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Geochemistry Expert Group EGS — 2024-2025

» 63 official members, including the national delegates, representing 32
European countries.

» More than 40 external co-workers cooperating with the group:

= |n projects:
* current
* ongoing project design

= in the publication of results.
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Geochemistry Expert Group EGS — 2024-2025

e Publication of the EGS factsheet on soil

Geochemistry

The Geulug'val Gureeys uf Caoze Pb
A, (0- 20 cm), < 2 e
‘5Re(2500 k'

EuroGeoSurveys Role in the
Factsheet - Soil Soil Surveys of Europe F-'"-~’l-"="’

EuroGeoSurveys (EGS) has been involved in two pan-
What is Soil? European projects with a focus on soils.
How is Soil Relevant to Sociaty? The FOREGS project”(Forum of the European Geclogical

Soil can be looked at in two ways, based on its properties  Soil is the basis for food production, a crucial part of Surveys) was the first geochemical baseline mapping
or related to its specific use'. Soil is the loose upper layer natural resource exploitation (e.g., forest, groundwater) survey at the European continental scale, with the aim of
of the Earth's crust formed as the result of weathering of and acts as a driver of resilience to climate change providing high-quality, multi-purpose environmental
various rocks and sediments and their interaction with (including drought, floods and extreme weather events geochemical baseline data for Europe (26 countries, 925
water, climate, topography, plants and living organisms.  and even carbon dioxide capture) With an ever- sample sites covering 4,250,000 km?). This programme
The pedological approach divides sl into horizons as increasing worid populabon, more eﬁvciemmfnod was completed in 2006 with the publication of & two-
divarseas ic hallange, a soll volume atlas Following this, the GEMAS Project®
over time and space’ -s vital and must at the same nme be protected from

degradation®®. (Geochemical Mapping of Agricultural and Grazing Land

What is Healthy Soil?

The concept of healthy soil has diverse interpretative
meanings, depending on how sod s either considered or
used. In general, healthy soil should be defined as sol
that is harmless to human or animal health. For example,
soil used for food production needs sumclent amounts ol
macro- and and
toxic elements’, and needs to fulﬁll many dlffaeﬂ
conditions to be classified as suitable for agricultural use.
Low concentrations of potentially toxic elements such as
Lead (Pb), Cadmium (Cd), Mercury (Hg), Nickel (Ni) and
urinth For example

in city gardens, school playgrounds and residential areas,
and need to be made safe. Alternatively, natural soil can
have high metal duetothe

jon or secondary through sod

Soil)was conducted by the EuroGeoSurveys Geochemistry
Expert Group in partnership with the European
Association of Metals (Eurometaux), to carry out the
geochemical mapping of agricultural and grazing land soil
at the continental scale (33 countries, more than 2000
samples covering 5,600,000 km?). and to produce the data
sets needed for risk and other al
applications.

Both projects produced high-quality harmonised
exposure data of chemical elements in European soil
Geochemical maps can be freely accessed via_the
(EGDM) platform
and (he websites of lhe Geclogical Survey of Finland
(www.gtk fi/publ/foregsatlas) and the Federal Institute
for Geosciences and Natural Resources (BGR - BGR
Geoportal (bund.de))

The main objectives of these two European surveys were
1) to apply standardised methods of sampling, chemical
analysis, and data management; 2) to present a
gecchemical baseline across Eurcpe; and 3) to deploy this
reference network to level national baseline data sets.

The FOREGS and GEMAS Atlases of Europe can be used

forming processes, weathering and precipitation of
oxides and hydroxides rich in potentially harmful
elements. Therefore, soil chemical quality and the need
for remediation should always be assessed by taking into
account the local (and/or regional) natural geochernical
baseline variation.

