
ABSTRACT
After presenting actual water quality problems in

coastal areas, a review of the history and recent devel-
opment of electrical mapping and monitoring methods
for water quality is presented.

Finally actual application of electrical mapping and
monitoring methods for water quality is described in 4
case studies from Anholt (Denmark), St.Petersburg
(Russia), Lejre (Denmark) and Syria.
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ments at Sea.

WATER QUALITY IN COASTAL AREAS
Traditional the fear of saltwater problems (intru-

sion) has tended to move groundwater wells inland,
and at the same time opened the possibilities for using
the groundwater in the coastal zone as a sink for
sewage etc.

This strategy has shown up to generate new prob-
lems:
– As the water intake has expanded inland, drying up

of streams and wetlands here has called attention
to the effects groundwater use can have on natural
habitats.

– Also the wastewater drained to the groundwater in
the coastal areas often had shown a tendency not
to disappear, but to show up just at the coastline
and there present a problem for example the
tourist industry.

– Finally outflow of groundwater and rivers to the
sea has appeared to be both a problem and a pos-
sibility for water-planners.
River outflow in winters could be loaded with fer-

tilisers like nitrate, in some areas this is giving rise to
unwanted eutrophicaction of the sea.

This kind of problems has brought along re-estab-
lishing of wetlands acting as “polishing ponds” for the
agricultural run-off (example in Denmark).

And in areas, with freshwater shortage, the winter-
water spilled to the sea has open for project to save this

for dry summers by infiltration to the groundwater.
This “new water problems” has recreated an inter-

est for planned use of the water resources in the coastal
zone and actualised the need for the development of
better methods for mapping and monitoring the water
quality in the coastal zone.

Mapping needs:
– Precise mapping of the fresh/saltwater “interface”,

- (resistivity mapping).
– EIS or IP- mapping must be developed for complex

hydrogeology - is low resistivity due to saltwater or
clay?

– Mapping of sub-sea springs – (electrical mapping
at sea).
Monitoring needs: 

– On-line water quality measurements specially of
the following substances:

– Nitrate and pesticides.
– Chloride content.
– Metals: example Chromium from tanneries.

ELECTRICAL MAPPING AND MONITORING 
Roskilde University has, for several years, worked

with environmental monitoring in the coastal zones.
This includes a considerable international co-operation,
especially with scientists from St. Petersburg University,
University of Rhode Island and Damascus University.

Originally the methods have been developed in
order to localise mineral raw materials on the sea bot-
tom, but the present state of the methods also make
them extremely employable in connection with general
environmental monitoring. There are obvious possibili-
ties for an industrial breakthrough for electrometric test
methods in the nearest future, -a progress that can be
compared to the significant breakthrough of marine
seismic methods in the sixties.

A combination of resistivity (and EIS - Electrical
Impedance Spectroscopy – Viscor and Vedde (1993)
with natural electric field methods including use of ISE
(Ion Selective lectrodes) measurements can be expected
to open up for a completely new employment of elec-
trical measurement for marine mapping and for moni-
toring of ground- and wastewater.
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Interpreting the electrical signal from electrodes is
a delicate matter. Electric noise, cross sensitivities etc. is
serious problems. However it has show up that meas-
urements at sea are less dominated by this problems,
and we are confident that the methods can be devel-
oped for also more unstable environments.

The scientists from the romantic period
For centuries people has searched for water and

metals by water witching, or dowsing with a divining
rod. Usually the dowser holds a forked stick
horizontally in the hands while walking over an area.
The stick is supposed to deflect or twist downward of
its own accord when the dowser passes over water
(or metal ores). Many tests in the last century have
shown that water witches’ success is equal to or less
than pure chance. However around 200 years ago
three young scientist (Oersted, Ritter and Steffens)
who where inspired by the romantic movement -
made electrometric experiments and developed the
holistic dynamic theory and a belief in global
galvanism. For them (by analogy to the results of
Galvani) the dowser maybe held the key, and the all-
pervasive power was electricity.

