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The Global Problem: Humans, since
their appearance on Earth, have been
altering the chemistry of the natural
environment by their activities to
such an extent that life support
systems are now in danger.

Beyond Repair?
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CONCLUSION

It is necessary to develop a cost-effective
method to assess contamination with a high
degree of confidence, depending on the
mapping scale, and also to be able to monitor
future changes.

This information is necessary for establishing
the baseline conditions, and any abnormal
situations in order to plan the restoration of
the environment, wherever is considered
necessary.
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Geochemical Baseline Data

For a realistic assessment of contamination it
is significant to have high quality

GEOCHEMICAL BASELINE DATA

about the natural element variation before
humans began to contaminate the
environment




Natural or Anthropogenic induced abnormal
element concentrations are superimposed on
a variable natural background




EXISTENCE OF TWO SOURCES OF ABOVE
NORMAL CONCENTRATIONS OF ELEMENTS

Natural Abnormal

Natural variation concentration
geogenic of of element
variation of element

element |_|th0|ogy Mineralisation

«Background» & Lithology

ANTHROPOGENIC Il Natural geogenic g oneenation of
CONTAMINATION variation of anthropogenic
element activities

This concept is not understood or unknown to
decision makers and the general public




Sample media for regional and

follow-up geochemical surveys

e Active stream sediment
 Floodplain or Overbank sediment




PRODUCTION OF HIGH QUALITY
GEOCHEMICAL DATABASES .....

REQUIRES GOOD PLANNING AT ALL STAGES
(0] =

Sample preparation

Laboratory analysis

Geochemical database management

Map production




..... PRODUCTION OF HIGH QUALITY
GEOCHEMICAL DATABASES .....

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

Sample preparation

Laboratory analysis

Geochemical database & maps



..... PRODUCTION OF HIGH QUALITY

GEOCHEMICAL DATABASES

 These are the two most
crucial stages of any
geochemical survey.

Sampling

 Any errors during these two
stages is carried forward,
and can result in the failure

of a whole survey.

Sample
preparation

* Errors can be corrected by
re-analysis of samples,

provided enough sampling
material is available.

Laboratory
analysis
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FOREGS GEOCHEMICAL MAPPING

FIELD MANUAL

A contribution to IUGS/IAGC
Global Geochemical Baselines

http:/Awww. g st fi

sEOLOGIAN T TKIMUSKESKLS
SEONLAONG T i\iHP OF FINLANT

SAMPLING

Field Manual
was published in 1998

Salminen, Tarvainen et al. (1998).
FOREGS Geochemical Mapping,
Field Manual. Geological Survey of
Finland. Guide Number 47

Field sampling manual
was compiled by
experienced applied
geochemists in sampling
in different morpho-
climatic environments,
and then tested in the
field before finalisation
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> Stream sediment

* Wet sieving

[ > Floodplain
|  and/or
overbank
sediment

TRAINING

Sampling teams must be
well trained
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Block diagram showing drainage basin with
sites for sampling overbank /floodplain
Stream water sediments

Stream sediment
Overbank sediment

Organic layer Residual soit

Floodplain sediment

(Salminen, Tarvainen et al., 1998, Fig. 4, p.14)
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Block diagram showing drainage basin with
old and present day floodplain sediments

i/é-'é::u A
Residual soit-covered slope /
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: A\ Bedrock
' // /A:a\ T /4?% Resudual overburden

Old terrace \/\ {
Oid floodplain sediment / ﬁif‘% o \/ /
/:;/':-\ i
. / / /

Gravel bed Present floodplain sediments

(Salminen, Tarvainen et al., 1998 Fig. 5, p.14)
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Map showing flooded parts
of a river

(Bolviken et al., 1993, Fig. 4.2, Appendix 4, p.4)
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River plain

Vertical section during
Normal water discharge

(Bolviken et al., 1993 Fig. 4.2, Append|x4 p.4)
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Overbank sediments

River plain

"" "‘s‘.‘f‘,{\
Vertical section during flood stage
conditions and deposition of

overbank or floodplain sediments
(Bolviken et al., 1993 Flg 4.2, Append|x4 p.4)
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Sediment Sampling

Stream sediment,

- Floodplain sediment and
| Overbank sediment

| samples reflect the

average geogenic

| composition of a

drainage basin.

" Stream sediment is

' susceptible to
contamination by human
activities.

Dry Sieving

W "'_." .!‘, '

Floodplain or Overbank
sediment layers provide
2 arecord of the

t geochemical history of a
. drainage basin.




Sampling of floodplain or
alluvial sediment from
large drainage basins

(1000-6000 km?)




