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Poland, Polish Geological Institute:  J. Lis, A. 
Pasieczna;
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Batista;

Slovakia, Geological Survey of Slovak Republic:  K. 
Marsina, I. Slaninka;

Slovenia, Geological Survey of Sloveni:  M. Bidovec; 
Slovenia, Geology Department, University of 
Ljubljana, S. Pirc; 

Spain, Geological Survey of Spain:  J. Locutura, A. 
Bel-Ian;

Sweden, Geological Survey of Sweden:  S.Å. Olsson, 
K. Lax;

Switzerland, Swiss National Hydrological and 
Geological Survey:  P. Heitzman;

The Netherlands, TNO-NITG:  G. Klaver;
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Water is the best of all things (Pindar, ca. 522-438 B.C.; 

Olympian Odes
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EGS EGG atlas Project Team (Participation from 38 European countries):

Austria: G. Hobiger, GBA; P. Filzmoser, TU Wien;  F. Koller, U. Wien

Belgium: I. Schoeters, W. De Vos

Bosnia & Herzegovina:  H. Hrvatovic, Geol. Surv.

Bulgaria: V. Trendavilov, Min. of Environment and Water

Croatia: J. Halamic, Geol. Surv. Czechia: R. Kadlecova, Geol. Suv.

Estonia: V. Petersell, Geol. Surv., Liidia Bityukova Finland: T. Tarvainen, J. Jarva, GTK

France: I. Salpeteur, C. Innocent , BRGM Germany:  M. Birke, BGR

Hellas (& Cyprus): A. Demetriades, IGME Hungary: G. Jordan, Geol. Surv.

Iceland: B. Wigum, Manvit HF Ireland: R. Flynn, Queens Univ. Belfast

Italy: B. De Vivo, S. Albanese, A. Lima, U.Napoli; E. Dinelli, U.Bologna;  D.Cicchela, U. Sannio; P. Valera, 

U. Cagliari

Lithuania: V. Gregorauskienne, Geol Surv. Luxembourg: R. Maquil, SGL

F.Y.R.O.M.: S. Stafilov, U.Skopje Montenegro: N. Devic, Geol. Surv.

Norway: C. Reimann, B. Frengstad, R.T. Ottesen, NGU

Poland: L. Smietanski, PGI Portugal: C. Lourenço, INETI

Romania: A. Ion, Geol. Surv. Russia: N. Philippov, AS Mineral

Serbia: A. Gulan,  B. Vukicevic, M.Z. Mandic, Geol. Inst.

Slovakia: P. Malik, Geol.Surv. Slovenia: M. Gosar, Geol. Surv.

Spain: A. Bel-lan, J. Locotura, IGME Sweden:  K. Lax, SGU

Switzerland: P. Hayoz, Swisstopo

United Kingdom:  D. Flight, S. Reeder, P. Smedley, BGS; D. Banks, HolyMoore Consultancy

Ukraine: V. Klos, M. Vladimirova, Geol. Surv.

+ samples from Albania, Belarus, Georgia, Latvia, The Netherlands, Turkey
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Geochemistry of European surface-
and ground-water

The work of the EuroGeoSurveysGeochemistry Expert Group

ÅIntroductory notes

ÅGeochemical Atlas of Europe (results of 

stream water geochemistry)

ÅGeochemical Atlas of Ground water 

geochemistry using bottled mineral water 

as a sampling medium

ÅConclusions

ÅRecommendations

ÅReferences

Presentation structure:

Water is the driver of Nature (Leonardo Da Vinci)
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2005-нлмрΥ LƴǘŜǊƴŀǘƛƻƴŀƭ 5ŜŎŀŘŜ ŦƻǊ !Ŏǘƛƻƴ ά²ŀǘŜǊ ŦƻǊ [ƛŦŜέ

.ŀǎŜŘ ƻƴ ǘƘŜ ǘƛǘƭŜ ƻŦ ǘƘŜ ŦƛǊǎǘ ¦b ²ƻǊƭŘ ²ŀǘŜǊ 5ŜǾŜƭƻǇƳŜƴǘ wŜǇƻǊǘ ά'Water for 
People, Water for Lifeέ όhttp://www.unesco.org/water/wwap/wwdr/), the General 
Assembly of the United Nations decided to proclaim, in its resolution 
A/RES/58/217 (http://www.unesco.org/new/en/natural-
sciences/environment/water/), the period from 2005 to 2015 the International 
Decade for ActionΣ άWater for LifeέΣ ŎƻƳƳŜƴŎƛƴƎ ƻƴWorld Water Day, 22 March 
2005 (http://www.unesco.org/new/en/natural-
sciences/environment/water/world-water-day/).

contained inAgenda 21 (http://www.un.org/esa/dsd/agenda21/), the United 
Nations Millennium Development Goals
(http://www.un.org/millenniumgoals/) and the Johannesburg Plan of 
Implementation 
(http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/POIToc.htm).

