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Water standards distributed by tAEA for oxygen and hydrogen stable isotope analyses. See page 4
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IAEA SUB-PROGRAMME
DEVELOPMENT AND MANAGEMENT OF

WATER RESOURCES
(1997-1998)

SUB-PROGRAMME
OBJECTIVES

« to assist, through inte-
gration of isotope tech-
niques in applied research
and practical applications,
in solving practical prob-
lems related to sustainable
and efficient management
of water resources.

• to promote research and
field studies related to
man-induced changes and
hydro-climatic influences
on the water cycle and its
interaction with other geo-
spheric systems.

PROJECTS IN THE
SUB-PROGRAMME

Human Impact on Wa-
ter Resources (F4.01)

How to Contact Us

Isotope Hydrology Section
International Atomic Energy
Agency
P.O. Box 100, WagramerStrasse 5
A-1400, Vienna
AUSTRIA

Head of the Section:
Mr. Klaus Frb'httch
Tel +43-1-2060-21735/21736
Fax: +43-1-20607
e-mail: kfroehlich@Uiea.Org

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

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

Water Resources in Re-
gions of Water Scarcity
(F4.02)

• to contribute to and im-
prove the assessment and
protection of water re-
sources in regions of wa-
ter scarcity, in particular
in arid and semi-arid ar-
eas.

• to assist Member States
in such regions to incorpo-
rate isotope methods into
routine practices for the
determination of hydro-
logical parameters for op-
timum utilization of
scarce water resources.

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

» to assess and demon-
strate the applicability of
isotope techniques in se-
lected studies of the hy-
drosphere and atmosphere
related to natural and

man-induced environmen-
tal changes

• to enable better predic-
tion of their future impli-
cations on water resources.

® to enhance the contribu-
tion of isotope applications
for improved understand-
ing of fluvial processes
and

« to minimize the adverse
effects of such fluvial pro-
cesses on soil and water
resources.

Analytical Services and
Quality Assurance
(F4.04)

• to provide assistance in
the determination of the
isotope and chemical com-
position of water and other
environmental materials
and to assure analytical
quality.

Support to Technical
Co-operation Pro-
grammes (F4.05)

» to provide technical sup-
port to the Agency's tech-
nical co-operation projects
in Member States.

These projects are be-
ing implemented by the j
Isotope Hydrology Sec- i
tion and the Agency's

Laboratories
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The 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 sci-
ence and applications. The
Isotope Hydrology Labora-
tory 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 Mem-
ber 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 particu-
lar the preparation and distri-

bution of reference materials,
and some of the recent tech-

" Isotope
Hydrology Ldbprq-
tmy».,atthe strong
demand of the Mem-
ber States, is pro-
jected to further
grow in thefiiture as
a reference labora-
tory in the field of
Isotope Hydrology"

nical achievements in im-
proving analytical precision
in the laboratory.

We are pleased to see that
good results have been ob-
tained from the Co-ordinated
Research Project (CRP) on
groundwater pollution, which
was recently concluded. The
major studies and achieve-
ments will be highlighted, sup-
plemented by a technical re-
view article in the same field.

A questionnaire is attached to
this issue, with the aim of get-
ting feedback and soliciting
the real interest of our coun-
terparts in the Member States
concerning "Water & Environ-
ment News". Your attention to
this matter will help us further
improve the newsletter.

Klaus Frohtich

MANAGING GROUNDWATER RESOURCES BY USING
NUCLEAR TECHNIQUES

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 contri-
bution of the IAEA to a leaflet pub-
lished and distributed by UNICEF
(United Nations Children's Fund)
and UNDESA (United Nations De-
partment of Economic and Social
Affairs) to celebrate this day. The
following is an excerpt from the
contribution.

Ysotope techniques pro-
A. vide invaluable informa-
tion on the sources, move-
ment and pollution of
groundwater in different en-
vironments, including rivers
and lakes. They are particu-
larly effective in the explo-
ration and rational utilization
of groundwater.

A global water shortage
Water scarcity and degrada-
tion are growing concerns for
countries around the world.
Global demand for fresh wa-
ter doubles every 20 years
according to the FAO. As
industrial, agricultural and
domestic pollution threatens
surface water supplies,
groundwater is becoming an

The theme for
this year is

"Groundwater: the
invisible resource".

increasingly precious re-
source.

Across the world today, re-

newable water resources avail-
able 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 man-
aged, this could be an impedi-
ment to economic growth as
well as a potential danger to
human health and the environ-
ment.

Managing groundwater in the
Nile Valley
Groundwater is heavily utilized
by densely populated commu-
nities in the Nile Valley in Egypt
and Sudan. But its availability
and sustainability in supplying
the needs of a growing popula-
tion are a problem. An IAEA

(Continued on page 7)



WATER & ENVIRONMENT NEWS No. 3, April 1998

Manfred Groning
Isotope Hydrology
Section, IAEA

PROGRAMME
REVIEW

PURPOSE AND SCOPE

eference Materials with
.their well defined charac-

teristics are used to calibrate
measurements of samples (of
similar material) with unknown
composition and therefore al-
low easy comparability of ana-
lytical results between different
l a b o r a t o r i e s
Their use is a
pre-requisite for
modem scientific
measurements
and their impor-
tance is even
stressed by the
rising importance
of quality assur-
ance issues in
technology and
science.

In the case of sta-
ble isotope mea-
surements for
light elements at
the environmen-
tal level the IAEA
is the leading or-
ganization in pro-
viding reference
materials, orga-
nizing inter-laboratory compar-
isons and convening expert
meetings to discuss the status
of and further needs for refer-
ence materials and other
means to ensure high quality
stable isotope ratio determina-
tions. Such measurements are
important for a wide range of
disciplines like geo-
sciences,hydrology, medicine,
biology, agriculture and newer
applications such as food au-
thentication, criminology or
forensic studies.

