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E x e c u t i v e Summary

1. The final Research Coordination Meeting (RCM) of the Coordinated Research
Programme (CRP) on the Application of Isotope Techniques to Investigate Groundwater
Pollution was held at the IAEA in Vienna from 2-5 December 1997. This was attended by
sixteen Chief Scientific Investigators from Austria, Brazil, China, Czech Republic, France,
Hungary, India, Israel, Italy, New Zealand, Pakistan, Poland, Senegal and United Kingdom.

2. The completed investigations resulted to the application of more traditional isotopes of
!80,2H, 3H, 13C, 14C as well as of 34S, l*O in SO4,

 ! t t and B which to some extent were integrated
with the classical hydrological tools. The individual studies have broadly confirmed the use of
isotope techniques in two main ways: a) to assist in the interpretation of groundwater flow
systems; b) to act as tracers of the origin and pathways of a range of groundwater pollutants.

3. Isotopes of nitrogen, boron, sulphur and oxygen in dissolved sulphate have been applied
to distinguish pollutant sources and pathways. Iodine-131 has also been used to determine the
effective velocity of the water during artificial recharge in a coastal aquifer. The systematics of
boron isotopes was well described with a good characterisation of the isotope signatures of the
sources. The programme created an environment for more extensive application of sulphur and
oxygen isotopes in sulphate and oxygen isotopes in nitrate as discriminants of pollutant sources.

4. Several important aspects have become clear in the CRP:
-It is advisable not to rely on single isotopes, but to combine where possible the use of
more than one, particularly oxygen with nitrogen and sulphur.
-It is essential to integrate isotope techniques with conventional hydrochemistry.
-Trace elements have an important role to play in an integrated approach to the
interpretation of contaminant sources and pathways.

5. This CRP should be regarded as a stepping stone, considering that the magnitude of the
problem of "groundwater pollution" is enormous in global terms. In order to have an impact on
the understanding of groundwater pollution, the need is seen for follow-up by several CRPs
targeted at specific areas or problems. Of priorities are: a)urban waste, both human and
industrial; b) the origin of saline groundwater; and c) nitrate in groundwater in both agricultural
and urban areas. There was clearly a need for further development of dating techniques for recent
water, as environmental tritium has become less useful.

6. To disseminate the output of the CRP, it was suggested to produce a TECDOC.Some
typical case studies could be published in a special publication or in the new guidebook on
isotope hydrology, as a help for training.



1. INTRODUCTION

The final Research Coordination Meeting (RCM) of the Coordinated Research
Programme (CRP) on the Application of Isotope Techniques to Investigate Groundwater
Pollution was held at the IAEA in Vienna from 2-5 December 1997: This was attended by
sixteen Chief Scientific Investigators representing the countries of Austria, Brazil, China, Czech
Republic, France, Hungary, India, Israel, Italy, New Zealand, Pakistan, Poland, Senegal and
United Kingdom, plus two observers from Iltaly and Agency staff (Annex 1). The meeting was
opened by Mr. K. Froehlich, Head of the Isotope Hydrology Section. The Division Director for
Physical and Chemical Sciences, Mr. R. Iyer, delivered the closing remarks.

The RCM was followed by a Consultants' Meeting to provide a final assessment of the
results of the CRP, to evaluate the experimental methods, as well as the results of the research work
and the conclusions which could be drawn. The meeting also advised the Agency on possible future
directions for the application of isotopes in pollution investigations. The results of the meeting are
reflected in this report.

The initiation of this CRP was made at a Consultants' Meeting organised by the Agency in
1993. Isotope investigations were seen as potentially valuable for tracing water movement and
identifying sources of pollution such as nitrate, fertilisers and increased salinity. Groundwater
resources are at risk from potential sources of pollution from agricultural practices and industry as
well as from salinisation from fossil waters, sea water and poor management. These different
sources of pollution require immediate attention because many population centres in developing
countries, in Europe and in the USA utilise groundwater resources for domestic, agricultural and
industrial needs.

