable 

isotopic fingerprint of the wines from different Vitis vinifera varieties [1]. In the second part 

of the research we investigated the effect of deuterium depleted water (DDW) associated with 

Magnetic Nano Particles (MNPs) on the organogenesis evolution of the Vitis vinifera (L) [2]. 

 

2. METHODS 

 

2.1. Biological materials and preparation:    

For the first study, performed during 2009-2011, a number of ten different Vitis Vinifera 

varieties (white wines: Feteasca Regala (FR), Riesling Italian (R), Sauvignon (S), 

Chardonnay (C), Muscat Ottonel (MO); and red wines: Feteasca Neagra (FN), Cabernet 

Sauvignon (CS), Merlot (M), Pinot Noir (PN), Burgund Mare (B)) from Valea Calugareasca 

vineyard (Romania) were selected. Grape vine sap, surface waters and precipitation samples, 

were also collected in the same timeframe (March-April of 2009 and 2011). The wines were 

produced by the R&D Institute for Viticulture and Oenology Valea Calugareasca – Dealu 

Mare.  

For the second study we used tap water (TW) as negative control (NC) and depleted water 

(DDW 30 ppm; positive control-PC); and mixture of each water type with Magnetic Nano 

Particles (MNPs) in θ = 0.23×10
-3

g/100cm
3
 concentration (TW&MNPs; DDW&MNPs). The 

extraction of water from the plants was done by lyophilization. 
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2.2. Analytical methods:  

 

The isotopic fingerprint for Deuterium and Oxygen 18 was obtain using equilibration system 

GasBench II (Thermo Electron) coupled at Continuous Flow Isotope Ratio Mass 

Spectrometer (CF-IRMS) Delta V Plus (Thermo Electron, Bremen-Germany), system 

supported by a robotic autosampler GC PAL and uses septum-sealed sample vials. The 

Deuterium and Oxygen 18 isotope ratio analysis from water are obtained after the isotope 

exchange of sample with equilibration mixture gas [3]. 

 

3. RESULTS 

 

The water content in the plants depends of the species, age and type of plants tissue and can 

participates to regulate the body temperature of the plant. High temperatures in the spring of 

2009 made the plants to enter earlier into vegetation, called “crying” period, comparative 

with spring 2011. In 2009, we collected the vine sap grape for each variety, given that the 

average temperature was 11 ÷ 12 °C, comparative with 2011 (the average temperature was 

8 ÷ 9 °C). The slope of the δ
2
H and δ

18
O line obtain for grape vine sap in 2009 

(δ
2
HVSMOW = 2.40‰ · δ

18
OVSMOW – 26.55‰) decrease due to evaporation process who 

enriches the oxygen 18 more than deuterium, decay that depends also on the Vitis Vinifera 

varieties (e.g. Tamaioasa romaneasca comparative with Cabernet Sauvignon) (figure 1). The 

enrichment behaviour in heavy isotopes is more pronounced at Cabernet Sauvignon than 

other Vitis vinifera variety and is kept in every spring. The local meteoric water line LMWL 

obtained in spring 2011 (δ
2
HVSMOW = 5.98‰ · δ

18
OVSMOW - 17.76‰) compared to the same 

period in 2009 (δ
2
HVSMOW = 7.14 ‰· δ

18
OVSMOW – 4.24‰) indicates a depletion of deuterium 

in rainwater, reflected by the temperature effect.  
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Figure 1. 

 

Isotopic fingerprinting of water extracted from plants in various stages of development 

showed the concentration in heavy isotopes in evolution of plants to maturity, starting with 

period when plants enter earlier into vegetation, the isotopic fingerprints for vine sap grape 

have average δ
18

O = -7.99 ‰ for spring 2009 and in final product, wine vintage 2009, 

increase to average δ
18

O = + 4.65 ‰.   
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The subject of the second study consisted in investigation the influence of the two natural 

factors, electromagnetic field (EMF) and water (“normal” and depleted: DDW) in organism 

evolution of the two Vitis vinifera (L) genotypes. The experiment was divided in two parts, 

laboratory and greenhouse conditions respectively and during one year. In this period, in the 

laboratory experiment no nutrients were added in experimental solutions. A total of 10 

cuttings of first year shoots belonging to different Vitis Vinifera varieties were put into liquid 

mixtures (500 cm
3
 / jar) in three experimental groups and one control (C) each in four 

replications. In all this period the organogenesis of Vitis vinifera plants pointed out a 

particular behaviour. The amount of Deuterium (expressed in ppm) was evaluated on Silvania 

and Socodor leaves (Figure 2) and the content of D was significant lower in both cultivars if 

the cutting organogenesis and plantlets growths took place in DDW with 30 ppm 

concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 2. The amount of D (ppm) in the leave tissue of different potted vine plantlets 

 

The majority plantlet traits were positive influenced by 30 ppm D concentration. In lab 

conditions the leaves and root formation was earlier and the number of surviving stocks was higher 

when they were kept in DDW and DDW&MNPs. On DDW-plantlets the chlorophyll content was 

higher and the amount of deuterium was less.     

4.CONCLUSIONS 

 

Environmental isotopes such as 
18

O and 
2
H are by their nature a good tracers of the physical 

processes affecting water, being the most conservative and abundant tracers used in 

characterizing a water source. The isotopic parameters of surface water from vineyard region, 

vine sap, of ethanol and water extract from wine ,,reflect the climatic influences which took 

place at different periods of plant growth”[5].  

 

The studies pointed out the involvement of Deuterium content (ppm) and Magnetic 

nanoparticles (MNPs) on Vitis vinifera L organogenesis of cuttings and plantlets. The single 
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action of DDW or in association with MNPs has had a favourable influence in organogenesis, 

growth and synthesis of chlorophyll involved in metabolic activity. 
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Abstract: The Carrizal Subbasin (CS), an arid region in the piedmont of the central Andes, is 
an area where agriculture and petroleum-related activity are superimposed. Increase of 
groundwater salinity in some wells has created legal conflicts between water users. Major 
ions and a set of isotopes analyses were carried out to provide information for evaluating the 
origin of the salinization in the study area. The stable isotopes, tritium and radiocarbon data 
shown groundwater recharge is associated to the Mendoza River and it also demonstrated that 
the source of groundwater salinity is associated with irrigation return flows in the agriculture 
areas. Evidence of the presence of water in the aquifer from re-injection from secondary oil 
recovery techniques is also shown in this study without any influence in groundwater salinity. 

1. INTRODUCTION 

In arid regions of Mendoza, groundwater recharge from local precipitation is reduced and 
localized [1]. Andean Rivers, with a snow and ice-melt regime, are the main source of 
recharge for aquifers. Hydrological modeling of the Mendoza river watershed predicts a 
reduction in water availability that ranges between 1 and 10% under a climate change 
scenarios [2]. In the CS region, groundwater is an important resource for agriculture and 
human consumption. Additional, oil industry demands and adds a large quantity of water. 
The lack of knowledge on the salinization of the water resources has created long-running 
legal conflicts related to groundwater quality and its source at NW of the subbasin. The 
available hydrogeological model does not identify the presence of additional sources of water 
in the aquifer. The main objectives of this study, which included the use of geochemical and 
isotopes tools, is to evaluate the source of groundwater salinity and to improve the knowledge 
of surface –groundwater interactions. The information generated is vital for water 
management under increasing demand of water by agriculture, industry and urban 
consumption in an arid zone under the influence of climate change and less availability of 
water resources. 

2. METHODS 

Surface and groundwater water samples were collected in the CS (600 km2) during August 
2013. The Mendoza River was sampled in four occasions during 2013-2014. Major ions and 
a set of isotopes analyses (δ18O, δ2H, 3H, 14C, δ13C, δ34S) were carried out in the study.  

3. RESULTS 

Groundwater has a general NW-SE flow direction and its salinity increases from near 
recharge areas with values around 1000 µS/cm to values as high as 2500 µS/cm observed in 
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the middle of the basin and then the salinity decreases to values around 1500 µS/cm toward 
the lower part of the study area. The highest salinity values are also correlated with high 
nitrate content in the groundwater. Surface water and groundwater present a mainly Ca-SO4 

composition reflecting the presence of gypsum and carbonates in the basin sediments. 
However, Na-SO4 groundwater types are observed at the SW area. The environmental isotope 
data made possible the identification of five water groups in the area: Group 1(Springs): δ18O 
values ranging between -8.0 a -13.2 ‰ are associated to recharge by local precipitation.They 
are characterized by tritium values between <0.8 and 1.2 T.U and a 14C value of 70 pmC was 
observed in an up-gradient fresh water spring. Group 2 (recharging water and groundwater 

in the recharge area): δ18O values for the Mendoza River range between -16.7 a -18.4 ‰. 
Tritium values range between 2.3 and 3.4 T.U reflecting the present tritium values in 
precipitation. Groundwater in recharge area shows more depleted δ18O values of -18.3 to 
-19.5 ‰ reflecting recharge during the snow melting season.Tritium values between 1.7 and 
2.6 T.U show the influence of modern water. These waters are characterized by δ13C and 14C 
values of -2.0 and 56 pmC, respectively. Group 3: These groundwaters are located in the 
central part of the basin and correspond to the more saline waters with high nitrates contents. 
Their δ18O values range between -16.5 and -18 ‰ and their depleted δ13C values of around -
12‰ and a high 14C value of 104 pmC, compared to up-gradient groundwater, reflect the 
incorporation of biogenic CO2 in the agriculture areas associated to recharge of irrigated 
return flow. Group 4: These groundwaters correspond to Na-SO4 water type and are located 
near an area with oil industrial activity. The isotope data showed δ18O values between -12.8 
and -14.2 ‰, which are more enriched than the up-gradient groundwater. 14C data showed the 
lowest values between 22 and 36 pmC indicating an input of old carbon into the aquifer. The 
isotope evidence showed the influence of re-injection water from a secondary petroleum 
recovery activity in the aquifer. Group 5 (groundwater of natural evolution): This group 
included groundwater with δ18O values between -19.5 and -18.9‰ typical of recharge water 
and tritium and 14C values of <0.8 T.U and 43 and 50 pmC, indicating a moderate residence 
time in the system. 

4. CONCLUSIONS 

The chemical and isotopic evolution observed along the groundwater flow path has shown an 
input of water from different origins along the basin. The recharge water associated to the 
Mendoza River is observed near recharge areas and in different parts of the aquifer. Water 
recharge from precipitation at the foothills was discarded as a local recharge source. The high 
increase of groundwater salinity in the central part of the basin is related to water input 
derived from irrigations return flows in agriculture areas and evidence of input of re-injection 
water associated to secondary oil recovery practice was also documented in the study. The 
information generated in this study will contribute to resolve legal conflicts and for the 
application of the Integrated Water Resources Management by the Irrigation Department in 
the basin. 
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Abstract: Tropical mountain ecosystems are key for the provision of multiple ecosystem 
services to communities that extend beyond their geographical boundaries.  Particularly 
important are two—seemingly competing—types of services: (1) regulation and (2) 
provisioning services.  More specifically, food provision has traditionally required extensive 
land use conversion from natural ecosystems to highly disturbed agricultural systems.  The 
dynamics of these conversions generally lead to potential loss of the regulating properties of 
natural ecosystems, traditionally agreed to improve hydrological and biogeochemical 
stabilization at multiple scales.  In this study we present a monitoring protocol and 
preliminary observations for assessing the effects of land use conversion on three key 
regulation functions related to the vegetation-unsaturated soil zone domain: hydrology, 
nutrient cycling and sediment retention.  We selected and instrumented a group of 7 plots 
representing a continuum of human intervention, ranging from highly intervened seasonal 
crops to old-growth natural ecosystems.  Our measurements include regular observations of 
hydrological and biogeochemical measurements combining a suite of analogue and 
automated instrumentation, including hydrochemical and isotopic analysis.  Although not yet 
implemented, isotopic analysis on rainfall, runoff and infiltration samples at different levels 
are considered as a validation tool for mass balances in different components of the 
hydrological system.  This isotopic analysis is associated with the CRP proyect on ground 
and surface water Interactions, in collaboration with the IAEA. Preliminary observations 
indicate that natural vegetation types are more effective in regulating hydrological fluxes 
(reflected in the partitioning of rainfall into runoff and infiltration fluxes) and that the ability 
of ecosystems to maintain this regulation generally decreases as intervention increases.  A 
similar response is also observed in the dynamics of water-soluble nutrients and sediment 
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production, highlighting the potential loss of soil fertility and the potential for nutrient 
transport to nearby water bodies.  More generally, our preliminary results highlight the need 
of more informed land management tools that allow the optimization of ecosystem functions 
in the highly diverse, yet highly intervened tropical mountain ecosystems. 
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Abstract: Sugarcane is vastly cultivated in Brazil for production of bioethanol and sugar. 

The present work aimed at testing the isotopic markers 
18

O and D as tools for evaluation of 

regional isotopic patterns, seasonal variations and water use in four Brazilian sugarcane crop 

areas. 

1. INTRODUCTION 

Water isotopes are important tracers in hydrogeological studies, since there is no isotopic 

fractionation during water uptake by roots and transportation to leaves [1-3] the isotopic 

evaluation provides information about the water source and usage by plants. Sugarcane crops 

require water availability since it represents 70 % of its weight [4]. The objectives of this 

work were to assess oxygen and hydrogen isotopic patterns in plant-water, soil-water, 

rainwater, and water from reservoirs and rivers associated to four Brazilian sugarcane crop 

areas and evaluate regional isotopic patterns and seasonal variations. 

2. METHODS 

Crop areas are located in the states of Amazonas (AM, Presidente Figueiredo, North), Mato 

Grosso (MT, Campo Novo do Parecis, Center-West) São Paulo (SP, Ibirarema, Southeast) 

and Rio Grande do Sul (RS, Porto Xavier, South). Sampling campaigns were carried out 

during the months of August and November, 2011 (pilot study) and July and October/ 

November, 2012. Samplings included rainwater, surface and groundwater (only 2012), plant, 

and soil (20-25 cm depth, only 2012). Plant- and soil-water were extracted by vacuum 

distillation previously to the analyses. Analyses were performed by isotope ratio infrared 

spectroscopy (IRIS) in a water analyzer DLT-100 (OA-ICOS; Los Gatos Research). An inter-

laboratory comparison was performed for the plant-water samples using an analyzer L2130-I 

equipped with a micro-combustion module (WS-CRDS; Picarro Inc.). 

3. RESULTS 

Results for δ
18

O and δD in 2012 sampling campaign are presented in Table 1. As plant-water 

analysis by IRIS can be biased due to the presence of residual methanol or ethanol after 

distillation procedure [5, 6], results were evaluated by statistical comparison of their 

variances (F test) and means (t test). This comparison showed that respectively 83% and 78% 

of the δ
18

O and δD results were not statistically different at significance levels of 0.05 to 

0.02.   
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Table 1.  Results for δ
18

O and δD for 2012 sampling campaigns 

Sampling 

Information 

δ
18

O (‰)
♦
 δD (‰)

♦
 

Rain 
Reser-

voirs 

Soil-

water
◊
 

Plant-water 
Rain 

Reser-

voirs 

Soil-

water
◊
 

Plant-water 

A B A B 

AM Oct/12 -0.85 -4.71 -2.60 -2.47 -2.33 2.45 -27.01 -17.99 -16.10 -14.68 

MT 
Jul/12 - -7.39 -5.99 -7.71 -7.34 - -43.15 -41.73 -59.22 -56.60 

Oct/12 -1.60 - -3.52 -4.15 -3.85 -1.80 - -31.37 -34.48 -33.21 

SP Aug/12 - -4.16 -5.65 -2.96 -2.73 - -28.46 -39.87 -23.49 -20.53 

RS 
Jul/12 -1.13 -4.90 -4.83 -3.58 -3.38 7.97 -27.95 -37.68 -24.42 -20.28 

Oct/12 -2.74 -4.38 -9.58 -4.52 -4.47 -7.71 -26.85 -71.49 -29.52 -28.07 
♦
 Mean results (plant-water combines results of several sugarcane varieties for each sampling 

campaign);     
◊
 20-25 cm;       Sampled in Sep/2014     A: OA-ICOS;     B: WS-CRDS. 

 

Assessment of data obtained in the present work included drawing of Local Meteoric Water 

Lines (LMWL) [7] as well as Soil and Plant Water Lines and comparison with those from 

GNIP rainwater database [8] (Figure 1). Except for MT, surface water results were close to 

δ
18

O and δD mean values of –4.54 ‰ and –27.65 ‰ for 2011-2012 samplings. 

 

 

Figure 1.  Local Meteoric, Soil- and Plant Water Lines and comparison with GNIP data. 
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Despite the variability of plant-water results (Table 1), the proximity with the weighted 

average for rainfall [9] evidenced groundwater plays an important role on plant- and soil-

water isotopic content even in the drought period. The results point to a reasonable parity 

between soil-water (20-25 cm) and the respective plant-water average isotopic ratios. 

Plant-water results in AM along 2011 were consistent with those from local rain samples and 

with the isotopic fingerprint of groundwater, represented by the weighted average for annual 

rainfall [9]. Plant-water results for 2012 campaign presented isotopic ratios between those for 

rainwater collected in the same period and groundwater. The plot of δ
18

O versus δD for plant-

water and soil-water (Figure 1) shows profiles consistent with those observed for GNIP 

meteoric water in the location. 

Plant- and soil-water from MT were the most depleted (Table 1, Figure 2). This sampling 

location undergoes severe drought during all the harvest period, and the only important 

sources of water in August/2011 and July/2012 were the vadose zone and the phreatic. 

Comparison of MT results from local groundwater isotopic fingerprint with those from plant-

water proved the occurrence of strongly depleted rainwater in MT location and indicated the 

vadose zone is the source of water for the sugarcane crop during the drought period, rather 

than groundwater.  

 

 

Figure 2. Graphical representation of MT results for rainwater, and waters from river, 

sugarcane xylem and soil. 

Results in SP were atypical since only one sugarcane sample, collected on August/2011, 

presents results for plant-water consistent with the respective soil-water and other matrices. 

The considerably reduced slopes of the linear regression for both plant and soil-water versus 

LMWLGNIP indicate strong isotopic enrichment in the SP area (Figure 1).  

In RS plant-water presented the most constant results, which are consistent with those for 

weighted average for the annual rainfall obtained from GNIP data. The depleted isotopic 

results for October/2012 soil-water occurred due to a recent rain event, similar to another 

observed in November/2011 (isotope rain values of δ
18

O = –9.6 ‰ and δD = –65.9 ‰). 
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4. CONCLUSIONS 

In general, surface water samples reflected the weighted average isotopic ratios of annual 

rainwater, and consequently the isotopic fingerprint of groundwater. For plant-water the 

largest 
18

O and D depletion were found in MT samples during the drought period that occurs 

in the middle of the year. It was evidenced that vadose zone, rather than groundwater, is the 

source of water for the sugarcane crop in this location. Isotopic shifts in RS were practically 

constant over the observation period in the present study. Isotopic ratios for AM samples, 

showed a robust connection with local water cycle, indicating that rainwater in this site is the 

main water source for the soil and crop. SPA results showed poor correlation between the 

different evaluated matrices, revealing also an unexpected enrichment for both plant- and 

soil-water when compared to the local meteoric water line. Soil-water results were considered 

to be in good agreement with those of the respective plant-water for the depth of 20-25 cm.  
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Abstract: Namibia is one of the dries countries in sub-Saharan Africa and water supply in 
the Namib deserts is very limited and relies on groundwater only. In this study, isotopic 
compositions of groundwater, surface water and rain water have been used to characterise 
recharge processes in a part of the Namib Desert. Rain samples were obtained in a monthly 
sum collector, while groundwater and surface water samples were collected during a field 
campaign in July 2014. Coordinates, altitude, temperature, and electric conductivity were 
measured in the field. Stable isotope analyses were conducted using a Los Gatos LGR DLT-
100 at University of Namibia. The resulting isotope data were plotted together with the global 
meteoric water line (GMWL). Isotopic ratios for δ18O range from -9.14‰ to -2.16‰ for 
groundwater and from -8.89 to -0.27‰ for rain water; for δ2H from -62.9‰ to -23.6‰ for 
groundwater and from -55.3‰ to 8.3‰ for rain water. The rain water samples plot very close 
to the GMWL and the resulting local meteoric water line (LMWL) is given by 
δ2H = 7.5xδ18O + 9.3. The electrical conductivity of the samples ranges from 22.4 to 
35.5 µS/cm for rain water, from 737 – 3120 µS/cm for the groundwater supplied for human 
consumption and wildlife watering and between 29000 and 37 600 µS/cm in the samples 
from a mine in the driest part of the study area. The electrical conductivity increases with 
increasing δ18O and samples with highest electric conductivity also plot furthest away from 
the LMWL along an evaporation line indicating that evaporation is the main source of the 
salinity in the groundwater in the Namib Desert. For the correlation between altitude and 
δ18O a negative trend is observed: higher altitudes are associated with more negative δ18O, 
but data are currently insufficient to establish an altitude effect for this part of Namibia. 
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Abstract: In a dense monitoring network in the Gunt catchment in Central Asia water 

samples were collected each month from river water, ground water and thermal water as well 

as precipitation. More than 1000 samples were analyzed for their stable isotope values 
18

O 

and 
2
H. Our first results show δ

2
H values in the range from −131.2 to −94.9‰ and δ

18
O values 

from −18.0 to −14.0 ‰. The stable isotope patterns in the catchment seem to follow a 

systematic way, dominated by an altitude effect. The observed seasonal variations can be 

explained by geographical aspects such as the influence of different wind systems as well as 

melting processes. 

 

1. INTRODUCTION 

The Central Asian lowlands receive their water from large rivers like the Syr Darya and Amu 

Darya, originating in the Tien Shan and the Pamir Mountains. These river systems are mainly 

fed from snow and glacial melt. Stable isotopes of water (
2
H and 

18
O) act as an ideal 

conservative tracer of water sources and mixing processes. The Global Network for Isotopes 

in Precipitation, which was established by the International Atomic Energy Agency (IAEA) 

together with the World Meteorological Organization (WMO), provides long-term isotope 

signals in precipitation over large parts of the world. Yet there is an almost blank spot on the 

map that are the Central Asian mountains, especially the Pamirs. To cover this gap and to 

understand the origin of precipitation and different runoff components in the Tajik Pamir, we 

have undertaken a stable isotope study in an exemplary drainage basin (river Gunt) in the 

headwaters of the Amu Darya. This ongoing study offers an insight into stable isotope 

patterns of surface water and precipitation in the Pamir Mountains. 

