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IAEA SUB-PROGRAMME
DEVELOPMENT AND MANAGEMENT OF
WATER RESOURCES
(1997-1998)

SUB-PROGRAMME
OBJECTIVES
• to assist, through integration of isotope techniques
in applied research and
practical applications, in
solving practical problems
related to sustainable and
efficient management of
water resources.

• to promote research and
field studies related to maninduced changes and hydroclimatic influences on the
water cycle and its interaction with other geospheric
systems.

PROJECTS IN THE
SUB-PROGRAMME
Human Impact on Water Resources (F4.01)

How to Contact Us
Isotope Hydrology Section
International Atomic Energy Agency
P.O. Box 100, Wagramer Strasse 5
A-1400, Vienna
AUSTRIA
Head of the Section:
Mr. Klaus Fröhlich
Tel. +43-1-2060-21735/21736
Fax: +43-1-20607
e-mail: k.froehlich@iaea.org

• to further develop and
enhance applications of
isotope methodologies in
the assessment of adverse
consequences of present
water utilization practices.

• to achieve improved water utilization policies that
would minimize water
quality degradation caused
by human activities.

Water Resources in Regions of Water Scarcity
(F4.02)
• to contribute to and improve the assessment and
protection of water resources in regions of water
scarcity, in particular in
arid and semi-arid areas.
• to assist Member States
in such regions to incorporate isotope methods into
routine practices for the
determination of hydrological parameters for optimum utilization of scarce
water resources.

changes

• to enable better prediction of their future implications on water resources.

• to enhance the contribution of isotope applications
for improved understanding
of fluvial processes and

• to minimize the adverse
effects of such fluvial processes on soil and water
resources.

Analytical Services and
Quality Assurance
(F4.04)
• to provide assistance in
the determination of the
isotope and chemical composition of water and other
environmental materials
and to assure analytical
quality.

Support to Technical
Co-operation Programmes (F4.05)
• to provide technical sup-

Hydro-climatic
Changes and Impact on
Catchment and Surface
Water Systems (F4.03)

port to the Agency’s technical co-operation projects in
Member States.

• to assess and demonstrate the applicability of
isotope techniques in selected studies of the hydrosphere and atmosphere related to natural and maninduced environmental
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These projects are being implemented by the
Isotope Hydrology Section and the Agency’s
Laboratories
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EDITORIAL

he IAEA is quite unique
in the UN family in that
it has its own technological
strength, in terms of not only
professional staff but also a
series of well established
laboratories in nuclear science and applications. The
Isotope Hydrology Laboratory is one of them. This
laboratory was established
in the very early stages of
the Agency and has been
upgraded ever since. At the
strong demand of the Member States, it is projected to
further grow in the future as
a reference laboratory in the
field of Isotope Hydrology.
In this issue, we will focus
on its analytical quality control system activities, in particular the preparation and
distribution of reference ma-

terials, and some of the recent technical achievements

Editor’s note: 22 march is the
world day for water. The theme for
this year is “Groundwater: the invisible resource”. The Isotope Hydrology Section prepared a short
note entitled “managing groundwater resources by using nuclear
techniques” as the contribution of
the IAEA to a leaflet published and
distributed by UNICEF (United Nations Children’s Fund) and UNDESA
(United Nations Department of Economic and Social Affairs) to celebrate this day. The following is an
excerpt from the contribution.

Water scarcity and degradation are growing concerns for
countries around the world.
Global demand for fresh water doubles every 20 years
according to the FAO. As
industrial, agricultural and
domestic pollution threatens
surface water supplies,
groundwater is becoming an
increasingly precious re-

sotope techniques provide invaluable information on the sources, movement and pollution of
groundwater in different environments, including rivers
and lakes. They are particularly effective in the exploration and rational utilization
of groundwater.
A global water shortage

“The IAEA Isotope
Hydrology Laboratory..., at the strong
demand of the
Member States, is
projected to further
grow in the future
as a reference laboratory in the field of
Isotope
Hydrolin improving analytical precision in the laboratory.
We are pleased to see that

source.
Across the world today, renewable water resources

3

good results have been obtained from the Co-ordinated
Research Project (CRP) on
groundwater pollution, which
was recently concluded. The
major studies and achievements will be highlighted,
supplemented by a technical
review article in the same
field.
A questionnaire is attached to
this issue, with the aim of
getting feedback and soliciting the real interest of our
counterparts in the Member
States concerning “Water &
Environment News”. Your attention to this matter will help
us further improve the
newsletter.
Klaus Fröhlich

available per person are
roughly half of what they were
in 1960. This figure is expected to drop by half again by
the year 2025 according to estimates of the World Bank.
Clearly, if water resources are
not better managed, this could
be an impediment to economic
growth as well as a potential
danger to human health and
the environment.
Managing groundwater in
the Nile Valley
Groundwater is heavily utilized
by densely populated communities in the Nile Valley in
Egypt and Sudan. But its
availability and sustainability in
supplying the needs of a growing population are a problem.
An IAEA Isotope Hydrologyassisted investigation, through
(Continued on page 7)
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Manfred Gröning
Isotope Hydrology
Section, IAEA

PURPOSE AND SCOPE
eference Materials with
their well defined characteristics are used to calibrate
measurements of samples (of
similar material) with unknown
composition and therefore allow easy comparability of analytical results between different
laboratories.
Their use is a
pre-requisite for
modern scientific measurements and their
importance
is
even stressed by
the rising importance of quality
assurance
issues in technology and science.
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Isotope Reference Materials
in 1966, where the production
of two water reference materials was suggested with the
aim of improving the comparability of measurements for
hydrogen and oxygen stable
isotope ratios of water samples. This resulted in the
preparation of VSMOW

18

δ O-scales for hydrogen and
oxygen isotope ratio measurements (see photo on the
front cover of this issue).
Later, in meetings convened
in 1976, 1983, 1985, 1993
and 1995, the production of
other reference materials was
suggested, initiated and later

In the case of
stable isotope
measurements
for light elements at the environmental
level the IAEA is
the leading orga- The staff of the IAEA Isotope Hydrology Laboratory (from left to right, sitting: Christine Schueszler,
nization in pro- Daniela Brummer, Manfred Gröning, Liliana Andreescu, Ahmad Tanweer; standing: Mira Gattin, Herbert
viding reference Tatzber, Randolf Auer, Manfred Jaklitsch, Chinmaya Sambandam, Liang-Feng Han)
materials, organizing
interlaboratory comparisons and (Vienna Standard Mean evaluated, and recommendaconvening expert meetings to Ocean Water) and SLAP tions were discussed on the
discuss the status of and fur- (Standard Light Antarctic Pre- proper calibration methods.
ther needs for reference mate- cipitation), the two water This resulted in the 35 referrials and other means to ensure standards which define the ence materials now existing
2
high quality stable isotope ratio worldwide accepted δ H and
(Continued on page 8)
determinations. Such measurements are important for a
wide range of disciplines like
Stable Isotope Reference Materials
geosciences,hydrology,
Units Distributed in 1994 -1997
medicine, biology, agriculture
and newer applications such as
food authentication, criminol700
ogy or forensic studies.
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PROGRAMME
REVIEW

he involvement of the
IAEA Isotope Hydrology in
the field of reference materials
was marked by the first Advisory Group Meeting on Stable
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ANALYTICAL QUALITY IN THE IAEA ISOTOPE HYDROLOGY LABORATORY