HISTORY

n p h e involvement of the IAEA
JL Isotope Hydrology in the

field of reference materials was
marked by the first Advisory

Group Meeting on Stable Iso-
tope 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 ra-
tios of water samples. This
resulted in the preparation of

oxygen isotope ratio measure-
ments (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 sug-
gested, initiated and later
evaluated, and recommenda-

The staff of the IAEA Isotope Hydrology Laboratory (from left to right, sitting: Christine Schueszler,
Daniela Brummer, Manfred Groning, Liliana Andreescu, Ahmad Tanweer; standing: Mira Gattin, Herbert
Tatzber, RandolfAuer, Manfred Jaklitsch, Chinmaya Sambandam, Liang-Feng Hanj

VSMOW (Vienna Standard
Mean Ocean Water) and
SLAP (Standard Light Antarc-
tic Precipitation), the two wa-
ter standards which define the
worldwide accepted 82H and
518O-scales for hydrogen and

tions were discussed on the
proper calibration methods.
This resulted in the 35 refer-
ence materials now existing
and distributed by IAEA, and
in a number of publications

(Continued on page 8)

Stable Isotope Reference Materials
Units Distributed in 1394 -1997
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since 1996 was mainly due
to modifications increasing
the temperature stability and
homogeneity in the two air

PRECISION OF OXYGEN
MEASUREMENTS

Number of 3«*

ANALYTICAL QUALITY IN THE IAEA ISOTOPE HYDROLOGY LABORATORY

vxygen and carbon sta-
"ble isotope ratio deter-

minations at the IAEA Iso-
tope Hydrology Laboratory
have been carried
out for more than
ten years with a
self-designed and
constructed dou-
ble collector mass spec-
trometer using an old ana-
lyzer system of a discarded
MM602 mass spectrometer
(MSP-1). This mass spec-
trometer is connected to a
temperature controlled air-
bath CO2/H2O equilibration
system (VG 5020, MICRO-
MASS) for fully automatic
analysis of 48 water sam-
ples for oxygen isotope ratio
per day.

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 inter-
nal standards (water), two
ports are reserved for the
working standard (gas) and
one port for a second labora-
tory standard (water). For
each real sample, two indi-
vidual measurements are
performed on different days
and the mean value is re-
garded as the final result. If
the difference in the individ-
ual results is more then a
certain allowed limit (now
0.15%o), this sample analy-
sis is repeated for a third
time.

The mean reproducibiiity
(standard deviation) of repli-
cate measurements of a
sample is reported per year
for ali performed sample
measurements. The sudden
improvement in repro-
ducibiiity from 0.08%o
(VSMOW-scale) during the
years 1991-1995 to 0.05%o

bath multi-port cabinets and
due to slight changes in sam-
ple handling instructions.
The former deviation limit as
a criterion for third-time sam-
ple repetitions (O.3%o) was
lowered to 0.2%0 in 1996.
Even so the percentage of
required third repetitions de-
creased since that time, al-
lowing a further reduction of
the criterion limit to the recent
value of 0.15%o (1998) in or-
der to improve the reliability
of measurements.

Further improvement in the
reproducibiiity of analyses is
possible after the planned re-
vision of the equilibration
system to achieve an even
more homogeneous temper-
ature at all sample ports
(deviations of about 0.5°C
are now usual between the
two separate air-bath cabi-
nets).

About 2500 0-18 analyses,

including GNIP precipitation
samples, and 300 C-13 deter-
minations are performed per
year (average over the last

seven years),
excluding all
test samples
and standards.

In the future it is planned to
carry out the O-18 sample
analysis at the Isotope Hydrol-
ogy Laboratory
by two individ-
ual measure-
ments at two
different mass
spectrometers
and two differ-
ent sample
equi l ib ra t ion
lines. This is to
test and to
demonst ra te
the possibilities
of inter-

calibration of
analyses be-
tween indepen-
dent systems
(or laborato-
ries) to provide better insight
into the associated problems
and to enable improved sup-
port as a follow-up to inter-
laboratory comparison exer-
cises to be organized by
IAEA. (Mira Gattin}

Editor's
Note: These
reports on acti-
vates in the
IAEA Isotope
Hydrology Lab-
oratory (pages
5-8) have been
prepared by
staff members
of the labora-
tory.

Improved Precision for 1BQ
fttanrian! dsvlattcn tor all performed enolysex

mi »*w i m

Mira Gattin mea-
sures 0-18 in water
samples using the
MSP-1 mass spec-
trometer in the Iso-
tope Hydrology Lab-
oratory. (Photo
Credit: ZH.Pang/
IAEA)



WATER & ENVIRONMENT NEWS No. 3, April 1998

CALENDAR

1998
IAEA MEETINGS
AND TRAINING

April
Vienna, ITC on an-
alytical techniques
and quality assur-
ance in environ-
mental isotope
analysis

27-29, Vienna,
RCM on Radio-
nuclide transport in
freshwater systems

May
5-7, Vienna, RCM
on the use of trac-
ers and environ-
mental isotopes for
evaluation of pollu-
tion in surface wa-
ter

18-22, Reston,
USA, RCM on use
of isotopes for anal-
yses of flow and
transport dynamics
in groundwater sys-
tems

25-28, Bucharest,
RCM on sedimen-
tation assessment
studies by environ-
mental radio-
nuclides and their
application to soil
conservation mea-
sures

June
15-19, Vienna,
Workshop on the
use of isotopes in
Caspian Sea inves-
tigations

June 29-July 1, Vi-
enna, RCM on ra-
dio nuclide trans-
port dynamics in
fresh water sys-
tems

(Continued oil page S)