 
2. METHODS 

During several field campaigns in 2011, 2013 and 2014 water samples were collected from 

the main stream Gunt, its accessible tributaries, lake Yashikul as well as some additional 

samples from lake Bulunkul, hot springs, cold springs and wells. Since November 2011, a 

monthly monitoring programme was started where local technicians are involved. Each month 

water samples were collected at 38 sampling sites, filtered in the field through a 0.45 µm 

cellulose acetate filter paper and stored in clean 30 ml HDPE bottles. The bottles were filled 

to the top and secured tightly to prevent evaporation and exchange with atmospheric water 

vapour. Precipitation samples were collected at six meteorological stations either as monthly 

integral samples or in an event based resolution. 

 

All water samples were shipped bimonthly to Germany to be analyzed in the laboratory for 

Stable Isotopes of the Department of Catchment Hydrology in the Helmholtz-Centre for 

Environmental Research – UFZ in Halle/Saale. The analysis of oxygen and hydrogen stable 

isotopes was done by a PICARRO L2120-i water isotope analyzer utilizing the cavity 

ringdown spectroscopy technology. All isotope measurements were calibrated in a two-point 
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scale against the international standards of Vienna Standard Mean Ocean Water (V-SMOW) 

and Vienna Standard Light Antarctic Precipitation (V-SLAP). 

 

The calibration was controlled with third laboratory reference water (the procedural standard). 

For excluding any memory effects, each sample was measured by six injections while the first 

three injections were rejected. The isotope values are expressed as δ values in per mil notation 

(‰) relative to V-SMOW. The values have an overall measurement precision of ±0.2 ‰ for 

δ
18

O and ±0.8 ‰ for δ
2
H. 

 

3. RESULTS 

Our first analytical results of the river water show δ
2
H values in the range of -131.2 

to -94.9 ‰ and δ
18

O values from -18.0 to -14.0 ‰ due to an altitude interval from 2000 to 

6700 m a.s.l. However, the precipitation data feature a more wide-spreading range 

(δ
18

O: -21.1 to -5.9 ‰ and δ
2
H: -157.0 to -48.0 ‰). The high variance in the precipitation 

data cannot be explained only by changes of the physical state of the precipitation, but by the 

different precipitation sources. 

The river monitoring data show high δ
2
H (-103.5 to -96.5 ‰) and δ

18
O (-14.8 to -14.0 ‰) 

values far in the west of the catchment, and the lowest values in the plateau area around the 

lake Yashikul and in the east of the catchment (δ
2
H: -125.0 to -131.0 ‰, δ

18
O: -16.0 

to -18.0 ‰). This effect results from the increasing altitude and continentality as well as the 

decreasing amount of precipitation from west to east. The eastern part of the catchment is an 

cold alpine desert with precipitation sums of ≤ 160 mm/a while the western part is warmer 

and receives a little more precipitation (~300 mm/a).  

D-excess values (d) of markedly more than 10‰ indicate a precipitation source with a strong 

re-evaporation rate and therefore an origin in the Caspian Sea and/or the Mediterranean Sea. 

For the surface water samples the high d values must be traced back to their origins in snow 

and glacier melt.  

An additional isotopic pattern in the catchment is a distinction between tributaries flowing 

from the northern boundary to the main stream and tributaries originating in the south of the 

catchment. The altitudes of the northern and southern mountain ranges are similar, but 

however the stable isotope values in δ
2
H and δ

18
O and also the d values figure out a clear 

differentiation between the subcatchments. The causes are to be found in the variously 

influences of northern and southern air masses, respectively. 
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1. INTRODUCTION 

The Fuente de Piedra lagoon (Malaga, Spain) is a wetland with a high ecological value. It 
was one of the three first Spanish wetlands included in the Ramsar convention and was 
declared Integral Reserve in 1984 (Nature Reserve from 1989). The lagoon (13 km2) is 
located in an endorheic basin (150 km2). In the basin outcrops Miocene calcarenites that host 
a freshwater aquifer, and the Chaotic Subbetic Complex (CSC), which defines the Miocene 
aquifer botton. The CSC is a lower to middle Miocene olistrome formed by a marly-gypson 
matrix of Triassic age and limestone, dolomites and marls blocks of Jurassic to Oligocene age 
(Mollina  and Humilladero ranges, Fig. 1). A deep hyper-saline karst system was developed 
in the CSC evaporative levels. Genetic model of the lagoon, conceptual model of the 
hydrogeologic system and genetic evolution of the brine are closely related. The origin of the 
lagoon is related to karstification and collapse processes of the CSC gypsum-saline materials. 
The system presents high density contrasts: shallow freshwater, brackish water and shallow 
and deep brines. Traditionally, based on classic models for closed basins in semiarid climates, 
the brine present in the system was considered of evaporative origin and it was placed in the 
discharge zone. However, the investigation that IGME has developed suggests that the brines 
origin is not exclusively due to evaporation. Besides the hydrochemical and geophysical 
studies, environmental isotope research has been a fundamental contribution to define a new 
conceptual model of the hypersaline hydrogeological system (Kendall and Mc Donnell, 
2003). 
 
 
 
 
 
 
 
 
 

Figure 1. Geological map of the Fuente de Piedra basin 
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2. GEOPHYSICAL STUDIES 
 
Several brine enclaves were identified by geo-physical technical: 10 electrical tomography 
profiles (38.5 km total length and 105 m deep). Brine enclaves are in the upper and middle 
basin. Later drillings confirmed geophysical interpretation and they founded karst levels 
about 65 m around the lagoon (Ruiz et al, 2007). 
 
3. HYDROCHEMICAL STUDIES 
 
Hydrochemistry shows differences according to 
lithological and spatial situation (Fig.2). The water in 
the limestone is calcium bicarbonate. The Miocene 
aquifer has chloride-sulphated magnesium -calcium 
facies. The CSC marly-gypsum matrix water shows 
magnesium-sodium sulphated-chloride facies. The 
brine enclaves in lagoon basin and hypersaline karst 
springs in neighbor Guadalhorce basin show only 
sodium-chloride facies. This suggests a similar origin: 
dissolution of evaporites. Shallow brine around lagoon 
shows sodium chloride facies and contains Mg2+. Mg2+ 
increases by evaporation and dedolomitization. Deep 
brine around lagoon is a mixture of enclave and 
shallow lagoon brines (Heredia et al, 2004).  
 
4. ISOTOPIC STUDIES 
 
A. STABLE ISOTOPES OF BRINES (TDS> 50G/L): EVAPORATION, SALINITY AND 
GENESIS 
 
The δ18O, δD and TDS analysis (Fig. 3, Fig 4) indicates that brine enclaves in the upper and 
middle basin and hyper-saline Guadalhorce springs brines did not suffer evaporation. The 
shallow brine around the lagoon defines a mixture line from the most evaporated brine in 
North and East of the lagoon, to the least evaporated in W and S side. Likewise, the analysis 
also shows that surfaces waters and shallow brine define different slopes, which suggests that 
evaporation-concentration processes in the origin of both brines would be different, probably 
due to the existence of other water inputs. The deep brine around the lagoon is as evaporated 
as the most evaporated shallow brine, but their TDS are different. The deep brine is more 
saline than the shallow brine but is less saline than enclave brines. Enclave brines according 
to δ18O are not evaporated, so that, its salinity could be by dissolution processes of evaporitic 
rocks. Therefore, this fact relates the brine enclaves with the hypersaline karst system 
developed in the CSC (Montalván et al, 2012). 
 

 
 
 
 
 
 
 
 

Figure. 2. Piper diagram of water and brines 

Figure 3. δ18O - δD relationship Figure 4. δ18O - TDS (g/L) relationship 162



b. STABLE ISOTOPES ON BRINES (TDS> 50G/L): RECHARGE ZONE 
IDENTIFICATION 
 
Multiple regression model that describes spatial trend of δ18O in precipitation in Iberian 
Peninsula at wet season allows to identify areas of recharge (Heredia et al, 2013): 

 

    (1) 
 
Where, model variables are geographical (latitude, L; longitude, Lo) and climatological 
(atmospheric pressure, P; temperature, T; relative moisture, H). The model indicates for: 1) 
brine enclave samples (CSC, hypersaline karst system) that plausible geographic- climatic 
conditions of recharge occur in carbonated ranges at regional scale (Fig. 5); 2) if it considers 
that Miocene aquifer water suffers evaporation before recharge, plausible climatic-geographic 
conditions of recharge occur in lagoon basin in Miocene outcrops and carbonated blocks 
(Humilladero and Mollina ranges) and 3) CSC marly-gypsiferous matrix water is a mixture 
between Miocene aquifer water and brine enclaves. 
 
c. RADIOACTIVE ISOTOPES: DATING 
 
14C dating was calculated with 13C chemical correction of Tamers. Also the tritium content 
was considered (Fig 6.). The strong pumping for urban supply causes a mixture of modern 
and old waters in carbonated blocks (Humilladero and Mollina ranges). Miocene aquifer 
water is modern. The CSC marly-gypsum matrix water was dating in 800 years old at a deep 
borehole in upper basin and Tritium content is absent or lower than analytical error. Shallow 
brines around lagoon present the oldest of the basin (28,500 yr) and other ancient ones were 
dating between 21500 yr and 850 yr. Deep brines around lagoon were dating in 24000 yr and 
14,400 yr. Brine enclaves (CSC, karst system) were dating between 8,300 yr and 800 yr. 
Brines around lagoon and brine enclaves lack tritium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Radiocarbon dating of water and brine 

 
Figure 5. Brine enclaves (CSC: hyper-saline karst 

system): plausible climatic-geographic conditions of 

recharge 
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5. CONCEPTUAL MODEL 
 
Groundwater circulation is characterized by the existence of layered flow systems, due to a 
marked density contrasts between freshwater, brackish waters and brine. Miocene aquifer 
(freshwater) recharges in the lagoon basin (local) and discharges in lagoon. The residence 
time is short (months-years). CSC hypersaline karst system (brine enclaves) recharges in 
carbonated ranges at regional scale and discharge is both local (lagoon) and regional 
(Guadalhorce river). The residence time is large (thousands years). CSC marly-gypsum 
matrix confines karst system and brackish water is a mixture of Miocene aquifer freshwater 
and karst system brine. 
 
6. CONCLUSION 
 

Geophysical studies identified brine enclaves in Fuente de Piedra lagoon basin. 
Hydrochemistry allowed to define water and brine families and showed similarity between 
brine enclaves in basin and hypersaline karst springs in Guadalhorce river. Stable isotope 
analysis (18O, D) allowed to discriminate different genesis of shallow and deep brine around 
lagoon and brine enclaves. Spatial trend of δ18O model characterized recharge zone of 
Miocene aquifer, brine enclaves and CSC matrix. Radioactive isotopes (14C, T) date 
freshwater and the different kinds of brines in the lagoon basin. Therefore environmental 
isotopes have been necessary to define a flow pattern of this complex and multilayer flow 
system and, finally, to propose a new conceptual model. This model point out that there are 
two flow system that discharge in lagoon: Miocene aquifer (freshwater, local recharge, short 
residence times) and CSC hypersaline karst system (brine, regional recharge, long residence 
times). Both system are important for Fuente de Piedra wetland but Miocene aquifer is 
clearly the most vulnerable of them and this is why it must be especially protected 
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Abstract: The hydrochemistry and stable isotopes of surface and groundwater have been 

studied to examine the overall water quality status of the Volta River and shallow 

groundwater in the Lower Volta Basin (LVB).The pH values ranged from 4.9 to 7.5 for 

surface water (SW), demonstrating mild acidic to alkaline conditions. The pH values for the 

groundwaters (GW) range from 3.6 to 7.8, suggesting acidic to alkaline waters. The nitrate 

concentration ranges from 0 to 3.0 mg/L for surface water and 7.3 to 433 mg/L for 

groundwater. The nitrate values in SW are comparatively lower than nitrate values in GW for 

the entire area. The hydrochemical facies for the groundwater samples show four main water 

types, namely NaCl, (CaCl2, MgCl2), CaMgHCO3 and the non-dominant water type. The 

predominant hydrochemical facies is NaCl, whereas CaCl2, MgCl2 and CaMgHCO3 water 

types occur to a smaller extent in the area. Mineralisation (salinity) of the groundwaters, 

which was initially not considered in the research objective, has become a key issue worth 

mentioning. Possible processes responsible for the groundwater mineralization include halite 

dissolution, cation exchange and seawater intrusion. Stable isotope composition of the 

shallow groundwaters shows that GW in the north east of the study area (Sogakope), GW in 

the south west (Ada) and the Volta River appear to define a mixing line with multiple end-

members. 

1. INTRODUCTION 

Freshwater quality is becoming widely and increasingly compromised due to various human 

influences and more so in peri-urban areas in developing countries. Surface water and 

groundwater play a key role both in the domestic water delivery system as well as the 

agricultural sector in the Lower Volta River Basin of Ghana (LVRB) where these resources 

are often used for irrigation purposes to support rain-fed agricultural activities.  

The Lower Volta River Basin of Ghana forms part of the southern costal belt of Ghana (537 

km). The study area (Figure 1) lies approximately between longitude 0
◦ 
32

’ 
– 0

◦ 
42

’
 E and 

latitude 5
◦
 44’– 6

◦
 02

’
 N respectively.  The area lies in the savannah zone and features a 

tropical savannah ecological climate with settlements within 5 km off either bank of the Volta 

River. It is interconnected with two distinct geological formations stretching from Sogarkope 

southward to Big Ada and Ada Foah.  

Greater part of the Lower Volta River basin is underlain by tertiary and recent deposits [1]. A 

small section in the northern and eastern parts falls under the Dahomeyan complex rocks of 

Precambrian age. Groundwater in the basin occurs in fractures in highly consolidated 

siliciclastic aquifers overlain by a thin unsaturated zone [2].  

Inhabitants in the LVB depend heavily on shallow aquifer systems, the Volta River and 

nearby streams for their domestic and agricultural water supply. The shallow aquifers are 
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tapped by hand-dug wells in various households, where sanitary conditions around the 

wellhead in most cases are poor. Considering the increasing population in the area, the 

aquifers are vulnerable to pollution from domestic waste discharge. Pollutants carried by 

these shallow aquifer systems may in turn be discharged into the Volta River closed by and 

nearby streams.  

Some works have been done on different aspects of hydrogeology and water quality issues in 

the Volta Basin [3 - 5].  However, no serious attention has been given to the interaction of the 

shallow aquifer systems and the Volta River as well as nearby streams in the area to establish 

a link between the groundwater and surface water systems. This may partly be due to lack of 

knowledge on groundwater discharge areas, magnitude of groundwater discharge, 

quantification of fluxes of pollutants derived from groundwater discharge, assessment of 

origin and age of groundwater discharge. The need for greater understanding of the 

hydrogeologic and chemical processes in relation to the surface water and groundwater 

quality and interaction in the basin cannot be overemphasized.  

The principal objective is to assess the water quality of the Volta River, nearby streams and 

shallow groundwater systems in the Lower Volta Basin, establishing the impact of the 

shallow groundwater discharge on the Volta River and the nearby streams. This will 

contribute to the assessment of sustainable management of surface water and groundwater 

resources in the basin since the development of climate proofed economic projects in the area 

is tied to these water resources.     

 

Figure 1. The geological map of the study area showing sampling points. 

2. METHODS 

A number of activities, including field and laboratory works, have been planned to achieve 

the objectives of the project. Water quality data has been collected through sampling of both 
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surface and groundwater. Water samples were collected in the field from hand dug wells, 

boreholes, and the Volta River. Groundwater samples were obtained from active water supply 

wells used for domestic purposes. Rainwater was also collected on event basis from the 

Sogakope and Ada stations for isotopic studies. Physical parameters determined in situ using 

a HACH Digital Tritator included (EC, TDS, temperature, pH, Eh, alkalinity, salinity). The 

chemical parameters (Na
+
, Mg

2+
, K

+
, Ca

2+
, SO4

2-
, Cl

-
, HCO3

-
, NO3

-
, PO4

3
,
 
F

-
, SiO2, Fe

2+
, Br

-
, 

Al
3+

) and stable isotopes of 
18

O and 
2
H were measured at the Ghana Atomic Energy 

Commission using Dionex IC 90 system and LGR DLT 100 Liquid Water Isotope Analyser, 

respectively. 

3. RESULTS 

The pH values ranged from 4.9 to 7.5 for surface water, indicating mild acidic to alkaline.  

The pH values for the groundwaters range from 3.6 to 7.8, suggesting acidic to alkaline 

waters. The nitrate concentration ranges from 0 to 3.0 mg/L for surface water and 7.3 to 433 

mg/L. The highest nitrate concentration in surface water occurred at sampling points R5 and 

R6 all located in the vicinity of a commercial rice farm. This confirms earlier observation 

with regards to pH –4.9 in surface water for the same sampling location, evident of point-

source agricultural runoff. The nitrate values in the surface water are comparatively lower 

than nitrate values in groundwater for the entire area. The distribution of ions along the 

course of the Volta River depicts relatively high concentration value for SO4
2-

, compared to 

the other parameters.  

The Piper trilinear diagram (Fig. 2) constructed for the groundwater samples shows four main 

hydrochemical facies, namely NaCl, (CaCl2, MgCl2), CaMgHCO3 and the non-dominant 

water type. The predominant chemical facies is NaCl, whereas CaCl2, MgCl2 and 

CaMgHCO3 water types occur to a smaller extent in the area. Mineralisation (salinity) of the 

groundwaters, which was initially not considered in the research objective, has become a key 

issue worth mentioning. Possible processes responsible for the groundwater mineralization 

include halite dissolution and cation exchange and seawater intrusion. Seawater intrusion 

needed to be carefully looked at since fresher groundwaters are obtained closer to the coast.  

 

 

 

 

 

 

 

 

Figure 2. Piper trilinear diagram. 
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Figure 3. Stable isotope plot for water samples. 

The distribution of δ
18

O values of groundwater ranges from -3.61 to -0.43‰ and δ
2
H from -

19.53 to 1.29‰. The mean values of δ
18

O and δ
2
H are -2.45‰ and -10.24‰, respectively. 

The stable isotope plot (Fig. 2) shows that shallow GW in the north east of the study area 

(Sogakope), GW in the south west (Ada) and the Volta River appear to define a mixing line 

with multiple end-members.   

4. CONCLUSIONS 

Agricultural and other anthropogenic activities seem to negatively impact the quality of water 

in the LVRB. Nitrate values in surface water are comparatively lower than in groundwater for 

the entire area. Relatively high concentration of sulphate is observed compared to the other 

parameters. Also, shallow groundwater mineralisation in the area may be caused by halite 

dissolution, cation exchange associated with clay minerals in the aquifer matrix and probably 

seawater intrusion. The graph of stable water isotopes (
18

O and 
2
H) indicate that groundwater 

in the study area is of meteoric origin. Further work is required to resolve the seemingly 

complex isotopic data and also to understand salinity issues in the area. 
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Abstract: Water samples from different sources in Lower Saxony (Germany) have been 

analyzed for 
127

I,
 129

I, and their isotopic ratio (
129

I/
127

I). 
127

I was determined directly by 

inductively coupled plasma mass spectrometry (ICP-MS) and 
129

I was measured using 

accelerated mass spectrometry (AMS) after a chemical separation procedure. The 
129

I/
127

I 

isotopic ratios
 
in the investigated groundwater samples were higher than the natural 

equilibrium isotopic ratio (1.5 × 10
-12

), and not much lower when compared to those in other 

environmental materials from the same region. This means the water reservoirs in the region 

are already slightly affected by anthropogenic 
129

I, most likely deriving from the European 

reprocessing plants (via North Sea). 

1. INTRODUCTION 

129
I, the long-lived (T1/2 = 15.7 Ma) radioisotope of iodine, occurs in the environment 

naturally and/or anthropogenically. The earth total inventory of 
129

I is estimated to be 

50,000 kg (326.8 TBq) which is mostly bound to the Lithosphere and only 263 kg (1.7 TBq) 

represent the “free” inventory in the atmosphere, hydrosphere, and biosphere
 
[1]. After the 

pre-nuclear era, the anthropogenic input of 
129

I into environment became more considerable 

especially from nuclear reprocessing plants in Western Europe. An example is the continuous 

discharges from the facilities in the La Hague (France) and Sellafield (UK) into the North Sea 

and Irish Sea, respectively. Due to its chemical and environmental properties, 
129

I has been 

assigned as a tracer for various environmental processes and hydrological applications. For 

instance, it is a useful tracer of groundwater pollution from nuclear facilities. Moreover, its 

long half-life provides the opportunity to date groundwater in the range 2 – 80 Ma. In this 

framework we are aiming to assess the sensitivity of drinking water reservoirs with regard to 

introduction and accumulation of radioiodine. 

2. METHODS 

Natural water samples (surface-, ground-, and rain waters) were taken from Lower Saxony, 

Germany, and were preserved immediately after sampling by adding 50 mL 0.6 M caustic 

soda. Prior to AMS measurements, a solid phase extraction procedure was applied to all 

water samples to separate 
129

I. At first, after adding 3 mg of Woodward iodine carrier, all 

iodine species were oxidized to iodate by using Ca(ClO)2 and afterwards reduced back to 

iodide with NH3OHCl and NaHSO3. This was followed by an ion exchange separation using 

a DOWEX
®

 1×8 analytical grade ion exchange resin. The iodine was then eluted with 

concentrated potassium nitrate solution (2.25 mol/L) after rinsing the ion exchange columns 

with high purity water and a 0.5 mol/L potassium nitrate solution. Finally, 
129

I was 
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precipitated as AgI for AMS measurement. The measurements were performed at the AMS 

facility in ETH Zürich, Switzerland. 
127

I was determined directly without any chemical 

separation by using ICP-MS at Leibniz Universität Hannover, Germany. 

3. RESULTS 

129
I concentrations and 

129
I/

127
I isotopic ratios of the investigated waters are presented in 

figure 1. The 
129

I/
127

I isotopic ratios for all waters are significantly higher than the natural 

equilibrium isotopic ratio (1.5 × 10
-12

). The investigated waters were compared to other 

environmental compartments in the same region as well as North Sea water as a hot spot of 
129

I due to the continuous discharge from the neighboring reprocessing plants in France and 

UK. The general trend is that the rain water has the higher 
129

I concentration and 
129

I/
127

I 

isotopic ratio in comparison with surface water which in turns is higher than groundwater. 

This is because both, precipitation and surface water bodies are open water sources in 

contrast to groundwater. 