5 5 3 ol A for effective land-use planning, ie.. in agriculture, forestry, 58
How is Soil Relevant to T ; . 4 animal husbandry; in delineating metallogenic provinces, it}
LA ; 3 health-related research; environmental monitoring; C 8
Pollcy. Py AN spatial planning of infrastructure development in cities; 3 !‘E
B . 25 S . and policy-related initiatives. E ﬁi
y 5 4 bt

A perc of the EU sl suategy for 2030, the European v 2 % Besides carrying out collaborative projects at the European gag
Commission has begun a process to establish laws on soil 4 4 ) scale, the EGS Geochemistry Expert Group provides Lt

heaith. These laws sim to specify the conditions for | f broad expertise to the European Commission’s legislative
""’"!L‘”:j: ‘F;'WSL‘;' ;ﬁr;;ﬁ:;’:;?:ﬁiﬁ ; initiatives such as the Soil Monitoring ksl ~
Establishing laws on soil health is particularly complex, as - Europass So8 Olisarvation Platforn.
the qualification and quantification of healthy soi

on the regional and local geochemical
background parameters linked to the geagraphical and
geological context, as well as on the use of soil (agriculture,
industry, construction, etc.}*
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Geochemistry at different scale, up to pan continental projects
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Geochemistry: different approaches
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Fig. 3. (Color online.) Relationships between the 1000Pb/K vs. Zr/K ratios
in Allanche bedrock, soil and sediment. Data for the bedrock with
S10, > 50% correspond to erratic blocs in the upstream part of the
Allanche catchment (Négrel and Deschamps, 1996). Data referred to as
“Allanche sediments + soils (Négrel and Deschamps, 1996) correspond to

M Soils

i sedimentand soil data in the Allanche catchment in which no lead isotope
A Bedrock
@ Neussargues Name ZDEPb,l'zmpb 207rl)bfsz’b 2DSPb,I’ZtMPb Pb Si05 K50 Zn Zr
5k Sediments Ref. 1 Ref. 1 Ref. 1 Ref. 1 Ref. 1
—_— A2 19.42 15.67 4021 27 43.73 1.15 127 348
A6 19.42 15.68 4022 34 42.17 0.49 128 274
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Geochemistry: different approaches

Samples
- Water (FOREGS) s
- Soil (FOREGS/GEMAS) -
- Sediment (FOREGS) e

o
NS

IBRBREREN,

GEMAS
Agricultural soil sample sites

©0000000000 s s+«
BREBBIN
Lltmonownnmol

n=2108

Si

A, (0-20 cm), <2 mm
n=2219, 1 8ite/2500 km*
XRF

0o m  xom
—

) COUNTRY CID |TYPE TYPE2 XCOO YOO  MAEA  YLAEA

CA sana st 3y sand_noesiitnomclaynom salbpe soilciass cimate MeanTempAnnivePM  CEC  pH.CO0ZTOC  Ag Al As AU e
5098 174 SsAp ApS 12263 424569 476 nisees o 87 47 2% z B ] 800 aik 16 e 11 00773 62460 11275 00001 654 84,

FAp ASS 46144 4058 4TI 195085 1% 433 3% 51 2 %4 518 7 s | Meal 151 Bsak ns &8 3 00831 50809 12208 0007825 2388

Blap ApS 157808 s0a36s am09952 1945183 s T8 31 a 27 M w2 ws 4 s Mea 10 M2k »  Im 09 29¢

7)Ao ApS 152908 417689 4762196 2083482 9 es & st 0 Bs 07 87 s Meoi 156 S6ak %1 657 13 705 2338 24131 02992 40%

M Ap ApS 145233 411947 ST0ISO7 2018 7 e = 2 a1 % ns = m Meoi PP ®2 1% 17 458 8690