In order to maintain good
quality control of the whole
daily analysis procedure,
seven sample positions out
of the 48 available sample
ports are dedicated to internal standards (water), two
ports are reserved for the
working standard (gas) and
one port for a second laboratory standard (water). For
each real sample, two individual measurements are
performed on different days
and the mean value is regarded as the final result. If
the difference in the individual results is more then a
certain allowed limit (now
0.15‰), this sample analysis is repeated for a third
time.

the temperature stability and
homogeneity in the two air
bath multi-port cabinets and
due to slight changes in

sample handling instructions. The former deviation
limit as a criterion for thirdtime sample repetitions
(0.3‰) was lowered to 0.2‰
in 1996. Even so the percentage of required third repetitions decreased since that
time, allowing a further reduction of the criterion limit
to the recent value of 0.15‰
(1998) in order to improve
the reliability of measurements.
Further improvement in the
reproducibility of analyses is
possible after the planned
revision of the equilibration
system to achieve an even
more homogeneous temperature at all sample ports
(deviations of about 0.5ºC
are now usual between the
two separate air-bath cabinets).

terminations are performed
per year (average over the
last seven years), excluding
all test samples and standards.

Editor’s
Note: These
reports on activates in the
IAEA Isotope
Hydrology Laboratory (pages
5-8) have been
prepared by
staff members
of the laboratory.

In the future it
is planned to
carry out the
O-18 sample analysis at the
Isotope Hydrology Laboratory
by two individual measurements at two different mass specImproved Precision for O
trometers and two Mean standard
deviation for all performed analyses
different sample
equilibration
lines. This is to
test
and
to
demonstrate the
possibilities
of
inter-calibration
of analyses beO-18 Measurements per year
tween indepenNumber of 3rd analyses reduced
dent systems (or
laboratories) to
provide better insight into the associated problems and to enable improved
support as a
follow-up to inter-laboratory
comparison exercises to be
organized by IAEA.
(Mira Gattin)
18

0.1

Standard Deviation
[sigma]

xygen and carbon stable isotope ratio determinations at the IAEA Isotope Hydrology Laboratory
have been carried
out for more than
ten years with a
self-designed and
constructed double collector mass spectrometer using an old analyzer system of a discarded
MM602 mass spectrometer
(MSP-1). This mass spectrometer is connected to a
temperature controlled airbath CO2/H2O equilibration
system (VG 5020, MICROMASS) for fully automatic
analysis of 48 water samples for oxygen isotope ratio
per day.
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About 2500 O-18 analyses,
including GNIP precipitation
samples, and 300 C-13 deMira Gattin measures O-18 in water
samples using the
MSP-1 mass spectrometer in the Isotope Hydrology
Laboratory. (Photo
Credit: Z.H.Pang/
IAEA)

The mean reproducibility
(standard deviation) of replicate measurements of a
sample is reported per year
for all performed sample
measurements. The sudden improvement in reproducibility
from
0.08‰
(VSMOW-scale) during the
years 1991-1995 to 0.05‰
since 1996 was mainly due
to modifications increasing

LABORATORY
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IAEA MEETINGS
AND TRAINING
April
Vienna, ITC on analytical techniques
and quality assurance in environmental
isotope
analysis
27-29,
Vienna,
RCM on Radionuclide transport in
freshwater systems
May
5-7, Vienna, RCM
on the use of tracers and environmental isotopes for
evaluation of pollution in surface water
18-22,
Reston,
USA, RCM on use
of isotopes for analyses of flow and
transport dynamics
in groundwater systems
25-28, Bucharest,
RCM on sedimentation assessment
studies by environmental
radionuclides and their
application to soil
conservation measures
June
15-19,
Vienna,
Workshop on the
use of isotopes in
Caspian Sea investigations
June 29-July 1, Vienna, RCM on radio nuclide transport dynamics in
fresh water sys(Continued on page 8)
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TRITIUM MEASUREMENTS: RE-CONDITIONING OF ELECTROLYSIS CELLS
Why Electrolysis
and after the electrolysis Cells with a great deviation
the
mean
For high precision low-level tri- gives the tritium enrichment from
tium measurements the tritium factor E for each cell. The (9,10,20,22,24) could cause
containing water samples have average P-factor of the three systematic offsets for anato be enriched using an elec- spikes is then applied to the lyzed samples. The blue
curve shows the performance
trolytic process. The electroly- remaining samples by solvsis systems used at IAEA con- ing the above equation for of the cells after the recondisist of 24 electrolysis cells their unknown enrichment tioning treatment in 1998.
Here the matching of the cell
made of stainless steel tubes factor E:
performance (i.e. the total deas anodes and mild steel tubes
P avg · Q
viation span) is in the range of
as cathodes inserted into the
E = exp ( ------------- · ln (W /W ) ) (2)
1%.
anodes. The cells are filled
2.975·(W - W )
with either 250 or 500 ml of
sample water with the addition This calculation procedure The improvement in stability
of 1 or 2 grams of Na2O, re- requires a close matching of of the P-factor results in a
spectively. The water electroly- the enrichment performance lower associated uncertainty
for the enrichment process.
sis is performed at a current in of all 24 cells.
For a final tritium result the
the range of 6 to 8 A. After
enrichment procedure now
neutralization, 10 ml of the Re-conditioning of Elecshows an uncertainty of
sample water is used for
Performance of Tritium Electrolysis Cells
about 2% as compared to
the Liquid Scintillation
Comparison of 1996 and 1998
3.5% before (even rejectCounting.
ing major outliers in the
latter deviating by more
Since tritium bearing
than 10%).
water molecules are not
dissociated as easily as
Since the uncertainty of
the
lighter
water
the tritium enrichment is
molecules, the tritium
Electrolysis cell number
the limiting factor in the
activity in the remaining
overall uncertainty budget,
water increases in the course trolysis Cells
of electrolysis. The quality of In 1997 a reconditioning of all the overall precision of tritium
measurements has been conthe cell's tritium enrichment cells in the 250ml “small” sysbehavior is best described us- tem was necessary. In order siderably improved (Randolf
ing the performance factor P to trace the change in the Auer).
which is defined as:
P-factor during the reconThe Performance Factor P
ditioning pro(W i - W f)
ln (E)
cess,
the
P = -------------- . ---—--(1)
electrolysis in
Q / 2.975
ln (W i/W f)
all 24 cells
per2.975: Ah to electrolyze 1g of was
formed
with
water;
“spike-water”
W i, Wf: initial / final mass of
of known triwater;
Q: total number of Ah required tium activity.
Therefore,
for the electrolysis;
E: enrichment factor for tritium. the P-factor
for all cells
could be calThe Enrichment Factor E
culated from
To obtain the precise enrichequation 1.
ment factors for the cells that
In the figure,
contain samples, for every run
the red curve
three cells are filled with a
shows the Pknown standard water (called
factor of the
"spike", about 1000 TU before
24 cells for a
enrichment) that is measured
typical run in
after electrolysis. The quotient
1996 before Chinmaya Sambandam distills water samples prior to elecof activity of the spike before
t r e a t m e n t . trolytic tritium enrichment. (Photo Credit: Z.H.Pang/IAEA)
i

i

f

f

1
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DEUTERIUM ANALYSIS: TEMPERATURE STABILITY OF WATER BATHS
T e m p e r a tu r e S ta b ility o f W a te r B a th s
IA E A
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C O M M E R C IA L