In recognition of the importance of protecting groundwater resources, the CRP was
implemented from 1995 to 1997. Its aim was to investigate by isotope techniques various sources
of pollution and groundwater movement, to develop methodologies for monitoring and to have
input into decision and policy making for water resource utilisation.

The CRP prioritised the following issues:

1. Urban groundwater pollution due to domestic waste and sewage disposal;
2. Landfill performance and hazard assessment;
3. Seawater intrusion;
4. Pollution from agricultural practices.

As identified during the 1993 Consultants' Meeting, the CRP focused on two broad
categories of pollution problems for which isotope techniques are valuable:

Pollution source identification. This is an investigative and regulatory requirement
as well as a tool for remediation, planning and monitoring;



Site investigation and environmental assessment. Isotope techniques are
recommended at the planning stage of risk assessment of new waste disposal sites
and industrial developments.

Isotope techniques have been prescribed along with other tools such as water chemistry and
traditional hydrological methods in order to derive as much information about a specific problem
or site as possible.

2. ACHIEVEMENTS OF THE CRP

The CRP resulted in the completion of 16 investigations dealing with the more traditional
isotopes of 180,2H, 3H, 13C, 14C as well as with applications of 34S, 18O in SO4,

15N and B which to
some extent were integrated with the classical hydrological tools of investigation. The highlights
of the individual presentations (Annex 2) and applications are as follows:

A. Summaries of investigations

The paper by B. Robinson et al., (New Zealand) described the methods for a number of
isotope techniques related to groundwater pollution. Nitrate-nitrogen and oxygen isotopes in an
agricultural area were able to distinguish between fertiliser and waste as sources but not between
animal and human waste. Sulphate oxygen and sulphur isotopes in river water enable
discrimination between natural (geologic, sea water, geothermal and volcanic) and anthropogenic
(fertiliser) sources.

K.N. Vasu et al., (India) investigated the potential for pollution of groundwater from sewage
stabilisation ponds. These ponds collect effluent from the Calicut Medical College Campus. They
are situated above the shallow aquifer (where the water table is close to the surface) in weathered
basement rocks which is used for local domestic water supply. Groundwater samples were taken
from thirty local domestic wells and from two multi-level piezometers constructed close to the
ponds. The quality of the effluent was also established. From the sampling, some wells indicated
elevated nitrate concentrations of 25-50 mg/1 NO3 compared to 5-12 for background levels. Only
one well has nitrate exceeding the WHO guideline value. There is clear evidence of decreased
nitrate concentrations in the monsoon season, as a result of dilution by increased infiltration.
Sampling from the multi-level installations suggested that groundwater nitrate concentrations
decline with depth. This could be due to denitrification or dilution in the regional throughflow.
Tritium determinations from rainfall and from the multi-level samplers were taken to indicate the
pattern of downward movement and recent infiltration, but this interpretation was problematic.

A. Tandia et al., (Senegal) also investigated the potential pollution of groundwater by
nitrate. The suburbs of Dakar, Senegal extend along a coastal and peninsula region over two
shallow sandy aquifers, which are likely to be highly vulnerable to pollution. Because the
population density is high and growing rapidly, the municipal water and sewerage systems are not
able to cope with demand. People living in the suburbs use private shallow wells for their domestic
supplies and pit latrines for waste disposal. The potential for groundwater pollution is high. A total
of 100 groundwater samples were taken from wells in the suburban area and from piezometers in



adjacent areas, and analysed for major inorganic constituents and isotopes of oxygen, deuterium,
tritium and carbon. Many of the wells had nitrate concentrations of 45 mg/1 NO3 while some were
above 200 mg/1, exceeding the WHO guideline levels. Piezometers outside the suburban area were
not affected and have low nitrate concentrations. Groundwater nitrate concentrations were also
shown to be rising with time.

K.Q. Wei et al., (China) presented the use of environmental isotopes for groundwater
pollution studies in Beijing City. The work reviewed the existing and new tritium data as well as
major chemical analyses, stable isotopes including trace elements of groundwater over the city and
environs. High tritium as well as concentration of high ionic values in the centre of Beijing led to
the conclusions that intensive pumping of the the groundwater has changed the regime of the
groundwater system and created a deep drawdown cone. However, tritium contamination can not
be entirely ruled-out particularly as the high spot has remained in the same location.