Sap ApS 14375 41622 6a38 2088158 698 %02 28 % 0 35 s ms L s Mea 121 %9 &3 12 2% 338
495 9 s 4 * 7 457 %1 12 s m Meoi 18 ¥5  &n 29 2% 8088
A0S P CI Y x 38 a1 n3 ow m Meal 152 11 62 09 a3 sss1
AoS 01 84 3% 38 2 as w4 17 | Mes 10 19 4s 1 241 1738 10433 1203
295 7 as 3 £ 1 36 s34 a1 s I Meal 135 6 an w2 73 24 OS2 46538 9458 0011221 2685 6082 45299 23099
Aos moms 8 a3 ow o 1 as @ s | Meai 23 ek 7 s 09 210 7746 7855 1922
95 90728 ETeOS 179315 76 B9 6l 1 Q1 %4 15 1 " Mesi 183 s0an 71 s a2 537 148 30181 w
205 osm a0 jseecy ees  se: 3 6 15 832 7 s | Meal 21 ermax 12 ese 25 1265 5382 6850 13883
Aos 46011 4305133 2546 20 M1 R iy ns s 17 s m  Temp 24 8 i 13 11 19 491 1021 03619 67096
A05 &2 w1 % 'l | %68 23w m  Meal 23 3% cna 185 733 17 323 1942 03853 200778
Aos 26 % 10 2 11 84 se s Mes 18 &0 el 278 74 13 732 1996 05106 120050
A0S 8 &1 3 7 35 M9 W5 L s Meai 87 426 ek 23 78 17 136 1050 06184 162265
Aos o2 n 7w 2 ®7 19 s s | Mea 182 35 21 18 13 63 63 028 241668
Aos 26 75 % 2 9 29 15 L s Mesi #5365 chelk 25 7155 18 3 777 06060 135128
205 s w2 a 7 @  »1 W3 L s Meai n7 896 %5 747 1 205 1305 132 6570
Aos 450883 3890439 2900815 7 s a 18 ss8 268 w4 s m Temp 102 63 chaix 186 74 22 755 407 oasm 7 s01310
295 420081 30762 204105 %9 85 N 15 1 16 N2 s m Medi 104 601 cnalk 15 749 35 168 390 04845 02587 2272
205 s samse 1ses 60 € 1 7 18 s s a s Mea ue 70 e us 3% 18 376 830 1043 03085 1032
AoS 4251 33858 2043 128 78S S8 18 s55 66 19 st m o Medi 186 sR2cnen u3  u 17 944 1072 03476 02473 104192
205 B 3w 19413 UN a7 2 22 %7 w1 = m  Meai n1 88 chak ns 74 15 614 653 079 01877 149525
Aot Sean samsse 1798208 1 m 1. ® ss 67 us = s Med N8 3o %5 1m0 16 69 1634 06012 02012
A0S 2095 40573 201953 299 716 58 2 727 09 na s m Temp 92 T3 own as 73 24 003 0001182 523 483 03434 01846 74006
20 ams) sesiees dussn s ms 51 1 2 28 s | Temp 22 s o 36 m 16 00742 0001233 438 1206 12416 1738
A0S 27660 1849581 165 B8 %6 n Q4 18 B8 L s Mesi 184 563 chaix us 747 23 00716 0007059 311 €23 02331 158387

mlap a5 @58 3200050 A TR 22 1 7 08 26 88 L 5 Meal 181 a6 cnan 22 18 18 00210 00016% 405 730 06601 137602

* *
*EUROGEOSURVEYS
*

EuroGeoSurveys - The Geological Surveys of Europe

The Geological Surveys of Europe



Preparing the survey: need to build on solid foundations.

) NGU@ GEOLOGY FOR SOCIETY
The GEMAS Field

Manual

NGU Report 2011.043

The EuroGeoSurveys geochemical mapping of
agricultural and grazing land soils project
(GEMAS)

— Evaluation of quality control results of total C
and S, total organic carbon (TOC), cation
exchange capacity (CEC), XRF, pH, and
particle size distribution (PSD) analysis

The FOREGS
Geochemical Mapping
Field Manual

https://tupa.gtk.fi/julkaisu/opas/op 7.pdf https://static.ngu.no/upload/Publikasjoner/Rapporter/2008/2008 38.pdf
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https://tupa.gtk.fi/julkaisu/opas/op_047.pdf
https://static.ngu.no/upload/Publikasjoner/Rapporter/2008/2008_038.pdf

Geochemistry Expert Group

=> pan continental projects

FOREGS survey: soil, sediments, water at a sampling

density or 1 site/4800 km?

905 soil samples

FOREGS Global Terrestrial Networ
grid cells 160x160 km
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GEMAS surveys: two different soil samples collected at
a sampling density of 1 site/2500 km?

Grazing land soil (Gr) 0-10 cm (N = 2024)

Pyl
& Wirkeland

Agricultural soil (A;) 0-20 cm (N = 2108)

5 ooty
éo'k!'oo’? s :00
«te. “.:.:' .“ 4
0 e hees” 9%e00 00008
JHTSIRRS sisiediaty
339 .;:g:;. o ee30s%

EuroGeoSurveys - The Geological Surveys

of Europe

b A o B %6 2990000000 0000

S i e i
wrsIeY L ¢
$SoodhysSaros s s

vvvvv




G E MAS — GEochemical Mapping of Agricultural and grazing land Soil of Europe

GEMAS project — Analytical Programme

» ACME commercial laboratory: Hot aqua regia extraction on 15 g aliquot of <2 mm soil fraction (53
elements) and determination by ICP-MS/AES:
Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, In, K, La, Li, Mg, Mn, Mo, Na, Nb, Ni,
P, Pb, Pd, Pt, Rb, Re, S, Sb, Sc, Se, Sn, Sr, Ta, Te, Th, Ti, Tl, U, V, W, Y, Zn and Zr.