TRITIUM MEASUREMENTS: RE-CONDITIONING OF ELECTROLYSIS CELLS

Why Electrolysis
For high precision low-level tri-
tium measurements the tritium
containing water samples have
to be enriched using an elec-
trolytic process. The electroly-
sis systems used at iAEA con-
sist of 24 electrolysis cells
made of stainless steel tubes
as anodes and mild steel tubes
as cathodes inserted into the
anodes. The cells are filled with
either 250 or 500 ml of sample
water with the addition of 1 or 2
grams of Na2O, respectively.
The water electrolysis is per-
formed at a current in the range
of 6 to 8 A. After neu-
tralization, 10 ml of the
sample water is used for
the Liquid Scintillation
Counting.

of activity of the spike before
and after the electrolysis
gives the tritium enrichment
factor E for each cell. The
average P-factor of the three
spikes is then applied to the
remaining samples by solving
the above equation for their
unknown enrichment factor E:

P™, • Q
E = exp ( • In

2.975-(W, • W,)
(2)

This calculation procedure re-
quires a close matching of the
enrichment performance of all
24 cells.

Performance of Tritium Electrolysis Cells
,_ Comparison of 190Q and 1998
0

Since tritium bearing
water molecules are not
dissociated as easily as
the lighter water
molecules, the tritium activity in
the remaining water increases
in the course of electrolysis.
The quality of the cell's tritium
enrichment behavior is best de-
scribed using the performance
factor P which is defined as:

The Performance Factor P

(W.-Wf) ln{£)

Q / 2.975 In (WyWf)

2.975: Ah to electrolyze 1g of
water;
Wj, Wf: initial / final mass of
water;
Q: total number of Ah required
for the electrolysis;
E: enrichment factor for tritium.

The Enrichment Factor E
To obtain the precise enrich-
ment factors for the cells that
contain samples, for every run
three cells are filled with a
known standard water (called
"spike", about 1000 TU before
enrichment) that is measured
after electrolysis. The quotient

Re-conditioning of Elec-
trolysis Cells
In 1997 a reconditioning of all
cells in the 250ml "small" sys-
tem was necessary. In order
to trace the change in the
P-factor dur-
ing the re-
conditioning
process, the
electrolysis
in all 24 cells
was per-
formed with
" s p i k e -
water" of
known tri-
tium activity.
Therefore,
the P-factor
for all cells
could be cal-
culated from
equation 1.
in the figure,
the re6 curve
shows the P-
factor of the
24 cells for a

typical run in 1996 before
treatment. Cells with a great
deviation from the mean
(9,10,20,22,24) could cause
systematic offsets for ana-
lyzed samples. The blue curve
shows the performance of the
cells after the reconditioning
treatment in 1998, Here the
matching of the cell perfor-
mance (i.e. the totai deviation
span) is in the range of 1 %.

The improvement in stability of
the P-factor results in a lower
associated uncertainty for the
enrichment process. For a fi-

nal tritium result the en-
richment procedure now
shows an uncertainty of
about 2% as compared to
3.5% before (even reject-
ing major outliers in the
latter deviating by more
than 10%).

Since the uncertainty of
the tritium enrichment is the
limiting factor in the overall
uncertainty budget, the overall
precision of tritium measure-
ments has been considerably
improved (Randolf Auer).

Chinmaya Sambandam distills water samples prior to electrolytic
tritium enrichment (Photo Credit: Z.H.Pang/IAEA)
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DEUTERIUM ANALYSIS: TEMPERATURE STABILITY OF WATER BATHS

precondition for
obtaining high pre-

cision results for hydrogen
stable isotope ratio analysis
using the H2 gas/water equili-
bration method is a quite con-
stant temperature during the
equilibration process. This is
due to the considerable tem-
perature dependency of the
fractionation factor alpha for
the H2/H2O hydrogen isotope
equilibrium of 6 per mil/ °C.

The graph shows the com-
parison between a commer-
cially acquired system for
H2/H2O equilibration and a
sample preparation device
designed and constructed in
the Isotope Hydrology Labo-
ratory. The much higher tem-
perature stability in the self
designed water bath gives

reason for hopes to
further increase the
precision of hydro-
gen isotope ratio
measurements us-
ing this method.

(Manfred Jaklitsch)

T e m p e r a t u r e S t a b i l l t y o l W a l e r B a t h s

1 2 1 4 1 6 1 6 1 1 0 1 1 2 1 1 + 1

Tim • (m inuts }

1 7 . 6 5 5

I

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

(Continued from page 3)

Isotope Hydrology-assisted
investigation, through the
Technical Co-operation Pro-
gramme, focused on clarify-
ing the role of the Nile River
in the replenishment of the
local groundwater aquifers
being exploited for domestic
and agricultural purposes.

Using oxygen, hydrogen and
carbon isotopes, it was pos-
sible to distinguish between
fresh water originating from
Nile River infiltration and Pa-
leowater representing a non-
renewable 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 rel-
ative contribution of recent
and old water in the exploita-
tion of wells helped to design
adequate management

strategies for local water sup-
ply systems.

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 iso-
topes 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 groundwa-
ter is not being replenished -
information that is invaluable
to water resource manage-
ment strategies.

Isotopes help track
pollution
Polluted groundwater may re-
main in aquifers for centuries,
even millennia, and is very
difficult if not impossible to

clean up. Isotope tech-
niques can assess the vul-
nerability of groundwater to
pollution from the surface by
determining 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 fertiliz-
ers, from disposal or leak-
age 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 indi-
cators do not yet give cause
for concern.