The Resolution states that the main goal of the Decade should be a greater focus 
on water-related issues at all levels and on the implementation of water-related 
programmes in order to achieve internationally agreed upon water-related goals 
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Question:  Have we done everything that should be done?
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/haόнлмнύ стоΥ  ! .ƭǳŜǇǊƛƴǘ ǘƻ {ŀŦŜƎǳŀǊŘ 9ǳǊƻǇŜΩǎ ²ŀǘŜǊ 
Resources

άWater is essential for human life, nature and the economy.  It is permanently 
renewed, but it is also finite and cannot be made or replaced with other 
resources.  Freshwater constitutes only about 2%of the water on the planet 
and competing demands may lead to an estimated 40% global water supply 
shortage by 2030έΦ

ÅOceans and seas 95.96%
ÅGlaciers and polar ice 2.97%
ÅGround water 1.05%
ÅLakes and rivers 0.009%
ÅAtmosphere 0.001%
ÅBiosphere 0.0001%

Therefore, 
ÅҒфс҈ ƻŦ ǘƘŜ ǿŀǘŜǊ ƻƴ 9ŀǊǘƘ ƛǎ ǎŀƭǘȅ ŀƴŘ ƛǎ ƛƴ 

the oceans and seas, 
ÅҒо҈ ƛǎ ƛƴ ƎƭŀŎƛŜǊǎ ŀƴŘ ǇƻƭŀǊ ƛŎŜΣ ŀƴŘ 
ÅҒм҈ ƛǎ ŦǊŜǎƘ ŀƴŘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜΣ ŀƴŘ 
ŀƴƻǘƘŜǊ ŀǎǎŜǎǎƳŜƴǘ ǎǘŀǘŜǎ Ғо҈ ƛǎ ŦǊŜǎƘ ǿŀǘŜǊ  

(Source:  Press and Siever, 2002, Fig. 12.1, p.254)
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This presentation is concerned with 

the inorganic chemical composition of 

European surface- and ground-water.

7

Water is soul of the Earth (Wystan H. Auden)

In fact , its chemical 

quality.
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òWe are what we repeatedly do; 

excellence, then, is not an act but a 

habitó (Aristotle, 384-322 B.C.)

ôQualityõ it is something that is being 

discussed from ancient to recent 

times.  Already Aristoteles, the 

renown ancient Hellene philosopher 

considered ôqualityõ in his famous 

work ôCategoriesõ.  The Aristotelian 

philosophical approach demands a 

rational assessment of quality. 

Therefore, one can assume with good 

reason that it is not an easy topic to 

grasp and apply.  The problem with 

the attribute of ôqualityõ is that it is 

somewhat subjective and may thus be 

understood differently by different 

people.  In modern times, it is most 

often defined as ôfitness-for-purposeõ.
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PRODUCTION OF HIGH QUALITY 

GEOCHEMICAL DATABASESé..

REQUIRES GOOD PLANNING AT ALL STAGES 

OF:

Sampling

Sample preparation

Laboratory analysis

Geochemical database management

Map production9
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é.. PRODUCTION OF HIGH QUALITY 

GEOCHEMICAL DATABASES é..

REQUIRES THE INSTALLATION OF STRICT 

QUALITY CONTROL PROCEDURES AT ALL 

STAGES OF:

Sampling

Sample preparation

Laboratory analysis

Geochemical database & maps

10
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é.. PRODUCTION OF HIGH QUALITY 

GEOCHEMICAL DATABASES

Sampling

Sample 

preparation

Laboratory 

analysis

ÅThese are the two most 

crucial stages of any 

geochemical survey.  

ÅAny errors during these two 

stages is carried forward, 

and can result in the failure 

of a whole survey. 