 
Figure 1. 

129
I/

127
I isotopic ratios versus 

129
I for the investigated water in comparison to other 

environmental compartments in Lower Saxony and North Sea water 

Another reason is that transfer of iodine from the North Sea as a sea-spray, CH3I, or as 

volatile iodine (I2) causes precipitation and aerosols samples have higher ratios. Although soil 

samples have higher 
129

I concentrations compared to surface waters, but they still have almost 

the same ratios which is attributed to the higher content of stable iodine in soils than in 

surface waters. Groundwater samples have the least ratio comparing to others, with an 

exception of samples from Fuhrberger Feld (FF) reservoir which reveal the same 

concentration and ratio as some of the surface water samples. This is most likely due to the 

fast infiltration of water into the soils of that reservoir.  

4. CONCLUSIONS 

Our preliminary results showed a slight effect by atmospheric input of anthropogenic 
129

I on 

groundwater samples from Fuhrberger Feld (FF) aquifer, which is an unconfined aquifer, and 

thus prone to contamination by percolating water. It is an interesting study area for assessing 

sensitivity of groundwater to 
129

I and other man-made radionuclides such as 
36

Cl and 
90

Sr. 
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Abstract: Canada holds about 7% of the world’s renewable freshwater on its territory. While 

many river systems drain this water to the Pacific, Arctic and Atlantic oceans, two major 

river systems are mainly responsible for draining Canada’s freshwater to the oceans: the 

Mackenzie River and the St. Lawrence-Great-Lakes river system with annual water 

discharges of 325 km
3
/yr and 318 km

3
/yr respectively. These 2 major river systems have 

punctually been the focus of isotopic monitoring in the past and have been targeted by the 

Advisory Committee Report on an Expanded “Global Network on Isotopes in Rivers” 

(GNIR) Program for further monitoring. These isotopic monitoring have revealed that both 

the Mackenzie and St. Lawrence river systems depict evaporated signals modulated by low 

signature spring snow melt events through their tributaries (Yi et al., 2010, Rosa et al., in 

prep). The St. Lawrence carbon cycle is dominated by DIC which depicts high δ
13

C due to 

equilibrium with atmospheric CO2 in the Great Lakes during base flow and low isotopic 

compositions during the spring freshet due to soil drainage through the tributaries (Hélie et 

al., 2002). DOC mainly originates from soils, but can be influenced by autochthonous carbon 

during the warmer months (Hélie and Hillaire-Marcel, 2006). POC is low and mainly 

produced in lakes and waterways (Hélie and Hillaire-Marcel, 2006). Nitrates are dominated 

by inputs from the Great Lakes, but modulated by atmospheric inputs (Thibodeau et al., 

2013). 
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Abstract: Extensive campaign of sampling and archiving lake water isotopic compositions 

across Canada were conduct in recent years. As a practical alternative to classical 

hydrological monitoring for understand water balance in often remote locations, the isotopic 

approach was employed to determine basic lake hydrological characteristics such as the 

evaporative over inflow ratio (E/I) and residence time (τ). According to the distribution of 

lake water isotope composition in δ
18

O-δ
2
H space and geographic locations, various 

scenarios for atmospheric conditions and δP-δA relations are developed to best fit the 

observations. The spatial pattern of these inferred hydrological characteristics were further 

extrapolated to gain insights on regional characteristics. In regions, where density of 

sampling is adequate to establish a robust local evaporation line (LEL), the LEL is extended 

to produce the first-order estimation of isotope compositions of precipitation for the region 

(δP). Inferred δP values are further tested and discussed for providing isotopic input for the 

GNIR-Canada network. Overall, the objective of this national wide survey is to assess the 

potential of isotope mass balance conducted on one sampling from individual lake to be used 

to generate reliable hydrological information at the regional scale and provide hydrologic 

insights to lake water quality and biological condition status. 
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Abstract: Pronounced climate changes have lately been observed in Arctic and sub-Arctic 

regions. The response of hydrological systems to these changes is especially visible in small 

river catchments, which are also most sensitive to weather extremes. Stable water isotopes 

(deuterium and oxygen-18) exhibit seasonal cycles similar to air temperature variations [Gat 

and Gonfiantini, 1981], with enrichment of heavy isotopes during warm summer months and 

depletion in cold winter months. Also evaporation is evident from isotope fractionation effect 

due to residual water enrichment [Dansgaard, 1964]. Thus, δ
2
H and δ

18
O can be used to 

partition river flow into snow and rain components, and for evaporation estimation. Hence, 

monitoring of the stable isotopic composition of water enables investigation and 

quantification of changes in the hydrological cycle at the integrated basin scale for rivers in 

difficult-to-access and remote northern regions [Welp et al., 2005]. 

 

The study area is the catchment of small river Neglinka, which flows to Lake Onega. The 

river is 14 km long and the catchment area is 46.1 km
2
. The formerly heavily paludified 

upstream parts have been partially drained. The City of Petrozavodsk is located in the lower 

stretch of the river. The river serves as the receiver of storm water runoff. The river has an 

observed average annual runoff of 0.51 m
3
/s and about 57% of total annual flow occurs 

during the spring season, the peak flow rate observed in May. The share of winter discharge is 

9%. The summer-autumn discharge is almost four times as much as that in winter. 

 

The climate in the study area is transitional between maritime and continental. Annual 

average precipitation is about 650-750 mm, and its temporal distribution is such that 350-400 

mm occurs during the warm period and 150-250 mm during the cold period. The average 

annual temperature is +2.5° C; mean temperature in July is +16°C, in January -12°C. Average 

stored moisture in snow is 100 mm. Evaporation during the winter period is around 30 mm. 

 

Monitoring of the volumes and stable isotope composition of atmospheric precipitation in 

Petrozavodsk started in 2009. The temperature, electrical conductivity, stable isotope 

composition of the water at the Neglinka River have been monitored since 2012, and 

evaporation experiments were performed in 2014. We sampled precipitation and river water 

with weekly collections during winter and more frequent collections during the ice-free 

season (with diurnal sampling during spring flood). Heavy rainstorm events were sampled 
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individually and the pan-collector was emptied immediately following the event to minimize 

evaporation. The snow cover (the entire body of snow) was surveyed before melting began. 

Plastic vials with samples were stored upside-down in cool conditions. We analyzed water for 

δ
2
H and δ

18
O on Picarro L-2120i infra-red ring-down spectrometer at the "Geomodel" 

(Resource Center Research park of Saint-Petersburg State University). All isotope results are 

presented on V-SMOW scale. We used V-SMOW-2, GISP, LASP, USGS-45 and USGS-46 

standards. The measurement error was 1‰ for δ
2
H and 0.1‰ for δ

18
O. 

 

Weighted annual precipitations have δ
18

O = -11.4 ‰ and δ
2
H = -83.3 ‰ with minimum value 

in winter up to δ
18

O = -30.9 ‰ and δ
2
H = -239 ‰ and maximum in summer δ

18
O = -4.3 ‰ 

and δ
2
H = -33 ‰. A slight depletion (more negative values) of δ

2
H and δ

18
O began to be 

detected late in winter (before the start of massive snow-melt) due to thaws. Quite heavy 

depletion was observed during one or two weeks in the spring high water period, when the 

snow cover was thawing most intensively. In this period the Neglinka river had lightest 

isotope composition of water δ
18

O = -16.4 ‰ and δ
2
H = -116 ‰. In summer the isotope 

composition of water was more heavy δ
18

O = -9.8 ‰ and δ
2
H = -75 ‰. Evaporation strongly 

influences the water balance, as evidenced by a declension of the δ2H and δ18O isotope 

composition rightward from the Global Meteoric Water Line  and the deuterium excess in 

river water reaches value d
2
H = -1.2. A short-lived (several days) slight depletion (2 - 3 ‰ in 

δ
18

O) of stable isotopes occurred in September and/or October due to rain freshet. In the 

winter low-water period the isotope composition of river water was similar to the weighted 

annual precipitations (δ
18

O = -11.8 ‰ and δ
2
H = -85 ‰). 

 

Precipitation of the given period (spring, summer and fall) was used in evaporation 

experiments. The residual volume of water in the vaporizer was measured daily, and a water 

sample, which was negligibly small compared to the vaporizer capacity, was collected. All 

results of the evaporation experiment were well fit for calculations using the Rayleigh 

distillation model. Thus, evaporation rate and the isotope effect of evaporation were 

calculated under different conditions. If daily temperature was lower than +5 °C, then 

physical evaporation was negligibly low and excluded from the calculations. The deuterium 

excess was calculated on a subset of all other samples to verify the evaporation influence on 

the isotope composition of water. All samples with values of d-excess less than 10 were used 

for estimating the evaporation loss by the Rayleigh distillation model, and relevant 

corrections were introduced to the experimental data. 

 

The contributions of snow or rain input to the Neglinka river in each week of the sampling 

period were calculated using the two end-member mixing model. The isotope composition of 

snow was determined as the arithmetic mean of the snow survey in the Neglinka river 

catchment in spring. The isotope composition of rainfall was determined as the weighted 

mean. Each individual rain event or weekly sum was weighted on the measured amount of 

precipitation in that month. Corrections in the isotope composition and runoff volume due to 

the influence of evaporation were made. It was found that the water leaving the basin through 

the river consisted around 60 % of snow and 40 % of rainfall, on an annual basis. These 

values should be compared with the annual inputs of snow (43 %) and rain (57 %) to the 

water balance, suggesting that transpiration by vegetation is a significant factor during the 

growing season. A substantial proportion of moisture leaves the Neglinka river catchment 

through evapotranspiration during the growing season. 

 

Quantification of the hydrological cycle and investigation of its changes related to climate 

fluctuations is difficult in remote northern regions. However, monitoring of the stable isotope 
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composition of water in Arctic rivers may potentially be a means of integrated basin-scale 

estimation of the water balance. 
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Abstract: Stable isotope abundance of hydrogen (δ2H) and oxygen (δ18O) in liquid water 
from different freshwater resources in the Cagayan valley river basin were used to gain 
insight about the hydrological processes in the area. The data presented here were the results 
of the reconnaissance water sampling campaign that started from March 2012 to August 
2013.    Isotopic composition of rain water were used to identify the role of rainfall as an 
input to the river systems as well as in groundwater recharge. Rain samples collected between 
June to December 2012 from areas of Solana, Piat, Tuguegarao, and Nattalad watershed were 
found to have δ18O values that range between -5.4‰ to -11.1‰ and δ2H values of -32.1‰ to 
-80.7‰. The local meteoric water line (LMWL) was determined to be δ2H = 8.6 δ18O + 13.3 
(r=0.98). The weighted annual average for δ18O was found to be about -7.1‰ which was 
estimated based on a 2012 rain-event based sampling record available for Diliman, Quezon 
City area. The estimated average (i.e. -7.1‰ δ18O) was used as an index to demarcate 
possible interconnection between different freshwater resources such as rivers, springs, 
shallow and deep groundwater based on corresponding δ18O values obtained for each water 
type. The δ18O abundance of waters from rivers collected at high elevation areas, such as in 
Nueva Viscaya, Mountain Province, Kalinga and Ifugao, which are tributaries to the Cagayan 
river, showed more depleted values (data range: -5.8‰ to -10.1‰; mean: -8.47‰ and s.d.: 
1.25‰; median: -8.61‰; n=9) as compared to the estimated index. The difference may be 
attributed to the depletion of oxygen-18 containing water during downpour caused by altitude 
effects. Consequently, groundwater driven from boreholes (production wells) in these areas 
had more depleted average δ18O values (mean: -7.52‰; s.d.=0.8‰; n=5) as compared to 
index value which may indicate local recharge process. On the other hand, δ18O values for 
both river waters and groundwater obtained at lower elevation areas particularly in Isabela 
and Cagayan, showed values ranging from -3.3‰ to -7.7‰ and exhibited more enriched 
mean δ18O values (6.4‰ (s.d.:1.4; n=9) and -6.6 ‰ (s.d.: 0.9; n=99) for rivers and boreholes, 
respectively) as compared to the estimated index of -7.1‰ which may be due to evaporative 
enrichment. For the first time, isotopic data for freshwater resources in the Cagayan river 
basin is reported.  
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Figure 1. Local Meteoric Water Line constructed from 4 rain stations situated in Calamagui, 

Maguilling, Namabbalan, and Nattalad Watershed 

 

Figure 2. Time series plot of oxygen-18 and rainfall amount in Diliman, Quezon City 
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Figure 3. Box and whisker plot of oxygen-18 values from different water resources in 

Cagayan River Basin 
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Abstract: The abundance of peatlands offers an opportunity to use them as treatment steps 
for different type of wastewaters in the boreal climatic region. In this study, stable isotopes of 
water (δ18O, δ2H) were used as a tool to determine preferential flow paths and evaporation 
signal in 6 treatment peatlands purifying different types of runoff and wastewaters as well as 
in 1 restored agricultural peatland site. The spatial distribution of δ18O was determined from 
16-150 surface water samples collected from each peatland. Moreover, temperature and 
electric conductivity were used as tracers to confirm isotope analysis results. In addition to 
δ18O analysis, δ2H distributions were studied in four of the peatlands. Sampling was repeated 
1-3 times in each site. The results showed that the isotope method was efficient for 
determining preferential flow areas. Even though the other tracers provided preferential flow 
areas, only stable isotopes of water could be used to estimate flow velocities and transit times 
in constructed peatlands.  

1. INTRODUCTION 

The aim of this study was to determine flow paths and flow processes in treatment peatlands 
in cold climate region in Finland. For comparison purposes, the same methods were also 
applied to a restored agricultural pasture site in Iceland. Treatment peatlands are one type of 
constructed wetlands (CW) that are build either on pristine or on previously drained 
peatlands. CWs are widely used for different types of runoff and wastewaters all around the 
world [1-3]. One of the biggest challenges in treatment peatlands is to get evenly distributed 
inflow water which provides a high hydraulic efficiency and good purification results [4]. As 
CW is designed, selection of location, where treatment area is constructed, can be difficult 
and in many cases in Finland selection process has been unsuccessful. The main reason for 
this has been that local groundwater and surface water processes have been poorly 
understood, causing e.g. discharge of groundwater to the CW. This should be avoided for 
optimal CW functioning.  

Traditionally, artificial tracers have been used to determine the residence time of water and 
preferential flow areas in CWs (e.g. [5-6]). However the conservative behavior of tracers and 
requirements of tracer injection (e.g. risk in density stratification or too low tracer 
concentration in outflow) are difficult to achieve in treatment peatlands which can be up to 
50 ha in size. Moreover, water loss due to evapotranspiration can cause a considerable effect 
on purification efficiency throughout concentration processes especially in a large peatland. 

Environmental tracers like stable isotopes of water (δ18O, δ2H), offer an effective tool to 
investigate flow patterns in treatment peatlands which are typically more complicated than 
those in other type of CWs. The use of stable isotopes also facilitates the study of possible 
impacts of local groundwater-surface water interactions on the suitability of an area for CW 
construction.  Furthermore, the importance of evaporation from an area can be easily assessed 
by stable isotope analyses but not by traditional tracer injection. The objective of this study 
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was to create a comprehensive interpretation from flow processes in six treatment peatlands 
with varying size as well as in a restored agricultural peatland. The ultimate goal was to 
provide better guidelines for designing treatment peatlands.  

2. METHODS 

The study included peatlands treating 1) municipal wastewaters, 2) mine waters and 3) peat 
extraction effluents as well as 4) a restored agricultural pasture. There were two study sites in 
all three categories, except in the restoration category. All the treatment peatlands have been 
originally pristine peatlands which have been used for 1-16 years to decrease nutrient and 
metal load to downstream water bodies. The agricultural pasture has also been a pristine 
peatland, which was drained in order to improve its yield. However, it was noticed that the 
drainage did not bring large benefits therefore the drainage ditches were filled as restoration 
pilot test in 2012. 

The areas of peatlands varied from 0.8 ha to 46 ha and hydraulic load from 6 to 44 mm d-1. 
The spatial distribution of δ18O in the peatlands was determined collecting 16-75 surface 
water samples per sampling campaign at each site. The number of samples depended on the 
size of the peatland. In four of the peatlands also the distribution of δ2H was studied. 
Sampling was repeated 1-3 times in each site during years 2002-2014. In addition to isotopes, 
also other environmental tracers (like electrical conductivity and temperature) were used to 
confirm flow patterns and hydraulics in the studied treatment peatlands.  

The isotopic composition of the water samples relative to VSMOW was analyzed using a 
Picarro L2120-i isotope analyzer in 2013 with the precision of 0.1 and 1.0 ‰ for δ18O and 
δ2H measurements respectively. In 2002, isotopes were analyzed at the University of Mining 
and Metallurgy, Cracow (Poland) and in 2004-2010 at the Dating Laboratory, Finnish 
museum of Natural History, Helsinki (Finland) by a mass spectrometry method. The δ 
distributions were interpolated from the values determined at the sampled points to the whole 
peatland area using standard ordinary Kriging and inverse distance weighting interpolation 
method. 

3. RESULTS 

Generally, the δ18O content in the studied peatlands varied spatially. Preferential flow areas 
were clearly indicated in all treatment peatlands. Also at the restored peatland, in Iceland, the 
main flow area was detectable by stable isotope analysis and restoration action by filling 
ditches could be proved to be sufficient. Other tracers confirmed the different flow areas at 
every site. The preferential flow area was 50-90% of the total surface areas. This preferential 
flow area is essential for the functioning of CW as biogeochemical processes involved in 
contaminant retention occur mainly in this area.  

Groundwater discharge to Sodankylä CW was found by isotopes. In groundwater discharging 
points, the δ18O content was about -11.2‰ whereas in other points the δ18O was around -
9.9‰. Discharging groundwater might dilute mine water and falsify purification efficiency 
monitoring. In Rimminvuoma CW, the surface water from the catchment close to the 
treatment area discharged to the CW. However, these waters by pass the preferential flow 
area of the CW flowing along one side of the CW. Thus, the impact of those natural waters 
on processes involved in mine water purification is likely minor. δ2H – δ18O plot illustrates 
the distribution of stable isotopic composition of treatment waters in four CWs (Fig. 1). 
Different flow, fractionation and mixing processes have caused the deviation to δ2H – δ18O 
relationship within sites. 
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Table 1. The content of δ
18

O in surface waters of studied treatment peatlands, n = number of 

samples. 

Treatment peatland Wastewater type δ
18

O  (‰) n 

Kompsasuo* Peat extraction runoff -12.24 - -11.45 25 
Puutiosuo* Peat extraction runoff -11.17 - -10.04 22 

Rimminvuoma Mine water -14.33- -6.94 125 
Sodankylä Mine water -12.11 - -9.49 40 
Mellanaava* Municipal wastewater -12.93 - -10.79 19 
Ruka* Municipal wastewater -14.45 - -12.45 25 
Restored peatland  δ

18
O  (‰) n 

Mahvahlid, Iceland  -9.94 - -7.63 150 
*Part of the data have been published in [4] 

 

 

Figure 1. δ
2
H – δ

18
O relationship for peatlands Kompsasuo, Ruka, Sodankylä and 

Mahvahlid.  
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Abstract: The routing of precipitation though soils and into runoff, evaporation, and 

transpiration determines the isotopic composition of these fluxes relative to incident 

precipitation.  Here, we present a simplified set of isotope transfer functions that estimate the 

isotopic composition expected within soil moisture in the vadose zone and its outward fluxes 

as a function of soil hydrologic connectivity and plant water use. These new theoretical 

relationships are explored with a large set of isotope of precipitation, runoff and 

evapotranspiration data as well as with stochastic simulations of synthetic rainfall which are 

used to examine the influence of seasonality and the precipitation amount effect on isotopic 

fluxes.  Our results demonstrate the importance of transpiration/evaporation partitioning and 

the connectivity of the soil column on runoff composition.  Additionally, we describe the 

relative importance of the correlation between precipitation amount and isotopic composition 

on soil moisture and associated fluxes. 

1. INTRODUCTION 

In terrestrial ecosystems, the relative balance between evaporation and transpiration and their 

respective isotopic signals determines the isotopic composition of evapotranspiration [1].  

However the balance between evaporation and transpiration is poorly quantified both 

spatially and temporally in current hydrologic science. This problem is further complicated 

by the possible ecohydrologic separation between plant available waters and runoff, where 

mobile and immobile waters may be isotopically distinct [2].  Thus by understanding how 

precipitation is altered isotopically as it moves though soils and back to the atmosphere and 

into streams we can infer process-level information about ecohydrologic routing.   

2. METHODS 

A simple mass balance of the vadose zone can be written with respect to the fraction of 

precipitation intercepted (x), the runoff ratio (r), and the fraction of evapotranspiration that 

leaves the system as transpiration (f) as: 

(1)     RLN0 + 1− x( )PRPdt = RL +dRL( )N0 + rPRQdt + (1− x − r) fPRTdt + (1− x − r)(1− f )PREdt   
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where RL, RQ, RT, and RE are the isotopic compositions of soil water, runoff, transpiration, 

and evaporation.   Runoff can be expressed as a function of the hydrologic connectivity of 

soils with a parameter c, where in highly connected (c=1) systems RQ is equal to soil water, 

and in highly disconnected (c=0) systems RQ is equal to RP.  The Craig-Gordon model [3] is 

used to express RE as a function of RL, and we assume that RT approximates RL.  Incorporation 

of these elements allows for equation (1) to be integrated and for soil moisture, evaporation, 

transpiration, and runoff isotope transfer functions to be developed.  Conversely, given Rp, 

RT, RE and RQ the manner by which precipitation is routed through ecosystems (via 

parameters c and f) can be explored. 

3. RESULTS 

Combining the isotope transfer functions derived from equation (1) with a global mass-

balance of isotope ratios in precipitation and ocean fluxes, we estimate the global value of f is 

between 52-62% and c is approximately 58-81%.  Thus, slightly over half of all 

evapotranspiration returns to the atmosphere through the stomatal pathway.  Our assessment 

of the connectivity indicates that approximately 30% of runoff is direct precipitation which 

has not mixed with vadose zone soil moisture.  Additional sensitivity tests with stochastic 

simulations of rainfall isotope ratios reveals that both seasonality and amount effects likely 

influence soil water isotopic composition due to the tendency for isotopically heavier rainfall 

associated with larger events to either run off or recharge soil columns.   

4. CONCLUSIONS 

In this study we present a series of theoretical isotope transfer functions for surface 

hydrologic processes.  These transfer functions are used with global estimates of 

evapotranspiration and runoff to determine ecohydrologic routing of water though basins.  