LABORATORY
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(Continued from page 6)

Vienna, CS to pre-
pare a technical re-
port on methodolo-
gies in the use of
isotopes in soil ero-
sion and sedimenta-
tion

Vienna, CM on final-
ization of the man-
ual on field methods
for geochemical and
isotope investiga-
tions in geothermal
areas

July
13-17, Vienna,
IAHS/ICCE sympo-
sium

August
24-26, Vienna,
Workshop on recon-
structing the iso-
topic 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 atmo-
spheric carbon diox-
ide and other green-
house gases -
Phase 2

14-16, Groningen,
Netherlands, CM on
reference materials
and analytical qual-
ity of isotope analy-
ses of water and en-
vironmental sam-
ples

(Continued on [iage 10)

LABORATORY

Reference Materials: Continued

(Continued from page 4)

related to the proper calibration
procedures to be used in labo-
ratories. For a considerable
number of existing materials,
their preparation was under-
taken or financially supported
by IAEA. These materials in-
clude natural and chemically
pure compounds for stable iso-
tope ratio analysis of hydrogen,
carbon, nitrogen, oxygen and
sulphur, as well as for the radio-
carbon activity measurement at
natural levels. In 1997, more
than 700 units of these materi-
als were distributed by IAEA to
laboratories, institutes and
companies worldwide. This
success, despite the increasing
demand, would not have been
possible without the contribu-
tion of many scientists and in-
stitutions over the world who
actively supported our pro-
gramme by preparing new ref-
erence materials, by determin-
ing their isotopic composition in
inter-laboratory exercises and
calibrations, and by advising on
the necessary steps for further
improvements. The list of sci-
entists involved looks like a
who-is-who in isotope hydrol-
ogy. The continuous support
and cooperation of several or-
ganizations is highly acknowl-
edged, such as the U.S. Geo-
logical Survey (USGS) in Re-
ston, USA, the Institute for Ref-
erence Materials and Measure-
ments (IRMM) of the European
Commission in Geel, Belgium,
and particularly the National In-
stitute of Standards and Tech-
nology (NIST) in Gaithersburg,
USA, with whom the IAEA
shares the distribution of the
stable isotope reference mate-
rials, to mention only a few.

In the late 1980's, IAEA joined
the activities of the Radiocar-
bon community to improve the
comparability of results on 14C
activity determinations, and or-

ganized an inter-laboratory
comparison exercise which
resulted in the precise char-
acterization of some natural
materials in terms of their 14C
activity. These materials, as
well as recently produced
ones, are distributed by IAEA
as 14C quality assurance ma-
terials. Inter-laboratory com-
parison exercises were orga-
nized in the past on stable
isotope ratios of various ele-
ments as well as on activity
measurements of tritium and

FUTURE

Future trends will include the
preparation of reference ma-
terials for stable isotope anal-
ysis of organic matter using
elemental analyzers and
continuous flow applications,
requiring isotopic homogene-
ity of the materials at mil-
ligram levels. Such materials
are now in high demand, as
most of the existing refer-
ence 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 evolv-
ing new analytical techniques
and for the further improve-
ment 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 en-
sure 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.

In September 1998, the sev-
enth 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 VS-
MOW, which has to be re-
placed in the next years due to
the diminishing stocks of this
material. IAEA is now in the
stage of preparing a consider-
able 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 con-
sistent calibration of the exist-
ing sulfur reference materials
using the VCDT 834S-scale.
This calibration exercise was
started two months ago and is
still going on. A general inter-
laboratory comparison has
been planned for later this
year among laboratories mea-
suring sulfur isotope ratios.
The calibration of a recently
produced isotopically quite
homogeneous cellulose as a
new organic reference mate-
rial 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 ef-
fective methods for improving
the operation of such a labora-
tory.

Further Information:
IAEA, Reference and inter-comparison materials

for stable isotopes of light elements. Proceed-
ings of 3 consultants meeting held in Vienna,
1-3 December 1993, IAEA-TECDOC-825,
Sept. 1995, 155pp

Cop/en, T.8., P. De Bievre, H.R. Krouse, R.D.
Vocke, Jr., M. Grb'ning, K. Rozanski, Ratios for
light-element isotopes standardized for better
inter-laboratory comparison, EOS, Transac-
tions, 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 Co-
ordination Meeting
(RCM) held at the
IAEA in Vienna from

2-5 December 1997, con-
cluded the Co-ordinated
Research Project (CRP) on
the Application of Isotope
Techniques to Investigate
Groundwater Pollution. The
meeting was attended by
sixteen Chief Scientific In-
vestigators 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 dis-
solved sulfate have been
applied to distinguish pollu-
tant sources and pathways.
lodine-131 has also been
used to determine the effec-
tive velocity of the water
during artificial recharge in a
coastal aquifer. The sys-
tematics of boron isotopes
were well described with a
good characterization of the
isotope signatures of the
sources. The Project cre-
ated an environment for
more extensive application
of sulfur and oxygen iso-
topes in sulfate and oxygen
isotopes in nitrate as dis-
criminants of pollutant
sources.

OVERALL ASSESSMENT
OF ACHIEVEMENTS

The results of the CRP have
shown that the use of iso-
topic techniques is moving
from the realm of academic,
research-oriented studies to
taking a more regular part in
improving the understand-
ing of applied groundwater
problems. The component
studies of the CRP have

Group photo of the participants of the RCM on "on the Application of Isotope Techniques to Investigate Ground-
water Pollution" held in Vienna from 2-5 December 1997. Some staff members of the IHS also attended the
meeting. (Photo credit: Cecilia Devia Torres/IAEA)

broadly confirmed the use of
isotope techniques in two
main ways:

1. to assist in the interpre-
tation of groundwater flow
systems

The conventional techniques
of 818O, 52H, 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 indi-
cation of the age of ground-
water. In this way, several
important aspects have been
illustrated:

• Isotopic techniques have
been used to confirm the
results obtained by hydro-
chemical and other hydro-
geological approaches.
They have been able to
provide independent con-

firmation of, for example,
travel times obtained from
conventional modeling.

