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% Geochemistry of European surface

and groundwater

j‘f The work of theEuroGeoSurvey&eochemistry Expert Group

o
23;&% Presentation structure:

A Introductory notes

geochemistry using bottled mineral water
as a sampling medium

A Conclusions

A Recommendations

A References

i

i A Geochemical Atlas of Europe (results of
a;xf,: stream water geochemistry)
s A Geochemical Atlas of Ground water

Water is the driver of Nature (Leonardo Da Vinci)
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j, People, Water for Lifé http://www.unesco.org/water/wwap/wwdr/), the General
< Assembly of the United Nations decided to proclaim, in its resolution

SC|ences/enV|ronment/wateb/ the perlod from 2005 to 2015 the International
25& Decade for Actio@ Water for Lifé€ = O2 Y Y SWod\wat@r Dayy22 March
- 2005 fttp://www.unesco.org/new/en/naturat

.. sciences/environment/water/worledvater-dayy/).
1

f;y . The /IResolutionstates that the:maingoal ofthie- Decade shauld be-agreater foc
uﬂ on water-related issues;at:dlldevelsrand anthe implementationof: watetated
. programmesiincorder tarachieve internationally,agreed uponwai@lated goals
-'-' contained inAgenda 21(http://www.un.org/esa/dsd/agenda2l), the United
Nations Millennium Development Goals
% (http://www.un.org/millenniumgoals) and the Johannesburg Plan of
_ Implementation

: ’f (http://www.un.org/esa/sustdev/documents/WSSD_POI_PD/English/POITog.ht
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o Question: Have we done everything that should be done? -
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Resources
OWater is essential for human life, nature and the economy. It is permanentl

/. renewed, but it is also finite and cannot be made or replaced with other
. resources. Freshwater constitutes only abdi#toof the water on the planet

and competing demands may lead to an estimated 40% global water supply
shortage by 2036 ¢

A Oceans and seas 95.96% (Source: Press and Siever, 2002, Fig. 12.1, p.2
A Glaciers and polar ice 2.97%

A Ground water 1.05% ?

A Lakes and rivers 0.009% a

A Atmosphere 0.001%  How much Is finally the
A Biosphere 0.0001% freshwater in our planet and

Therefore, what Is its quallty? Oceans
AFdc: 2F GKS g1 G§SNJ 2 (140 x 107 kam3; 95.96%)
the oceans and seas,

df I OA SN& | .

B - . Glaciers and polar ice Underground waters

A K I y' R I Q (4.34 x 107 km3; 2.97%) (1.54 x 107 kn3; 1.05%)

hv% A b% ~ “ [~ -]

a S a a Y S y u Lakes and rivers Atmosphere
{1.27 % 105 km3; 0.009%) (1.5 % 104 km3; 0.001%)

. . Biosphere
European Federation of Geologists (2% 103 km3; | x 10-4%)




1%‘?, This presentation is concerned with
the inorganic chemical composition of
European surface- and ground-water.
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Water is soul of the Earth“(wétan H‘. Auden) @
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OWe are what we repeatedly do;

| excellence, then, is not an act but

habit ( Ar i s322adBiCl)

]

Qualityit isisotnethingthatss 0eme t
discussed fromrancient to:recent
times AlreadWristotelesthe

renown ancient Hellene philosopher
consi qualindoe d n0 hi s
w o rClategories . The Ar
philosophical approach demands a
rational assessment of quality.
Therefore, one can assume with goc
reason that it is not an easy topic to
grasp and apply. The problem with
t he at tqualityh uit € tolf
somewhat subjective and may thus |
understood differently by different
Qeople In modenitimes, it Isamnost
oftf: Jdgeind ad fenkssfar-pudpos® s

4‘.
by st * * % e
U | “EuROGEOSURVEYS . Y ;
S8 R European Federation of Geologists ( _/



PRODUCTION OF HIGH QUALITY
GEOCHEMI CAL DATA

»

1REQUIRES GOOD PLANNING AT ALL STAGES

OF:

Sampling

Sample preparation

Laboratory analysis

Geochemical database management

Map production




Mlc. . PRODUCTI ON OF
fl GEOCHEMI CAL DATAB

REQUIRES THE INSTALLATION OF STRICT
QUALITY CONTROL PROCEDURES AT ALL
STAGES OF:

s Sample preparation

Laboratory analysis

~_—
Geochemical database & maps
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PRODUCT |

ON OF

GEOCHEMICAL DATABASES
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Sample
_preparation

IIJ.

b
Laboratory

e
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AThese are the two most
crucial stages of any
geochemical survey.