This approach provides a useful framework from which further isotope studies of the soil-

plant-atmosphere continuum may be based. 
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Abstract: Stable isotope abundance of hydrogen (δ2H) and oxygen (δ18O) in liquid water 
from different freshwater resources in the Water Resources Region X, Southern Philippines 
were used to gain insight about the hydrological processes in the area. Water Resources 
Region X is divided into Cagayan-Tagaloan Basin and Agusan Basin. Cagayan-Tagaloan 
Basin is subdivided into Bukidnon, Cagayan de Oro East and West and MisOr. Agusan Basin 
is subdivided into Agusan, Surigao and Dinagat. Data presented here were the results of the 
reconnaissance water sampling campaign from September 2012 to August 2013. Precipitation 
samples were collected between October 2012 to September 2013 from areas of Malaybalay 
City (646 masl) and Manolo Fortich (571 m.a.s.l.), Bukidnon and San Francisco, Agusan del 
Sur (223 masl) to establish the local meteoric water line (LMWL) and to identify the role of 
precipitation as an input in groundwater and river systems. Precipitation samples were found 
to have δ18O values ranging between -3.62‰ to -11.94‰ and δ2H values of -17.30‰ to -
86.56‰. LMWL for Agusan Basin was determined to be δ2H = 7.84 δ18O + 9.96 ‰ (r2 = 
0.998) using rain collected from San Francisco, Agusan del Sur. LMWL for Cagayan-
Tagaloan Basin was determined to be δ2H = 8.11 δ18O + 10.19 ‰ (r2 = 0.985) using rain 
collected from Malaybalay City and Manolo Fortich, Bukidnon. The weighted annual 
average for δ18O was determined to be -6.87‰ and -9.00‰ for Agusan and Cagayan-
Tagaloan Basins, respectively. Weighted average for Cagayan-Tagaloan Basins was 
compared with the long-term weighted average of the nearest GNIP station of almost the 
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same elevation at Ilomavis, Mt. Apo, Davao City (740 masl) which is -8.06‰ for δ18O and 
was adapted as the reference index. The estimated average (-6.87‰ and -8.06‰ for δ18O) 
was used as an index to demarcate possible interconnection between different freshwater 
resources such as rivers, springs, shallow and deep groundwater based on corresponding δ18O 
values obtained for each water type. The δ18O abundance of waters from rivers in Cagayan-
Tagaloan Basin collected at high elevation areas, such as in Bukidnon, which are tributaries 
to the Tagaloan river, showed more depleted values (data range: -8.1‰ to -10.32‰; mean: -
9.25‰ and s.d.: 0.78‰; median: -9.27‰; n=6) as compared to the estimated index. The 
difference may be attributed to the depletion of oxygen-18 containing water during downpour 
caused by altitude effects. Groundwater driven from deepwells and springs from these areas 
have more depleted average δ18O values (-8.30‰ (s.d.= 0.4‰; n=12) and -8.37 (s.d.=0.52; 
n=6) for deepwells and springs, respectively) as compared to index value which may indicate 
local recharge process. On the other hand, δ18O values for both deepwell and spring 
groundwater obtained at lower elevation areas particularly in Cagayan de Oro, showed values 
ranging from -7.47‰ to -8.4‰ and exhibited more enriched mean δ18O values (7.95‰ 
(s.d.:0.25; n=11) and -7.87 ‰ (s.d.: 0.28; n=6) for deepwells and springs, respectively) as 
compared to the estimated index of -8.06‰ which may be recharged at lower elevations. The 
δ18O abundance of waters from rivers in Agusan Basin (i.e. Agusan and Surigao) showed 
more enriched values (data range: -4.4‰ to -6.28‰; mean: -5.66‰ and s.d.: 0.45‰; median: 
-5.78‰; n=18) as compared to the estimated index which may indicate evaporative 
enrichment. On the other hand, δ18O abundance for both deepwell and spring groundwater 
generally exhibited more enriched mean δ18O values (6.17‰ (s.d.:0.50; n=7) and -5.73‰ 
(s.d.= 0.57; n=27) for deep wells and springs, respectively) as compared to the isotopic index 
of -6.87‰ which may be recharged at lower elevations. Isotopic data for freshwater resources 
in Water Resources Region X is reported for the first time. 
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Abstract: In this study, we describe flow formation and dominant flow patterns (DFP) in 

subarctic streams aiming to integrate hydrological and ecological connectivity. We 

specifically examined interactions and feedbacks between hydrology and catchment 

topographical and landscape characteristics using natural tracers, stable isotopes (δ
18

O, δ
2
H) 

and silica (SiO2). Our study is based on data collected from 51 streams in the River Tenojoki 

basin in Northern Finland and Norway. The study sites were sampled for water chemistry and 

tracers, such as SiO2, in 2013 and 2014. These tracers were used as proxies for DFP in each 

study catchment. Our preliminary results look promising, and the relative differences of DFP 

distributions (e.g. groundwater proportion) between the study catchments can be estimated 

reliably. The variation in DFP is linked to topographical settings and land cover information, 

aiming to provide a useful proxy variable explaining variation in ecological communities. 
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Our approach to separate catchments by DFP offers a cost-effective method for tracing DFP 

in non-gauged stations in the majority of stream at high latitudes. 

 

1. INTRODUCTION 

There is an urgent need to understand how aquatic ecosystems are connected with their 

catchments and how they are affected by variability in hydrological controls at high latitudes. 

In particular, there is a need to develop methods to predict hydrological controls in remote 

locations and non-gauged catchments. Changes predicted by future climatic scenarios for 

high latitudes include increasing precipitation and temperatures, which may lead to changes 

in runoff and temperature regimes in streams. We hypothesised that, in the face of climate 

change, streams with a high proportion of groundwater (GW) tolerate variation and regime 

shifts and provide a less sensitive habitat against climatic variability, especially in high 

latitudes. Such groundwater-fed streams may also provide stable conditions for many cold-

water species, such as Arctic char.  

 

2. METHODS 

A total of 51 headwater catchments located in the River Tenojoki basin were sampled for 

water chemistry and tracers (e.g. SiO2) in 2013 and 2014. For isotope analysis, daily 

precipitation and snow profile samples were taken from the Kevo research station. 

Additionally, some natural springs were sampled to obtain “groundwater signal” and lakes 

were sampled for “evaporation signal”. For the DFP analysis, end-member mixing (EMM, 

sensu hydrograph separation) was used to determine DFPs in our study catchments. We 

acknowledge the fact that estimation of DFPs is sensitive and variable when the observation 

period is relatively short and the number of samples is small. Therefore, the purpose of our 

study was to observe relative differences between the study catchments rather than estimate 

absolute DFPs at individual the study area. Our results are also linked to topographical 

settings and land cover features, aiming to find a useful proxy variable for ecological studies. 

Various topographical indices were calculated and compared, such as topographical wetness 

index (TWI), SIDE-index, aspect and HAND-index together with geological analysis.  

 

3. RESULTS 

Our preliminary results are promising. In particular, they show that the relative differences of 

DFP distributions (e.g. groundwater proportion) between study catchments can be estimated 

reliably. However, we have not yet got final results and, therefore, those results will be 

presented at symposium presentation. 

 

4. CONCLUSIONS 

The approach integrating tracers and catchment characteristic for DFP separation offers a 

cost-effective method for tracing DFP in non-gauged stations, such as the majority of high-

latitude catchments. 
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Abstract: We studied the isotopic composition of oxygen and hydrogen in two rivers, and 
compared the results to local precipitation by fitting sinusoidal functions on the oxygen 
isotope data and looking at the phase shift and amplitude damping to find out the residence 
times of the river waters and the routes the water travels before entering the river channels. 
The Kokemäenjoki River is lake dominated whereas the Vantaanjoki River has been reported 
having a substantial groundwater component. Spring flooding is more evident in the 
Vantaanjoki River making up most of its annual discharge and in this study it was found out 
that the duration of snow cover dictates the mean residence time of the water in the 
Vantaanjoki River, not the groundwater component. In the case of the Kokemäenjoki River 
lake storage raises the mean residence time.  

1. INTRODUCTION 

Determining the residence time of water in catchments can help in predicting the behavior 
and lifetime of possible contaminants in the catchment. It has also been suggested to be an 
important factor in controlling nutrient budgets [1]. The residence time is determined by the 
routes water travels before entering the river channel and in part also by the depth of the 
channel. Lake storage can extend the residence time of water to a year [2-3], whereas river 
waters with a significant groundwater component can be expected to have longer residence 
times, up to several hundreds of years. 

In this study, we used the stable isotope compositions of hydrogen and oxygen in water, and 
their annual fluctuations to determine the residence time of water in two different rivers in 
southern and southwestern Finland, the Kokemänjoki River and the Vantaanjoki River. The 
residence time, and other isotopic evidence was used to get information about the storage of 
water in the catchment of the two rivers.  

The Kokemäenjoki River is located in southwestern Finland, and it has the mean discharge of 
180 m3/s. It is located in a mostly forested and agricultural area with many lakes. The 
Vantaanjoki River is located in the most densely populated area in southern Finland. It is 
considerably smaller than the Kokemäenjoki River with a mean discharge of only 16 m3/s. 
The catchment contains mostly agricultural and urban areas with several facilities releasing 
purified waste water into the river. Interaction with groundwater has been observed 
previously, but its extent remains to be determined [4]. 
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Snowmelt during the spring causes a considerable flooding event in both rivers. In the 
Kokemäenjoki River the period of higher than average discharge lasts for two to three 
months, in the Vantaanjoki River only for two weeks. The proportional rise in the discharge 
is much larger in the Vantaanjoki River, in which the flow of water 100-fold compared to the 
winter discharge, whereas in the Kokemäenjoki River, the discharge is only doubled or 
tripled during the spring flood. 

2. METHODS 

Monthly precipitation was collected from Espoo, southern Finland. The Kokemäenjoki River 
was sampled from November 2000 to February 2012 and the Vantaanjoki River from 
February 2010 to October 2011. From the Kokemäenjoki River the samples were collected at 
one site, 50 km from the mouth of the river. From the Vantaanjoki River monthly samples 
were collected from the mouth of the river, but, in addition to that, the length of the river was 
sampled at 14 different locations four times during the year. In addition, some of its main 
tributaries were sampled. 

3. RESULTS 

Isotopic time series from precipitation and river water show cyclical annual variations. 
Sinusoidal curves were fitted onto the time series using least squares methods (Fig. 1). The 
damping of the amplitudes of the curves for the river waters in comparison to that for the 
precipitation gives a method to estimate the mean residence time (MRT) of river water using 
the equation: 

MRT = ½ π (1-C)1/2 /C , 

where C is the amplitude damping given as C=B/A, A is the amplitude for the precipitation 
and B that for the river water. MRT is given in months [5]. 

The amplitudes of the sine curves were 3.24‰ for the precipitation, 0.36‰ for the 
Kokemäenjoki and 1.50‰ for the Vantaanjoki River. This gave a mean residence time of 2.4 
months for the Vantaanjoki River and 13.3 months for the Kokemäenjoki River.  

The mean annual δ18OVSMOW value for rainfall in southern Finland varied from -12 to -
11‰.The annual mean δ18O value of water was -12‰ in the River Vantaanjoki and -9.5‰ in 
the River Kokemäenjoki. Considering also hydrogen isotope ratios, it can be inferred that the 
water in the Kokemäenjoki River is more evaporated in comparison to water in the 
Vantaanjoki River. Evaporation effects are also evident in the deuterium excess values for the 
rivers, which are 7.4‰ for the Vantaanjoki River, 4.9‰ for the Kokemäenjoki River and 
10.8‰ for the precipitation.  

The profile of the Vantaanjoki River (Fig. 2) indicates three distinct isotopic trends along the 
flow path. Stage I is a fall in the δ18O values from the evaporatively enriched isotope values 
of a headwater pond. This shift may be addressed to discharge of surface and groundwater 
into the river. In the transition from Stage II to Stage III, a tributary adds an 18O-enriched, 
evaporated water component into the river channel. Water in these rivers can be regarded as a 
three component mixture of evaporated lake water, base flow from groundwaters and surface 
flow.  In sub-freezing temperatures during the winter, any surface flow into the river channel 
is prevented. Under these conditions, isotopic composition of the water can be modelled as a 
two component mixture of base flow and an evaporated lake water component. In Stage II, 
about 70% of water seems to have been derived from base flow. During spring flooding, the 
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mass balance is completely different. The discharge has raised 100 fold, and the isotopic 
composition of the river water does not differ from the average isotope value of the snow 
cover. Under these conditions, surface flow dominates the system and the proportion of base 
flow is insignificant.  

Figure 1. The δ
18

OVSMOW values of rainfall and rivers Kokemäenjoki and Vantaanjoki and the 

model curves fitted to the data. 

Figure 2. The δ
18

OVSMOW value profiles from the Vantaanjoki River in the winter, spring, 

summer and autumn in 2011. The arrow indicates the direction of flow. 

4. CONCLUSIONS 

The stronger enrichment in 2H and 18O in water from the Kokemäenjoki River in comparison 
to the Vantaajoki River can be addressed to lake storage in the catchment of the river. Lake 
storage results in a relatively long residence time of river water. A moderate enrichment in 2H 
and 18O in water in the Vantaanjoki River appears to be related to water being stored in 
groundwater aquifers. Isotope mass balance calculations show that there is indeed a 
significant groundwater component in the Vantaanjoki River. The comparatively short mean 
residence time of the river is explained by the spring flooding event constituting 70% of its 
annual recharge. 
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Abstract: Stable isotopes of water are a valuable tool for studying the water cycle. In our 
opinion the full potential of the stable isotopes of water have not been fully realized in 
Finland as there has been a lack of equipment and awareness how the isotopes can be used to 
generate new knowledge of the processes related to the water cycle. In this study we want to 
map how and where the stable isotopes of water have been used in Finland and form a 
database of the studies done so far in order to make the methods more known and available 
for future research(ers).  
 
1. INTRODUCTION 

The stable isotopes provide a valuable tool for researchers to study the water cycle. The 
purpose of this paper is to review and make metadata databank from stable isotope analysis 
conducted in Finland. The use of stable isotopes of water in Finland begun about 30 years 
ago, through a need to search for a safe location to store nuclear waste within the bedrock [1]. 
For this purpose samples for 18O, 2H and 3H were taken from deep boreholes across Finland. 
The results helped decipher the age of groundwater at a certain level of the boreholes, which 
further on made it possible to give trustworthy statements how likely threat the stored nuclear 
waste would pose for the population.  

At that time, the amount of 18O and 2H isotopes were analyzed with conventional mass 
spectrometers which were expensive and rare, therefore the number of samples in studies 
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were low. Lately new techniques in spectroscopy have succeeded in bringing the analyzer 
costs down and helped to popularize the isotope analysis as a standard tool in hydrology 
studies. However their wider use in Finland has been dragging due to lack of analyzers and 
the awareness of what can be studied and archived with the water isotopes.  

2. METHDOS 

We reviewed the published and unpublished literature about stable isotope studies done in 
Finland and gathered the essential sampling information to a database. So far the database 
contains location, coordinates, type of water sampled, starting and end time of sampling, 
sampling frequency and sampling quantity of approximately 11000 samples. Our goal is to 
bring the created database publicly available when completed.  

3. RESULTS 

The results of the first larger campaign for defining the isotopic composition of Finnish 
waters was published by Kortelainen and Karhu [2]. They monitored groundwater wells from 
19 different places for six years and sampled 953 wells scattered around Finland. In addition 
precipitation was sampled monthly for two years. As a conclusions of the study a national 
meteoric water line for Finland was defined from the groundwater data as δD = 8.5 δ18O 
+16.55 and δ18O and the δ values were found to decrease towards the northern Finland 
parallel with the mean annual surface temperature. Recent and on-going studies have added 
detail by forming regional meteoric waterlines, which help the researchers to improve their 
estimates of local water cycle. In recent years at University of Oulu, the isotopes have been 
used in various ways for example taking spatially distributed samples across wetlands to 
define which the active or stagnant flow zones are[3]or for quantifying groundwater surface 
water- interactions[4] On-going studies also include stable isotope of water to identify 
groundwater dependent water bodies and groundwater recharge/discharge areas. Also 
continuous sampling of precipitation has been started to get knowledge about annual 
variation of δ18O and δ2H in precipitation.  Results of data collection done up to now are 
plotted in Figure 1, which shows the locations of isotope studies done in Finland found from 
peer reviewed journals and also the known study sites from which the data has not yet been 
published.    
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Figure 1. Plotted locations isotope studies done in Finland and estimate of their sample sizes. 

Sample numbers represent a total number of 
18

O, 
2
H and 

3
H analysis. Figure contains data 

from unpublished studies and following references [1 - 11].  
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Abstract: Springs are unique and threatened groundwater dependent ecosystems. There is an 
urgent need for understanding the dynamics of spring capture zone and how the capture zone 
defines the spring ecosystem or if land use close to a spring might threaten the ecosystem. 
From this perspective we have collected stable water isotopes in various crystalline bedrock 
or glacio-fluvial soil formation springs in Northern Finland. The goal was to define what 
stable water isotopes can reveal from the spring capture zone. Our study shows that stable 
water isotopes of spring samples could be used to estimate groundwater residence time which 
largely determines the chemical characteristics of spring water. Isotopes also reveal if a 
spring is recharged by surface water. 

1. INTRODUCTION 

Springs are unique groundwater dependent ecosystems (GDEs) from ecological point of view 
[1]: their flora and fauna are highly specialized in boreal region, because of the continuous 
cold groundwater flux to the spring. Management of these springs should be emphasized and 
new indicators should be studied, which could e.g. help to classify the springs or to define the 
source of groundwater to the springs. On this perspective, we studied how stable water 
isotopes could be used as a part of the management of boreal springs in Finland.  

2. METHDOS 

From selected boreal sites in Northern Finland, spring water, groundwater and surface waters 
were sampled for chemical composition and stable isotopes of water. Springs were situated 
on crystalline bedrock (Fig. 1) or glacio-fluvial soil formations as esker or moraine. Samples 
were taken one or two times during summer period to define differences between start and 
end of the annual evaporation period. Isotope samples were analyzed using CRDS 
spectroscopy with Picarro L2120-i analyzer and isotope values were notified relative to 
VSMOW standard using δ notation. Statistical methods as Ward’s hierarchical clustering, 
principal component analysis and random forest model were used to define how different 
spring could grouped and how much information the stable water isotope data can explain the 
differences between springs. 

3. RESULTS 

Based on the isotopic fingerprint, spring waters were mostly homogenous, but some of the 
spring samples were more enriched due to evaporation. These springs could be separated to 
have significant amount of surface water. Based on statistical analyses the stable isotopes of 
water have a good correlation to the chemical quality of spring water. This was probably due 
to the size of the capture zone of the springs. Smaller capture zone of a spring would mean a 
shorter residence time, which means less time for different chemical components (e.g. anions 
or cations) to dissolve into water. Even though the elevation differences within studied areas 
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were only hundreds of meters, which is not enough for elevation signal in the rain water, the 
temporal difference of groundwater recharge was noted and explains why stable water 
isotopes have a correlation with capture zone size. The smaller capture zone water could be 
recharged within few months and e.g. the summer rain signal could be distinguished. The 
springs with average groundwater signal on the other hand indicate larger capture zone where 
isotope signal of different times of year have time to dilute. 

 

 

Figure 1.  A studied boreal spring in Oulanka National Park, Finland (picture by Jussi 

Jyväsjärvi). 

4. CONCLUSIONS 

Given that water chemistry is a pivotal factor in spring biota, successful management and 
conservation of springs should take water chemistry into account. If the local conditions 
surrounding the studied springs have been initially studied, the isotopic signature of spring 
water can be a useful proxy for spring water chemistry. As the resources for spring 
management can be limited, the stable water isotopes can be nowadays a cheap indicator that 
can be collected from numerous sites.  
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Abstract: The aim of this work is to characterize the hydraulic/geochemical relationships 
between surface water and groundwater in the Quinto river basin (Cordoba province). The 
aquifer-river hydraulic relationships were effluent/influent, varying in space basically as a 
result of geomorphology. δ2H and δ18O isotopic values show that surface water and 
groundwater samples coincide in a mixing line, presenting different evaporation degrees. The 
isotopic results and geochemical numerical model show that in summer and winter, the water 
quality of Quinto River may be explained by mixing processes between surface water, greatly 
influenced by Chañares dam, and local, intermediate and/or regional groundwater flow. In 
summer, the surface water component (72%) predominates while in winter groundwater 
prevails (82%). 

1. INTRODUCTION 

Most surface water systems interact with groundwater, making it necessary to elucidate the 
relationships for the appropriate management of water resources. The aim of this work is to 
perform dynamic and geochemical (general/isotopic) characterization of the interrelationships 
between surface water and groundwater to establish a reliable hydrogeological model as a 
base for environmental planning. 

2. METHODS 

Climatic, geological, hydrological and land use features were analyzed and interpreted after 
the field work and sampling surveys in which 30 samples of surface water and groundwater 
were collected. Routine chemical analyses were made at the National University of Rio 
Cuarto (UNRC), also adding δ2H and δ18O isotopes analyses at the Instituto de 
Geocronología y Geología Isotópica (INGEIS). The numerical geochemical models were 
performed using the PHREEQC software [2]. 

3. RESULTS 

The studied area (2,300 km2) is located in the South of Córdoba province (Argentina, Figure 
1). The sandy plain of southern Córdoba is a palimpsest relief type resulting from the 
juxtaposition of a wind system (Pampean Sand Sea) with the Quinto river fluvial system. It 
has a flat to gently undulated topography, where aggradation processes dominate. 
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Figure 1. Study area 

Longitudinal and parabolic dune systems of different origin and age distinguish the area. The 
dunes overlap the Quinto River alluvial palaeofan. The area is crossed by the mid-lower 
reach of the present Quinto River course whose headwaters are located in San Luis province 
(towards the West) and regulated by dams upstream of the study area. The dry sub-humid 
climate is characterized by an annual rainfall of 607 mm from which 85% is concentrated in 
spring-summer. 

The river has flow variations between summer (25.0 m3/s) and winter (4.2 m3/s) with an 
average water velocity of 0.8 m/s. Hydraulic relationships (Figure 2) are variable but in most 
reaches the river is a gaining watercourse as a result of aquifer contribution. Surface water 
salinity increases following the flow direction (1,680 up to 1,960 in summer, and 2,289 up to 
3,150 mg/L in winter). The geochemical surface water in the studied area is always and 
everywhere sodium sulfate type. 