> BGR, Germany, Total element concentrations by X-Ray Fluorescence (41 determinands): SiO,, TiO,, Al,O;,
Fe,05;, MNO, MgO, Ca0, Na,0, K,0, P,O., SO,, LOI, Cl, F, As, Ba, Bi, Ce, Co, Cr, Cs, Cu, Ga, Hf, La, Mo, Nb, Ni,
Pb, Rb, Sb, Sc, Sn, Sr, Ta, Th, U, V, W, Y, Zn and Zr.

> SGS (Canada) — Extraction by cold Mobile Metal lon (MMI°) on the agricultural soil samples only (53
elements) and determination by ICP-MS: Au, Ba, Bi, Ca, Cd, Ce, Co, Cr, Cs, Cu, Dy, Er, Eu, Fe, Ga, Gd, Hg, In,
K, La, Li, Mg, Mn, Mo, Nb, Nd, Ni, P, Pb, Pd, Pr, Pt, Rb, S, Sb, Sc, Se, Sm, Sn, Sr, Ta, Tb, Te, Th, Ti, Tl, U, V, W, Y,
Yb, Zn and Zr.

EuroGeoSurveys - The Geological Surveys of Europe
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GEMAS — GEochemical Mapping of Agricultural and grazing land Soil of Europe

» Geological Survey of Norway:
» pH-CaCl,
» (determinations on the agricultural (Ap) soil samples only): Total Carbon and Sulphur, Pb isotopes (2°°Pb/2°7Pb,
206pp /208p], 207pL /208ph) Magnetic susceptibility, soil colour on dry and wet samples.

» Geological Survey of Slovakia: Cation Exchange Capacity (CEC).
» FUGRO (now KIWA): Total Organic Carbon (TOC) and grain size.
» Copenhagen & Canberra Universities: Sr isotopes (agricultural soil only).

» TU Bergakademie Freiberg: Total C, N, S (agricultural soil only).

» Kazan Federal University, Tartastan, Russia: Magnetic measurements (agricultural soil only).

» CSIRO Land and Water, Adelaide, Australia: Determination of Partitioning coefficients (K,) for Ag, B, Co,
Cu, Mo, Mn, Ni, Pb, Sb, Se, Sn, Te, V, and Zn by Mid-Infrared Diffuse Reflectance Spectroscopy (MIR).

EuroGeoSurveys - The Geological Surveys of Europe




Quality control reports

NGU’Q GEOLOGY FOR SOCIETY

Quality control reports were written for
each set of analytical results received

GEMAS Quality control report on the aqua regia
extraction analysis results

The EuroGeoSurveys geochemical mapping of
agricultural and grazing land soils project
(GEMAS)

ol results of total C

https://static.ngu.no/upload/Publikasjoner/Rapporter/2009/2009 049.pdf

sound reasoning based on sound data

EuroGeoSurveys - The Geological Surveys of Europe



https://static.ngu.no/upload/Publikasjoner/Rapporter/2009/2009_049.pdf

Printed Publications

DataDVD

Chemistry
of Europe’s
Agricultural Soils

R. Solminép (chief-editor)

L 4

partA Chemistry ..
wsss OF EUTOpE'S R ooy e

Interpretation Interpretation of the

aneets e AGricultural Soils GeaS OataSe

" Hance, M,
s, A FiLzmossn, I
1
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o s OF EUTOPE'S
and Further Analysis of
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Geochemical
. Atlas of Europe

Part 1
Background Information, Methodology and Maps

Atlas of Europe

gy Part2
S8  Interpretation of Geochemical Maps Additional Tables,
Figures, Maps, and Related Publications
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http://www.schweizerbart.de/publications/detail/isbn/9783510968466
http://weppi.gtk.fi/publ/foregsatlas/
http://weppi.gtk.fi/publ/foregsatlas/part2.php