AAny errors during these two
stages Is carried forward,
and can result in the failure
of a whole survey.

analysis

T
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AErrors can be corrected by
re-analysis of samples,
provided enough sampling
material is available.




Geochemical Atlas of Europe

Geological Survey of Finland, Guide — Geologian tutkimuskeskus, Opas 4

R. Salminén (chief-editor)

e 4

Part 1
2005

’ #
- b P

¥, » . &
‘ b I e o W De Vos & T Tarvainen
V. o sl : (chief-editors)

FOREGS GEOCHEMICAL MAPPING
FIELD MANUAL

Geochemical
mesemesme | SSRGS HUGHE

Part 1
Background Information, Methodology and Mops
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-. Geochemical
= Atlas of Europe

#'0"al  Interpretation of Geochemical Maps, Additional Tables,
’ Figures, Maps, and Related Publications

” - o - -
S o £l

[ Sie o S Sy (-

http://weppi.gtk.fi/publ/foregsatlas
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http://arkisto.gsf.fi/op/op47/op47.pdf

" . Geochemical Atlas of Europe
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26 countries
participated in the
Geochemical
Baseline Mapping
of Europe

Area: 4,250,000 km?

808 stream

| water samples collected

during
1998 to 2000

1 site/F5,000 km?

Each country funded
its own survey

Geochemical baseline at the end of the 20" century
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GLOBAL TERRESTRIAL GRID: : 3 : A global .
160 x 160 km CELLS . ; S geochemical

database
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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

European Federation of Geologists
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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

N SAMPLING SCHEME

/S According to the specifications of IGCP 259
| Alnternational Geochemical Mappingo r eport ( Darnl ey

S —— 160 km Randomly selected

T2 TE A points in GTN cell
pEmmmmn - E N43E09
NEEEEEEE N 1
- 80km | ® ‘ ® 160 km

S EEERERN R
1] T

o3

e

Catchment <100 sg.km

% Random selection of
igdramage basins in each
' 160 x 160 km ceII

Humus & Soll
Overbank sediment

Stream water &
stream sediment

Large drainage basin
1000-6000 sq.km

cell.

Drawing: T. Tarvainen GSF 1997




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

Federal Institute of Geosciences and Natural Resources
Bundesanstalt fur Geowissenschaften und Rohstoffe

(BGR, Germany)

British Geological Survey

(BGS, United Kingdom)

v
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L) Determinands measured & Quality control

% BGR1 Germany: ICP-QMS /ICP-AES

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

:;3:&? Er, Eu, Fe, Ga, Gd, Ge, Hf, Ho, |, In, K, La, Li, Lu, Mg, Mn, Mo, Na, NDb,
~"Nd, Ni, Pb, Pr, Rb, Sb, Se, SiO,, Sm, Sr, Ta, Tb, Te, Th, Ti, Tl, Tm, U, V,
AW, Y, Yb, Zn, Zr

‘I..F L1

4
42 _ _ -
V"‘"“’”A Accuracy of methods for all determinands is better than N10%,

concentrations an order of magnitude above the limit of
guantification.

The noblest of the elements is water
(Pindar, ca. 522-438 B.C.)

European Federation of Geologists &ig‘/a




Determinands measured & Quality control

QBGS I U.K.: pH-meter, Conductivity meter, IC, DOC analyser

. ‘H-
"

“2 | 9 determinands: pH, EC,

i."-;‘

il HCO;, Br-, CI~ F-, NO;, SO,%,
?,‘ﬁ.s{’iﬁ;

TR DOC

./ ANIONS: The accuracy of the method is better than NL0%, the bias is
*? within N3% and the precision at the 95% confidence interval is better
Fif"' than 5% at concentrations an order of magnitude above the limit of
75 quantification.

\” 1 DOC: The accuracy of the method is better than N6%, the bias is
¢l within R2%, and the precision at the 95% confidence interval is better
%, /| than 6% at concentrations an order of magnitude above the limit of
a"* quantification (0.5 mg/L).