18
17.95
17.9
17.85
17.8
1

(Manfred Jaklitsch)
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Manfred Jaklitsch
tests the selfconstructed HD
equilibration line
with water bath for
hydrogen stable
isotope analysis
(Photo credit:
M.Gröning/IAEA)

(Continued from page 3)

Using oxygen, hydrogen and
carbon isotopes, it was possible to distinguish between
fresh water originating from
Nile River infiltration and Paleowater representing a nonrenewable resource.
It has been demonstrated
that the influence of the Nile
water extrudes up to 60 km
from the river bank. The
understanding about the relative contribution of recent
and old water in the exploitation of wells helped to design
adequate
management
strategies for local water
supply systems.

161

(m i n u t e )

The graph shows the comparison between a commercially acquired system for
H2/H2O equilibration and a
sample preparation device
designed and constructed in
the Isotope Hydrology Laboratory. The much higher temperature stability in the self
designed water bath gives

the Technical Co-operation
Programme, focused on
clarifying the role of the Nile
River in the replenishment of
the
local
groundwater
aquifers being exploited for
domestic and agricultural
purposes.

Temperature (degree C)

precondition for
obtaining high precision results for hydrogen
stable isotope ratio analysis
using the H2 gas/water equilibration method is a quite
constant temperature during
the equilibration process.
This is due to the considerable temperature dependency of the fractionation
factor alpha for the H2/H2O
hydrogen isotope equilibrium
of 6 per mil/ ºC.

reason for hopes
to further increase
the precision of hydrogen isotope ratio measurements
using this method.

Radiocarbon measurements
of groundwater in the Syrian
desert indicate widely varying
residence time or "age" of
groundwater, ranging from
very recent to nearly 40,000
years ago. Hydrogen isotopes of this very old water
indicate that the climate then
was cooler than today. The
isotopes showed that present
day recharge in the region is
negligible and that groundwater is not being replenished information that is invaluable
to water resource management strategies.
Isotopes help track
pollution
Polluted groundwater may remain in aquifers for centuries,
even millennia, and is very
difficult if not impossible to
clean up. Isotope techniques
can assess the vulnerability
of groundwater to pollution
from the surface by determin-

7

ing how rapidly it moves
and where it is being
recharged. One of the most
common
problems
of
groundwater pollution is the
high nitrate concentration.
Nitrate in groundwater may
result from its use in fertilizers, from disposal or leakage of sanitary waste, or
from industrial activities.
Isotopes of nitrogen are
characteristic of the source
of nitrate in groundwater
and, therefore, can be used
to determine and isolate the
source of pollution. Isotope
techniques can also identify
incipient pollution, providing an early warning where
chemical or biological indicators do not yet give cause
for concern.

LABORATORY
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(Continued from page 6)

tems
Vienna, CS to prepare a technical report on methodologies in the use of
isotopes in soil erosion and sedimentation
Vienna, CM on finalization of the manual on field methods
for geochemical and
isotope investigations in geothermal
areas
July
13-17,
Vienna,
IAHS/ICCE symposium
August
24-26,
Vienna,
Workshop on reconstructing the Isotopic Composition
of Past Precipitation
from Continental
Archives, jointly
with
PAGES
ISOMAP
September
2-4, Vienna, RCM
on the application of
isotope techniques
to the assessment
of aquifer systems
in major urban areas
8-11, Groningen,
Netherlands, RCM
on isotope-aided
studies of atmospheric carbon dioxide and other greenhouse gases Phase 2
14-16, Groningen,
Netherlands, CM on
reference materials
and analytical quality of isotope analyses of water and
(Continued on page 10)

(Continued from page 4)

and distributed by IAEA, and in
a number of publications related to the proper calibration
procedures to be used in laboratories. For a considerable
number of existing materials,
their preparation was undertaken or financially supported
by IAEA. These materials include natural and chemically
pure compounds for stable isotope ratio analysis of hydrogen,
carbon, nitrogen, oxygen and
sulphur, as well as for the radiocarbon activity measurement at natural levels. In 1997,
more than 700 units of these
materials were distributed by
IAEA to laboratories, institutes
and companies worldwide. This
success, despite the increasing
demand, would not have been
possible without the contribution of many scientists and institutions over the world who
actively supported our programme by preparing new reference materials, by determining their isotopic composition in
inter-laboratory exercises and
calibrations, and by advising
on the necessary steps for further improvements. The list of
scientists involved looks like a
who-is-who in isotope hydrology. The continuous support
and cooperation of several organizations is highly acknowledged, such as the U.S. Geological Survey (USGS) in Reston, USA, the Institute for Reference Materials and Measurements (IRMM) of the European
Commission in Geel, Belgium,
and particularly the National
Institute of Standards and
Technology (NIST) in Gaithersburg, USA, with whom the
IAEA shares the distribution of
the stable isotope reference
materials, to mention only a
few.
In the late 1980’s, IAEA joined
the activities of the Radiocarbon community to improve the
14
comparability of results on C

activity determinations, and
organized an inter-laboratory
comparison exercise which
resulted in the precise characterization of some natural
materials in terms of their
14
C activity. These materials,
as well as recently produced
ones, are distributed by IAEA
14
as C quality assurance materials. Inter-laboratory comparison exercises were organized in the past on stable
isotope ratios of various elements as well as on activity
measurements of tritium and
14
C.
FUTURE
Future trends will include the
preparation of reference materials for stable isotope
analysis of organic matter
using elemental analyzers
and continuous flow applications, requiring isotopic homogeneity of the materials at
milligram levels. Such materials are now in high demand, as most of the existing reference materials in
the past were not prepared
according to these requirements. This gap has to be
bridged rather urgently by
providing new reference materials for evolving new analytical techniques and for the
further improvement of existing methods.
New approaches are being
developed for the testing and
characterization of reference
materials by involving a few
dedicated laboratories in the
calibration procedure to ensure the highest possible
precision and accuracy of
the isotope ratio assessment
rather than relying on results
of general inter-laboratory
comparisons, with a wider
spread of results and less
control on used procedures
and analytical quality.