 

Figure 2. Section A13. Unconfined aquifer - Quinto river hydraulic relations. 

The unconfined aquifer is mainly composed of Quaternary sediments, dominantly of aeolian 
origin (with different carbonate cementation grades), and subordinately of fluvial materials. 
Hydraulic conductivities are variable (1-10 m/d). The general groundwater flow direction is 
NW-SE (Figure 2) and groundwater flow velocities are low (0.04 up to 0.20 m/d). This 
unconfined aquifer exhibits a complex geochemical pattern. In fact, groundwater salinity 
ranges from 0.4 g/L (fresh), linked to recharge in dunes, up to 2.0-11.0 g/L (brackish to salty) 
associated with the rest of the aeolian plain, especially in the low hydrohalomorphic areas. In 
general, groundwater shows a geochemical evolution in the flow direction from fresh to salty 
water, changing also the geochemical type (sodium bicarbonate to sodium chloride). 
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Isotopic results (δ2H and δ18O) show a general enrichment in West-East direction, as a result 
of water flow after the recharge of surface water and groundwater bodies in the piedmont 
region (San Luis province, at the West area). The recharge comes from rains, isotopically 
depleted by continental and altitude effects, originated in a wet warm front from the Atlantic 
Ocean. (Figure 3A). Isotopic behavior shows that river samples, with different evaporation 
degrees, are aligned in a mixing line and are connected to those of the unconfined aquifer. 
Thus, the position of the samples indicates mixing river-aquifer processes. Using the “lever 
rule” (Figure 3B) and the extreme position obtained for Chañares dam sample (ARV8) and 
for the unconfined aquifer average value sample (M122), it was determined the mixture 
percentages of aquifer and dam contribution in the river water. This information confirms that 
at the entrance of Cordoba province, surface water dominates in summer (72%), while in 
winter, base flow from the aquifer predominates (82%) despite being a dam regulated river. 

 

Figure 3. (A) δ
2
H vs δ

18
O for Quinto river and unconfined aquifer samples in the upper basin 

and in the study area. (B) δ
2
H vs δ

18
O for Quinto river water samples (A11) at the entrance 

of Cordoba province (summer and winter) and the relation with Chañares dam sample 

(ARV8) and groundwater sample (M122). 

To validate this scenario, a numerical inverse geochemical model was made using 
PHREEQC 2.17 software [2]. The constraints were HCO3

-, SO4
2-, Cl-, Na+, K+, Ca2+, Mg2+ 

(Table 1) and the mineral phases were those identified in the river and aquifer sediments [1]. 
Isotopes values were considered. The hypothesis was that A11 sample is the result of a 
mixture between ARV7 (surface water that is flowing from the upper basin) ARV8 (water 
from Chañares dam) y M15JD (groundwater). Twenty one (21) models satisfy the restrictions 
assumed in the conceptual model. In Table 2 the model that better fits the summer season is 
presented. In this model, 75% is surface water and 25 % is groundwater. In the winter season, 
surface water contributes with 18 % and the aquifer with 82% [1]. 

Table 1. Chemical analysis of the samples used in the numerical modeling 

SAMPLE pH 
EC 

µS/cm 
TDS 
mg/L 

CO3
-2 

mg/L 
CO3H

- 
mg/L 

SO4
-2 

mg/L 
Cl- 

mg/L 
Na+ 

mg/L 
K+ 

mg/L 
Ca+2 

mg/L 
Mg+2 

mg/L 
ARV7S (IS) 7.9 2.240 1.568 0 293 713 251 404 15 107 25 
ARV8 (IS) 8.2 3.100 2.170 0 325 832 337 556 18 92 57 
M15JD (IS) 8.2 6.300 4.410 0 440 1698 1057 1607 28 104 83 
A11S (FS) 8.7 2.400 1.680 12 278 643 243 450 16 84 32 

 

 

B A 
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4. CONCLUSIONS 

These surface water-groundwater relationships show the control exerted by the relief, the 
lithology and the climate. The chemical composition of both hydrological systems is 
essentially the consequence of different water velocity in each water body. Mixing processes 
between surface water and local, intermediate or eventually regional groundwater result in 
the observed geochemical pattern. 

Table 2. Results of numerical modeling carried out with PHREEQC (Model 7) 

 

The chemical composition of surface water is homogeneous with freshwater from beginning 
to end of the study area, despite having traveled tens of kilometers and maintaining, in most 
sections, hydraulic connection with an aquifer that provides brackish to salty groundwater. 
Although the river flows through areas with different aquifer salinity and geochemical type, a 
preponderance of surface water in summer is evident. A larger surface water mass and the 
differences in water velocity between the two systems generate a scenario where solutes that 
come from the aquifer are diluted by hydrodynamic dispersion. 

Isotopic data and numerical geochemical modeling indicate that in summer and winter, the 
water quality of Quinto River may be explained by mixing processes between surface water, 
greatly influenced by Chañares dam, and groundwater flow. In summer, the surface water 
component dominates (72 %) while in winter groundwater prevails (82%). 

The findings in the studied basin show a typical case of natural and anthropic constraints, 
whose behavior does not recognize political boundaries. This would indicate the need for 
inter-jurisdictional studies. 
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SAMPLE 
Mixture 
fraction 

NaX2 
mol/L 

CaX2 
mol/L 

MgX2 
mol/L 

CaSO4:2H2O 
mol/L 

ClNa 
mol/L 

ARV7V (IS) 0.61 2.07 -1.37 0.33 1.96 1.66 
ARV8 (IS) 0.14 0.47 -0.32 0.07 0.45 0.38 
M15JD (IS) 0.25 0.85 -0.56 0.14 0.80 0.68 
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Abstract: The objective of this work is to characterize the hydraulic and geochemical 
relationships between surface water and groundwater using 222Rn to validate the summer 
hydrological model in the Ají stream basin (Córdoba, Argentina). The aquifer-stream 
hydraulic relationships were effluent/influent, varying spatially as a result of geomorphology, 
climate and human actions. Isotopic values of δ2H and δ18O show that groundwater and 
stream samples lay in a mixing line. Geochemical numerical model and 222Rn indicate a small 
contribution from the aquifer in the summer season (in the order of 2%). 

1. INTRODUCTION 

For the evaluation of surface water -groundwater interactions all methods have shown 
significant uncertainty, as usually happens when humans try to quantify nature. The objective 
of this research was to evaluate surface water and groundwater hydrodynamic and 
hydrochemical behavior and their relationships. The studied area (1,200 km 2, Figure 1), 
defined as a result of a water company requirement, is the medium-low reach of Ají stream 
basin, situated in the sandy plain of the South of Córdoba province (Argentina). The upper 
basin of this stream is located in the Comechingones Mountains (Córdoba Province). The 
area has a flat to gently undulated relief, with longitudinal and parabolic dune systems of 
different origin and age which are crossed by the Ají stream fluvial strip. Climate is 
subhumid, characterized by an annual rainfall of 750 mm, from which 85% is concentrated in 
spring-summer. 

2. METHODS 

Climatic, geological, hydrological and land use features were analyzed. Twenty five samples 
of surface and ground water were collected. Routine chemical analyses were made at 
National University of Rio Cuarto laboratory and 2H and 18O isotopes analyses at the Instituto 
de Geocronología y Geología Isotópica (INGEIS). Some samples were collected in the upper 
and middle basin to facilitate hydrological interpretations. The numerical geochemical 
models were performed using the PHREEQC software [3]. The activity of 222Rn in surface 
water and groundwater was measured in situ in 7 samples through the RAD7 radon detector 
(Durridge Co.) belonging to INGEIS. 
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Figure 1. Study area. 

3. RESULTS 

The stream has flow variations between summer (0.8 m3/s) and winter (0.46 m3/s) with an 
average water velocity of 0.34 m/s. Hydraulic relationships (Figure 2) are variable but, in 
most reaches, the watercourse is a gaining stream as a result of aquifer contribution. Surface 
water salinity shows a notable homogeneity along the studied stream reach (848 mg/L to 987 
mg/L in the flow direction) and along the year, with low salt increases in winter. The surface 
water is of sodium bicarbonate geochemical type (Figure 3A). 

The unconfined aquifer exhibits a complex geochemical pattern, with variable salinity from 
0.4 g/L (fresh water), linked to recharge in dunes, up to 11 g/L (salty water) in the 
hydrohalomorphic areas. Groundwater shows a normal geochemical evolution in the flow 
direction from fresh to salty water, changing also from sodium bicarbonate to sodium sulfate 
and, finally, to sodium chloride geochemical type (Figure 3A). 

 

Figure 2. Hydraulic relation between stream and aquifer in sections A2 and A4. 

The analyses of relationships shown that surface water exhibits marked homogeneity, with 
freshwater from beginning to end of the studied area, despite having traveled tens of 
kilometers and maintaining, in most sections, hydraulic connection with an aquifer that 
provides brackish to salty groundwater. The nitrate, a pollution indicator derived from cattle 
and fertilizers, was found in high values in groundwater, exceeding natural background. 
However, surface water shows low nitrate values (4.5 mg/L - 14.7 mg/L), as a result of 
hydrodinamic dispersion and the N use from macrophytes and algae. 

Isotopic results (δ2H and δ18O) show a general enrichment in West-East direction, because 
the water that recharges the aquifer and surface water bodies in the piedmont area of the 
Comechingones Mountains (outside the study area) comes from depleted rains originated in a 
wet warm front from the Atlantic Ocean (continental and altitude effects ) [1]. In Figure 3B it 
can be seen that all the samples from the stream and the aquifer lay in a mixing line, where 
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they show different evaporation degree. The most depleted are those surface water samples 
pertaining to the rainy season which are linked to the flows coming from the mountains. 

 

Figure 3: (A) Water geochemical type in stream and aquifer. (B) δ
2
H vs δ

18
O for Aji stream 

and unconfined aquifer samples 

In some samples, the similarity between aquifer and stream isotopic features are closely 
linked to induced recharge from the stream freshwater when groundwater is abstracted in 
wells located at the side of the stream (Figure 2, Section A2). This holds a singular 
environmental positive connotation, because the induced recharge improves the groundwater 
status. More studies are necessary to evaluate the winter behavior, but preliminary δ2H and 
δ

18O isotope results show more fractionation in winter stream samples as a result of 
evaporation and low influence from high flows from the upper basin. The numerical 
geochemical model of the Aji stream for the summer season, near the gauging station where 
222Rn was measured (A3 section), shows that sample A3 is predominantly surface water 
(98/2) [1]. If isotopes values are considered, the geochemical model using PHREEQC (Table 
1) shows a bit lower aquifer contribution (98.5/1.5). To obtain the explained A3 sample 
composition, the mixture was made with 3 components (considering their position in the 
basin): Aji stream upper basin (AZ2), Suco Lake and aquifer (M139) samples (Figure 4A). 

Table 1. Results of numerical modeling carried out with PHREEQC (Model 14) 

 
In order to add quantitative evidence to the conceptual hydrogeological model, a preliminary 
characterization of the stream-aquifer relationships, using 222Rn dissolved in water, was made 
at the end of the rainy season. The characterization of 222Rn activity (in Picocurie per liter, 
pCi/L) of groundwater and surface water was performed by punctual water measurements in 
7 sites (stream and wells) (Figure 4B) located along the entire basin. Suco Lake, located in 
the upper basin (outside the study area) showed results (2.2 pCi/L) which are consistent with 
large surface runoff contribution. On the other hand, the Aji stream (within the study area), 
with a flow of about 0.8 m3/s at the selected gauging station, showed low 222Rn values 
(4.5 pCi/L), but consistent with its hydrological position, i.e. discharge zone of groundwater 
flow. The unconfined aquifer near the gauging station exhibited high 222Rn values, typical of 
groundwater contained in aeolian sediments [1]. The highest value (351 pCi/L) corresponds 

SAMPLE 
Mixture 
fraction 

NaX 
mol/L 

CaX2 
mol/L 

MgX2 
mol/L 

CaCO3  
mol/L 

AZ2 (Aji stream upper basin) (IS) 0.83 -0.35 0.48 -0.29 -0.30 
SUCO LAKE (IS) 0.155 -0.06 0.09 -0.05 -0.05 

M139 (IS) 0.0114 -0.005 0.007 -0.004 -0.004 
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to a confined aquifer and is probably related to the aquifer depth and slow groundwater flow 
(Figure 4B). At the A3 gauging station, an estimation of groundwater contribution was 
performed, taking into account 222Rn mass balance [2]. The 222Rn regional background value 
in surface water was tentatively established in 1pCi/L, on the basis that generally there is no 
222Rn in surface water. The result indicates that, at the sampling moment, surface flow 
predominated and groundwater contribution would be of approximately only 2%. 

 

Figure 4. (A)Samples selected for the mixture model. (B) Schematic situation for 
222

Rn 

4. CONCLUSIONS 

These surface water-groundwater relationships show the control exerted by the relief, the 
lithology and the climate. The chemical composition of both hydrological systems is 
essentially the result of different water velocity in each body. This situation leads to mixing 
processes between surface water and local, intermediate or regional groundwater giving rise 
to the observed geochemical pattern. The aquifer-stream relationships were effluent/influent, 
varying spatially as a result of geomorphology and human actions. The stream water samples 
and those abstracted from adjacent wells exhibit the same geochemical type (sodium 
bicarbonate) due to induced recharge.  

The isotopic behavior (δ2H - δ18O) of both hydrological systems in the studied stream reach 
also indicates water mixtures. This point is validated by 222Rn and the numerical geochemical 
modeling which indicate a small contribution from the aquifer (~2 %) in summer. 

Considering that surface water flows in areas with different groundwater salinity (up to 
10 mS/cm in the low basin), it was interpreted that, in summer, surface water dominates the 
water mixture process. As a result of its high velocity and the entering of such small 
groundwater quantities, salts that come from the aquifer are diluted. More studies are 
required; especially an extensive sampling in the two contrasting seasons if a more 
comprehensive description of the entire basin is attempted.  
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Abstract: Role of snow in the hydrological cycle of the Borjomula-Gudjaretis-Tskali rivers 

basin, Little Caucasus Mountains, South-western Georgia, was assessed using table isotope 

approaches since 2010. Monitoring consists of precipitation, air temperature and humidity 

measurements at 3 sites, and water level measurements at 2 rivers. Monthly samples for 
18

O 

and 
2
H were collected from 3 rain gauges, 2 rivers, 1 borehole and 2 springs at different 

altitudes. Additional event measurements were conducted during snowmelt periods. Although 

snowfall represents just about 30% of annual precipitation, snowmelt water contributes by 

about 50% to streamflow. Snowmelt affects river runoff at least 2-3 months.  

 

1. INTRODUCTION AND STUDY AREA 

The studied area is situated in the South-western Georgia, in the Little Caucasus Mountains, 

mean altitude about 1700 m a.s.l. It is drained by the Gudjareti-Tskali (316 km
2
) and the 

Borjomula rivers (168 km
2
). Apart from the mountains surrounding the study area, the 

dominant geological unit is the lava plateau between the two rivers [1]. Mean annual 

precipitation varies from 650 to 950 mm. This study is a pioneering work on snowmelt 

contribution to water resources in the Georgia-Armenia-Azerbaijan region using isotope 

approaches, and addresses two objectives: a) proportion of snow in the annual precipitation, 

and b) contribution of snowmelt to streamflow. It  is supported by the IAEA-CRP F3.20.03 “The 

role of snow in hydrological cycle of the Borjomula-Gudjareti-Tskali rivers basin, Georgia“,  

and more recently by the Swiss National Foundation, Joint Research Project (Switzerland –Georgia–
Czech Republic) “Snow resources and the early prediction of hydrological drought in mountainous 

streams”. 

 

2. METHODS 

Monitoring and sampling (since 2010) consisted of precipitation, air humidity and 

temperature measurements at three stations, water level measurements on the Borjomula and 

Gudjareti rivers, monthly sampling for 
18

O and 
2
H at 3 precipitation stations, 2 river gauges, 2 

springs  and 1 borehole, snow depth and water equivalent measurements at 5 sites and  event-

based snowmelt water sampling at 3 sites. Analyses of 
18

O and 
2
H were performed by the 

LGR facility at the Czech Technical University in Prague, and the Picarro facility at the 

Institute of Geophysics of Ivane Javakhishvili Tbilisi State University. 
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3. RESULTS 

Fig. 1a summarizes the monthly stable isotope monitoring for 2010-2014, incl. GNIP stations 

in Bakuriani and Tbilisi (since 2008) and GNIR station on Mtkvari close to the study area 

(since 2010). Values in streams indicate appearance of lighter water, attributed to snowmelt 

contribution. Groundwater values indicate a well-mixed origin and are mostly higher than 

those in streams. This suggests a dominance of snowmelt-governed headwaters for 

streamflow generation along the entire river course.  Daba spring and Tba borehole 

demonstrate the identical isotopic behavior during spring seasons, as they both are located in 

the same aquifer.  

 
Fig. 1 – a ) Isotopic monthly monitoring in the study area over the period 2010-2014, 

b)Snowmelt period 2014 in the area of the Borjomula river. 

 

Fig. 1b shows that the first phase of snowmelt period 2014 started early in the middle of 

January and ended in the first decade of February. The second phase started in the end of 

February and lasted about 2 weeks. Water level in the Borjomula river increased as a 

response to the snowmelt in the first February decade and later the typical snowmelt diurnal 

variability of runoff evolved. Snow in the upper areas of the catchment melted before the 

river reactions on snowmelt season.  

 

4. CONCLUSIONS 

Snowfall in the Borjomula-Gudjareti catchments represents about 30% of annual 

precipitation, and snowmelt water is an important source of water for the rivers. It affects 

river runoff at least 2-3 months, thus important also for water availability in dry summer 

period. Groundwater supplies the streams by sustainable runoff contribution, causing an 

overall mean water transit time of between 2 and 3 years from precipitation to runoff.  

Isotopic composition of snow cover does not show an altitude gradient, but, stable water 

isotopes in the snowmelt water significantly differ among the sites and they are different from 

those in the snow cover.  
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Abstract: Evapotranspiration is a key component of the hydrologic cycle in Canada, causing 

an annual runoff deficit in some regions during low precipitation years [1]. Many areas in 

northern Canada have limited available data, leading to the use of estimation methods and 

remote sensing for water management with limited validation of these estimates. This is a 

concern in the lower Nelson River basin (LNRB, Nelson River basin between Lake Winnipeg 

and Hudson Bay), where Manitoba Hydro manages six hydroelectric generating stations and 

relies on accurate simulations and forecasting for efficient water management. Reduction of 

evapotranspiration uncertainties within northern basins may be assisted with partitioning 

evapotranspiration to address vegetation types (transpiration) and surface water 

(evaporation). Partitioning evapotranspiration is also significant for non-stationarity and 

climate change assessments due to varying vegetation cover [2]. Stable water isotopes can be 

used to identify evaporation-transpiration partitioning due to differences in fractionation, 

useful for assessing outlet fractionation. Using stable water isotopes, partitioning of 

evapotranspiration for terrestrial lakes has shown a wide range of partitions, where 

transpiration partitions have been as high as 80% [3]. Similar concepts of partitioning may 

also be applied to basins through the use of iso-hydrological modelling. A lumped iso-

hydrological model was previously developed to identify the primary streamflow components 

within select headwater basins in the LNRB [4], and identified high uncertainty with 

evapotranspiration rates due to the rate fractionation. The model was modified to partition 

evapotranspiration into the fractionating (evaporation) and non-fractionating (transpiration) 

components. These locations collect both discharge and isotopic compositions at the outlet, 

where throughout the LNRB, precipitation, evaporation pan, and soil water compositions are 

collected [5]. Surface water mixing slopes (3.9 – 4.3) indicate strong evaporative influence in 

addition to strong seasonality (minimum 7‰ annual variability) due to snowmelt. The 

headwater basins have limited topographic relief resulting in high wetland percentages and 

greater transpiration partition. Northern seasonality impacts the partition due to shortened 

growing seasons, where evaporation dominates the partition early and late in the ice-off 

period when transpiration is limited due to cold temperature effects on vegetation. 

Evapotranspiration estimations are difficult to quantify due to limited measurements, 

however validation of estimates may be facilitated through the simulation of streamflow 

compositions. 
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Abstract: In this study we report a stable O and H isotopic investigation of Ugandan rivers, 

lakes, wetlands, rainfall and groundwaters. Surface- and ground-waters in Uganda have δ
18

O 

values ranging between −4.0 ‰ and +8.7 ‰, δ
2
H values ranging between −13.2 ‰ and 

+55.5 , and deuterium excess values ranging between −17 ‰ and +22‰. The highest δ
18

O 

and δ
2
H values and lowest deuterium excess values are found in Ugandan lakes; whereas, the 

lowest δ
18

O and δ
2
H values and highest deuterium excess values are found in springs and 

river waters sourced from the Rwenzori mountains of southwest Uganda. We analyze the 

isotopic composition of lake waters using a stable-isotope-mass-balance to calculate the 

fraction of evaporation as a proportion of water inputs to 24 lakes and show that a sample of 

lake water analyzed for O and H isotopes, coupled to the application of a stable-isotope-

mass-balance, can rapidly delineate well flushed (low evaporation/input ratio) and terminal 

(evaporation/input ratio of close to 1) lake systems. 

 

 

Figure 1. The isotopic composition of Ugandan waters. Regressions are shown for lakes 

(LEL) and meteoric waters at Entebbe (MWL, data obtained from the International Atomic 

Energy Agency’s Global Network for Isotopes in Precipitation). Grey shading surrounding 

regressions mark tth1 
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Table 1. Average isotopic compositions of Ugandan water samples 

Sample type n δ
18

O (‰) δ
2
H (‰)  d-excess (‰) 

 Avg. s.d. Avg. s.d.  Avg. s.d. 

Groundwater 75 −0.5 1.9 +6.1 10.2  +10.2 6.0 

Lakes 36 +3.4 2.6 +25.9 13.3  −1.3 7.6 

Rivers 67 −0.5 2.4 +5.8 12.7  +10.0 7.6 

Springs 13 −2.0 1.7 −0.3 9.3  +15.5 4.7 

Swamps 12 −0.3 2.0 +8.2 12.6  +10.5 6.5 

Tap water 22 +0.1 2.5 +8.8 12.8  +7.9 7.5 

Rainfall * 267 −2.0 2.4 −3.6 17.7  +12.3 5.3 

* rainfall statistics from the combined precipitation datasets collected at Entebbe, Soroti, 

Jinja, Masaka, Wobulenzi and Kericho; data obtained from the International Atomic Energy 

Agency’s Water Resources Programme: www.iaea.org/water. 
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Abstract: We determined the Li isotopic composition of water samples from the River Gunt 
catchment (Tajikistan) to identify ground water contributions and/or subsurface passages of 
the River Gunt and its tributaries. The Li-isotopic signatures of the water samples show big 
differences in their spatial distribution in the catchment (δ7Li from +7‰ to +30‰). These 
variations give us a hint on the flow paths of the tributaries and possible ground water 
inflows. 