Oersted pointed out the similarity between the
electrical patterns and organic life forms and Steffens
used the theory in his study of the electric eel. Recent
results of electrometric measurement in nature seem to
indicate that we are able to measure electrical proper-
ties in nature, until now only dreamed by the romantics.

Electrical measurements at Sea
The development within marine geo-electrical

measurements has up to now mainly been based on
resistivity measurements, through different technical
methods we have tried to eliminate the effect of natu-
ral occurring electrical currents and potentials.

The electrical signal of the strongly electric fishes
are very similar to the signals used in geophysical resis-
tivity measurements at sea, moreover the different elec-
trode configurations used in salt and fresh water is mir-
rored in the electric fishes. Thus in the marine species,
the torpedoes (Torpedo nobiliana), the electric organ is
short and wide, and in the fresh-water species, e.g. the
electric eel (Electrophorus electricus), the organs are
long and relatively narrower. In the marine species com-
pared to freshwater species, fewer cells occur in series
and more in parallel, and the voltages are lower and the
currents higher in the higher-conductance medium.

In the last decade resistivity measurements at sea
have almost reached the level of the electric eel. The
method has been especially useful in the mapping of
soft muddy sediments, which are not otherwise map-
able by acoustic geophysical methods (figure 1).

We have worked systematically with
measurements and clarification of natural electric
fields and the potentials that occur when ion selective
electrodes (ISE) of different composition are used in
the investigations. Methods have been developed in
order to localise mineral raw materials on the sea
bottom, sediment composition and geological
mapping; but the present state of the methods also
make them extremely employable in connection with
general environmental monitoring.

A combination of resistivity methods and studies
on natural electric fields, including measurements with
ion-selective electrodes, in marine investigations has
open up for a completely new employment of electrical
measurements for mapping the composition of the sea-
water and the sea bottom.

Ion-selective chalcogenide glass electrodes 

Measuring the presence of toxic metals and inor-
ganic chemical compounds has become an important
part of environmental monitoring and control. As the n-
umber of substances to be watched is constantly grow-
ing and the maximum allowable concentrations of toxic
emissions are lowered, the expenses for a reliable mo-
nitoring are in many cases a limiting factor.

Besides costs, today measuring methods take time.
Thus environment is exposed to harmful substances for
longer periods, which again leads to extra costs, as the
restoration process is more complicated to undertake.

A reliable on-line measuring method has therefore
long been sought for. Ion-selective glass electrodes, for
acidity measurements, has been on the market for some
decades. In detecting harmful inorganic compounds or
metals, very small concentrations must be able to be
detected. Here chalcogenide glass electrodes seem to
be a passable road. For many substances, e. g. a heavy
metal as mercury, the detection level is just above the
background level in nature.

The chalciogenide glass sensors have in the last ten
years in international co-operation been tested for
marine environmental monitoring purposes (Vlasov et
al (1994), Schrøder et al. (1994,1997) and SCOPE
(2001). The sensors have successfully been used in
marine monitoring. Originally he methods have been
developed in order to localise military waste and miner-
al raw materials on the sea bottom, but it seems that
the methods also would be extremely employable in
connection with general environmental and process
monitoring.

Tests in the Baltic Sea have shown that the remark-
able low detection limit of the chalcogenide sensors (for
silver, copper, chromium, lead, cadmium, mercury, iron
and chloride) is very useable in practical marine work.
Our initial results show that it is possible to make online
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measurements with an accuracy of 1/100 to 1/1000 of
what else is possible.

However, interpreting the electrical signal from a
chalcogenide glass electrode is a delicate matter.
Basically, these electrodes react on one specific ion, but
considerable cross sensitivities against other ions are
found. Also ageing of the electrodes and background
drift is problems.

But most of these problems seem to be solved by
the use of flow-injection calibration and new electrode
devices (SCOPE 2001).