LABORATORY
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In September 1998, the seventh Consultants Meeting on
Reference Materials will be
organized at the Centre for
Isotopic Investigations of the
University of Groningen,
Netherlands. As a major
topic, the discussions will include the status of the preparation of a successor material
for VSMOW, which has to be
replaced in the next years due
to the diminishing stocks of
this material. IAEA is now in
the stage of preparing a considerable amount of three different natural waters close to
the VSMOW isotopic composition to prepare, by careful
mixing, a water which should
be as isotopically indistinguishable as possible from
VSMOW.
Another topic will be the consistent calibration of the existing sulfur reference materials
34
using the VCDT δ S-scale.
This calibration exercise was
started two months ago and is
still going on. A general interlaboratory comparison has
been planned for later this
year among laboratories
measuring sulfur isotope ratios. The calibration of a recently produced isotopically
quite homogeneous cellulose
as a new organic reference
material should be discussed
as well as further proposals
from the last meeting in 1995.
Further topics will include the
quality assurance in isotope
hydrology laboratories and effective methods for improving
the operation of such a laboratory.
Further Information:
IAEA, Reference and inter-comparison materials
for stable isotopes of light elements, Proceedings of a consultants meeting held in Vienna,
1-3 December 1993, IAEA-TECDOC-825,
Sept. 1995, 155pp
Coplen, T.B., P. De Bievre, H.R. Krouse, R.D.
Vocke, Jr., M. Gröning, K. Rozanski, Ratios for
light-element isotopes standardized for better
inter-laboratory comparison, EOS, Transactions, American Geophysical Union, Vol. 77,
July 2, 1996, 255
IAEA. Analytical Quality Control Services - AQCS
Catalogue 1998/99 (in press)
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A

final Research Coordination Meeting
(RCM) held at the
IAEA in Vienna
from 2-5 December 1997,
concluded the Co-ordinated
Research Project (CRP) on
the Application of Isotope
Techniques to Investigate
Groundwater Pollution. The
meeting was attended by
sixteen Chief Scientific Investigators from Austria,
Brazil, China, the Czech
Republic, France, Hungary,
India, Israel, Italy, New
Zealand, Pakistan, Poland,
Senegal and the United
Kingdom.
Isotopes of nitrogen, boron,
sulfur and oxygen in dissolved sulfate 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
were well described with a
good characterization of the
isotope signatures of the
sources. The Project created an environment for
more extensive application
of sulfur and oxygen isotopes in sulfate and oxygen
isotopes in nitrate as discriminants of pollutant
sources.
OVERALL ASSESSMENT
OF ACHIEVEMENTS
The results of the CRP
have shown that the use of
isotopic techniques is moving from the realm of academic, research-oriented
studies to taking 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

Group photo of the participants of the RCM on “on the Application of Isotope Techniques to Investigate
Groundwater Pollution” held in Vienna from 2-5 December 1997. Some staff members of the IHS also attended the meeting. (Photo credit: Cecilia Devia TorresIAEA)

ways:
1. to assist in the interpretation of groundwater flow
systems
The conventional techniques
18
2
3
14
of δ O, δ H, H and C 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
14
routes for pollutants. C has
been used to provide an indication of the age of groundwater. In this way, 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 become evident. 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.
2. to act as tracers of the
origin and pathways of a
range of groundwater pollutants
Several of the studies have
indicated how important isotopes are in investigating the
hydrology of densely populated urban areas, where
(Continued on page 10)
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(Continued from page 9)
(Continued from page 8)

environmental
samples
October
6-9, Monaco, International Symposium on Marine
Pollution
Vienna, CS to prepare a technical
report on investigations on CO2
and other greenhouse gases
India, AGM on integration of isotope field investigations in Asia and
the Pacific Region
November
9-13,
Vienna,
RCM on isotopebased
assessment of groundwater renewal and related
anthropogenic effects in
water scare areas

there is increasing evidence of
multiple sources of pollution.
Nitrate remains one of the
most widespread pollutants of
groundwater. 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 sulfur.
• 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.
INDIVIDUAL PRESENTATIONS OF RESULTS

April
19-23, London,
Past
Global
Changes and their
Significance for
the Future (IGBPPages)
26-28,
Cairo,
Egypt, “Arab Water 98”
May
25-30, Moscow,
Third International
Congress
and
Technical Exhibition, "Water, Ecology and Technology"
ECWA-

•
•

•
•
•
•
•

(Continued on page 12)

CRP NEWS

•

•

•

•

• Analytical

Paris, CM on
teaching material
in isotope hydrology
NON-IAEA MEETINGS
AND
TRAINING

•

•

developments in the
measurements of boron, nitrate,
phosphate and Sulfate isotopes
and case examples of discrimination of nitrogen and sulfur
sources in pollution studies, by
J. Aggarwal, D.S. Sheppard,
G.L. Lyon and B.W. Robinson ,
New Zealand
Nitrate pollution of groundwater
around a sewage stabilization
pond, by K. Vasu, India
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 and C.B. Faye,
Senegal
Tritium in groundwater of Beijing
City, by K. Wei, China
Nitrate pollution of karstic
groundwater systems, Svaty
Jan pod Skalou, Czech Republic, by F. Buzek, Czech Republic
Boron isotope systematics of
groundwater pollution, by A.
Vengosh, Israel
Application of isotope techniques in groundwater pollution
studies, by K. Shivanna, India
Origin of bank filtered groundwater resources covering the
drinking water demand of Budapest, by I. Forizs, Hungary
Environmental protection as-

•

•

•
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sessment for waste disposal
incorporating environmental
isotope techniques, by H. Zojer, Austria
Use of stable isotopes in the
investigation of the effects of
waste water reuse on
groundwater in Mexico, by
P.J. Chilton , M. E. Stuart and
W. G. Darling, U.K.
Application of isotope techniques to investigate groundwater contamination by sea
water intrusion, by G. Barrocu, Italy
Fluoride contamination in the
Lake Region of the Ethiopian
Rift valley: Origin, mechanism
and evolution, by Y. Travi,
France
The application of isotope
techniques to investigate
groundwater pollution for Xiangshan Uranium mine of
China, by Liu Fulin, China
Application of isotopic analyses to study the influence of
exploitation of brown coal on
the pollution of groundwater,
by S. Halas , A. Trembaczowski, W. Soltyk, Poland
Pollution transport studies in
Manora Channel with special
reference to Karachi Harbour
area, by R.M. Qureshi, Pakistan
First studies to establish
CFCs as a routine tool for
shallow groundwater investigation at the IAEA Isotope
Hydrology Laboratory, by M.
Groening and L.F. Han, IAEA
Improving the determination