ÅErrors can be corrected by 

re-analysis of samples, 

provided enough sampling 

material is available.11
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Geochemical Atlas of Europe 

Part 1

2005
Part 2

2006

http://weppi.gtk.fi/publ/foregsatlas

http://arkisto.gsf.fi/op/op47/op47.pdf

12

http://arkisto.gsf.fi/op/op47/op47.pdf
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Each country funded 

its own survey

26 countries 

participated in the 

Geochemical 

Baseline Mapping 

of Europe

Area:  4,250,000 km2

808 stream 

water samples collected 

during

1998 to 2000

1 site/Ғ5,000 km2

13

Geochemical baseline at the end of the 20th century

Geochemical Atlas of Europe 
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Global Terrestrial Network:  5,000 cells of 160 x 160 km

according to Darnley et al. (1995)

http://www.globalgeochemicalbaselines.eu/wp-

content/uploads/2012/07/Blue_Book_GGD_IGCP259.pdf

14

http://www.globalgeochemicalbaselines.eu/wp-content/uploads/2012/07/Blue_Book_GGD_IGCP259.pdf
http://www.globalgeochemicalbaselines.eu/wp-content/uploads/2012/07/Blue_Book_GGD_IGCP259.pdf
http://www.globalgeochemicalbaselines.eu/wp-content/uploads/2012/07/Blue_Book_GGD_IGCP259.pdf


1 European Federation of Geologists 

SAMPLING SCHEME

Random selection of 

drainage basins in each 

160 x 160 km cell.

At least one basin falls 

in each 80 x 80 km sub-

cell.

According to the specifications of IGCP 259

ñInternational Geochemical Mappingò report (Darnley et al., 1995)

80 km

8
0
 k

m2

1

4
5

3

160 km

160 km

2

1

4

5

3

Overbank sediment

Floodplain sediment

Catchment <100 sq.km

Stream water &     

stream sediment

Large drainage basin 

1000-6000 sq.km

Humus & Soil

Randomly selected 

points in GTN cell 

N43E09
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British Geological Survey

(BGS, United Kingdom)

Federal Institute of Geosciences and Natural Resources

Bundesanstalt für Geowissenschaften und Rohstoffe

(BGR, Germany)

Laboratory analysis of Stream water samples (n=808)

For the production of a harmonised and homogeneous 

database, all stream water samples were analysed for 

the same suite of determinands in the same laboratory

16
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BGR ïGermany:  ICP-QMS / ICP-AES

57 determinands:  Al, As, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, 

Er, Eu, Fe, Ga, Gd, Ge, Hf, Ho, I, In, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, 

Nd, Ni, Pb, Pr, Rb, Sb, Se, SiO2, Sm, Sr, Ta, Tb, Te, Th, Ti, Tl, Tm, U, V, 

W, Y, Yb, Zn, Zr

ÅAccuracy of methods for all determinands is better than Ñ10%,

Åthe bias is within Ñ3%, and

Åthe repeatability at the 95% confidence interval is better than 5% at 

concentrations an order of magnitude above the limit of 

quantification.

17

Determinands measured & Quality control

The noblest of the elements is water
(Pindar, ca. 522-438 B.C.)
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BGS ïU.K.: pH-meter, Conductivity meter, IC, DOC analyser

9 determinands:  pH, EC, 

HCO3
-, Br-, Cl-, F-, NO3

-, SO4
2-,

DOC

ANIONS:  The accuracy of the method is better than Ñ10%, the bias is 

within Ñ3% and the precision at the 95% confidence interval is better 

than 5% at concentrations an order of magnitude above the limit of 

quantification.

DOC:  The accuracy of the method is better than Ñ5%, the bias is 

within Ñ2%, and the precision at the 95% confidence interval is better 

than 6% at concentrations an order of magnitude above the limit of 

quantification (0.5 mg/L).

18

Determinands measured & Quality control
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Stream water is more acid in Fennoscandian countries, due to the low base cation capacity 

of metamorphic basement rocks and high concentration of humic and fulvic acids, typical of 

boreal climate.  Low pH values result in higher solubility of aluminum, REEs (Ce, Pr, Nd, Sm, 

Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) & some metals (e.g., Cr, Fe, Pb, Th, Tl, Ti, Zr).

(Source:  Salminen et al., 2005, p.385) (Source:  Salminen et al., 2005, p.113)

Guide value:  200 ɛg/L
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Factor 1:  Rare earth elements.  REEs anomalies in southern Fennoscandia are 

related to acid pH and high levels of dissolved organic carbon.

(Source:  Salminen et al., 2005, p.385) (Source:  Pirc et al., 2006, p.541)
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(From Salminen et al., 2005, p.153) (From Salminen et al., 2005, p.171)

21

Rare earth elements (REE, e.g., Cerium, Ce) and Aluminum are associated with 

low pH values and high Dissolved Organic Carbon (DOC).  