The last years scientists at Roskilde and
St.Petersburg universities have investigated this possi-
bilities in order to test the methods for more general
use for on-line measurements of water from waste
treatment plants. In our report (SCOPE 2001) a flow-
injection set-up for the determination of Pb(II), Cr(VI),
Cu(II), Cd(II) using chalcogenide glass chemical sensors
(electrodes) is presented. Seven electrodes are used to
determine the four metals and also chloride ions and
the signals are analysed using multivariate analysis

method, including artificial neural networks. The back-
ground solution is 1 M nitric acid. It is divided into two
lines where the first one is mixed with 1.2 M sodium
acetate and the other one is 1 M nitric acid. The Hg(II),
Cr(VI) and Ag(I) sensors are placed in the acid line while
the Pb(II), Tl(I), Cd(II) and Cu(II) electrodes are placed in
the buffered line. The detection limit for Pb(II) was
about 3 µM and about 1 µM for the other metals. In our
system chloride can be determined down to about 1 µM
alone and 20 µM simultaneously with the other species.
The average error for the determination of the metals in
the range from the detection limit up to about 3 mM
was 10-15 % for Pb(II), Cr(VI), Cu(II) and Cd(II) and
about  30 % for Cl- . The parameters for the flow-injec-
tion system were: flow rate 0.5 ml/min and sample vol-
ume 500 µl. The peak widths were 100 to 300 sec
allowing a theoretical measurement rate of 15 per hour.
In practice sampling rates of about 7-10 times per hour
are realistic. The system is developed as a step forward
to on-line measurements of water from waste treat-
ment plants.
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Figure 1. Example of resistivity measurements at sea 



CASE STUDIES ANHOLT AND
ST.PETERSBURG  (MAPPING)

Anholt
The problems of saltwater intrusion, due to heavily

pumped wells near a coast, is in textbooks often illus-
trated with the drawing of a freshwater lens on a
homogeneous sand island. In practice such situations
are rare. However on the Danish Island of Anholt elec-
trical mapping of the freshwater lens has shown up to
be in full accordance with the theory. And computer
modelling of the reservoir has proven a useful basis for
the water planning of the island, avoiding as well salt-
water intrusion as the construction of costly wastewater
treatment plants.

The development and application of a digital com-
puter model of the groundwater reservoir of the island
of Anholt is described. The model is based on a finite
difference, two-dimensional approach. It was success-
fully used to investigate if the ground water at a
planned well field might be polluted by sewage from
nearby cesspools. Although the model is an approxima-
tion of the real aquifer conditions we have found the
model very useful and suggest that modelling tech-
niques be more widely used in ground water resource
investigations.

A hydrogeological survey was performed on the
Danish Island of Anholt in Kattegat, (560 45’N, 1
1030’E).The aims of the survey were to find the best
location of ground water wells necessary for a future
development of a summer house area on the island and
to investigate the possibility of salt water intrusion
(Schrøder and Øbro 1976).

The survey consisted of approximately 60 geo-elec-
trical soundings (figure 2) and series of systematic
ground water level observations during the year. As the
maximum future groundwater withdrawal is expected
to be 200,000 m3/year and the recharge approx.6 mill.
m3, the problems of salt water intrusion should only be
expected as a response to the fact that the withdrawal
would go on mainly during the summer period and the
recharge during the winter months.

However, the survey showed directly that the year-
ly fluctuation was negligible compared to the thickness
of the freshwater lens.

When the survey was completed, the municipality
wanted to evaluate the feasibility of establishing a sew-
erage system for the development areas based on
cesspools instead of an expensive piped sewage system
including a treatment plant etc.

In order to make sure that no sewage would flow
from the cesspools to the wells, even under extreme
conditions (for instance several years of drought), a
groundwater model was developed. A model which

made it possible to appraise quantitatively, the
response of the aquifer to pumping, drought and seep-
ing sewage.