• The importance of setting
the isotope interpretations
in the context of a reason-
able conceptual model of
the local or regional hydro-
geology has become evi-
dent. Where the isotopic re-
sults are in conflict with the
current conceptual model,
the model may have to be
revised. This may particu-
larly occur with respect to
either coastal or inland situ-
ations where the origin of
salinity is concerned, and a
correct model of salinity
evolution is required for
aquifer management pur-
poses.

2. to act as tracers of the
origin and pathways of a
range of groundwater pollu-
tants

(Continued on page 10)
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(Continued from page 8)

October
6-9, Monaco, In-

ternational Sympo-
sium on Marine
Pollution

Vienna, CS to pre-
pare a technical re-
port on investiga-
tions on CO2 and
other greenhouse
gases

India, AGM on inte-
gration of isotope
field investigations
in Asia and the Pa-
cific Region

November
9-13, Vienna, RCM
on isotope-based
assessment of
groundwater re-
newal and related
anthropogenic ef-
fects in water scare
areas

Paris, CM on
teaching material
in isotope hydrol-
ogy

NON-IAEA MEET-
INGS AND TRAIN-
ING

April
19-23, London,
Past Global
Changes and their
Significance for the
Future (IGBP-
Pages)

26-28, Cairo,
Egypt, "Arab Wa-
ter 98"

May
25-30, Moscow,
Third International
Congress and
Technical Exhibi-
tion, "Water, Ecol-
ogy and Technol-
ogy* ECWA-
TECH'98

(Continued on page 12)

CRPNEWS

(Continued from page 9)
Several of the studies have
indicated how important iso-
topes are in investigating the
hydrology of densely populated
urban areas, where there is
increasing evidence of multiple
sources of pollution. Nitrate
remains one of the most
widespread pollutants of
groundwater. Several impor-
tant aspects have become
clear in the CRP:

« It is advisable not to rely on
single isotopes but to com-
bine, where possible, the use
of more than one, particularly
oxygen with nitrogen and sul-
fur.

• It is essential to integrate iso-
tope techniques with conven-
tional hydrochemistry.

• Trace elements have an im-
portant role to play in an inte-
grated approach to the inter-
pretation of contaminant
sources and pathways.

INDIVIDUAL PRESENTA-
TIONS OF RESULTS

® Analytical developments in the
measurements of boron, nitrate,
phosphate and Sulfate isotopes
and case examples of discrimi-
nation 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 iso-
tope techniques, by A.A. Tan-
dia. C.B. Gaye and C.B. Faye,
Senega!

« Tritium in groundwater of Bei-
jing City, by K. Wei, China

« Nitrate pollution of karstic
groundwater systems, Svaty
Jan pod Skalou, Czech Repub-
lic, by F. Buzek, Czech Repub-
lic

« Boron isotope systematics of
groundwater pollution, by A.
Vengosh, Israel

• Application of isotope tech-

niques in groundwater pollu-
tion studies, by K. Shivanna,
India

• Origin of bank filtered ground-
water resources covering the
drinking water demand of Bu-
dapest, by I. Forizs, Hungary

» Environmental protection as-
sessment for waste disposal
incorporating environmental
isotope techniques, by H. Zo-
jer, Austria

• Use of stable isotopes in the
investigation of the effects of
waste water reuse on ground-
water in Mexico, by P.J.
Chilton, M. E. Stuart and W.
G. Darling, U.K.

• Application of isotope tech-
niques to investigate ground-
water contamination by sea
water intrusion, by G. Bar-
rocu, 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 Xi-
angshan Uranium mine of
China, by Liu Fulin, China

« Application of isotopic analy-
ses to study the influence of
exploitation of brown coal on
the pollution of groundwater,
by S. Halas. A. Trembac-
zowski, W. Soltyk, Poland

e Pollution transport studies in
Manora Channel with special
reference to Karachi Harbour
area, by R.M. Qureshi, Pak-

istan
® 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 of
model parameters for contami-
nant 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 re-
search efforts of the scientific
community:

» Urban waste, both human
and industrial;
« The origin of saline ground-
water;
« Nitrate in groundwater in
agricultural and urban areas.

The papers will be published
in an IAEA TECDOC. The re-
sponsible officer is Jane
Gerardo-Abaya.

TEN YEARS MONITORING OF 85KR
IN THE ATMOSPHERE OF VIENNA

Since 1988, altogether 367
weekly air samples for anal-
ysis of atmospheric 85Kr ac-
tivity have been collected by
IAEA in Vienna in coopera-
tion with the atmospheric
monitoring programme of the
Institute for Atmospheric Ra-
dioactivity of the German
Bundesamt fur Strahlen-
schutz (BfS - Federal Insti-
tute for Radiation Protection)
in Freiburg, Germany. All

samples were subsequently
analyzed in Freiburg for 85Kr
activity as part of a network
of stations maintained by the
German BfS. in the monitor-
ing period the atmospheric
85Kr activity in Vienna rose
steadily from about 1 Bq/m3

air in 1988 to 1.3 Bq/m3 air,
with single peaks as high as
2.7 Bq/m3 air.

(Manfred Groning/IAEA)
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and isotope pro-
indicate that in arid

zones with an average an-
nual 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 pre-
sented in this unsaturated
zone.

This example was presented
at the first Research Coordi-
nation Meeting (RCM) of the
Co-ordinated Research Pro-
ject on "Isotope based as-
sessment of groundwater re-
newal and related anthro-
pogenic effects in water
scarce regions" held on 8-12
December 1997 at the
Agency's Headquarters in
Vienna. Thirteen Chief Sci-
entific investigators at-
tended 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 fo-
cused on applied field re-
search at selected bench-

mark 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 as-
sessment of the use of un-
saturated zone profiles of dif-
ferent 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 hy-

drochemical indicators to
be included;

• Analytical work, standard-
ization of field and labora-
tory procedures, inter-
laboratory quality assur-
ance;

• Data base to be estab-
lished and needs for com-
pilation of historical data
from earlier unsaturated
zone studies;

• Additional profiles and
work to be carried out by
each participating institute;

Tritium Content (TU)
o 200

Tritium profiles
ofCHN97and
CHN88 (tritium
calibrated to
1997). Samples
were collected
from two cores
in semi-arid area
of loess cover in
Wudah County,
Inner Mongolia,
China.
Based on data
provided by Lin
Ruifen, Chinese
Academy of Sci-
ences

• Spatial variability and ex-
trapolation of point informa-
tion to spatial scales;

• Quantification of overall
data and modeling ap-
proaches for detailed inter-
pretation of the results.