Since 1988, altogether 367
weekly air samples for anal85
ysis of atmospheric Kr activity have been collected by
IAEA in Vienna in cooperation with the atmospheric
monitoring programme of
the Institute for Atmospheric
Radioactivity of the German
Bundesamt für Strahlenschutz (BfS - Federal Institute for Radiation Protection) in Freiburg, Germany.
All samples were subse-
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of model parameters for contaminant transport in aquifers,
by C.V.S. Sabino, R.M. Moreira, Z.L. Lula, Y. Chausson,
Brazil

FUTURE WORK
The following priority areas
have been identified by the
meeting for the future research efforts of the scientific
community:
• Urban waste, both human
and industrial;
• The origin of saline groundwater;
• Nitrate in groundwater in
agricultural and urban areas.
The papers will be published
in an IAEA TECDOC. The
responsible officer is Jane
Gerardo-Abaya.

quently analyzed in Freiburg
85
for Kr activity as part of a
network of stations maintained by the German BfS.
In the monitoring period the
85
atmospheric Kr activity in
Vienna rose steadily from
3
about 1 Bq/m air in 1988 to
3
1.3 Bq/m air, with single
3
peaks as high as 2.7 Bq/m
air.
(Manfred Gröning/IAEA)
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This example was presented at the first Research
Coordination
Meeting
(RCM) of the Co-ordinated
Research
Project
on
"Isotope based assessment
of groundwater renewal and
related anthropogenic effects in water scarce regions" held on 8-12 December 1997 at the Agency’s
Headquarters in Vienna.
Thirteen Chief Scientific Investigators attended the
meeting.
The CRP, initiated in 1996,
includes participants from
14 institutes in Austria, Bolivia, China, Egypt, India,
Jordan, Mexico, Nigeria,
Senegal, Saudi Arabia,
South Africa, Syria, Tunisia
and the United Kingdom. It
is focused on applied field
research at selected benchmark sites in water scarce

arid and semi-arid regions
for the study of the infiltration (recharge) rate from
rainfall and/or estimate of
diffusive evaporative discharge under natural conditions, through hydrochemical
and isotope profiles in the
unsaturated zone. The outcome of the CRP will allow a
detailed assessment of the
use of unsaturated zone profiles of different isotopic
species in the study of
recharge/discharge dynamics of soil moisture and estimating rates in this regard,
under arid conditions, which
is one of the most crucial
issues in groundwater resources assessment and
management in arid regions.
The meeting considered the
following issues for future
work:
• Additional isotopes and hydrochemical indicators to
be included;
• Analytical work, standardization of field and laboratory procedures, interlaboratory quality assurance;
• Data base to be established and needs for compilation of historical data
from earlier unsaturated
zone studies;
• Additional profiles and
work to be carried out by
each participating institute;
• Spatial variability and extrapolation of point infor-

Tritium Content (TU)
0

200

400

0

CHN/88

500

Depth (cm)

hloride and isotope profiles indicate that in arid
zones with an average annual rainfall in the range of
50 to 350 mm/year, the
mean recharge rate of
groundwater (from rainfall)
is in the range of below 1
mm/year to about 40 mm/
year. The accompanying
figure shows tritium profiles
in the loess plateau in
China (see Figure 1), where
the bomb tritium peak is well
presented in this unsaturated zone.
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Tritium profiles
of CHN97 and
CHN88 (tritium
calibrated to
1997). Samples
were collected
from two cores
in semi-arid area
of loess cover in
Wudan County,
Inner Mongolia,
China.
Based on data
provided by Lin
Ruifen, Chinese
Academy of Sciences

2500

mation to spatial scales;
• Quantification of overall
data and modeling approaches for detailed interpretation of the results.
The meeting also expressed
the hope that the CRP, with
the sites selected for detailed
investigations, will form a
globally representative project, and these sites should be
preserved as international
reference sites for future similar studies.
The second (final) RCM has
been scheduled to be held
during the last quarter of
1998. The responsible officer
is Yuecel Yurtsever.

Join us for
ISOTOPE TECHNIQUES IN WATER RESOURCES
DEVELOPMENT AND MANAGEMENT
organized by the IAEA Isotope Hydrology Section, to be held
from 10 to 14 May, 1999 in Vienna, Austria
CRP NEWS
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(Continued from page

TECH'98
June
Geneva, Annual
Session of the
GNIP
Steering
Committee
8-13, Paris, UNESCO Intergovernmental
Council
Meeting for IHP
13-20, Kermanshah, Iran, Second
International Symposium on Water
Resources
in
Karstic Formations
July
1-4,
Portoroz,
Slovenia, Isotope
Workshop IV of the
European Society
for Isotope Research, 4th IWSIR'87
August
Canada, Continuous Flow Mass
Spectrometry
Workshop
17-20, Espoo, Finland, 2nd International Conference
on Climate and Water
Beijing, China, 9th
International Conference on Isotope
Chronology, Dating
and
Cosmochronology, and
Isotope Geology
September
27 - Oct. 2, Las
Vegas, Nevada,
USA, 28th Congress of the International Association of Hydrogeologists
(Continued on page 14)

CRP NEWS

soil sample for an interlaboratory comparison
run among laboratories dealing
with the quantification of environmental levels of Cs-137
and/or Pb-210/Ra-226 in soil
and sediment samples has
been prepared by the Chemistry Unit of the Agency’s Laboratories in Seibersdorf, Austria.
The original sample was collected from top soil in the
Loess Plateau of China, following the recommendations of
the participants of the IAEA’s
Co-ordination Research Project on “Soil Erosion and Sedimentation Assessment Studies
by Environmental Radionuclides and Their Application
to Soil Conservation Measures” conducted jointly by the
Isotope Hydrology Section,
RIPC, and the Soil, Water and
Crop Nutrition Section, RIFA.
Measuring environmental radioactive isotopes in soil and
sediment samples for the evaluation of soil erosion, soil redistribution and sediment deposition in lakes, reservoirs
and estuaries, is not easy due
to the low specific activity usually present in the samples.
For lake sediments, in addition, the quantity of the available sample available is also
small. In the northern hemisphere, in areas not affected
by the Chernobyl accident,
specific activities from a few
units up to a couple of tens of
Bq/Kg can be found. In the
southern hemisphere, these
activities are much lower,
ranging from almost zero to
2-3 Bq/Kg.
The geometry used for the
measurement depends on the
quantity of soil or sediment
available. With soil samples,
larger amounts of sample can

be easily obtained, but with
sediments from the bottom
of lakes and reservoirs, sample quantity is limited by the
cross section of the corer
and the thickness of the slice
to be measured. The efficiency of the detector for
each geometry and the necessary corrections for selfabsorption losses are calculated by the laboratories with
different methods and standards.
For the measurement of unsupported Pb-210 concentration, this inter-comparison
run is also very important. In
addition to the problems
quoted for the Cs-137 quantification, the measurement
of this radionuclide by
gamma spectrometry requires low-energy detectors.
Self-absorption is a critical
problem for the soft gamma
rays emitted by Pb-210. The
supported Pb-210 activity
must be measured through
the concentration of its parent radionuclide, Ra-226. In
this case, the sample must
be sealed in order to avoid
losses of Rn-222 and allow
the equilibration of the decay
series.