F. Buzek et al., (Czech Republic) investigated the pollution of a karstic spring in the Czech
Republic. The nitrate concentration of a large spring discharging at 191/s varies between 50 and
60 mg/1. To determine the source of the pollution, and to predict future evolution of groundwater
quality, samples were collected from spring, rainfall and other likely pollution sources for chemical
and isotopic analyses. Hydrograph analysis as well as deuterium and oxygen isotopes were able
to distinguish three components of flow within the discharge. Tritium was used to estimate the age
of these three components. A simple mixing cell model was developed for flow and oxygen
isotopes. It was estimated that some 60% of the discharge came from the oldest component, which
had an estimated residence time of some 22 years.

The possible sources of nitrate include leaching from fertiliser applied to agricultural land
in the catchment of the spring, soil nitrogen and atmospheric deposition. The 615N of all these
sources as well as of spring water was determined. The nitrate in the spring discharge comes from
rainfall and two groundwater components of similar nitrate content and 6I5N values. The rainfall
has a diluting effect of only about 10%, and the source signatures of the groundwater nitrate are
relatively close. The conceptual model developed for flow and oxygen isotopes did not work so
well for the nitrogen isotope data, perhaps because of variation in the source signatures. The
application rates of fertilisers have decreased in recent years, and it was predicted that the nitrate
concentration of the spring would continue to rise for only a few years before stabilising and then
declining.

A. Vengosh et al., (Israel) worked on Boron isotope systematics of groundwater pollution.
Boron can be used as a tracer in groundwater because of its high solubility in aqueous solution and
lack of effects from evaporation, volatisation and oxidation-reduction reactions. Boron
concentrations in pristine groundwater are generally low while contaminant sources such as sea
water and domestic waste are enriched in B. Hence, B isotopes can be used to trace the source of
B in the environment. In addition sea water, salt water intrusion and marine derived brines are
hardly different from hydrothermal fluids and anthropogenic sources. Some isotopic differences
may exist between domestic waste and boron fertilisers but it is unlikely that boron isotopes can
be used to distinguish animal from human waste, particularly in areas where B fertiliser is applied.

K. Shivanna et al., (India) carried out investigations of several potential groundwater



pollution problems in India. In the coastal, delta region of Orissa, they investigated the origins and
mechanisms of salinisation of shallow and deep groundwater. In a thick sequence of deltaic
deposits, there are fresh and saline groundwater in both shallow and deeper aquifers. The study
obtained groundwater and surface water samples along a section from the head of the delta to the
coast, for which major ions and the isotopes of deuterium, oxygen, tritium, sulphur and carbon were
determined. The shallow fresh groundwater is recharged by the infiltration of surface water and
from the basement outcrops at the head of the delta. This was shown by interpretation of the
deuterium and oxygen analyses, and confirmed by the carbon data. The intermediate, higher salinity
zone has waters in which tritium is absent, and have not, therefore, been influenced by recent
recharge. Carbon ages of some 7600 years BP are suggested, and the water may originate by
mixing of freshwater with sea water entrapped during marine transgression in Flandrian times. The
deeper fresh groundwater contains low tritium values and was interpreted as receiving recharge by
deep flow paths from the basement rocks. The deeper saline groundwater was interpreted as
having been entrapped in the late Pleistocene, and has carbon ages of 12000 to 24000 years BP.

In a second study of deep saline groundwater on the west coast of India, similar approaches
were used. A relatively small study area between the Buckingham canal and the sea was
investigated as part of the host rock characterisation programme related to the deep disposal of
radioactive waste. Four boreholes to depths of up to 600 m at the site allow sampling at various
depths. Groundwater quality varies greatly between them. The isotopic results suggest that the
high salinity in the first borehole originates by infiltration of seawater or water from the
Buckingham canal. This, however, is not the case for the remaining three boreholes. It is
suggested that high salinity in the latter cases is acquired by dissolution of material from the rock.