The meeting also expressed
the hope that the CRP, with
the sites selected for detailed
investigations, will form a
globally representative pro-
ject, and these sites should be
preserved as international ref-
erence 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

THE INTERNATIONAL SYMPOSIUM ON
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
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(Continued from page 10)

June
Geneva, Annual
Session of the
GNIP Steering
Committee

8-13, Paris, UN-
ESCO Intergovern-
mental Council
Meeting for (HP

13-20, Kerman-
shah, Iran, Second
International Sym-
posium on Water
Resources in
Karstic Formations

July
1-4, Portoroz,
Slovenia, Isotope
Workshop IV of the
European Society
for Isotope Re-
search, 4th IW-
SIR'87

August
Canada, Continu-
ous Flow Mass
S p e c t r o m e t r y
Workshop

17-20, Espoo, Fin-
land, 2nd Interna-
tional Conference
on Climate and Wa-
ter

Beijing, China, 9th
International Con-
ference on Isotope
Chronology, Dating
and Cosmochronol-
ogy, and Isotope
Geology

September
27 - Oct. 2, Las
Vegas, Nevada,
USA, 28th Con-
gress of the Inter-
national Associa-
tion of Hydrogeolo-
gists

(Continual on page 14)

A Sample for Inter-laboratory Comparison

A soil sample for an inter-
laboratory comparison

run among laboratories dealing
with the quantification of envi-
ronmental levels of Cs-137
and/or Pb-210/Ra-226 in soil
and sediment samples has
been prepared by the Chem-
istry Unit of the Agency's Labo-
ratories in Seibersdorf, Austria.

The original sample was col-
lected from top soil in the Loess
Plateau of China, following the
recommendations of the partic-
ipants of the IAEA's Co-
ordination Research Project on
"Soil Erosion and Sedimenta-
tion Assessment Studies by
Environmental Radio-nuclides
and Their Application to Soil
Conservation Measures" con-
ducted jointly by the Isotope
Hydrology Section, RiPC, and
the Soil, Water and Crop Nutri-
tion Section, RIFA.

Measuring environmental ra-
dioactive isotopes in soil and
sediment samples for the eval-
uation of soil erosion, soil redis-
tribution and sediment deposi-
tion 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 bot-
tom 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 effi-
ciency of the detector for
each geometry and the nec-
essary corrections for self-
absorption losses are calcu-
lated by the laboratories with
different methods and stan-
dards.

For the measurement of un-
supported Pb-210 concentra-
tion, this inter-comparison
run is also very important. In
addition to the problems
quoted for the Cs-137 quan-
tification, the measurement
of this radionuclide by
gamma spectrometry re-
quires 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 par-
ent 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.

This inter-comparison run will
allow the participants of the
CRP to check the quality of
their analytical results under
different measuring condi-
tions, and will allow them to
bring to the scientific commu-
nity comparable data on Cs-
137 inventories at different lat-
itudes and rainfall conditions
as well as data on PBS-210
input functions in different ar-
eas of the globe.

This inter-comparison mate-
rial is ready for distribution.
Laboratories interested in par-
ticipating in this exercise, in
addition to those in the CRP,
should urgently request the
inter-comparison sample, its
code is IAEA-0401 Soil Sam-
ple, 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.

A brochure with the above
j f \ t i t l e has been made
available on the Internet. The
address is :
http://www.iaea.or.at:80/cgi-
bin/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

several language versions
(English, French, Russian
and Spanish). It introduces
the Agency's sub-
programme on water re-
sources development and
management. Principles of
isotope hydrology are illus-
trated by examples in differ-
ent fields of studies.

Check it out online!
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Following the demand
of different institutes

from the public and private
sectors dealing with environ-
mental engineering, the
Chilean Atomic Energy
Commission (CCHEN), and
the Superintendency of San-
itary Services held a training
course on "Application of
Isotope Techniques in Sani-
tary and Environmental En-
gineering" from 27 Septem-
ber to 7 October, 1997 in
Santiago, Chile, with the col-
laboration of the Isotope Hy-
drology Section of the IAEA.

Edmundo Garcia Agudo de-
livered ten hours of lectures
at the training. His lectures
focused on the application of
artificial tracers in hydrology,

Training in Chile

which included basic princi-
ples of radioactivity, health
physics, radioactive and fluo-
rescent tracers and their ap-
plication to hydrology and
sanitary engineering studies.
Twenty representatives of
sanitary companies from dif-
ferent administrative regions
of Chile and from the SISS
attended the training course.

The Chilean Atomic Energy
Commission, through its ra-
dioactive tracer unit, has long
experience in the use of artifi-
cial tracers in industrial appli-
cations. Recently, they par-
ticipated in an IAEA TC pro-
ject which was focused on
hydrology and environmental
problems. The Superinten-
dency of Sanitary Services
and other institutes partici-

pated 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 Engi-
neering, held in Santiago, 26 -
30 October 1997, a paper pre-
sented by the counterpart, on
the methodology and results
obtained in the artificial trac-
ers study in the area of Penco
out-fall in Concepcion, was
awarded "Best Paper" prize
by the meeting.