European Federation of Geologists I i g/a
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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).
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Cumulative frequency, %

m:: — 11 0 Factor 1: Eigenvalue 20.48; Proportion Factor 1 scores

of total variance explained 31.03%

Stream water

Stream water pH Factor loadings  Determinand
10l class associations
! <0.920.7: Er, HoY, Dy, Gd,

SREARE B

Nd, Pr,. Sm, Tb, Yb,
Ce, La, Tm, Lu, Al,

)~
LE""&S‘

1 0 500 1000 Kilometers Eu Th
- <0.7>0.5: Fe, Zr, Be, ND, HI, ? 500 1000 Kilometers
DOC, Ti,Ga, Tl
<0.5>0.4: Co

<0.4>0.3: Ge, Cd, Pb, Mn,
Rb, Cs, Bi, Zn
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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.



Dissolved
e ® Organic carbon <D>
S Stream water DOC
--g 0 500 1000 Kilometers

S

Total Organic Carbon Analyzer
Detection limit 0.5 mg I
Number of samples 808
Median 5.00 mg I

0.600
1.30
2.00
2.90
5.00
7.80
11.0
15.0
24.0

:

o Buiddepy ouyeseg eojweyp0en §HTHA
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g
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3335888328}
268gRENE3

ﬁ/fc:. ‘ i \ .;f

2 oo e B
canary slands (Source: Salminenjetal.; 2005, p.171) #e
Rare earth elements (REE, e.g., Cerium, Ce) and Aluminum are associated with
low pH values and high Dissolved Organic Carbon (DOC).
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Cr \
ICP-MS, detection limit 0.001 pg I’
Number of samples 807

Median 0.380 pg I

Cumulative frequency, %

Li mi
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Chromium € Geochemical Atlas of

Stream water Cr
Europe
t . 50 €9/ L

0% Komee®  Chromium is associated with

ophiolite complexes (mafic &
ultramafic rocks) and their

derivates, alkaline rocks, and
mineralised areas
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e Photographs from -~
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Arsenic distribution Iin stream water

E §§§ e el 2 <10 eg/L Arsenic i
2 C N— admjissible concentration in drinking
= g Limi 10 BylcbrtwHoED)

ﬁ %meww Values up to 800 g/L As have been

o
-h
o

828

— found so far in the area of the As-
anomaly in Sweden.

Pirkanmaa Finland: Maximum As-
value 1 s 2230 eg/L
drinking water well.

Balkan endemic nephropathy
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Canary
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siands (Source: Salrp{neri,‘;_et"al.:‘ 2005, p.121
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(BEN) area (or Danubian endemic
familial nephropathy, DEFN)

There are, of course, other

=~ areas with potential As

problems
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ICP-MS, detection limit 0.0100 pg I
Number of sam, 807
Median 0.630 pg I”

Arsenic
Stream water
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Balkan endemic nephropathy (BEN)
IS a severe, potentially fatal kidney
edisease 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.

=
~
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Ty Balkan Endemic Nephropathy (BEN)

i
P\ -

S~ ==W BEN patient
~—  in adialysis

clinic
(Romania)

v "‘?‘M_ :

(Photographs provided by Olle Selinus, SGU, Sweden)
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ﬁ% ,.; . s L 2 Arsenic concentrations in the
A i Sweamwaer  As . ) . L
f{ ! fine fraction of till soil, Finland
N TR
= As mg/kg .
m 6.0 2
o 5.4
48 . T
i . 3.8
.,__.En. % p 3.4
n} . -‘“' 3.0
) 13; Subsol 2 37
Eto? ; _-: 24
| 4 # 22
g, .!;‘ 0 500 ) 1_9
1.5
14
1.2
1.1
1.0
(Source: Salminen
, aa P et al., 2005, p.121) &-;, - ik .
As mg kg T e e T ) Helsinki
2? (Source: Koljonen, 1992, p.147)
> 2
: §§ _ Sample density: 1 site / 30Ck
§ i§§ . | (Source: Salminen et al., 2005, p.117)
S 281 o . .
§%§§ g% 4 Other data sets are used for interpretation -,
® 2%’3 ~4l?' European Federation of Geologists \_'/




concentrations in agricultural soil.
Sample density: 1 site/2500 km?