GEMAS highlights - |

The impact of geology or rather lithology

The impact of climate

C]A — [Aleq/(AlgOg -|'C21()JE =+ Na20 + K'ZO)] X 100
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GEMAS highlights - Il

Hot aqua regia extraction

mgl/kg
>42.9

i Total (XRF)

Ay (0-20cm), <2mm
n = 2219, 1 site/2500 km*
XRF

Pb

Ap(0-20cm), <2mm
n = 2218, 1 site/2500 km?
aqua regia, ICP-MS

mglkg

>51.5
40.0 -51.5
30.0 - 40.0
21.0 - 30.0
16.0-21.0
8.00 - 16.0
<8.00

Cold Mobile Metal lon (MMI°)
extraction

mglkg

Pb s 1 g . >2.57
o ;7 - 1.62-2.57
2 N

A; (0-20 cm), <2mm 0.730 - 1.62

n = 2108, 1 site/2500 km? 0.320 - 0.730
MMI®, ICP-MS 0.160 - 0.320
0.0600 - 0.160

<0.0600

mmmmmmmm

Black Sea

Source: Reimann et al., 2014a

Source: Reimann et al., 2014a
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GEMAS highlights - Il

Hot aqua regia extraction

Avclic Occan mgikg

> 528
40.2 - 52.8

T Total (XRF)
Pb i

Pb

Gr{0-10cm), <2 mm
n= 2127, 1 site/2500 km®
agua regia, ICP-MS

5.66-11.1
uuuuu " 3 7 < 566

Arclic Ocean myglky

>56.0
Gro-10em), <2mm o e
n=2127, 1 site/2500 km’ 22.0- 320

XRF

e
[ =
'3’ { 16.0 - 22.0
o 7.40-16.0
Y F < 7.40

G D) 00 4m
IS S
sssss

sssss

Medilcrrancan Sea

A

Source: Reimann et al., 2014a

Source: Reimann et al., 2014a
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Comparing low to high density surveys: is it worth the effort?

FOREGS
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Van Eynde et al. Science of the Total Environment 892 (2023) 164512

Increasing number of samples
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Comparing low to high density surveys: is it worth the effort?
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FOREGS periodic table

WGS Commissien on
“Glotal Geochessical Basetines”

The FOREGS Geochemical Baselines Project — 25 years of European-wide geochemical mapping

Timo Tarvainen, Rejjo Salminen, Alecos Demetriades, Tarja Hatakka, Anna Ladenberger, Kaj Lax & The FOREGS Project Team

The FOREGS periodic table o oyt The project was completed in 2006 with the
f residual topsoil in Europe - m(sa:;\aa 2005, De Vos,
o P P T A e M0 Tarvanen et 2. 2006). and the release of a

The EuroGeoSurveys-FOREGS geochemical
baseline project started in 1897 and was
completed in 2008 with the publication of a
two-volume atlas. For 25 years, the FOREGS
and = with data about the FOREGS geochemisiry group had two
= e meetings in 1987 to prepare the project: ane
"""C"“WE*’ Fatxce in Aveiro, Portugal, and one in Spisska Nova

The main aim was to provide high quality,

outlet of River Vantaa in Helsinki. The final

sampling manual was published in the
beginning of 1008 (Salminen et al. 1008), and
the sampling in most of the other participating
European countries started

111171

hitp:/Aweppi gtk filpubliforegsatias/

https://www.globalgeochemicalbaselines.eu/datafiles/file/FOREGS Periodic-Table Residual-topsoil.pdf . %k
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GEMAS periodic table

GEMAS

*~ The GEMAS periodic table

of agricultural soil in Europe

Clemens Reimann, Manfred Birke, Karl Fabian, Alecos Demetriades & The GEMAS Project Team

hitp//gemas. geolba ac.at/

https://gemas.eurogeosurveys.org/Download/GEMAS Periodic Table of Elements High resolution.pdf e
:EUROE‘;EOSURVEYS
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https://gemas.eurogeosurveys.org/Download/GEMAS_Periodic_Table_of_Elements_High_resolution.pdf

To conclude - |

International Union of Geological Sciences

Manual of This Manual presents, for the first time a comprehensive
Standard Methods for Establishing the . .

Clobal Geochemival Reference Network overview of the standardised methods that should be employed
— across the land surface of the Earth to map the distribution of
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