The study by /. Forizs and J. Deak (Hungary) in the Budapest region focused on
determining the ratio of Danube water and infiltrated precipitation in shallow groundwater of the
alluvial aquifers of the Danube islands, which provide much of the municipal supply for Budapest.
The work also included an investigation of the transit time of the Danube water in some production
and observation wells close to the Danube. The data was compared with the results of the hydraulic
modelling. The studies show that the groundwater contains a considerable amount of Danube river
water. Comparing the 618O values and the Cl, NO3 and SO4 contents, it is possible to conclude that
the source of pollutants is on the islands and not the Danube river. This paper outlines the difficulty
of quantifying precisely the ratio of precipitation to infiltration from the Danube River by the use
of stable isotope tracers.

H. Zojer (Austria) presented a multidisciplinary hydrogeological study in an experimental
field area, investigated for a waste disposal site in upper Austria. The age of groundwater has been
defined by the tritium content to assist with the proposal of an underground drainage model. The
most important results of the investigation are the determination of recharge and discharge zones.

J. Chilton et al., (UK) investigated the impact of wastewater irrigation on the underlying
aquifers from which groundwater was withdrawn for potable supplies. The study in two areas of
Mexico (Leon and the Mezquital Valley) looked at the fate and behaviour of contaminants from
untreated municipal wastewater. The use of 618O and 62H isotopes was incorporated into the two
large projects with conventional hydrogeological techniques, including core drilling, geophysics,
major ion and trace element analysis of water samples and soil sampling and simple modelling.



In both study areas, the stable isotope analyses helped to confirm the major ion and trace element
results in distinguishing the main groundwater types. In Leon, the isotope analyses confirmed that
recharge to the deep volcanic-rock aquifer underlying the area of wastewater irrigation came partly
from the surrounding mountainous areas where this formation outcrops. In the Mezquital Valley,
trace elements were most useful in distinguishing groundwater influenced by geothermal activity.
The stable isotopes were able to provide indications of the importance of altitude differences and
evaporation processes in looking at sources of groundwater recharge. The importance of
integrating the stable isotope results with regional hydrochemical data was emphasised in the study.
This requires a good conceptual model of the local hydrogeological situation within which the
hydrochemical and isotope interpretations could be set.

G. Barrocu et al., (Italy) presented work on the application of radioisotope techniques in
artificial coastal aquifer recharge. The experiment using 131I on a site located in the south west of
Sardinia, has shown the efficiency of radiometric tracers for defining the hydrogeological
characteristics and determining the effective velocity of the water during artificial recharge. This
appears useful to control the evolution of the upbuilding cone during artificial recharge of the
aquifers.

Y. Travi (France) presented the combined results of hydrological, geochemical and isotope
investigations concerning the study of fluoride contamination in the Ethiopian rift. In order to
delineate the specific conditions of high fluoride removal in the region, three aspects have been
examined: the role of the reservoir including leaching experiments, the hydrochemical controls and
the evolution of the fluoride content related to mixing between surface waters and groundwater, and
hydrological balance of the lakes (dilution-concentration process). With respect to the last point,
isotope investigations including stable and radioactive isotopes have been very useful to evaluate
the lake water, groundwater relationships and the hydrological dynamics.

F.L. Liu et al., (China) carried out a study in which they applied isotope techniques in
groundwater pollution research at Xiangshan uranium ore field, one of the largest volcanic uranium
deposits in the world. A review of radio-hydrochemical features of natural waters was given and
the general geology of the study area was described. Fifteen water samples were collected from
groundwater and surface water from which hydrochemical and isotopic analyses were undertaken.
Uranium concentrations were used to distinguish polluted water. An attempt was made to establish
pollution pathways between groundwater and surface water, although the interpretation was
somewhat problematic. Deuterium and oxygen isotope analyses indicated that the groundwater was
recharged from local precipitation.