IN UNIVERSITY CURRICULA:
6 TEXTBOOKS IN PREPARATION

Six 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 Environmen-
tal Isotopes in the Hydrologi-
cal Cycle (Co-ordinator:
Prof. W. Mook - Nether-
lands)

• Volume-2:
Atmospheric Processes
(Co-ordinator: Prof. J. Gat -
Israel)

• VoIume-3:
Isotopes in Surface Waters
(Co-ordinator: Prof. K.

Rozanski - Poland)

• Voiume-4
Hydrogeology, Geohydrol-
ogy and Isotope Hydrology
(Co-ordinator: Prof. M. Geyh
- Germany)

• Volume-5:
Methodologies of Quantita-
tive Evaluations of Isotope
Data (Co-ordinator: Isotope
Hydrology Section-IAEA)

• Volume-6:
Man Induced Effects on Hy-
drological Systems (Co-
ordinator: Prof. K.-P. Seiler -
Germany)

The volumes, when pub-
lished, will be distributed to
universities and other teach-
ing institutes to be used as
textbooks/reference books.

This activity was initiated in
cooperation with UNESCO at a
meeting held jointly by the
IAEA and UNESCO during 15-
16 April 1996. A Consultants
Meeting on "Preparation of
Teaching Materials in Isotope
Hydrology" held in Vienna, 28-
31, 1997 discussed the de-
tailed plan and divided the
tasks among the authors. This
activity is related to the resolu-
tion adopted by the General
Conference of IAEA in 1996
requesting the Agency to take
necessary action towards in-
corporation of isotope hydrol-
ogy into university curricula.

BRIEF NEWS
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(Continuedfrom page 12)

November
16-19, Abidjan,
Ivory Coast, Interna-
tional Conference
on water resources
in Africa during the
20th century

1999
IAEA MEETINGS
AND TRAINING
10-14, May, Vienna,
Symposium on iso-
tope techniques in
water resources de-
velopment and man-
agement

IAEA Meeting Cat-
egories
AGM: Advisory
Group Meeting
RCM: Research Co-
ordination Meeting
CS: Consultants
Service
CM: Consultants
Meeting
ITC: Inter-regional
Training Course
SYM: International
Symposium

(END)

=.ilr.=-

PRESENTATIONS AT MEETINGS BY IHS STAFF

Isotopes in the
Hydrological Cycle

Klaus Frohlich presented a pa-
per on Isotopic Variations in
Precipitation of South-East
Asia and the Pacific, and dis-
cussed preliminary results on
El-Nino 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 hy-
drospheric and climatic pro-
cesses (e.g. large-scale conti-
nental water balance and land-
sea interaction), and discussed
further steps towards en-
hanced 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 pro-
gramme activities on hydrol-
ogy, palaeohydroiogy, and
palaeoclimatology, in order to
reinforce the collaboration be-
tween the IAEA and the scien-
tific community dealing with
modern- and paleo-
groundwater.

This meeting focused on the

presentation of results ob-
tained 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 coun-
tries 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 Castelvec-
chio (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. Spe-
cialists in terrestrial and
ocean palaeoclimatology and
in climate modeling pre-
sented and discussed vari-
ous evidences of the past
climate changes. This con-
ference was a great opportu-
nity for data makers, data
analysts and modelers to in-
teract for a better under-
standing of these environ-
mental changes. The spatial
and time-scales have to be
addressed with the study of
strong regional signals, land
surface feedback in the mod-
els, coupled ocean-
atmosphere models, ice-core

evidences, rapid climatic
changes during the last glacial
maximum, land-sea interac-
tions, de-glaciation and tech-
niques for data-model com-
parison.

Recharge, Temperature,
Paieo-waters and Climate

Luis Araguas Araguas pre-
sented two papers at the 3rd
Mini-Conference on
"Recharge, Temperature,
Paleo-water and Ciimate", or-
ganized by the Swiss Federal
Institute for Environmental
Science and Technology
(EAWAG), held in Kastanien-
baum, Switzerland, 31
August-4 September 1997,
where the Isotope Hydrology
Section of the IAEA was in-
vited by the organizing com-
mittee to present a contribu-
tion on the role of geochemi-
cal and isotope methods in
groundwater development
and management issues.

The titles of his papers were:
• Response of a coastal

aquifer in Portugal to hydro-
climatic changes during the
last de-glaciation period,
traced by chemical, isotope
and noble gas data ;

• The role of the Isotope Hy-
drology Database in water
resources management

The idea of developing an in-
formation system to collect the
hydrological, geochemical
and isotope information gen-
erated over the last decades
through TC projects on iso-
tope hydrology received spe-
cial support and will be fol-
lowed by similar initiatives with
specific objectives.
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BORON ISOTOPES AND GROUND WATER POLLUTION

Natural boron has two stable
isotopes, 11B and 10B with an
approximate 11B/10B ratio of
4. Variations in the ratio of
the two isotopes are nor-
mally expressed as parts
per thousand deviation,
811B, relative to NBS 951, a
boron isotope standard. The
811B notation is defined as:

5"B = [ S M , -1 ] x 1000

Boron is present in ground-
water mainly as trigonal un-
dissociated boric acid,
B(OH)3°, and its conjugate
base, tetrahedral borate,
B{OH)4". Aqueous boron
speciation is mainly con-
trolled by pH and concentra-
tion, 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.