brochure with the above
title has been made
available on the Internet.
The address is :
http://www.iaea.or.at:80/cgibin/watnavigate.pl.
The brochure was prepared
by the Isotope Hydrology
Section and published by the
Division of Public Information of the Agency in 1995 in

12

This inter-comparison run will
allow the participants of the
CRP to check the quality of
their analytical results under
different measuring conditions, and will allow them to
bring to the scientific community comparable data on Cs137 inventories at different
latitudes and rainfall conditions as well as data on PBS210 input functions in different areas of the globe.
This inter-comparison material is ready for distribution.
Laboratories interested in participating in this exercise, in
addition to those in the CRP,
should urgently request the
inter-comparison sample. Its
code is IAEA-0401 Soil Sample, and it is packed in 1000 g
bottles. A maximum of two
bottles can be provided for
each laboratory.
The responsible officers of
this CRP are Edmundo Garcia Agudo and Felipe Zapata.

several language versions
(English, French, Russian
and Spanish). It introduces
the
Agency’s
subprogramme on water resources development and
management. Principles of
isotope hydrology are illustrated by examples in different fields of studies.
Check it out online!
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ollowing the demand
of different institutes
from the public and private
sectors dealing with environmental engineering, the
Chilean Atomic Energy
Commission (CCHEN), and
the Superintendency of
Sanitary Services held a
training
course
on
“Application of Isotope
Techniques in Sanitary and
Environmental Engineering”
from 27 September to 7 October, 1997 in Santiago,
Chile, with the collaboration
of the Isotope Hydrology
Section of the IAEA.
Edmundo Garcia Agudo delivered ten hours of lectures
at the training. His lectures
focused on the application
of artificial tracers in hydrol-

ix volumes of teaching
materials/textbooks in
isotope hydrology are being
prepared as a joint activity
of IAEA and UNESCO.
They are expected to be
finished and published in the
year 1999 by UNESCO.
The titles of the 6 books
are:
• Volume-1:
Introduction of Environmental Isotopes in the Hydrological Cycle
(Co-ordinator:
Prof. W. Mook - Netherlands)
• Volume-2:
Atmospheric
Processes
(Co-ordinator: Prof. J. Gat Israel)
• Volume-3:
Isotopes in Surface Waters
(Co-ordinator: Prof. K.

ogy, which included basic
principles of radioactivity,
health physics, radioactive
and fluorescent tracers and
their application to hydrology
and sanitary engineering
studies. Twenty representatives of sanitary companies
from different administrative
regions of Chile and from the
SISS attended the training
course.
The Chilean Atomic Energy
Commission, through its radioactive tracer unit, has
long experience in the use of
artificial tracers in industrial
applications. Recently, they
participated in an IAEA TC
project which was focused
on hydrology and environmental problems. The Superintendency of Sanitary
Services and other institutes

Rozanski - Poland)
• Volume-4
Hydrogeology, Geohydrology and Isotope Hydrology
(Co-ordinator: Prof. M. Geyh
- Germany)
• Volume-5:
Methodologies of Quantitative Evaluations of Isotope
Data (Co-ordinator: Isotope
Hydrology Section-IAEA)
• Volume-6:
Man Induced Effects on Hydrological Systems (Coordinator: Prof. K.-P. Seiler Germany)
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participated also in this TC
project.
The technology transfer was
made through hands-on work,
in real case studies, related to
different aspects of sanitary
engineering works, such as
submarine sewage out-falls
and sewage treatment ponds.
These fields of application of
artificial tracers were highly
demanded by the specialists
in sanitary and environmental
engineering. At the Chilean
Congress of Sanitary Engineering, held in Santiago, 26
- 30 October 1997, a paper
presented by the counterpart,
on the methodology and results obtained in the artificial
tracers study in the area of
Penco out-fall in Concepción,
was awarded “Best Paper”
prize by the meeting.

cooperation with UNESCO at a
meeting held jointly by the
IAEA and UNESCO during 1516 April 1996. A Consultants
Meeting on “Preparation of
Teaching Materials in Isotope
Hydrology” held in Vienna, 2831, 1997 discussed the detailed plan and divided the
tasks among the authors. This
activity is related to the resolution adopted by the General
Conference of IAEA in 1996
requesting the Agency to take
necessary action towards incorporation of isotope hydrology into university curricula.

The volumes, when published, will be distributed to
universities and other teaching institutes to be used as
textbooks/reference books.
This activity was initiated in

13
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(Continued from page 12)

November
16-19,
Abidjan,
Ivory Coast, International Conference
on water resources
in Africa during the
20th century
1999
IAEA MEETINGS
AND TRAINING
10-14, May, Vienna,
Symposium on isotope techniques in
water resources development
and
management
IAEA Meeting Categories
AGM:
Advisory
Group Meeting
RCM: Research Coordination Meeting
CS: Consultants
Service
CM: Consultants
Meeting
ITC: Inter-regional
Training Course
SYM: International
Symposium
(END)

Isotopes in the
Hydrological Cycle
Klaus Fröhlich presented a paper on Isotopic Variations in
Precipitation of South-East
Asia and the Pacific, and discussed preliminary results on
El-Niño isotopic signatures in
precipitation of the equatorial
Pacific, at the meeting on
“Isotopes in the Hydrological
Cycle”, organized by the Swiss
Science Initiative and held in
Beatenberg, Switzerland from
15 to 17 January 1998.
The meeting reviewed the
state of the art of isotopic studies of current and past climate
changes, identified gaps in the
understanding of specific hydrospheric and climatic processes (e.g. large-scale continental water balance and landsea interaction), and discussed
further steps towards enhanced utilization of isotopes
in hydro-climatic research.

Paleowater
Elisabeth
Gibert-Massault
made a presentation at the
fourth co-ordination meeting of
the EU Project PALAEAUX
which was held at the Institute
of Geology, Estonian Academy
of Sciences, in Tallin (Estonia),
from 12 to 16 July, 1997. The
Agency’s activities related to
the subject were reviewed in
her presentation. In particular,
an overview was provided of
on-going and planned programme activities on hydrology, palaeohydrology, and
palaeoclimatology, in order to
reinforce the collaboration between the IAEA and the scientific community dealing with
modernand
paleogroundwater.
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This meeting focused on the
presentation of results obtained so far in studying

coastal aquifers as archives
of past sea level fluctuations.
This conference provided a
forum for the presentation
and discussion of up-to-date
results and case studies by
representatives of the countries involved in the project,
and for a series of discussion
meetings.