5. Halas et al., (Poland) described a study area of central Poland where a large brown coal
deposit is mined by open pit and the coal is burned in an electric power generating plant.
Exploitation of the coal has reduced the water table, disturbed the groundwater flow, and increased
the concentration of dissolved contaminants as measured in boreholes and piezometers. Possible
sources of increased sulphate concentrations in the waters are from a salt dome in the middle part
of the deposit and both wet and dry ash accumulations from the power station. Samples of dissolved
sulphate from the bores and piezometers were measured for their sulphur and oxygen isotopic
compositions. High concentrations of sulphate in the salt dome area have typical isotopic values
for Permian evaporites. Wells with lower sulphate concentrations have lower isotopic values and



probably represent oxidised pyrite from the host rock. Many of the piezometer samples have very
heavy isotope ratios, suggesting bacterial reduction of sulphate in a stagnant environment. Well
sulphate from around the ash pond has typical isotopic values for anthropogenic coal burning but
wells near the dry ash storage have isotopic signatures from the host rock and are uncontaminated.
So the use of sulphate isotopes allows us to distinguish between sulphate from a Permian salt dome,
oxidised sulphide in the groundwater and sulphate from coal ash leaching.

R. Qureshi et al., (Pakistan) described their extensive investigations along the coastline near
Karachi harbour, with the objective of determining the impact of domestic as well as industrial
pollution. This paper documents for the first time, at this place conjunctive use of environmental
stable carbon isotope and classical non-nuclear techniques. The following types of analyses were
carried out on water, sediments and sea plants: stable isotopes (13C, 34S, I5N), bacterial analyses
(coliform population), EC and turbidity as well as selective toxic trace elements. The extent of
polluted water, the influence on sea plants and the enrichment of sediments with toxic elements
show that immediate remedial actions are required.

R. Moreira et al., (Brazil) have improved the determination of model parameters for
contaminant transport in aquifers. In the design of nuclear waste repositories the migration
behaviour of fission products and actinides within the crust and especially in aquifers is of major
concern. The study deals with one main fission product 137Cs. It also covers experiments with 203Hg
as a tracer in sediments. Batch tests on both elements were used to define the sorption isotherm
characteristics as well as the influence of volume of water to mass of soil ratio. Procedures to
estimate distribution coefficients for environmental values of this ratio have been provided.
Column tests have then given the parameters for a transport model.

B. Assessment

The results of the CRP have shown that the use of isotopic techniques is moving from the
realm of academic, research-oriented studies to take a more regular part in improving the
understanding of applied groundwater problems. The component studies of the CRP have broadly
confirmed the use of isotope techniques in two main ways:

a) to assist in the interpretation of groundwater flow systems;

b) to act as tracers of the origin and pathways of a range of groundwater pollutants.

In respect to the first of these, the conventional techniques of 818O, 82H, 3H and 14C have
been used in the studies to indicate the origins of recharge to groundwater, to illustrate the presence
of evaporation effects and to identify possible transport routes for pollutants. 14C has been used to
provide an indication of the age of groundwater. In so doing, several important aspects have been
illustrated:

* Isotopic techniques have been used to confirm the results obtained by hydrochemical and
other hydrogeological approaches. They have been able to provide independent
confirmation of, for example, travel times obtained from conventional modeling.



* The importance of setting the isotope interpretations in the context of a reasonable
conceptual model of the local or regional hydrogeology has been made clear. Where the
isotopic results are in conflict with the current conceptual model, the model may have to be
revised. This may particularly occur with respect to either coastal or inland situations where
the origin of salinity is concerned, and a correct model of salinity evolution is required for
aquifer management purposes.

With respect to the second, isotopes of nitrogen, boron, sulphur and oxygen in dissolved
sulphate have been used in the CRP to distinguish pollutant sources and pathways. Iodine-131 has
also been used to determine the effective velocity of the water during artificial recharge in a coastal
aquifer. Several of the studies have indicated how important this can be in densely populated urban
areas, where there is increasing evidence of multiple sources of pollution. Nitrate remains one of
the most widespread pollutants of groundwater. Again, several important aspects have become
clear in the CRP:

* It is advisable not to rely on single isotopes, but to combine where possible the use of more
than one, particularly oxygen with nitrogen and sulphur.