(Source:  Salminen et al., 2005, p.153) (Source:  Salminen et al., 2005, p.171)
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Geochemical Atlas of 

Europe

22

Photographs from 

http://geotripper.blogspot.com

Dunite

Chromite

Serpentinite

(Source:  Salminen et al., 2005, p.191)

Pillow lava basalt

Chromium is associated with 

ophiolite complexes (mafic & 

ultramafic rocks) and their 

derivates, alkaline rocks, and 

mineralised areas

Limit:  50 ɛg/L
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Pirkanmaa Finland:  Maximum As-

value is 2230 ɛg/L in a bedrock 

drinking water well.

<10 ɛg/L Arsenic is the maximum 

admissible concentration in drinking 

water (WHO/EU)

Values up to 800 ɛg/L As have been 

found so far in the area of the As-

anomaly in Sweden.

Arsenic distribution in stream water

Balkan endemic nephropathy 

(BEN) area (or Danubian endemic 

familial nephropathy, DEFN)

There are, of course, other 

areas with potential As 

problems

23

(Source:  Salminen et al., 2005, p.121)

Limit:  10 ɛg/L
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Balkan endemic nephropathy (BEN) 

is a severe, potentially fatal kidney 

disease leading to end-stage renal 

failure requiring blood dialysis, and is 

often associated with a particular 

kidney cancer (Tatu et al., 1998; 

Grollman et al., 2007).  The disease 

only occurs amongst rural villagers in 

Bosnia & Herzegovina, Bulgaria, 

Croatia, Romania and Serbia without 

access to municipal (treated) water 

supplies.  The principal aquifers in the 

BEN regions are extremely low-rank 

(geologically young) Pliocene lignite 

(coal), containing many relatively 

chemically reactive hydrocarbons.  

Scientists believe that the water 

leaches the hydrocarbons  from the 

lignite.  Drinking this naturally 

contaminated water can result in BEN.

24

Limit:  10 ɛg/L

(Source:  Salminen et al., 2005, p.121)



1 European Federation of Geologists 

Balkan Endemic Nephropathy (BEN)

BEN patient  

in a dialysis 

clinic 

(Romania)

(Photographs provided by Olle Selinus, SGU, Sweden)
25
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As mg/kg

Helsinki

Arsenic concentrations in the

fine fraction of till soil, Finland

Pirkanmaa 

Kittilä

Sample density:  1 site / 300 km2

26

(Source:  Salminen et al., 2005, p.117)

(Source:  Koljonen, 1992, p.147)

(Source:  Salminen 

et al., 2005, p.121)

Other data sets are used for interpretation

Rovaniemi
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Baltic Soil Survey: As-

concentrations in agricultural soil.  

Sample density:  1 site/2500 km2

(Source:  Reimann et al., 2003, p.63)

As 

Subsoil

Sample density:  1 site/Ғ5,000 km2

27

(Source:  Salminen et al., 2005, p.121)

Limit:  10 ɛg/L

Other data sets are used for interpretation
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Arsenic distribution is associated mainly with 

geogenic sources 
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(Source:  Salminen et al., 2005, p.121)

(Source:  Demetriades, 2006, p.430)

Limit:  10 ɛg/L
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Geochemical Atlas of 

Europe

Nitrate concentrations in 

stream water are elevated 

in central Europe, due to 

intensive agriculture

29

(Source:  Salminen et al., 2005, p.367)

Limit value:  50 mg/L

Drinking water directive 98/83/EC

Natural Mineral water directive 

2009/54/EC

Limit:  50 mg/L
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The European Environmental Agency got in touch 
with us asking if a similar high quality geochemical 

database on groundwater was available
Ground water:

Å It is a difficult medium to sample (contamination issues)

Å It is difficult to map [3D-regional distribution (aquifers)]

Å It has a high local variation

Ground water is, therefore, a medium that it is impossible to sample 

systematically and to analyse at a reasonable cost.

Project idea:

Ground water can be bought readily sampled at 

the European scale ïmore than 1900 bottled 

mineral water brands are registered in Europe.

According to Manfredôs experience, bottled water 

can be used as a "proxy" to ground water.