St. Petersburg

In the St. Petersburg (Russia) area the simple geol-
ogy of Anholt Island is replaced by a much more com-
plex structure. The mapping of salt- and fresh ground-
water in the area south of the city has been one of the
objectives of the EU sponsored “SCOPE” project in
1999-2001. Several Russian and EU universities have
tested new electrometric survey methods in the area: 2-
D resistivity profiling, standard and transient electro-
magnetic profiling and standard Schlumberger (VES)
vertical electrical soundings. Even as automatic inter-
pretation of the newer methods has been much devel-
oped in recent years, the results of the VES showed up
to give the most convincing results (SCOPE 2001).

The reason for this unexpected result seems to be
the greater vulnerability to noise of the 2-D resisivity
profiling and transient electromagnetic profiling meth-
ods, and the fact that this noise will be magnified by the
automatic interpretation methods.

CASE STUDIES LEJRE AND SYRIA 
(MONITORING)

Outflow of groundwater and rivers to the sea has
appeared to be both a problem and a possibility for
water-planners. River outflow in winters could be
loaded with fertilisers like nitrate, in some areas this are
giving rise to unwanted eutrophicaction of the sea.

This kind of problems has brought along re-estab-
lishing of  wetlands acting as “polishing ponds” for the
agricultural run-off (example in Denmark). And in areas,
with freshwater shortage, the winter-water spilled to
the sea has open for project to save this for dry sum-
mers by infiltration to the groundwater.

This “new” water problems has recreated an inter-
est for planned use of the water resources in the coastal
zone and actualised the need for the development of
better methods for mapping and monitoring the water
quality in the coastal zone.

For some years Roskilde University has undertaken
a study project of how to change the pumping (and
infiltration) in the Lejre area (Denmark) in order to
reach the general aims of the formulated Danish water
policy in the area. The results of the study is presented
in the maps, however as the water consumption is
decreasing in Denmark the project is still waiting to be
realised.

The mapping and monitoring methods developed
for the project has interested other regions where water
shortage problems are more severe than in Denmark.
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This has lead to a formal co-operation agreement
between Roskilde and Damascus Universities on estab-
lishing of a center for integrated water-planning in
Syria.

In this co-operation the most important projects is
dealing with water problems in the coastal zone, two
case studies we hope soon to realise. The case studies
on analysis and management of transboundary water
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Figure 2. Cross-section through the island of Anholt  Showing the position of the boundary of salt and fresh ground water based
on the above electrical soundings.



resources to support regional co-operation in its devel-
opment is the dominant part of the project.Where there
seems to be a substantial potential for sustainable
development of “new” freshwater resources now lost
to the Mediterranean sea (at the Syrian-Lebanese
coast). Desalination of (Mediterranean) seawater does-
n’t seem acute as long as there are unused freshwater
potential in the coastal zone.

1. Use of water from sub-surface freshwater
springs in the coastal aquifer.

Aim: To secure huge quantities (hundreds of Mm3
/year) of fresh water to the Lebanon and  Syrian  soci-
eties, today “lost” to the Mediterranean sea.

Tasks: Mapping of freshwater aquifers (and karst
streams) in the coastal area (at land and at sea) with
geophysics (electrical and georadar) and detailed struc-
tural geology.

Interpretation of hydrological geological and geo-
physical mapping in coastal karst, in order to map
underground aquifers and undersea springs.

2. Fresh water recharge and irrigation pricing in
the “Ugarit area” (NW-Syria).

Aims: Reduce harmful effects on soil and shallow
freshwater aquifers from formerly (1970-1997) over-
pumping in the area.

Study pricing effects on soil and shallow freshwater
aquifers from formerly (1970-1997) over-pumping in
the area.

Tasks: Investigation of price elasticity of water in
the irrigated area, and the potential price for recharge
of water in winter month.

Evaluation of consequences of extra-irrigation
(recharging the groundwater) during the winter in
selected areas.

Undertake collection of (mainly statistical) data for
the overall situation in the area with respect to water
use, organisation and distribution of property rights,
prices, competencies and organisation of water author-
ities.

Undertake case studies to access in more detail the
relevant variations of the local organisation of water
supply and wastewater treatment.
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