1. INTRODUCTION 

The high alpine regions in Central Asia are the headwaters for big river systems such as the 
Amu Darya, which is intensively used for agricultural purposes. For the local water resources 
management it is important to understand the key factors and processes of runoff generation. 
It is assumed, that the dominant factors for runoff generation are glacier and snow melt in the 
Pamir Mountains. However the influence of ground water to river water is also an important 
factor but still not well understood. We investigated the River Gunt catchment as an 
exemplary catchment for the Pamir Mountains to identify the origin and to quantify the 
portion of ground water. Thereby we analyzed water samples of river water, subsurface water, 
thermal water and glacier water for δ7Li.  
 
2. METHODS 
 
In October 2011 and September 2013, water samples were collected from rivers, thermal 
springs, cold springs and wells at in total 50 sampling sites. All water samples were filtered 
through a 0.45µm cellulose acetate filter and filled in pre-cleaned 125 and 250 mL HDPE 
bottles and acidified with nitric acid.  
 
At the laboratory for isotopes at the Institute for Geosciences at the Goethe-University 
Frankfurt the sample preparation was modified and realized after Seitz [1] and afterwards 
measured by a Multi-Collector Inductively Coupled Plasma Mass Spectrometer Neptune. 
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The Li isotopic compositions are presented as per mil (‰) deviation from the isotopic 
standard NIST L-SVEC. 
 

3. FIRST RESULTS 
 
We detected a wide range of δ7Li values (from +7‰ to +30‰), whereas the highest values 
were measured in the glacier melt water at the glacier snout (δ7Li = +28.8‰) which are 
similar to the δ7Li value of sea water, the lowest values were found in the samples of thermal 
water and springs in solid rock (δ7Li between +8‰ and +11‰), the samples of river water are 
more or less placed on a mixing line in between (Fig. 1).  
 
We assume that tributaries showing an isotope signature similar to the glacier ones are mainly 
controlled by melt water while water samples with δ7Li values comparable to the δ7Li values 
of subsurface water samples pass through the underground or have a strong interaction 
between river water and river bed. The water samples of the main stream Gunt also show low 
δ

7Li values so we assume a strong contribution of subsurface water to the total runoff or an 
intensive water-rock-interaction in its riverbed.  
 

 

Figure 1.  δ
7
Li distribution in waters in the Tajik Pamir. 
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Abstract: In the north of the Žitný ostrov, part of the Podunajská nížina Lowland, Slovakia, 
gradually rises as much as 2000 L/s of groundwater. Groundwater in this area is mainly 
formed by bank infiltration from Danube River - directly, or indirectly through the Danube 
left arm Malý Dunaj River. As probable potencial sources of groundwater could be 
considered river Váh and local streams as well. Since the Danube water isotopic composition 
differs vastly from the water of local origin, monitoring of δ2H and δ18O represents an 
appropriate tool for identification of origin of groundwater springing in Klatovské rameno 
stream. Results of more than one year monitoring have shown that this groundwater 
originates from local rivers bank infiltration and reaches seepage place by flowing under 
Malý Dunaj River bed without the interaction. Groundwater of similar (enriched) isotope 
composition is present in upper part of Quaternary sedimentary aquifers. This concept is 
consistent with body of groundwater of worsened quality documented in this area. Deeper 
situated aquifers are fed by groundwater of Danube origin. Groundwater in aquifers in 
underlying Neogene sediments is depleted and probably recharged in colder climatic period. 
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Abstract: The isotope ratios of hydrogen and oxygen in Danube water at Vienna have been 

measured since 1963 (
3
H, stable isotopes 

2
H and 

18
O since 1968). This is probably the 

worldwide longest isotope record of a large river. The advantage of river water sampling in 

comparison to precipitation sampling is that the isotopic composition in river water represents 

the whole catchment area, it allows drawing hydro-meteorological conclusions on a larger 

scale based on a relatively small number of measurements. The stable isotope time series 

shows significant changes in a decadal scale, e.g. a remarkable increase of δ
2
H and δ

18
O in 

the 1980ies mainly due to rising environmental temperature. Results of stable isotope 

measurements (δ
2
H, δ

18
O) of daily grab samples, taken from the Danube at Tulln (river km 

1963) during 2012, show seasonal and short term variations depending on the 

climatic/hydrological conditions and changes in the catchment area (temperature changes, 

heavy rains, snowmelt processes). 
3
H results show peaks (half-width 1-2 days, up to about 

150 TU) exceeding the regional environmental level of about 9 TU,  due to releases from 

nuclear power plants.  

1. INTRODUCTION 

Rivers are an important linkage in the global hydrological cycle, returning about 35 % of 

continental precipitation to the oceans [1]. For sustainable management of water supply, 

agriculture, flood-drought cycles as well as ecosystem and human health, there is a basic need 

to improve the scientific understanding of water cycling processes in river basins and the 

ability to detect and predict impacts of climate change and water resources management. The 

International Atomic Energy Agency (IAEA) has launched a monitoring program, the Global 

Network of Isotopes in Rivers (GNIR), aimed at regular analyses of the isotope composition 

of runoff in large rivers. Austria contributes to this global network with the long term 

sampling and measuring series of the sampling site “Donau/Wien”. The existing sampling 

program in Vienna comprises monthly grab samples. Furthermore a new sampling point was 

established at Tulln (river km 1963) to conduct a detailed analysis of daily data including the 

meteorological documentation in order to understand short-term isotopic signals in the 

Danube River system [2].  

2. METHODS 

Water samples for 
3
H activity measurement were electrolytically enriched and analysed by 

low level liquid scintillation counting (LLSC, precision ±5 %). All δ
18

O and δ
2
H results are 

reported as relative abundance in per mil (‰) with respect to the international standard 
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VSMOW (Vienna Standard Mean Ocean Water). The accuracy of measurement is better than 

± 0.1 ‰ for δ
18

O and better than 1.0‰ for δ
2
H.  

3. RESULTS 

Long term trends 

The impetus for starting isotope hydrology in the early sixties came from the marking of the 

atmosphere and therefore the precipitation water with tritium by the atmospheric nuclear 

weapons tests in the fifties and early sixties. Since 1952, the 
3
H content of precipitation has 

been dominated by the 
3
H releases of nuclear weapon tests. As a consequence the 

3
H 

concentration of precipitation increased by about a factor 1000 in 1963 (maximum) followed 

by a continuous decrease. During the last decade 
3
H values have approached “pre-bomb” 

levels again (Figure 1). The 
3
H-tracer went through all hydrological systems and allowed for 

decades to determine reliably the age or mean residence time (MRT) of water in a 

hydrological system, e.g. [3]. The 
3
H content of rivers follows with a certain delay on the 

3
H 

content of precipitation, depending on the residence time of precipitation water in the 

catchment area.  

 

Figure 1: Long-term 
3
H time series of 

precipitation (monthly mean values) and 

Danube (monthly grab samples) at Vienna.  

Figure 2:δ
18

O time series of the Danube 

River at Vienna (monthly grab samples, 

12- month running average, Rank et al. 

2012, updated) and Tulcea.  

 

Associated with the attenuation of the nuclear weapons 
3
H activity in the environment local 

and regional 
3
H releases have become more important and visible. Since 1994 some of the 

monthly grab samples of Danube water showed elevated 
3
H content (Figure 1), obviously due 

to regional or local influences (mainly releases from nuclear power plants, [4, 5]). This delay 

in runoff leads also to an attenuation of seasonal fluctuations of 
3
H concentration.  

Long-term stable isotope records of precipitation water exhibit significant decadal changes in 

the isotopic composition [4]. As a consequence, also the stable isotope time series of rivers 

shows significant changes in a decadal scale, e.g. a remarkable increase of δ
18

O in the 1980s 

mainly due to rising environmental temperature (Figure 2). The long-term δ
18

O trend of 

several Austrian rivers – Danube tributaries and the alpine section of the Rhine – is similar to 

that of the Danube [5]. Thus one can conclude that this trend in the order of decades 

represents a general climatic long-term isotopic signal – input from precipitation – in all 

hydrological systems. 
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Short-term signals 

In addition, daily grab samples of the Danube river water at Tulln through the entire year 

2012, allow a detailed analysis of the seasonal, temperature and weather governed progress of 

stable isotope ratios in river water (Figure 3). Quick changes of the isotopic composition 

within a few days emphasize the necessity of at least daily sampling for the investigation of 

hydrological events. The isotope data of daily samples are lying close to the Global Meteoric 

Water Line, which leads to the conclusion that evaporation influence on the isotopic 

composition in river water plays only a minor role in the Upper Danube Basin. The 

comparison of the seasonal variation of isotope ratios in river water with that in precipitation 

in the catchment area shows a significant difference in the seasonal variation. While 

precipitation shows a maximum in δ
18

O during summer, river water is characterised by a 

summer minimum due to snowmelt in the high mountainous regions of the catchment. Major 

changes in the isotopic composition in river water as well as in flow rates can be expected 

from heavy rain fall and snowmelt processes, in mountainous and/or low land regions, 

connected with temperature changes in the catchment area [2]. Low δ
18

O values are 

associated with mountain snow melt; high δ
18

O values are mainly related to spring and 

summer rainfall. High water on the Danube River occurs during warm periods in spring or 

early summer that experience heavy rainfall and mountain snow melt. 

 
Figure 3: General interpretation of δ

18
O variations of daily river samples (dashed line: 

monthly means) during 2012 with the help of flow rate data. 

The 2012 record of the Danube River water at Tulln was characterised by short-term 

elevations of the 
3
H concentration. Daily samples were analysed for those months for which  

 
Figure 4: 

3
H concentration of daily samples for months with elevated mean 

3
H content. 
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the average sample indicated 
3
H activities significantly exceeding the environmental 

3
H level 

(Figure 4). These short term 
3
H elevations may be related to releases from nuclear power 

plants (NPPs) in Bavaria (Isar: about 400 km upstream, Gundremmingen: about 600 km 

upstream). 

 

4. CONCLUSIONS 

The isotope record “Donau/Wien” (Danube at Vienna) is a unique database for hydrological 

and hydro climatic modelling. The isotopic composition of Danube water is mainly governed 

by the isotopic composition of precipitation in the catchment area, evaporation effects play 

only a minor role. Short-term and long-term isotope signals from precipitation are thus 

transmitted through the whole catchment. The isotopic composition of Danube water so 

provides an integrated isotope signal for climatic/hydrological conditions and changes in the 

upper Danube Basin. For the investigation of short-term fluctuations of the isotopic 

composition (
2
H, 

18
O) daily grab samples of the Danube River water were collected at Tulln. 

Frequently significant changes of the isotope composition occurred within a few days or even 

one single day. In most cases these changes could be clearly attributed to hydrological events 

and conditions (precipitation events, snow melt processes, base flow conditions). Snow melt 

processes caused minima in the δ
2
H and δ

18
O course (summer minima are typical for alpine 

rivers), summer rains were responsible for maxima, and during base flow conditions the 

isotopic composition returned to the mean value in the system. The 
3
H course of the Danube 

River at Tulln 2012 is characterised by several peaks in the range of 50 TU with a half width 

of 1-2 days. According to the Austrian Drinking Water Regulations the “indicator parameter” 

for 
3
H is 100 Bq/L (847 TU). All 

3
H values measured within this project were far below this 

benchmark. 

 

REFERENCES 

[1]  GIBSON, J. J., AGGARWAL, P. K., HOGAN, J. F., KENDALL, C., MARTINELLI, L. A., 
STICHLER, W., RANK, D., GONI, I., CHOUDHRY, M., GAT, J., BHATTACHARYA, S., 

SUGIMOTO, A., FEKETE, B., PIETRONIRO, A., MAURER, T., PANARELLO, STONE, 

H., D., SEYLER, P., MAURICE-BOURGOIN, L. and HERCZEG, A., Isotope studies in 
large river basins; A new global research focus. – EOS Trans. AGU, (2002) 83: 613–617. 

[2]  WYHLIDAL, S., RANK, D., SCHOTT, K., HEISS, G., GOETZ, J., Analysis of isotopic 

signals in the Danube River water at Tulln (Austria) based on daily grab samples 2012, 

Isotopes in Environmental & Health Studies (2014) 
[3] MOOK, W. G., Environmental Isotopes in the Hydrological Cycle - Principles and 

Applications. International Hydrological Programme (IHP-V), Technical Documents in 

Hydrology, Paris (International Atomic Energy Agency/ UNESCO) (2000) 39/1, 280 p  
[4]  RANK, D., PAPESCH, W., HEISS, G., TESCH, R., Environmental Isotope Ratios of River 

Water in the Danube Basin. - Monitoring Isotopes in Rivers: Creation of the Global Network 

of Isotopes in Rivers (GNIR), Vienna (International Atomic Energy Agency) IAEA-

TECDOC-1673 (2012) 13-40 
[5]  RANK, D., WYHLIDAL, S., SCHOTT, K., JUNG, M., HEISS, G., TUDOR, M., A 50 years’ 

isotope record of the Danube River water and its relevance for hydrological, climatological 

and environmental research, Acta zool. bulg., Suppl. 7, (2014) 109-115 
 

223



ID: 215 

HYDROCHEMICAL ENVIRONMENTAL ISOTOPE STUDY OF THE 
AQUIFER ON THE GULF OF URABÁ - COLOMBIA 

V. PAREDES; P. VILLEGAS, 

Corporación para el Desarrollo Sostenible del Urabá, Apartadó, Colombia. 

E-mail address: v.paredes@corpouraba.gov.co  

 

T. BETANCUR,  

Facultad de Ingeniería de la Universidad de Antioquia, Medellín, Colombia. 

 

J.D. TAUPIN,  

UMR Hydrosciences (CNRS, UM1, UM2, IRD), Montpellier, France 

 

L. TORO, 

International Atomic Energy Agency, Isotope Hydrology Section (IAEA), Vienna, Austria 

 

Abstract: The region of Urabá is a coastal area located in the northwest of Colombia 

(Antioquia). The rapid growth in demand for water in the past two decades, mainly driven by 

agribusiness and by population growth, has been a source of concern among local authorities. 

The extraction of groundwater has increased exponentially as a result of agricultural 

expansion, consisting mainly of banana plantations. In the area there are 730 deep wells that 

extract annually about 23M m
3
. 

The Autonomous Corporation for the Sustainable Development of Urabá (CORPOURABA) 

in 2008 began to incorporate isotope techniques in their research projects. The first phase of 

these studies was conducted between 2008 and 2012 and had the funding and technical 

assistance from the International Atomic Energy Agency (IAEA) and the Institute of 

Research for Development, France (IRD). The overall objective in this first phase was to 

obtain improved on the evolution of groundwater in the confined aquifer conceptual model as 

well as a first approach to the history of recharge, especially considering that some of the 

water exploited seems to have been recharged under climatic conditions different to the 

present. In conducting the investigation, 93 wells, 12 artesian wells and 3 springs were 

analyzed between 2008 to 2012 Of the 108 sampling points, 99 correspond to the Corpa 

Formation (of the Tertiary) and nine, located north of the area study belong to the Quaternary 

sediments. At 85 points deuterium and oxygen-18 were measured. Both isotopes were also 

determined in 48 monthly composite rain samples obtained from a collector installed west of 

the study area, in longitude and latitude coordinates -76.9624 ° + 7.652 °. 

Based on chemical analysis it was established that the processes that individually or in 

combination influence the composition of the water include cationic exchange, dissolution of 

feldspar and sulphate reduction. The δ
18

O and δ
2
H values along with the results obtained 

from the interpretation of the data of 14C in the aquifer, reflect differences in climatic 

conditions between the recharge area and the confined part of the aquifer near the ocean. 

Groundwater samples, whose 
14

C ages range from recent recharge to ~28 ka present 

decreasing isotope values (-6.43 to -9.14 ‰ for δ
18

O‰ and -43.2 ‰ to -65.7 ‰ for δ
2
H). 

Very depleted values in δ
18

O and δ
2
H reflect a cold weather at the time of the recharge. 

Meanwhile δ
13

C results reflect the occurrence of oxidation processes of organic matter whose 

δ
13

C values were depleted, reflecting the presence of reducing conditions in the aquifer. 
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Abstract: The in-depth knowledge of the interaction between surface water and groundwater 

is one of the challenges of the Water Framework Directive (WFD) in order to achieve good 

quantitative status of water bodies. This fact makes necessary to improve the currently held 

knowledge about the relationship between groundwater and surface water in recharge and 

discharge areas of aquifers (wetlands, rivers, lakes, etc.,), the dependence by each other and 

the importance they have for the associated ecosystems. The Velez alluvial aquifer (Province 

of Malaga, Southern Spain) was selected to meet river-aquifer relationships by studying the 

hydrochemistry and stable isotopic content of water molecule (δ
2
H, δ

18
O), dissolved 

inorganic carbon (δ
13

C) and sulphate (δ
34

S, δ
18

O). 
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Abstract: Traditionally surface water groundwater interactions are estimated using 

hydrometric and water balance methods. However, the hydrometric methods, based on 

hydraulic gradients, have huge uncertainties related to the mostly unknown and often highly 

heterogeneous permeability distribution. Similarly, the surface water groundwater exchange 

can be relatively small compared to other components of the water balance (e.g. differential 

steam flow gauging) and consequently its estimation is associated with large uncertainties 

when using a water balance method. Environmental tracers such as isotopes on the other hand 

integrate what has actually taken place. However, each individual isotopic tracer has 

particular advantages and disadvantages and therefore limited use. For instance each 

radioactive isotope is limited to provide residence time estimations within a certain age range 

whereas stable isotopes only work when different water sources have distinctly different 

isotopic compositions. In this study, of a highly developed catchment subject to groundwater 

depletion it is demonstrated that by combining different tracers (
14

C, 
3
H, 

2
H and 

18
O) a more 

complete picture of the surface water groundwater interactions can be obtained. 
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Abstract: Surface water sampling of 222-Rn is often used to map zones of groundwater 

discharge. Sampling of groundwater 222-Rn is less often used to estimate water residence 

times in shallow alluvial systems. Radon groundwater grab samples offer a discrete time 

snapshot of flow path integrated Rn activities. During a pumping experiment on the banks of 

Maules Creek (Australia) a 2.5 m flood event occurred in the stream. This offered a rare 

opportunity to investigate the groundwater response to two simultaneous stressors: 

groundwater abstraction and flooding. The stream-aquifer response was monitored with 25 

observation bores, and 15 were sampled regularly for radon activities as well as 

hydrochemical parameters (EC, dissolved O2 and fluorescence).  Subsurface heterogeneity 

and distinct flow paths are revealed by analysing hydraulic heads, radon activities and 

hydrochemical parameters with high spatial and temporal resolution. The results show that 

222-Rn can reveal water movement but not accurately estimate residence times, and that a 

dynamic surface water-groundwater system is best characterised by combining different 

tracers. 
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Abstract: Stable isotopes of water (
18

O, 
2
H) and their associated isotope fractionation during 

water-cycle phase changes can be efficiently, used to study hydrological and climatic 

processes at local, regional and global scales. Understanding the seasonal and inter-annual 

stable isotope behaviour in a lacustrine system is a key for interpreting carbonate δ
18

O 

obtained from lake sediments in order to reconstruct past changes in local hydro-climatology. 

The natural mountain lake system Aguelmam Azigza (32°58’N, 5°26’W, 1470 m asl), is 

lying in the tectonic-karstic tabular Middle Atlas (Morocco), considered as the “water tower” 

of the country. A lake monitoring has been implemented since October 2012 with a monthly 

water sampling (precipitation, lake, well and springs) for water isotope and chemical 

measurements. An isotopic balance model (δ
18

O, δ
2
H), including the Craig and Gordon 

evaporation model, has been coupled with the water balance model in order to simulate the 

evolution of both lake water level and isotopic composition at a monthly time step. First, the 

estimation of the lake water balance reveals that this lacustrine system is an open system and 

sensitive to climatic parameters. The ratio of evaporation over inputs (E/I) of 0.19 shows that 
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less than 20% of the lake water is lost by evaporation. Secondly, for the dynamic water 

balance modelling, the water inflows from the catchment (surface and subsurface runoff) are 

weighted by the amount of precipitation on the lake surface. The groundwater outflows are 

considered as constant. Both of these estimations provide a good simulation of the monthly 

lake water isotopic composition. Nevertheless, assessment of evaporation outputs needs to be 

improved. 
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Abstract: Isotopic content of water (δ
18

O, δ
2
H) in aquifers with significant abstraction 

devoted to irrigated agriculture may reflect changes in its natural signal. In the Guadalhorce 

river basin (South Spain) the effect of irrigation return flow and subsequent evaporation 

processes, modifies the isotopic signature of the global meteoric water line (GMWL), and as 

a result, water becomes enriched in heavy isotope content. The location of three water 

reservoirs in the middle sector of the basin causes a division between the waters belonging to 

the upper and waters belonging to the lower basin. It has been possible to distinguish two 

straight lines of successive evaporation processes that coincide with the gathered samples 

upstream and downstream of the reservoirs. The slopes of both lines range between 4 and 5. 

The enrichment in δ
18

O and δ
2
H match with an increased in salinity such as electrical 

conductivity or the concentration of chloride and sulfate. 
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Abstract: The study area is a part of the Saluj basin in state of Punjab of India which lies in 

Indo-Gangetic plain of northwest India. Northwestern (NW) India is a hotspot of groundwater 

depletion driven largely by intensive irrigation. GRACE satellite-based regional analysis shows 

that groundwater is being depleted at a mean rate of 4.0+1.0 cm/yr in Rajasthan, Haryana, and 

Punjab (Rodell, 2009). Groundwater in northwestern India was lost at a rate of 54±9 km3/yr from 

April 2002 to June 2008. The recent studies reveal that groundwater loss from Northwestern 

India is largest in comparison to any comparable- sized region on Earth'. However, little is 

known about groundwater dynamics in this region. Therefore, it becomes an urgent need to 

explore the groundwater recharge sources and its dynamics in part of NW India, which will be 

useful in developing a strategy for sustainable management of groundwater. The present study is 

part of the coordinated research programme of IAEA. 