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

Baltic Soil Survey: As-

European Federation of Geologists

Other data sets are used for interpretation

1

807

* * %

.Sample density: 1 site/F5,000 km?

ICP-MS, detection limit 0.01 pg I

Number of

Median 0.630 pg I
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Arsenic distribution is associated mainly with

geogenic sources

8 g / L 0 500 1000 Kilometers
,
L

t 1909
‘ i T8 Arsenic
%1 ?; E Stream water
Ew{- 50
{ 28 . .
i ?g Li mit
- 04 0 850
E 2 ‘

As
ﬁ ICP-MS, detection limit 0.01 pg I

Nurborofutmlofaw

Median 0.630 pg I
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Major mineral deposits of Europe

(Sourcel Demetriades, 2006, p.430)
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C"'"V“-“g (Source: Salminenetal., 2005, p.121)
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Nitrate 0

Stream water NO‘:,
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Geochemical Atlas of
Europe

Nitrate concentrations in
stream water are elevated
In central Europe, due to
Intensive agriculture

Limit value: 50 mg/L

{ Drinking water directive 98/83/EC

- <Z| Natural Mineral water directive
-4 2009/54/EC

European Federation of Geologists @
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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:

A Itis adifficult medium to sample (contamination issues)
A Itis difficult to map [3D-regional distribution (aquifers)]
A 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 T more than 1900 bottled
mineral water brands are registered in Europe.

According to Manfredos expert
can be used as a "proxy" to ground water.
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The sampling or purchase of
bottled water from supermarkets
started in November 2007 and
was completed by April 2008.

Il n total, 1785 MAsan
water were purchased from
supermarkets all over Europe (38
countries), representing 1247
boreholes/wells at 884 unique
locations.
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. To obtain a fully harmonised and homogeneous data set all samples were
' analysed in just one laboratory for 72 parameters.
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' Analytical programme, BGR-lab (72 determinands):

| ICP-OMS: Ag, Al, As, B, Ba, Be, Bi, Cd, Ca, Ce, Co, Cr, Cs, Cu, Er,
#»> Eu,Fe, Ga, Gd, Ge, Hf, Hg, Ho, |, 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, TI, Tm,
P UV, W, Y, Yb, Zn, Zr

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

/1 IC: Br, Cl,F,NO,, NOy, SO
L AFS: Hg

- Titration: tAlk - HCOy Photometric: NH,*

- Potentiometric: pH Conductometric: EC
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QUALITY CONTROL (1/2)

g A very strict quality control programme was installed:
(1) Analysis of international reference samples to document
i"’"’ the trueness of analytical results;
13\5& (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
”z';ﬂ contamination issues, and to derive reliable detection
B ,Mx“ limits;
f? - (4) Frequent analysis of sample duplicates to determine
kb precision of measurements;
# (5) Comparison of analytical results of this study with those
@\ displayed on bottle labels;
7| (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;
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o QUALITY CONTROL (2/2)

;|
_' " (7) Checking of bottled water samples with unusually high

2 results for Important parameters by buying another bottle
- and repeating the analysis.

A the repeatability (precision) at the 95% confidence interval is
better than NL0% 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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(Source: Reimann & Birke, 2010, p.77)

European Groundwater Geochemistry — bottled water

Arsenic (As):

ASulphide
mineralisation;

Afault zones:

Aalkaline volcanic
provinces in ltaly.

Li mit val ue:

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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European Groundwater Geochemistry - bottled water
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§i Chromium (Cr):

Ophiolite complexes

(mafic-ultramafic

. ' ' rocks)

; ‘& N T
%P ?-' :'. . " °.
;?:%?"..h@ . .
) “‘,.; = 3 Li mit val
A o B "‘fo.";.
U Qg " » Drinking water
< kY : directive 98/83/EC
. 't T Natural Mineral

water directive
(Source: Reimann & Birke, 2010, p.99) 2009/54/EC

European Groundwater Geochemistry — bottled water

ue

* X %

* *
*EUROGEOSURVEYS
* *

European Federation of Geologists "é/e



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

Lithium (Li):

Hercynian granite
masses, Jurassic and
Triassic sediments in
Germany, and deep
sourced water wells,
e.g, in the Carpathian
Mountain Chain,
Dinarides

Limit value: none
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