* It is essential to integrate isotope techniques with conventional hydrochemistry.

* Trace elements have an important role to play in an integrated approach to the interpretation
of contaminant sources and pathways.

C. Methodologies enhanced and developed

The use of the water isotopes was widely employed, and the need for time series data was
illustrated, hi this respect, the value of the Agency's long-term precipitation data was made very
clear.

The systematics of boron isotopes was well described, and there was good characterisation
of the isotope signatures of the sources.

The programme created an environment for more extensive application of sulphur and
oxygen isotopes in sulphate and oxygen isotopes in nitrate as discriminants of pollutant sources.

3. RECOMMENDATIONS

Following a full discussion on the way to disseminate the output of the CRP, it was
suggested to produce a TECDOC. It was felt that the nature of the technical output in the form of
the draft papers was most suitable to this form of production, taking account of the likely timing
requirements of the Agency, the completeness of the projects and the amount of editorial work
required. Some typical case studies could be published in a special publication or in the new
guidebook on isotope hydrology, as a help for training.



This CRP should be regarded as a stepping stone, considering that the magnitude of the
problem of "groundwater pollution" is enormous in global terms. In order to have an impact on the
understanding of groundwater pollution, the need is seen for follow-up by several CRPs targeted
at specific areas or problems. These will have to be well designed and focused to achieve the
desired results. The priority groundwater problem areas identified in the establishment of this CRP
remain the same, but the magnitude and scope of the problems requires particularly well focused
studies. Areas which appear as priorities are:

urban waste, both human and industrial;
the origin of saline groundwater;
nitrate in groundwater in both agricultural and urban areas.

There was clearly a need for further development of dating techniques for recent water, as
environmental tritium has become less useful. The presentation on CFCs suggests that there is good
scope for development of this approach. Other new dating techniques may have possibilities.
Further work is thus required on the behaviour of tracers, adsorption and fractionation, and the
interaction with the rock matrix, and the chemical and biological stability of isotopic tracers.

In all cases the problem needs to be tackled by the application of all possible techniques,
coupled with hydrochemical and hydrogeological data. It is critical that any future CRP researchers
focus on the problems and not just on the interpretation of the isotope data that have been collected,
without consultation or context. Therefore, a requirement for any new participant to a CRP on
pollution of groundwater should include the involvement local authorities and groundwater users.
At the time of setting up the CRP, interested principal researchers should be required to provide
evidence with their proposal that they have joined together with water undertakings and/or
regulatory agencies. This can ensure that the intended research is well founded in terms of both
user applications and hydrogeological context.

Another possible approach to ensuring relevance of the work of a new CRP would be to
encourage participation by research groupings or partnerships which have already been established,
such as within the European Community for research within the environmental programme or in
regional programmes for the Mediterranean region, Eastern Europe or the former Soviet Union, or
for the developing countries.

There is a need to promote the use of isotope techniques to non-specialists to help users and
clients to see the benefits of isotope techniques. These potential users would include water and
sanitation authorities. Likewise, this applies to the whole of the water programme, not just this
CRP.

The current structure of most CRPs does not encourage adequate consultation and exchange
of ideas between participants. It is necessary to strengthen the approach to incorporate isotope
techniques into ongoing groundwater pollution investigations in developing countries. One way
of doing this might be to focus a new CRP onto a small number of topics or even specific sites or
study areas. By joint field visits and/or meetings, the CRP would draw on all the experience of the
participants to design isotope and related hydrochemical and hydrogeological studies focused on
identifying sources of pollution and pollutant pathways, and on presenting and interpreting the
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results in ways which assist in the protection and management of groundwater quality.