Modeling Paleoclimate
Elisabeth Gibert-Massault
made a poster presentation
at the European Science
Foundation (ESF) Research
Conference
on
“Paleoclimate
Modeling”
held in Castelvecchio (Italy)
from 10 to 15 May, 1997.
This conference was organized in co-sponsorship by
the ESF, the Euroconferences Activities of the European Union and the Centre
National de la Recherche
Scientifique
(CNRS,
France).
The meeting gathered a
group of highly specialized
scientists in palaeoclimatic
reconstruction and modeling
and allowed for a series of
discussion meetings. Specialists in terrestrial and
ocean
palaeoclimatology
and in climate modeling presented and discussed various evidences of the past
climate changes. This conference was a great opportunity for data makers, data
analysts and modelers to interact for a better understanding of these environmental changes. The spatial
and time-scales have to be
addressed with the study of
strong regional signals, land
surface feedback in the models,
coupled
oceanatmosphere models, icecore evidences, rapid climatic changes during the
last glacial maximum, land-
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sea interactions, de-glaciation
and techniques for datamodel comparison.

Recharge, Temperature,
Paleo-waters and Climate
Luis Araguas Araguas presented two papers at the 3rd
Mini-Conference
on
“Recharge,
Temperature,
Paleo-water and Climate”, organized by the Swiss Federal
Institute for Environmental
Science and Technology
(EAWAG), held in Kastanienbaum,
Switzerland,
31
August-4 September 1997,
where the Isotope Hydrology
Section of the IAEA was invited by the organizing committee to present a contribution on the role of geochemical and isotope methods in
groundwater
development
and management issues.
The titles of his papers were:
• Response of a coastal
aquifer in Portugal to hydroclimatic changes during the
last de-glaciation period,
traced by chemical, isotope
and noble gas data ;
• The role of the Isotope Hydrology Database in water
resources management
The idea of developing an
information system to collect
the hydrological, geochemical
and isotope information generated over the last decades
through TC projects on isotope hydrology received special support and will be followed by similar initiatives
with specific objectives.
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Natural boron has two stable
11
10
isotopes, B and
B with
11
10
an approximate B/ B ratio
of 4. Variations in the ratio
of the two isotopes are normally expressed as parts
per thousand deviation,
11
δ B, relative to NBS 951, a
boron isotope standard. The
11
δ B notation is defined as:
11

δ B = [ ( B/ B)sample/( B/ B)NBS 951- 1 ] x 1000
11

10

11

10

Boron is present in groundwater mainly as trigonal undissociated boric acid,
0
B(OH)3 , and its conjugate
base, tetrahedral borate,
B(OH)4 . Aqueous boron
speciation is mainly controlled by pH and concentration, although temperature,
salinity and specific cation
concentrations also affect
the species distribution via
the formation of ion-pairs
and their effect on activity
coefficients and equilibrium
constants.
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Avner Vengosh
Hydrological Service,
P.O. Box 6381,
Jerusalem 91063,
Israel, e-mail:
avnrv@vms.huji.ac.il

waste water: 1 mg/l; fly ash
leachate: 14 mg/l; landfill
11
leachate: 6 mg/l), the δ B of
ground-water is highly sensitive to the impact of the
contamination. The large isotopic variation of the potential
sources can be used to trace
the origin of the contamination and to reconstruct mixing
and flow paths.
Coastal
aquifers affected by seawater
intrusion and marine-derived
fossil brines are characterized
11
by high δ B values (as high
as 60‰). In contrast, domestic waste water with relatively
high boron concentrations
11
and high B/Cl ratio have δ B
values of 0‰ to 12.9‰ which
overlap with the isotopic ratios of synthetic Na-borate
minerals. Distinctly different
isotopic composition of injected treated waste water
and irrigation-affected water
11
(δ B>40‰) was used to

A large (~80‰) isotopic variation in nature is recognized
(Fig.1), which makes boron
isotopes useful for tracing
the origin of dissolved salts
in groundwaters. Previous
groundwater studies have
emphasized the differences
between two distinct endmembers:
(1)
marinederived sources with high δ
11
B values (e.g., sea water =
39‰; Dead Sea = 57‰) (2)
rock-derived sources with
11
relatively low δ B values
11
(e.g., Sea of Galilee, δ B
=24‰,
Qaidam
Basin,
11
China, δ B =-1‰ to 12‰).
The large difference between marine and nonmarine sources allows direct
discrimination of these
sources in groundwater systems.
Boron can be used as a

11

Fig. 1. δ B variations. Large difference in sea
water and fresh
groundwater. 11B
is depleted in Caborate relative to
Na-borate. Industrial products
bear the isotopic
composition of
their parent raw
materials.

landfills leachate

The isotopic fractionation of
boron is controlled by boron
species. Boron with tetrahedral co-ordination is isotopi11
cally depleted (lower δ B)
relative to boron with trigonal co-ordination. Thus, the
fractionation between solids
and solution depends on the
relative abundance of the
three- and four-coordinate
species in each phase. This
leads to a solid-water fractionation being pH dependent, as the trigonaltetrahedral speciation in water is a function of pH. That
is, since the tetrahedral
boron is predominant in
most solid phases (depleted
11
11
in B), the δ B of dissolved
boron in groundwater is usually higher than that in the
aquifer rocks. The isotopic
fractionation between the
two aqueous boron species,
0
trigonal-tetrahedral at 25 C
is ~19‰.

sewage-contaminated ground water
salt-water intrusion
domestic wastewater, washing powders
sea water
fresh water in

fresh water in inland aquifers

coastal aquifers
Synthetic borates

Na-borate 11

δ

Ca-borate

B (‰)

Natural Na-borates
Natural Ca-borates

-40

0

-20

20

δ

tracer in groundwater because of its high solubility in
aqueous solution, natural
abundance in all waters, and
the lack of effects by evaporation,
volatilization,
oxidation-reduction reactions. Since the boron concentrations
in
pristine
ground-waters are generally
low (<0.05 mg/l) and contaminant sources are usually
enriched in boron (e.g. sea
water: 4.6 mg/l; domestic

15

40

60

11 B

trace the effect of injection
into an alluvial aquifer near El
Paso, Texas.
Boron isotopic composition is
not modified during manufacturing of the synthetic products. While sodium perborate
is produced solely from Naborates and is used mainly in
detergents, other boron compounds are used for fertilizers
and are manufactured also
(Continued on page 16)

TECHNICAL
REVIEW
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from Na/Ca and Ca-borates.
Ca-borate products have a dis11
tinguishable lower δ B signa11
ture (δ B=-15‰) which may
be used to trace drainage fluids in agricultural areas in
which B-fertilizers are being
used. Thus in some cases,
boron isotope ratios may delineate different sources of anthropogenic boron (i.e., waste
water versus agriculture return
flow).
High boron concentration as11
sociated with a low δ B (<0‰)
can also reflect the impact of
hydrothermal fluids. Since
some overlap exists between
11
the δ B values of anthropogenic boron and hydrothermal sources, additional constraints are required to distinguish between these sources.
For example, high concentrations of boron have been identified in some surface freshwater (lakes and rivers) in the
River Po watershed in northern
Italy. Strong correlation between boron concentration and
those of total dissolved phosphorus and anionic detergents
suggest that the high boron
concentrations are related to
anthropogenic contamination.
In contrast, high chloride (up to
690 mg/l) and boron concentrations associated with low δ
11
B values (-0.7‰) in groundwater from the coastal plain of
the Cornia River near Pisa,
Italy, suggest a hydrothermal
source.