Manfred Birke (BGR)

30
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http://www.schweizerbart.de/publications/detail/artno/001201002#

Publication date:  2010

268 pages

28 diagrams

6 tables

2 appendices 

67 determinand distribution maps

CD-ROM  with all analytical results, 

maps and diagrams 

Language:   English

ISBN 978-3-443-01067-6 

Price:  78.00 ú

Geochemistry of ground water 

using mineral bottle 

water as the sampling 

medium

31
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December 2010December 2010

http://www.sciencedirect.com/science/journal/03756742/107/3

32

http://www.sciencedirect.com/science/journal/03756742/107/3
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Sample storage at BGR, Berlin (Source:  Reimann & Birke, 2010, Fig. 19, p.30)

The sampling or purchase of 

bottled water from supermarkets 

started in November 2007 and 

was completed by April 2008.

In total, 1785 ñsamplesñ of bottled 

water were purchased from 

supermarkets all over Europe (38 

countries), representing 1247 

boreholes/wells at 884 unique 

locations.

Atlas of European Ground water Geochemistry 

33
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Atlas of European Ground water Geochemistry 

To obtain a fully harmonised and homogeneous data set all samples were 

analysed in just one laboratory for 72 parameters.

34

(Photograph provided by Manfred Birke, BGR, Germany)
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Analytical programme, BGR-lab (72 determinands):

ICP-QMS:  Ag, Al, As, B, Ba, Be, Bi, Cd, Ca, Ce, Co, Cr, Cs, Cu, Er, 

Eu, Fe, Ga, Gd, Ge, Hf, Hg, Ho, I, K, La, Li, Lu, Mg, Mn, Mo, Na, Nb, 

Nd, Ni, Pb, Pr, Rb, Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti, Tl, Tm, 

U, V, W, Y, Yb, Zn, Zr

ICP-AES:  Ba, Ca, K, Mg, Mn, Na, Sr, P, Si

IC: Br-, Cl-, F-, NO2
-, NO3

-, SO4
2-

AFS:  Hg

Titration:  tAlk - HCO3
- Photometric:  NH4

+

Potentiometric:  pH Conductometric:  EC

35
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QUALITY CONTROL (1/2)

A very strict quality control programme was installed:

(1) Analysis of international reference samples to document 

the trueness of analytical results;

(2) Frequent analysis of an in-house project  standard 

(MinWas) to check the accuracy of determined parameters;

(3) Frequent analysis of blank samples to detect any 

contamination issues, and to derive reliable detection 

limits;

(4) Frequent analysis of sample duplicates to determine 

precision of measurements;

(5) Comparison of analytical results of this study with those 

displayed on bottle labels;

(6) Determination of few parameters (Ba, Ca, K, Mg, Mn, Na & 

Sr) by ICP-QMS and ICP-AES, and Hg by ICP-QMS and AFS; 

36
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QUALITY CONTROL (2/2)

((7) Checking of bottled water samples with unusually high 

results for important parameters by buying another bottle 

and repeating the analysis.

37

ÅAccuracy of methods for most determinands is better than Ñ10%;

ÅBias is within -4.9 to +1.6 for most elements, and

Åthe repeatability (precision) at the 95% confidence interval is 

better than Ñ10% at concentrations an order of magnitude above 

the detection limit, and for elements close to detection limit it 

varies between 11 to 29%.
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Arsenic (As): 

ÅSulphide 
mineralisation; 
Åfault zones;
Åalkaline volcanic 

provinces in Italy.

38

(Source:  Reimann & Birke, 2010, p.77)

Limit value:  10 ɛg/L

Drinking water directive 

98/83/EC

Natural Mineral water 

directive 2009/54/EC

9 samples have values 

exceeding the limit set 

by the drinking and 

mineral water 

directives.
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Vanadium (V): 

Active volcanic 

centres and 

basaltic rocks are 

indicated, e.g., 

Canary Isles, 

Cyprus, Hellas, 

Ireland (Antrim 

Plateau), Italy.

(Source: Reimann & Birke, 2010, p.189)

39

Limit value:  none
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Chromium (Cr): 

Ophiolite complexes 

(mafic-ultramafic 

rocks)

(Source:  Reimann & Birke, 2010, p.99)
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Limit value:  50 ɛg/L

Drinking water 

directive 98/83/EC

Natural Mineral 

water directive 

2009/54/EC
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Lithium (Li):

Hercynian granite 

masses, Jurassic and 

Triassic sediments in 

Germany, and deep 

sourced water wells, 

e.g., in the Carpathian 

Mountain Chain, 

Dinarides

(Source:  Reimann & Birke, 2010, p.131)

41

Limit value:  none