The new CRPs that could follow-on from the present one are suggested as follows, in order
of priority:

1. Salinisation of groundwater
2. Urban waste and groundwater pollution
3. Agricultural practices and groundwater pollution
4. Industrial practices and groundwater pollution

In every case, the focus must be on the actual groundwater problems using the broad outline
of the general topics suggested above. The detailed problems and work schemes of the participants
will have been defined by consultation with groundwater authorities and groundwater users. The
investigators will have worked out with the authorities and end users the best combination of
geochemical, geophysical, hydrological and isotope techniques. They will have in addition at the
time of submitting proposals, written evidence of working with the above authorities in the
planning stage to ensure that there will be adequate uptake of the results and technology transfer
to end users.
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Annex 2

Coordinated Research Programme on
The Application of Isotope Techniques to Investigate Groundwater Pollution

Final Research Coordination Meeting
RC-590.2

2-5 December 1997
IAEA Headquarters, Vienna

Meeting Room A 7

AGENDA

Tuesday, 2 December 1997

0900 Registration
0930 Opening of the Meeting

Introduction of participants and financial arrangements
1000 Coffee Break
1030-1130 Analytical developments in the measurements of Boron, Nitrate, Phosphate and

Sulphate isotopes and case examples of discrimination of nitrogen and sulphur
sources in pollution studies by J. Aggarwal, D.S. Sheppard, G.L. Lyon and
B.W. Robinson. New Zealand

1130-1230 Nitrate pollution of groundwater around a sewage stabilisation pond by K. Vasu,
India
1230-1400 Lunch break
1400-1500 Origin, process and migration of Nitrate compounds in the Dakar Region aquifers

(Senegal): First results of the contribution of isotope techniques by A.A. Tandia,
C.B. Gaye ans C.B. Faye, Senegal

1500-1600 Tritium in groundwater of Beijing City by K. Wei, China
1600-1630 Coffee break
1630-1730 Nitrate pollution of karstic groundwater system, Svaty Jan pod Skalou, Czech

Republic by F. Buzek, Czech Republic
1745 Cocktail Reception, VIC Restaurant

Wednesday, 3 December 1997

0900-1000 Boron isotope systematics of groundwater pollution by A. Vengosh, Israel
1000-1100 Application of isotope techniques in groundwater pollution studies by K. Shivanna,

India
1100-1130 Coffee break
1130-1230 Origin of bank filtered groundwater resources covering the drinking water demand

of Budapest by I. Forizs, Hungary
1230-1400 Lunch break
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1400-1500 Environmental protection assessments for waste disposals incorporating
environmental isotope techniques by H. Zojer, Austria

1500-1600 Use of stable isotopes in the investigation of the effects of wastewater reuse on
groundwater in Mexico by P.J. Chilton. M. E. Stuart and W. G. Darling, U.K.

1600-1630 Coffee Break
1630-1730 Application of isotope techniques to investigate groundwater contamination by

seawater intrusion by G. Barrocu, Italy
1900 Heurigen Abend (Optional)

Thursday, 4 December 1997

0900-1000 Fluoride contamination in the Lake Region of Ethiopian Rift valley: Origin,
mechanism and evolution by Y. Travi, France

1000-1100 The application of isotope techniques to investigate groundwater pollution for
Xiangshan Uranium mine of China by Liu Fulin, China

1100-1130 Coffee break
1130-1230 Application of isotopic analyses to study the influence of exploitation of brown coal

on the pollution of groundwater by S. Halas, ATrembaczowski, W. Soltyk, Poland
1230-1400 Lunch break
1400-1500 Pollution transport studies in Manora Channel with special reference to Karachi

Harbour area by R.M. Qureshi, Pakistan
1500-1530 First studies to establish CFCs as routine tool for shallow groundwater

investigation at the IAEA Isotope Hydrology Laboratory by M. Groening and L.F.
Han, IAEA

1530-1630 Improving the determination of model parameters for contaminant transport in
aquifers by C.V.S. Sabino, R.M. Moreira. Z.L. Lula, Y. Chausson, Brazil

1630-1645 Coffee Break
1645-1730 Discussion of results - continued

5 December 1997, Friday

0900-1200 Discussion of results of the CRP - plenary/group discussions.
Summary of achievements of the CRP
Assessment of the results
Discussion of any methodologies developed
Future trends in Research on Groundwater Pollution

1200-1400 Lunch Break
1400-1500 Continuation of discussions
1600-163 0 Presentation of conclusions and recommendations

Closing of the Meeting
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