 

 
Figure 1. Study Area Map 

 
The groundwater flow pattern analyzed using water table data which shows flow direction of 

groundwater in the study area is towards northeast-southwest direction. Water level data show 
that water level has declined up to 2 m to 10 m in last two decades. The environmental isotopes 

(δ
18

O, δ
2
H and 

3
H) have been used to understand the recharge source and interaction between 

groundwater and surface water in the study area. About 100 groundwater samples from whole 

study area were collected for isotopic characterization during post-monsoon of 2013. The 
groundwater samples were collected from existing dug well, hand pump and tube wells. Four 

rain gauges were installed for the collection of water samples from the study area. Collected 
samples were analysed at National Institute of Hydrology, Roorkee as per standard procedure. 
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The overall precision, based on 10 points repeated measurements of each sample, was with the 

±0.1‰ for δ18O and ±1‰ for δD.  

 
The isotopic composition of weighted average of precipitation in study are varies from -13.3‰ 

to 4.2‰ for δ
18

O and -105.2‰ to 41.4‰ for δ
2
H. The local meteoric water line (LMWL) 

developed for the study area is δ
2
H = 7.8 x δ

18
O + 5.1; r

2
=0.98, n=119. Slope and intercept is 

less that GMWL (Rozanski, 1993) The δ18O of Rivers Satluj, flowing through the study area, 

varies between -12.7‰ to -8.0‰ and δ
2
H from -87.9‰ to -56.3‰, the depleted isotopic 

composition suggesting source of water from higher Himalayas. 

  

The δ18O of groundwater belong up to depth of 80 m varied from -12.4‰ to -4.7‰ and δ2H from 
-85.1‰ to -32.4‰ (Fig. 2). The regression analysis between δ18O and δ2H gives the best fit line 

(BFL) as: 
 

Shallow GW : δ
2
H = 6.6 * δ

18
O - 2.7   (n = 61, r

2
 = 0.98)    

 

The slope and intercept of the groundwater is less in comparison of LMWL. It indicates 
evaporative fractionation during recharge process of groundwater. Groundwater isotopic values 

fall on the LMWL, indicating local precipitation as the main recharge source, although a few 
depleted samples falling above the LMWL suggest recharge from river and local canal. 

Therefore study reveals that shallow groundwater is being recharged through local precipitation 
and surface water body (river and canal). Figure 2 show spatial variation in recharge source. 

 

 
Figure 2. Isotopic variation and characterization of shallow groundwater 

 

Interaction between river and Groundwater 

 

To study the river - groundwater interaction, river water (on daily basis) and groundwater 
samples (weekly basis) were collected at five sites (i.e., Ropar, Phillaur, Sidhwan, Yusafpur and 

Harike), groundwater samples were collected from both bank of river and covering distance of 5 
km to 6.5 km.  

 
Figure 3 shows the variation in isotopic composition of river and adjacent groundwater on five 

sites. On average δ
18

O values of Satluj river at Ropar site varied between -12.2‰ during 
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monsoon (July to September) and -11.5‰ post-monsoon. The isotopic composition of shallow 
groundwater varied from -9.5‰ to -6.1‰ during monsoon and -9.7 ‰  to -5.7 ‰ post-monsoon 

at right bank of river. Similarly, average δ
18

O ranged from -11.4‰ to -6.3‰ in monsoon and 

-1.4‰ to -6.5‰ during post-monsoon at left bank (Fig. 3). It indicates that groundwater δ18O is 

depleted near to the river and δ18O enriches as distance of the well increases from the river. It 

indicates that river is recharging to groundwater and recharge ratio is more towards the left side 
of the river (Fig. 3). Similar results have been found on other sites also. At Sidhawan site, 

recharge from river is both sides. 
 

 
Figure 3. Isotopic variation and contribution of river to shallow groundwater 
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Abstract: Total groundwater contribution to total river discharge and its effect on river 

geochemistry was investigated within a subarctic catchment with discontinuous permafrost 

(North Klondike River, Yukon) from August 2013 to August 2014.  During spring freshet, 

stream DOC increased rapidly, peaking prior to maximum discharge before returning to pre-

baseflow levels.  Carbon-14 dating shows the presence of old organic carbon within the river 

prior to spring freshet, with a large influx of modern carbon as the river breaks.  Major 

solutes such as bicarbonate, calcium, magnesium, and sulphate show similar increases in 

concentrations prior to maximum discharge.   

1. INTRODUCTION 

Permafrost environments are hydrologically complex, and little is known about groundwater 

flow rates, pathways, and contribution to surface waters.  The understanding of hydrology in 

permafrost environments is of the upmost importance due to recent, and predicted, climate 

warming in north latitudes.  These areas have often been understudied due to a lack of spatial 

coverage of hydrometric and climatic data networks in northern regions [1-3]. Research 

conducted in the north has often been of short duration, lacking in measured hydrologic 

variables, and of limited spatial extent [2].  This project builds on previous research, using 

longer time-series data sets and covering a greater number of parameters.  The objectives of 

this project were (1) to quantify seasonal groundwater contribution to total stream discharge, 

and (2) determine the effect of groundwater on carbon sources and pathways. 

The Northern Klondike River, located in Yukon’s Tombstone Territorial Park, was an 

appropriate site for the study of groundwater hydrology in a discontinuous permafrost zone.  

Logistically, the river is easily accessible from the Dempster highway by foot.  The Yukon 

government has maintained a hydrologic monitoring station for a period of approximately 

30 yr, and is one of the few gauging stations still active today.  Personnel from the University 

of Ottawa conducted high resolution sampling during major hydrologic events, and the 

Yukon Government Tombstone Highway maintenance camp was enlisted to sample the 

North Klondike River from January 2014 to August 2014.  This allowed for a robust data set 

monitoring eight months of dissolved carbon, geochemistry, and stable- and radio-isotope 

concentrations being discharged from the river. 

2. METHODS 

Field work was conducted between August 2013 and August 2014.  This included monitoring 

the North Klondike River during major hydrologic events such as winter baseflow, spring 

freshet, and summer.  Precipitation was collected from the Dawson City Airport to establish a 

local meteoric water line for the area.  The Yukon Government Highway Tombstone 
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maintenance camp was able to sample bi-monthly during the winter months (starting January 

2014), spring freshet, and into the summer during times when University of Ottawa personal 

could not be present.  All water samples were analyzed at the University of Ottawa for major 

ion concentrations and solutes, δ
18

O (
18

O/
16

O) and δ
2
H (

2
H/

1
H), dissolved inorganic and 

organic carbon concentrations (DIC and DOC) including δ
13

C (
13

C/
12

C), and tritium 

concentrations (TU).  Select samples were also analysed for δ
14

C (
14

C/
12

C) in DIC and DOC. 

Total river discharge for the North Klondike River was obtained through the Yukon 

government.  A three component hydrograph separation was used to establish end-member 

contributions to total river discharge.  Weather data such as maximum and minimum 

temperature and precipitation were collected by Dawson City Airport for Environment 

Canada.  All climate data was obtained through the Government of Canada’s Historical 

Climate records.    

3. RESULTS 

Total river discharge for 2014 in the North Klondike River combined with average 

temperatures recorded at Dawson City airport, Yukon, is presented in Figure 1.  The 

discharge profile for 2014 has a much smaller maximum discharge event compared to 

previous years, as well as variable flow during the winter months before river break and 

spring freshet.  In previous years the average discharge during the winter months prior to 

spring freshet is ~ 2 m
3
/sec.  During the winter, average temperatures that approach 0°C are 

often followed by increased discharge events.  These spikes in flow show little change in 

solute concentrations within the river.  DIC and DOC concentrations and δ13C values for 

2014 in the North Klondike River are presented in Figure 2. δ
13

C are reported relative to 

VPDB. Major solutes and their concentrations for 2014 in the North Klondike River are 

presented in Figure 3. 

 

Figure 1 Annual discharge (m
3
/sec) in the North Klondike River and average temperature at 

Dawson City airport for 2014. 
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Figure 2 Time series of dissolved inorganic and organic carbon as well as δ
13

C values in the 

North Klondike River during 2014. 

 

Figure 3Time series of major solutes including bicarbonate (HCO3
-
), calcium (Ca), sulphate 

(SO4
2-

), and magnesium (Mg) in the North Klondike River during 2014. 

4. CONCLUSIONS 

Initial findings show an alpine catchment in a discontinuous permafrost area that is strongly 

dominated by groundwater.  Dissolved solutes show no significant changes prior to the river 

break and spring freshet despite changes in total river discharge during the winter months.  
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During spring freshet there is a large influx of modern carbon, supported by carbon-14 

activities.  The months following spring freshet show a tendency for river chemistry to return 

to baseflow conditions. 
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1. OBJECTIVES 

The objective of this work was to understand potential changes in the source of 129I (half-life: 
15.7 million years) in discharge over time, identify the role of 129I in geochemical cycles and 
discover any other isotopes or elements that could be used to complement our understanding 
of the behaviour of 129I in the watershed. Once the geochemical cycle and sources of 129I have 
been clarified it may be possible to use it as an isotopic tracer in hydrograph separation or 
characterization of catchment flow paths. Furthermore, as a mobile, long lived fission product 
in nuclear waste a clear understanding of the cycle of 129I is essential to predicting its 
behaviour and accurately assessing the risk of long term radioactive waste disposal.     

2. SITE DESCRIPTION AND SAMPLING 

The Wolf Creek Research Basin (WCRB) is a discontinuous permafrost watershed located 
near Whitehorse, Yukon and is a tributary to the Yukon River. Figure 1 shows the boundaries 
of the WCRB. The watershed is 195 km2 and the discharge at the Wolf Creek outlet typically 
ranges from a minimum of 0.4 m3/s to a peak of 10 m3/s during spring freshet [Janowicz et 

al., 2004]. The climate of WCRB is highly variable and temperatures range from -40°C to 
25°C throughout the year with a mean annual temperature of -3°C. The mean annual 
precipitation is 300 to 400 mm/year with ~40% of this falling as snow [Janowicz et al., 
2004]. The bedrock geology of the WCRB is primarily sedimentary with limestone, 
sandstone, siltstone and conglomerate all present. There is also a large intrusion of andesite 
and basalt within the watershed (Israel et al.; Janowicz et al. 2004). Sampling of discharge 
began just prior to freshet in late April and concluded after freeze up in 2012. Precipitation 
samples were also collected over the course of the summer and soil was collected throughout 
the watershed. All samples were analyzed for 129I and numerous other analytes, including 
stable isotopes, 14CDIC, 3H, cation and anions. Physical hydrology data was also collected for 
Wolf Creek discharge. 14CDIC and 129I analyses were performed using the new 3MV 
accelerator mass spectrometer and other instruments at the University of Ottawa’s André E. 
Lalonde Laboratory.  

3. RESULTS 

The large number of samples and analytes yielded a very complex dataset that made it 
difficult to distinguish the effect of hydrologic process and temporal relationships between 
analytes, particularly 129I. In order to reduce the dataset and reveal the behaviour of 129I 
principal components analysis (PCA) was used [Vega et al., 1998; Güler et al., 2002]. 129I 
was not included in the PCA as this allows its temporal variation to be compared to the 
results more easily. PCA identified three water sources with distinct chemistry contributing to 
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Wolf Creek discharge. The first PC represents a groundwater end member with high 
concentrations of mineral weathering ions such as Ca, Na, Mg, Sr, Si, SO4 and DIC. The 
second PC is a freshet end member that includes 18O, 2H and discharge, which suggests it is 
partially composed of snowmelt. However, the K:Ca ratio is also grouped into this PC 
suggesting that shallow soil drainage is also a significant part of this water end member as 
would be expected during freshet in a sub-arctic watershed [Carey et al., 2012]. The third PC 
includes 13DOC, DOC and 127I and is also identified as a soil water component. A 
relationship between 129I concentration, time elapsed and the principal components was 
observed from the results suggesting that hydrological process and geochemistry in the 
watershed greatly affect 129I sources in discharge (Figure 2).  

Agglomerative hierarchical clustering (AHC) was then performed on the dataset to reveal the 
temporal relationships between the samples and corroborate the qualitative observations of 
PCA. AHC results show that samples are organized into three groups, each representing a 
distinct change in Wolf Creek water chemistry over time. This confirms that the conclusions 
made by PCA are robust and clarifies the effect of differing water sources on sample 
chemistry.  Time constraints were placed on the influence of each water source in Wolf Creek 
discharge as it transitioned from groundwater dominated to shallow soil drainage and 
snowmelt as the temperature warmed and then to precipitation and groundwater for rest of the 
sampling period.  

 

 

 
Figure 1: Hillshade map showing the boundaries of the Wolf Creek Research 

Basin and rock types within the watershed. 
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The evolution of water sources to Wolf Creek over the sampling period have had a large 
effect on 129I concentrations (Figure 2) showing that 129I, which is often considered to be 
independent of many geochemical cycles, is in fact intrinsically linked to watershed 
hydrology and geochemistry as a labile fraction exists in soil water. This finding means that 
129I has excellent potential as a new water flow path tracer and expands our understanding 
about the far field behaviour of 129I in the environment. Measurements of other analytes such 
as Ca, 14C, 18O, 2H and the K:Ca molar ratio corroborate this observation.  

The mass flux and storage of 129I was also estimated based on the influx of 129I from snowfall 
and precipitation and the measured efflux from the Wolf Creek discharge. A mass balance 
suggests that there is a positive input of 129I of ~1.4 x 1018 atoms/yr for the watershed, which 
represents 75% of the 129I deposited. Soil samples measured for 129I have a very strong linear 
correlation with the organic carbon content indicating that much of the excess 129I is stored 
within organic soils in the watershed.  

4. CONCLUSIONS 

The hydrogeochemistry of the Wolf Creek Research Basin was characterized for an entire 
summer season in the context of the mobility and behaviour of 129I. The large dataset was 
analyzed using multivariate statistical methods and four water sources contributing to Wolf 
Creek discharge were identified: groundwater, soil water, snowmelt and precipitation. 

Figure 2: Observation biplot of PC1 vs. PC2 showing relative relationships between the analytes and 

the samples. The groupings of samples according to their chemistry is distinct as Wolf Creek evolved 
as samples 1-4, 5-10 and 11-27 are related. Bubble size corresponds to the concentration of 

129
I in 

each sample. The legend provides scale. Sample numbers are pictured in the graph. The biplot arms 

begin at the origin. 
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Temporal trends in water chemistry were also identified using clustering analysis and these 
trends corroborate the qualitative sample relationships revealed by PCA. 129I behaviour was 
shown to be sensitive to numerous chemical and physical processes within the watershed 
suggesting that it has potential as a tracer of water flow paths and may be useful as a tool for 
hydrograph separation. The mass input and the output of 129I were characterized and it was 
determined that the watershed acts as a net sink for 129I, due to adsorption in organic rich 
soils. 
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Abstract: The Iberá is an extensive wetland located on Corrientes Province, Argentina, 
where marshes and wetlands interconnect large lagoons joined by water courses. A great 
portion of the area is devoted to natural resources conservation. The Iberá water region, 
shown in Figure 1, extends for some 14000 km2, with a regional NE-SW surface flow 
direction. The groundwater component of the water balance constitutes the biggest unknown 
of the hydrologic functioning of the system due to a complete lack of piezometric data. Due 
to this limitation, it has been generally disregarded in previous studies. In this work, the 
existence of a groundwater component contributing to storage variations in the Iberá wetlands 
is postulated, though it is a secondary component compared to the predominant surface 
contribution to the hydrology of the area. The contribution of the groundwater component to 
the water balance was analyzed comparing wetlands storage variations calculated by means 
of two completely independent methodologies. The first consists on calculating those 
variations through a classical water balance without explicitly contemplating a groundwater 
contribution. The calculation of each water balance components was carefully validated [1].  
Those variations are later compared with data provided by a satellite technique which detect 
water storage variations without making a distinction between surface or groundwater origin. 
The Gravity Recovery and Climate Experiment (GRACE) satellite mission used in this work, 
whose representativeness to calculate water storage in the region was previously tested  [2], 
has a regional scale resolution, which makes it suitable for this large area, providing data 
from August, 2002. Therefore, storage differences obtained by these two methodologies can 
be interpreted as groundwater contributions to the water balance. According to the water 
balance, almost all years analyzed present a negative storage variation, even if 
evapotranspiration estimations are considered very low compared to the expected values for a 
wetland of these characteristics.  Storage variations estimated with GRACE were stable 
during the satellite data period. Consequently, the comparison between the monthly storage 
variation trends obtained with both methodologies highlights a groundwater contribution of 
around 500 mm per year to the wetlands. The mean annual value of precipitation, surface 
runoff and evapotranspiration were 1464 mm, 410 mm and 1570 mm, respectively. 
Groundwater contribution to the water balance of the wetlands will be validated by means of 
hydrochemical and isotopic analysis of surface as well as groundwater samples. 
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Figure 1.  Location map of the Iberá wetlands. 
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Abstract: Tracers such as stable isotopes or chemicals continue to show that baseflow 

(groundwater) plays an active and often dominating role in streamflow generation, and in fact 

is surprisingly responsive to rainfall. Accepting this tracer evidence leads to a novel baseflow 

separation filter (the ‘bump and rise’ method or BRM filter) that can be applied to streamflow 

data of any time-step to extract the baseflow component. Application of the BRM filter to 

three New Zealand catchments is described below. 

1. INTRODUCTION  

Tracers have been used for over forty years to separate hydrographs into different flow 

components, commonly time source components (e.g. event and pre-event components), or 

geographic source components (i.e. components sourced from different parts of the 

catchment). The use of tracers produced a paradigm shift in thinking about runoff generation 

since they often showed that baseflow water dominated storm hydrographs, in addition to the 

lower flow periods between events. 

A wide variety of non-tracer (mainly hydrometric) tracer methods of hydrograph separation 

have been used for much longer and continue to be used in practical applications. Among the 

most recently proposed methods are recursive digital filters that are applied to the streamflow 

record to extract the baseflow hydrograph (e.g. Eckhardt, 2005). This presentation presents a 

new digital filter whose shape is based on tracer separations, i.e. a digital filter that produces 

separations that mimic tracer separations more accurately than previous filters.  

2. METHODS 

The new baseflow separation method (hereafter called the bump and rise method or BRM) 

has an algorithm chosen to simulate tracer separations simply but accurately (Stewart 2014). 

Tracer separations show rapid baseflow responses to storm events (the “bump”), which is 

followed in the method by a steady increase (the “rise”). The steady rise is justified by 

increase in catchment wetness conditions and gradual replenishment of groundwater aquifers 

during rainy periods. The size of the bump (f) and the slope of the rise (k) are parameters of 

the BRM recursive digital filter that is applied to the streamflow record. The separation 

procedure is described by the equations:  

 �� = ���� + � + �(
� − 
���) for 
� > ���� + �   

�� = 
�    for 
� ≤ ���� + �   

where f is a constant fraction of the increase or decrease of streamflow during an event. The 

values of f and k can be determined from tracer measurements, or if no tracer information is 

available, can be determined by an optimization process (Stewart, 2014). A feature of the 

BRM filter is that two types of baseflow response are included, a short-term response via the 

bump and a longer-term response via the rise. 
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3. RESULTS 

Glendhu Catchment, Otago, NZ.  The BRM filter was calibrated by fitting to tracer data, 

because deuterium measurements had been used to separate event and pre-event waters in the 

storm hydrograph (Bonell et al., 1991). The filter was fitted to the pre-event water component 

(Fig. 1a). A good fit is obtained (better than those obtained by other methods, Stewart 2014). 

Note that the BRM filter gives an event/pre-event water separation rather than a 

baseflow/quickflow separation, when it is calibrated in this way. The BFI (i.e. baseflow index 

= pre-event index for this catchment) was 0.78 for the streamflow record in 1996 (Fig. 1b).  

Toenepi Catchment, Waikato, NZ. The BRM filter was applied to separate three components 

in the hydrograph (Fig. 2a) using the optimization method. Tritium and silica concentrations 

were used to identify three components in the streamflow (Morgenstern et al., 2010), and Fig. 

2b shows tritium versus silica concentrations in a bivariate mixing diagram that identifies the 

flow components as end members: quickflow (A), fast groundwater (C) and slow 

groundwater (D). These components are then used to simulate the nitrate-N concentration in 

the stream (Fig. 2c), assuming that they have constant nitrate-N contents. Fig. 2c compares 

the continuous simulation of nitrate-N (based on combining the components) with nitrate-N 

measurements on the streamflow. The simulation results are similar to those obtained by a 

catchment modelling method (Woodward et al., 2011). 

Tutaeuaua Catchment, Taupo, NZ. The BRM filter was applied to the Tutaeuaua runoff by 

optimizing the fit of the “sum” of the BRM baseflow and fast recession to the streamflow 

(Fig. 3a, Stewart 2014). The BRM baseflow for the 2007 discharge is given in Fig. 3b. In 

contrast to the other catchments, the bump fraction f obtained by fitting is very small (Table 

1, Fig. 3a). Tritium measurements were available for a period of eight years for this 

catchment, and the BRM baseflow separation is useful in determining the makeup of the 

streamwater when the samples were collected since the baseflow and quickflow have very 

different tritium concentrations. 

 

Fig.1a, b. BRM pre-event water separation at Glendhu Catchment. 
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Fig. 2. Results for Toenepi Stream. (a) Bivariate mixing diagram between tritium and silica 

concentrations in streamflow. (b) Three component BRM separation of the streamflow 

hydrograph in 2009. (c) Measured and simulated nitrate concentrations in the stream in 

2009. The simulation is based on the BRM component separations.  

 

Fig. 3a, b. Application of the BRM baseflow separation method to the Tutaeuaua Catchment. 

 

Table 1 gives information on the studied catchments and the parameters derived by fitting the 

BRM filter to the tracer separations or streamflow. The catchments are of similar scale, and 

have similar BFIs. However, the bump fraction f varies greatly, from 0.78 for baseflow at 

Toenepi (this includes both the fast and slow groundwater components) to 0.01 for baseflow 

at Tutaeuaua. This means that at Toenepi most of the storm peak is composed of baseflow 

(actually the fast groundwater), while at Tutaeuaua almost none of it is. This extreme 

difference in catchment response is considered to be due to the different subsurface 

permeability structures of these two catchments. 

246



Table 1. Catchment information and BRM filter parameters for the studied catchments. f is 

the bump fraction, k the slope of the rise, and BFI the ratio of baseflow to streamflow.  