TECHNICAL
REVIEW

Mixing of regional groundwater boron with anthropogenic boron is the major factor which determines the distri11
bution of d B in contaminated
groundwaters.
Typically
higher boron concentrations in
the contaminant end-member
result in non-linear (hyperbolic)
boron concentration versus
11
δ B mixing curves that enable
identification, and in some
cases, even quantification of
the contaminants in groundwater (Fig. 2). For example, a

δ

(Continued from page 15)

Fig. 2. δ B-B mixing lines between uncontaminated boron in ground water and
possible contaminants: sea water, Na-borates, and Ca-borates. Note that: (1)
the difference between marine and anthropogenic contamination remains detectable in spite of adsorption modifications; and (2) differences between various
anthropogenic sources may be detectable.
11

large difference between the
boron isotopic ratio of
groundwater and of an infringing fly ash leachate
would result in a more sensitive
quantification
of
leachate pollution at much
lower levels (i.e., very early
stages of contamination)
than using boron concentrations alone.
11

The δ B of ground-water
boron can be modified, however, by adsorption onto clay
minerals in the aquifer. The
isotopic fractionation associated with adsorption enriches the groundwater in δ
11
11
B, and thus the δ B of
contaminated groundwater
may differ from that of the
original source, particularly
in conditions of low water/
rock ratios and high salinity
which enhance adsorption.
11
The δ B enrichment associated with adsorption, however, shifts both the anthropogenic and marine signals
resulting in isotopic ratios
that are distinguishable. For
11
example, the δ B values of
groundwater associated with
salt-water intrusion in the
coastal aquifer of Israel increase from 35‰ to 60‰
due to adsorption of boron.
11
Similarly, the δ B values of
sewage-contaminated
groundwater (up to 25‰) reflect isotopic fractionation

16

associated with adsorption,
yet are distinguished from
salt-water intrusion (Fig. 2).
11
High δ B values (up to 50‰)
were also recorded in saline
plumes in the central part of
the Israeli coastal aquifer.
11
The high δ B signal rules out
anthropogenic sources and
thus suggests, in conjunction
with the other geochemical
18
87
86
tracers (δ O, Sr/ Sr, Br/Cl),
that the main salinization phenomenon in the coastal plain
aquifer is a result of a flow of
underlying natural, marinederived saline water.
Further Information
Eisenhut S. and Heumann K.G. (1997) Identification of
ground water contamination by landfills using precise
boron isotope ratio measurements with negative thermal ionization mass spectrometry. Fresenius J. of
Analy. Chem. 359, 375-377.
Eisenhut S., Heumann K.G., and Vengosh A. (1996)
Determination of boron isotopic variations in aquatic
systems with negative thermal ionization mass spectrometry as a tracer for anthropogenic influences. Fresenius J. of Analy. Chem. 354, 903-909.
Palmer M.R. and Swihart G.H. (1996) Boron Isotope
Geochemistry: an overview. In: E.S. Grew and L.M.
Anovitz, eds., Boron: Mineralogy, Petrology, and Geochemistry, Mineralogical Society of America, Reviews
in Mineralogy, 33, pp. 709-744.
Spivack A. J. and You C.-F. (1997) Boron Isotopic
geochemistry of carbonates and pore aaters, Ocean
Drilling Program Site 851, Earth and Planetary Science
Letters (in press).
Vengosh A., Chivas A. R. and McCulloch M. T. (1989)
Direct determination of boron and chlorine isotopes in
geological materials by negative thermal-ionization
mass spectrometry. Chem. Geol. (Isotope Geosci.
Sec.), 79, 333-343.
Vengosh, A., Chivas, A.R., McCulloch, M.T., Starinsky, A.
and Kolodny, Y. (1991). Boron-isotope geochemistry of
Australian salt lakes. Geochimica Cosmochimica Acta.
55, 2591-2606.
Vengosh, A., Heumann, K.G., Juraske, S., and Kasher R.
(1994). Boron isotope application for tracing sources of
contamination in groundwater.Envi. Sci. Tech., 28;
1968-1974.
Vengosh, A., Chivas, A.R., Starinsky, A. and Kolodny, Y.
(1995). Boron isotope geochemistry of non-marine
brines from the Qaidam Basin (China). Chem. Geol.,
120 (No.1/2; 1 February 1995).
You, C-F, Spivack , A.J. and Gieskes, J. (1996) B contents and isotopic compositions of pore fluids: A new
approach to temperature induced artifacts- geochemical implications. Marine Geology, 129, 351-361.
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IN THE NEXT ISSUE
wo areas of high priority have been identified
for the West Asia region in
terms of future technical
assistance by the Agency
for this region:
♦ Enhancement of the
availability of groundwater
resources
through assessment
of the effectiveness
of artificial recharge
schemes;
♦ Management
of
groundwater basins
effected by salinity.

This was concluded at the
Advisory Group Meeting
(AGM) meeting on integration of isotope methods into
effective water resources
management practices in
the West Asia region, organized by the IAEA in Amman, Jordan, 24-27 November, 1997. The AGM was
attended by 27 participants
from 9 countries and several international organizations.
Yuecel Yurtsever was the
scientific secretary of the

Programme Review: GNIP
and related activities
Technical Review: Application of GNIP data to studies
of hydrology and hydroclimate
Updates on:
• Urban hydrology
• Slow moving groundwater
• Nuclide transport dynamics
• Training in analytical
techniques
• Surface water pollution
• Geothermal acidic fluids

Dear Reader,
By now, you should have received three issues of our newsletter. In order to better meet
the needs of our readers, we need to have your feedback. Please answer the following
questions:
1. Which part of the newsletter best meets your need or interest?
2. What do you think about the general contents and layout?
3. Have you read the first three issues of the newsletter?
4. Do you like to receive future issues?

If you wish to receive free copies of future issues of ‘Water & Environment News”, please complete the following form and send it together with your comments and suggestions on the newsletter to:
Water & Environment News, Isotope Hydrology Section,International Atomic Energy Agency, Wagramer Str. 5, P. O. Box
100, A-1400, Vienna, AUSTRIA, e-mail: z.h.pang@iaea.org.
We thank you for your co-operation and support.

Please send me “Water & Environment News” !
Name:……………………Organization:……………………………………………………
…Mailing address:
……………………………………………………………………………………………………
……………………………………………………………………………………………………
Telephone:
…………………………………………………………………………………………….
Fax: ………………………………………………………………………………………
e-mail: ..…………………………………………………………………………………

QUESTIONNAIRE
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