The isotopic fractionation of
boron is controiied by boron
species. Boron with tetrahe-
dral co-ordination is isotopi-
cally depleted (lower 5 11B)
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 frac-
tionation being pH depen-
dent, as the trigonal-
tetrahedral speciation in wa-
ter is a function of pH. That
is, since the tetrahedral
boron is predominant in
most solid phases (depleted
in 11B), the 511B of dissolved
boron in groundwater is usu-
ally higher than that in the
aquifer rocks. The isotopic
fractionation between the
two aqueous boron species,

trigonal-tetrahedral at 25°C is

A large (~80%o) isotopic vari-
ation 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 end-
members: (1) marine-derived
sources with high 8 11B val-
ues (e.g., sea water = 39%o;
Dead Sea = 57%O) (2) rock-
derived sources with rela-
tively low 5 11B values (e.g.,
Sea of Galilee, 8 11B =24%o,
Qaidam Basin, China, 8 11B
=-1%o to 12%o). The large
difference between marine
and non-marine sources al-
lows direct discrimination of
these sources in groundwa-
ter systems.

riched in boron (e.g. sea wa-
ter: 4.6 mg/U domestic waste
water: 1 mg/!;fiyash leachate:
14 mg/l; landfill leachate: 6
mg/i), the 8 11B 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 recon-
struct mixing and flow paths.
Coastal aquifers affected by
seawater intrusion and
marine-derived fossil brines
are characterized by high 811B
values (as high as 60%o). In
contrast, domestic waste wa-
ter with relatively high boron
concentrations and high B/CI
ratio have 8 11B values of O%o
to 12.9%o which overlap with
the isotopic ratios of synthetic
Na-borate minerals. Distinctly
different isotopic composition
of injected treated waste wa-
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Boron can be used as a
tracer in groundwater be-
cause of its high solubility in
aqueous solution, natural
abundance in all waters, and
the lack of effects by evapo-
ration, volatilization,
oxidation-reduction reac-
tions. Since the boron con-
centrations in pristine
ground-waters are generally
low (<0.05 mg/1) and contam-
inant sources are usually en-

ter and irrigation-affected wa-
ter (8 11B>40%o) was used to
trace the effect of injection into
an alluvial aquifer near El
Paso, Texas.

Boron isotopic composition is
not modified during manufac-
turing of the synthetic prod-
ucts. While sodium perborate
is produced solely from Na-
borates and is used mainly in
detergents, other boron com-

(Continued on page 16)

Avner Vengosh
Hydrological Service,
P.O. Box 6381,
Jerusalem 91063,
Israel, e-mail:
avnrv@vms.huji.ac.il

Fig. 1. 811B vari-
ations. Large dif-
ference in sea
water and fresh
groundwater. 11B
is depleted in Ca-
borate relative to
Na-borate. Indus-
trial products
bear the isotopic
composition of
their parent raw
materials.
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pounds are used for fertilizers
and are manufactured also
from Na/Ca and Ca-borates.
Ca-borate products have a dis-
tinguishable lower S11B signa-
ture (8 11B=-15%o) which may
be used to trace drainage fluids
in agricultural areas in which
B-fertilizers are being used.
Thus in some cases, boron iso-
tope ratios may delineate dif-
ferent sources of anthro-
pogenic boron (i.e., waste wa-
ter versus agriculture return
flow).

High boron concentration asso-
ciated with a low 8 11B (<0%0)
can also reflect the impact of
hydrothermal fluids. Since
some overlap exists between
the 8 11B values of anthro-
pogenic boron and hydrother-
mal sources, additional con-
straints are required to distin-
guish between these sources.
For example, high concentra-
tions of boron have been identi-
fied 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 concentra-
tions are related to anthro-
pogenic contamination. In con-
trast, high chloride (up to 690
mg/l) and boron concentrations
associated with iow811B values
(-O.7%o) in groundwater from
the coastal plain of the Cornia
River near Pisa, Italy, suggest
a hydrothermal source.

Mixing of regional ground-
water boron with anthro-
pogenic boron is the major fac-
tor which determines the distri-
bution of d11B in contaminated
groundwaters. Typically higher
boron concentrations in the
contaminant end-member re-
sult in non-linear (hyperbolic)
boron concentration versus
S11B mixing curves that enable
identification, and in some
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Fig. 2. S 8-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 re-
mains detectable in spite of adsorption modifications; and (2) differences be-
tween various anthropogenic sources may be detectable.

cases, even quantification of
the contaminants in ground-
water (Fig. 2). For example,
a large difference between
the boron isotopic ratio of
groundwater and of an in-
fringing fly ash leachate
would result in a more sensi-
tive quantification of leachate
pollution at much lower levels
(i.e., very early stages of
contamination) than using
boron concentrations alone.

The 8 11B of ground-water
boron can be modified, how-
ever, by adsorption onto clay
minerals in the aquifer. The
isotopic fractionation associ-
ated with adsorption enriches
the groundwater in S11B, and
thus the 8 11B of contami-
nated groundwater may differ
from that of the original
source, particularly in condi-
tions of low water/rock ratios
and high salinity which en-
hance adsorption. TheS11B
enrichment associated with
adsorption, however, shifts
both the anthropogenic and
marine signals resulting in
isotopic ratios that are distin-
guishable. For exampie, the
S 11B values of groundwater
associated with salt-water in-
trusion in the coastal aquifer
of Israel increase from 35%o
to 60%o due to adsorption of
boron. Similarly, the 611B val-
ues of sewage-contaminated

groundwater (up to 25%o) re-
flect isotopic fractionation as-
sociated with adsorption, yet
are distinguished from salt-
water intrusion (Fig. 2). High
811B values (up to 50%o) were
also recorded in saline plumes
in the central part of the Israeli
coastal aquifer. The high 811B
signal rules out anthropogenic
sources and thus suggests, in
conjunction with the other
geochemical tracers (8 18O,
8rSr/86Sr, Br/CI), that the main
salinization phenomenon in
the coastal plain aquifer is a
result of a flow of underlying
natural, marine-derived saline
water.
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Two areas of high prior-
ity 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 ground-
water 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 integra-
tion of isotope methods into
effective water resources
management practices in
the West Asia region, orga-
nized by the IAEA in Am-
man, Jordan, 24-27 Novem-
ber, 1997. The AGM was
attended by 27 participants
from 9 countries and several
international organizations.

Yuecel Yurtsever was the
scientific secretary of the
meeting.
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Technical Review: Applica-
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