Catchment Rock type Area f k BFI 

km
2
 mmd

-1
h

-1
 

Glendhu Schist 2.18 0.4 0.009 0.78 

Toenepi Volcanic ash 15.1 0.78 0.00006 0.83 

Tutaeuaua  Volcanic ash 4.73 0.01 0.0029 0.83 

 

4. CONCLUSIONS 

The BRM filter for separating hydrograph components is based on mimicking the shape of 

the baseflow shown by tracer separations. It can be applied with or without tracer data, but if 

no tracer data is available, there is a subjective element in the application as with all baseflow 

separation methods except for the tracer method. The three case studies presented here 

indicate the variety of applications of the method and the wide variation in catchment 

responses.  
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Abstract: For the past three decades, we have quantified the stable isotopes of water as it 

moves in various forms through a coupled natural-human landscape, from its montane source 

through regions of human activity and terminating in an interior closed basin. Within the Salt 

Lake Valley USA, a rapidly growing population of now more than one million individuals 

depend on these surface waters from the adjacent Wasatch and Uinta Mountains as their 

primary water resource for culinary and industrial needs. We have measured the stable 

isotope ratios of the hydrologic system’s primary components: precipitation, surface waters, 

tap waters, atmospheric waters, and terminus waters. Here we present an overview of the 

annual and interannual stable isotope ratio dynamics of these waters and of the changes in 

isotopic composition that occurred spatially and temporally as water moved through this 

coupled natural-human system.  

 

1. INTRODUCTION 

 

Water is a valuable resource for human development and sustainability, especially in arid 

regions. Historically in the driest regions of the western USA, it was common to find 

populations settling and developing closest to a reliable water montane source. Over the past 

century, the development of long-distance water conveyances has altered this settlement 

pattern in some places, allowing megapolitan regions, such as Los Angeles and Phoenix, to 

develop as well.  In the very arid state of Utah (USA), the long distance transport of water 

into the region was not historically available. As a consequence, we find nearly 90% of the 

state’s 2.9 million population are clustered in only a few valleys immediately adjacent to the 

Wasatch and Uinta Mountains of northern Utah. In the largest of these valleys, the Salt Lake 

Valley (SLV), more than one million individuals depend on adjacent mountains as their 

primary water resource for culinary, industrial and agricultural needs. To a lesser degree, both 

agricultural needs and some of the communities within the SLV also utilize groundwater that 

has been recharged by these same montane systems.  

 

The SLV lies within the Great Basin, an extensive interior basin where precipitation inputs 

flow into one of several closed saline basins or lakes. This situation provides an unusual 

opportunity to describe a more complete isotope hydrologic cycle, capturing inputs and 

outputs as well as the consequences of changes in both environmental and population drivers 

influencing hydrological components. For the SLV, precipitation falling in the Wasatch and 

Uinta Mountains terminates in the Great Salt Lake, resulting in a flow path of less than 

200 km. Over the past three decades, we have collected incoming precipitation, surface 

waters, tap waters, atmospheric waters, and terminus waters for this coupled natural –human 

hydrologic system. Here we present an overview of the annual and interannual dynamics.  
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2. METHODS 

 

We have sampled (a) precipitation, (b) surface waters entering into the SLV, (c) surface and 

tap waters within the SLV, and (d) the Great Salt Lake. Water sampled were collected and 

stored in glass vials sealed with hand tightened, lined caps. Parafilm was used to seal the cap-

vial interface to reduce the probability that the cap loosens during transport or storage. Once 

collected water samples were stored in a refrigerator until analysis. Over 4,500 observations 

are contained within the dataset, including both single-observations and temporal collections. 

The first collections were made in July 1988 and sampling continues through the present. A 

total of 126 different locations have been sampled, with 34 of these locations having been 

sampled >15 times (Figure 1). Since 2004, 14 of the SLV locations and 1 Great Salt Lake 

location have monitored on a bi-weekly to monthly basis.  

 

 

 

 

Figure 1. A map of the 

Great Salt Lake and the 

natural and urbanized 

landscape of the SLV and 

Wasatch Mountains 

where waters in this 

study have been collected 

for δ
2
H and δ

18
O 

analyses. 

 

All water samples have been analyzed for stable isotope ratio analyses at the Stable Isotope 

Ratio Facility for Environmental Research at the University of Utah (http://sirfer.utah.edu). 

Over three decades, SIRFER has progressed through multiple approaches to measure the δ
2
H 

and δ
18

O values of water. For δ
2
H analyses using IRMS analytical instrumentation, these 

have included zinc reduction [1] and pyrolysis [2] preparation approaches. For δ
18

O analyses 

using IRMS analytical instrumentation, these have included CO2/H2O equilibration [3] and 

pyrolysis [2] preparation approaches. Over the last four years, all water samples have been 

analyzed using a Picarro cavity ring-down spectrometer [4]. Data are expressed using δ-

notation with a 2 end-member correction with laboratory reference materials that have been 

calibrated against IAEA reference standards. Each analytical run included blind samples of 

QAQC water reference materials, which indicated that the long-term analytical precision was 

~1‰ for δ
2
H and ~0.2‰ for δ

18
O analyses.  

 

3. RESULTS 

 

Observations of incoming precipitation revealed a common meteoric water line at two 

sampling locations on the east side of SLV; the meteoric water line had both shallower slope 

and lower d-excess values than observed with the global meteoric water line (Figure 2). The 

stable isotope ratios of montane surface waters coming into the SLV showed similar values 
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(Table 1), despite differences in watershed elevations and watershed areas. In contrast, all 

stream waters ultimately feed into the Jordan River, an 83-km river that conveys water from 

Utah Lake through the Salt Lake Valley and terminates in the Great Salt Lake.  

 

 

 

 

Figure 2. The meteoric 

water line for precipitation 

in the Salt Lake Valley 

based on two sampling 

locations on the eastern 

edge of the valley and 

sampled over a three-

decade time period. 

 

As the Jordan River passes through the SLV, δ
2
H and δ

18
O values decrease in value 

reflecting inputs from both stream and urban inputs (e.g., urban water, storm water, and 

sewage water). The magnitude 

of these impacts on the Jordan 

River is indicated by the 

directional arrow in Figure 3. 

Water balance studies have 

estimated that Utah Lake 

contributes ~30% of the water 

into the Jordan River, whereas 

the remainder is associated 

with natural and human inputs 

[5]. As a first approximation, 

this coupled natural-human 

inputs into the Jordan River 

are not quite consistent with 

the observed decreases in the 

δ
2
H and δ

18
O values as the 

river moves through the SLV. 

While future data may better 

constrain human inputs into 

the river system, it is clear 

that humans are having a large 

hydro-impact. 
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Oxygen isotope ra o, ‰ 

n δ
2H, ‰ δ18Ο, ‰

Incoming Streams

Big Cottonwood Creek 66 -123.5 ± 4.1 -16.6 ± 0.9

Emigration Creek 154 -123.2 ± 6.8 -16.4 ± 1.3

Little Cottonwood Creek 55 -122.4 ± 4.1 -16.5 ± 0.9

Mill Creek 123 -126.3 ± 2.1 -17.0 ±0.5

Red Butte Creek 342 -123.1 ± 3.5 -16.3 ± 0.7

Drinking waters

University tap water 127 -120.3 ± 3.3 -15.8 ± 0.8

Holladay tap water 20 -123.3 ± 2.2 -16.5 ± 0.5

Salt Lake City tap water 5 -124.7 ± 1.2 -16.9 ± 0.2

Jordan River

2780 South 42 -111.3 ± 6.1 -14.3± 1.1

10600 South 130 -92.3 ± 8.6 -10.8 ± 1.6

Terminus

Great Salt Lake 409 -63.7 ± 11.1 -4.5 ± 2.1

Table 1. Average hydrogen and oxygen isotope ratios of incoming 

stream waters, tap waters, the Jordan River as it passses through the 

Salt Lake Valley, and the terminus water in the Great Salt Lake.
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Figure 3. Long-term average 

hydrogen and oxygen isotope 

ratios of drinking water sources 

(montane streams), tap waters, 

Jordan River, and the Great Salt 

Lake (basin terminus). Data are 

from Table 1. Only stream 

waters and tap waters fall along 

the local meteoric water line 

(line in graphic from Figure 2). 

Note that δ values along the 

Jordan River increase from the 

south-to-north direction as 

indicated by the arrow. 

 

4. CONCLUSIONS 

 

Long-term stable isotope observations of water sources inputs, surface water hydrology, and 

drinking waters in a couple natural-human urban landscape provide insights on the dynamics 

of potential human impacts on the hydrological cycle as water moves through an urban 

system. Our long-term and continuous monitoring of water isotopes within the Salt Lake 

Valley form the basis of interpreting long-term trends in human impacts on this regional 

water cycle. 
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Abstract:  Tritium has shown itself to be a useful tracer of the timescale of physical 

processes in the hydrosphere. There are many small tritium data sets over limited timescales 

that have generally received limited attention because of the size of the data sets and short 

time over which measurements are made.  Here, we use the ratio of tritium concentrations in 

precipitation versus the concentrations in surface water Cp/Cr to obtain age estimates for 

surface waters from several small data sets located in Central Colorado and collected from 

the early 1970s to the mid-1990s.  This approach tends to normalize the data and make it 

possible to obtain useful timescale information. Using IAEA precipitation data for Cp, age 

estimates for these waters varied from 2 to more than 20 years, with the oldest ages obtained 

for some spring samples and the youngest ages obtained for small lakes in the Flattops 

Wilderness Area. 

The value of bomb tritium as a tracer of hydrologic and oceanographic processes has long 

been recognized [1, 2].  In general it is known that the best data sets for estimating are sets 

where measurements are made over a long time period at the same location [3].  However, 

there are many historical measurements that are limited to a short period, frequently only a 

year or two.  Recent work by Michel et al. [4] has shown the value of the use of the ratio of 

tritium concentrations in precipitation versus the concentrations in surface water Cp/Cr as an 

indicator of the age of waters that compose surface waters.  This utility of this ratio is that it 

normalizes tritium concentrations so that data from different times and locations can be 

compared.   

Frequently, a small number of measurements of tritium in surface waters are made in 

programs over a relatively short time frame for research purposes.  These measurements are 

rarely interpreted in any meaningful way.  However, the above approach can be applied to 

small tritium data sets collected during the bomb transient to give estimates of the ages of 

small sets of surface waters that have collected.  An example of the use of this approach is 

given below. Between 1970 and 2000, a small number of measurements were made of 

surface waters in the Colorado Rocky Mountains, USA.  Tritium concentrations were 

measured on streams and seeps in the Colorado Rocky Mountains in the mid-1970s, and 

small lakes and springs in the Flattops Wilderness area on the western side of the Rockies in 

the early 1990s, all of which ultimately drain into the Upper Colorado River basin.  Streams 
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and tributaries on the eastern side of the Rocky Mountains in the Loch Vale watershed were 

sampled in the late 1990s.  No long-term series are available for these systems, but it is still 

possible to obtain information about the residence times of the waters that make up these 

outflows.  Using a lumped sum parameter model [5], an estimate of stream water tritium 

concentrations in these watersheds for various timescales during the tritium transient was 

obtained.   Figure 1 is a plot of the ratio Cp/Cr calculated for timescales of 2, 5, 10 and 20 

years in this region of the US.  Superimposed on these lines are the Cp/Cr ratio for the small 

streams and lakes measured in this area during the bomb transient.   The stream samples from 

the 1970s and 1990s were all collected as grab samples.  Almost all stream samples have ages 

that are close to decadal in nature.  While these samples come from small mountain streams 

that are generally thought to have a small sustaining aquifer system which would suggest 

young water, recently it has been seen in some cases water that composes mountain streams 

can be decadal in age [6].  A few samples with ratios well over 1 suggest that these streams 

have a component of very old water that may be pre-bomb in origin.  The lake samples are 

from the Flattops region of Colorado were also grab samples collected from the shore.  All 

these lakes are less than 1 ha in surface area with a maximum depth of 5.5 meters.  It can be 

assumed that they are well mixed.  All tritium results indicate that the waters of these lakes 

are very young, probably less than 2 years in age. These results are supported by 35S studies 

[7] on these same lakes that indicate that the water in them is largely replaced on a yearly 

basis.   These results show the utility of using the ratio approach to estimate timescales for 

small sets of historical data.   

 

Figure 1.  Response of the ratio Cp/Cr for the Central Colorado for residence times of 2-20 

years during the tritium transient.  Superimposed on the graph are the ratios for samples of 

springs and small lakes measured during the same period.   
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Abstract: The temporal and spatial variations in weather systems recharging tropical 

Australian waters results in distinct δ
18

O and δ
2
H values. In the humid tropics, these eastern 

Australia coastal environments receive annually a higher proportion of south-easterly versus 

north-westerly rainfall compared with the dry tropical inland systems. As a result, higher 

δ
18

O and δ
2
H values are observed in groundwater and surface water in the wet tropics 

compared with the dry tropics. The case study of a catchment that traverses the wet and dry 

tropics also highlights the seasonal variations in the provenance of waters feeding a large 

tropical river system. In the remote setting of northern Australia the use of δ
18

O and δ
2
H 

values to delineate sources of waters is significant in that it provides an additional approach 

to explore these systems that have been left relatively unexplored. 

 

1. WET VERSUS DRY TROPICS 

There remain large knowledge gaps on water dynamics in the tropical environments. In the 

Australian context this is largely due to the remoteness and challenging field conditions 

during the wet season. In this study we present observations of the stable isotopes (δ
18

O and 

δ
2
H) of surface water and groundwater across the Australian tropics, as well as a case study at 

one site where seasonal variations were analysed. 

 

Across the Australian tropics, between 2011 and 2013 rain water, surface waters (lakes and 

rivers) and groundwater from wet and dry tropical areas were analysed for δ
18

O and δ
2
H 

values. From the wet tropics 9 groundwater and 84 surface samples were analysed, and from 

the dry tropics 41 groundwater and 11 surface water samples were analysed. Mean weighted 

rainfall samples are the results from 5948 δ
18

O and δ
2
H values presented in Munksgaard et al. 

(2012). The collation of stable isotope data (Fig. 1) show that the δ
18

O and δ
2
H values in 

tropical northern Australia are distinct between wet and dry tropical regions. For example, the 

δ
2
H values in the wet tropics range from -41.7 to 7.7 ‰ (mean: -24.1 ‰) for surface water 

and -26.3 to -15.2 ‰ (mean: -22.4 ‰) for groundwater. In comparison, dry tropical values 

range from -47.9 to -20.0 ‰ (mean: -39.7 ‰) for surface water and -57.0 to -29.7 ‰ 

(mean: -44.9 ‰) for groundwater (Fig. 1). 

 

δ
18

O and δ
2
H values of rainfall, surface water and groundwater from the wet and dry tropical 

areas can potentially vary due to (1) rainout effects from the change in elevation between the 

elevated rainforest hill slopes in recharge areas of the wet tropics (e.g. 500-1500 mAHD) and 

the flat recharge area of the dry tropical savanna plains (e.g. 200-500 mAHD); or (2) these 
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two regions receiving different proportions of rainfall from different weather systems 

(northwesterly versus southeasterly). If the altitude effect controls variations in δ
18

O values 

we would expect the savanna region to have waters with mean weighted annual isotope 

values that are higher compared with the rainforest highlands. For example, from a westerly 

rainfall system there can be a decrease in rainfall δ
2
H values of up to -1.5 to -5.0 ‰ over the 

1000 m rise in elevation between the savanna to rainforest areas (Clark and Fritz, 1997).  

 

 

 
Figure 1. (a) Australian climate zones from the Köppen–Geiger climate map classifications 

(after Peel et al., 2007), and typical synoptic patterns in summer for northern Australia. (b) 

Location of sample sites in northern tropical Australia where water samples were collected. 

(c) Stable isotope results for rainfall (Munksgaard et al., 2012), groundwater and dry season 

surface water relative to the local (LMWL) and global (GMWL) meteoric water lines.  

 

It is likely these isotope differences are due to differences in rainfall systems, where the 

savanna groundwater has lower δ
18

O and δ
2
H values compared with rainforest groundwater 

because of the occurrence of the monsoonal trough during summer over northern Australia 
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(Fig. 1). The north westerly rainfall events associated with this trough have travelled great 

distances over land before arriving in the dry tropical study areas and are therefore subject to 

rainout effects. As a result, the δ
18

O and δ
2
H values of north westerly rainfall events are 

generally more depleted compared with values of the south easterly rainfall systems. The wet 

tropics (along the NE Australian coast) receives rainfall from the north westerly monsoon 

systems, but proportionally more from the south easterly trade winds systems. Additional 

work is required to determine if the isotopic signatures in the waters are also affected by 

differences in the residence times of the atmospheric moisture between the monsoonal and 

southeasterly rainfall events (e.g. Aggarwal et al., 2012). The north westerly monsoon 

systems has much more convective activity (lower residence time) than the south easterly 

trade winds systems, which leads to a higher condensation height and therefore higher 

fractionation and lower rainfall deltas. Also, convection cells are often associated with 

widespread stratiform rain that can have even lower deltas (Kurita et al., 2011). 

 

2. CASE STUDY: MITCHELL RIVER 

In the Mitchell River, located in tropical north eastern Australia (Fig. 2), intense rainfall 

periods during the wet season and extensive flooding are followed by many months of dry 

conditions. These conditions result in significant seasonal variability in surface water fluxes 

and large groundwater elevation fluctuations. The Mitchell River traverses two distinct 

geographical provinces; wet tropical rainforest hill slopes and dry tropical savanna plains, 

and has strong seasonal variations in river discharge between the wet and dry seasons. The 

difference in wet and dry tropical water δ
18

O and δ
2
H signatures implies that these isotopes 

can be used to distinguish the provenance of waters in catchments that traverse the wet and 

dry tropics. In this case study the relative inflows to the Mitchell River from the rainforest 

versus savanna regions were analysed.  
 

 
Figure 2. Location of Mitchell River Basin in northeastern Australia, locations of surface 

water and groundwater sampling sites, rainfall station locations, land use, elevation ranges 

in meters Australian Height Datum (mAHD) and geology of the study area. 
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Figure 3. Rainfall (during 2010-2011) originating from the northwest or southeast in the wet 

and dry tropical areas of NE Australia. 
 

During the wet season of 2010-2011, analysis of synoptic sea-level pressure maps shows that 

the wet tropics region received 55 and 31 % of the total rainfall from systems arriving from 

the southeast and northwest respectively. In comparison, the dry tropics region received 37 

and 46 % of the total rainfall from the southeast and northwest respectively (Fig. 3). 

 
 

 

 
 

Figure 4. (a) River discharge data and results for δ
18

O values of Mitchell River during the 

wet and dry seasons. (b) δ
18

O and δ
2
H values in the Mitchell River relative to all of the wet 

and dry tropical data collected in northern Australia (symbols as per figure 1c). 
 

Wet season Dry season (a) 

(b) 
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The δ
18

O and δ
2
H values from the Mitchell River water are presented in figure 4. The 

Mitchell River showed decreasing δ
18

O and δ
2
H values during the wet season (δ

18
O: -4.8 

to -9.5 ‰ for the Mitchell River), and increasing δ
18

O and δ
2
H values during the dry season 

(δ
18

O: -7.9 to -5.2 ‰ for the Mitchell River). The δ
2
H /δ

18
O slope of 7.1 indicate there is no 

significant evaporation of river water as this slope is identical to the slope of local rainfall 

(Munksgaard et al., 2012). At this seasonal-scale the δ
18

O and δ
2
H values indicate that during 

the wet season the upper Mitchell River discharge is increasingly sustained by inflows from 

the dry tropical savanna plains; whereas during the dry season the river is increasingly 

sustained by inflows from the wet tropical rainforest region.  
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Abstract: This study documents processes controlling the seasonal δ2H-δ18O fluctuations 
observed in the Laurentian Great Lakes - St. Lawrence River system and in two rivers 
flowing towards the Hudson and James bays (Figure 1). Three stations of the St. Lawrence 
River basin were monitored from 1997 to 2008. They include the Ottawa River (Carillon 
sampling station), the St. Lawrence River southern channel (Montreal sampling station) and 
the St. Lawrence River fluvial estuary (Lévis sampling station). In addition, the La Grande 
and Great Whale rivers, located on the eastern shores of the James and Hudson bays, 
respectively, were monitored between 2007 and 2009. With the exception of the La Grande 
River, some seasonal isotopic cycles are observed at all monitoring stations, with heavy 
isotopes depletions peaking during the snowmelt period and gradual enrichments throughout 
the ice-off season (Figure 2). The data collected at the monitoring stations are also reported in 
δ2H-δ18O diagrams where the Eastern Canadian Interior Meteoric Water Line (ECIMWL) [1] 
is shown (Figure 3). With the exception the La Grande River, the data define δ2H-δ18O 
regression lines falling below the ECIMWL (Figure 3). The observed δ2H-δ18O fluctuations 
are dampened and out of phase with respect to precipitations, even in the relatively pristine 
Great Whale River basin. This is attributed to transient storage and mixing processes 
occurring within lakes, wetlands and aquifers prior to river drainage. The observed δ2H-δ18O 
regression lines also suggest evaporative enrichments. For example, isotopic mass balance 
calculations suggest that approximately 10% of the total inflow to the Ottawa River basin is 
lost through evaporation before reaching the river outlet, consistent with previously published 
estimates [2]. Yet, tributary mixing processes may also be important, as illustrated by the data 
from the St. Lawrence River fluvial estuary (Lévis sampling station). The observed δ2H-δ18O 
regression line (Figure 3) suggests a three component mixing system (between the Ottawa 
River, the St. Lawrence River south channel originating from Lake Ontario, and tributaries 
merging into the St. Lawrence). At last, in the La Grande River, hydrological buffering 
within hydroelectric reservoirs is interpreted as the main process smoothing out temporal 
isotopic fluctuations, suggesting an overall water residence time (within reservoirs) 
exceeding season durations.  
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Figure 1. Study area STL: St. Lawrence River basin (sampling stations 1 (Montreal); 2 

(Carillon); 3 (Lévis)). JB: James Bay (sampling station 4 (La Grande River)). HB: Hudson 

Bay (sampling station 5 (Great Whale River)). Contains information licensed under the Open 

Government Licence – Canada.  

 

 
 
Figure 2. Seasonal δ

18
O fluctuations in the Ottawa and St. Lawrence rivers 
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Figure 3. δ
2
H - δ

18
O data collected at the monitoring stations 
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