Sampling of overbank or alluvial sediment
from small drainage basins
(<100 m2)
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Regional geochemical mapping
Sample density: 2-3 samples/km?,

Eastern Macedonia and Thrace, Hellas
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Distribution of lead (Pb) in stream sediment
Eastern Macedonia and Thrace
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Distribution of Pb in overbank sediment
layers, Bieber, Germany

(about 50 km to the east of Frankfurt)
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Distribution of Zn in overbank sediment layers,
Bieber, Germany
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(Bolviken et al., 1996, Fig. 6, p.154)



Distribution of Co and Cu I1n overbank
sediment layers, Bieber, Germany
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(Bolviken et al., 1996, Fig. 5, p.153)



Distribution of Pb (mg/kg) In
overbank sediment layers,
Lippe River, Dorsten, Germany
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Distribution of Pb (Img/kg) In
overbank sediment layers,
Glenmalure, Avoca River, Ireland
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(Bolviken et al., 1996, Fig. 5, p.153)



Distribution of Pb (mg/kg) in overbank sediment

layers
Low Prudhoe, Tyne River, Manzanares River,
United Kingdom Spain
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Molybden i flomsedimenter

i Distribution of Mo
(Knabeani River, Norway)
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Pb contents in samples of post-
and pre-industrial overbank

_ sediments .....
Austria Greece
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. Pb contents in samples of
post- and pre-industrial overbank

sediments
Spain Netherlands
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(From Bolviken et al., 1996, Fig. 7 p.155)
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Assessment of drainage basin contamination
by stream and floodplain sediments

e Stream sediment is susceptible to anthropogenic
contamination and, therefore, maps the present
day situation of the upstream drainage basin.

« Sampling of pre- and post-industrial overbank or
floodplain sediments is the only method that can

assess drainage basin contamination:
» Surface samples, map the current situation, and

» Bottom samples, the past or pristine conditions,
if a deep enough sample is taken. Deep
overbank sediment samples are able to map the
natural geochemical patterns, even in strongly
contamlnated areas.
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QUALITY CONTROL SCHEME

Analysis of Reference : Randomisation of
Samples, which must Duplicate samples
be inserted at regular field
intervals according to samples
the number of samples Inter-laboratory
analysed in each batch Sample site checks
v v
1. Routine sample 2. Duplicate sample
Blind
+ + duplicates + +
Subsample 1A| |Subsample 1B Subsample 2A| [Subsample 2B

! y ! v

Analysis 1A Analysis 1B Analysis 2A Analysis 2B
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Prior to data treatment the analytical results
MUST be carefully examined

e Study of results of Quality Control samples — ANOVA.

e Study of dot distribution maps, basic statistical tables
and scattergrams of elements.

e Correction of sample characteristics and site
coordinates.

» Laboratory checks by reanalysing samples to verify
analytical results.

e Correction of results below detection limit to half the
detection limit, e.g., Te <0.2 mg kg = 0.1 mg kg'.

 Compilation of final analytical database for the
estimation of statistical parameters and the production
of geochemical distribution maps.
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Quantification of sources of variation .....

In a Geochemical Survey, it is important to quantify all
inherent errors due to different sources of variability:

« Sampling
 Analytical (or Laboratory)
» Spatial (or Geochemical)

Question: What property are we mapping in a geochemical
survey?

determined by a particular analytical method.

Answer: We are mapping the spatial variability of an element
in a specific geological sample, of certain grain-size, which is

the spatial variability of an element, the largest variation
must be the Spatial or Geochemical variability.

Conclusion: Since in a geochemical survey we are mapping
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..... Quantification of sources of variation .....

Applied geochemists, since the 1950°s have developed
different methods for the quantification of errors (A.T. Miesch
R.G. Garrett, R.J. Howarth, M. Thompson).

The most recent is by M.H. Ramsey, M. Thompson, M. Hale
and A. Argyraki, who have also included the estimation of
measurement uncertainty.

ISO and Eurochem have also developed methods of
estimation of measurement uncertainty.

Errors can also be estimated by Geostatistics, provided that
a sufficient number of samples have been collected (>50).
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..... Quantification of sources of variation .....

According to Ramsey, Thompson and Hale (1992) the
maximum proportions of the Sampling and Analytical
variance must not exceed 20% of the Total Variance. They
even stipulate the minimum conditions to be satisfied, i.e.,

« Maximum Analytical variance should not exceed 4% of the
Total variance, and

e Maximum Sampling variance should not exceed 16% of the
Total Variance.

Therefore, the minimum Spatial or Geochemical variance
should be 80% of the Total Variance.
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Unacceptable ... Quantification Acceptable
results of sources of results
variation ...
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Geostatistics ...Quantification Analysis of

of sources of Variance
variation
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Geochemical Survey of Alaska — Cobalt (Co)
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National guideline values: Geochemical baselines

1. to protect human health

2. to protect ecosystems

3. to protect groundwater

| Potentially contaminated soil

Levels >> Guideline values Levels of pollutants (total)
and Baseline > Remediation Chemical species

Levels < Guideline values, Baseline !
S Consider clean Pathway to groundwater

Levels ~= Guideline values

—> Study chemical species, binding
—> Potentially mobile form

- Study pathways

Pathway to surface
water, air, direct contact

=
&

- 3D modelling
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. Samples should be stored
carefully for future use

The European sample archive
is kept in storerooms of the
Geological Survey of the
Slovak Republic
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Geochemical

EPILOGUE .....

High quality geochemical databases are necessary for
Europe, but also for the other Continents:

¢ for environmental purposes, health related issues and
legislation,

¢ for the documentation of natural spatial distribution of
chemical elements, and impacts caused by human
activities, and

¢ for the location and delineation of potentially hazardous
areas in order to carry out follow-up surveys.

Geochemistry expert group

i ke o Sty



..... EPILOGUE

Geochemical

s Combined Stream and Floodplain/Overbank sediment

surveys can be used for the assessment of contamination
In drainage basins.

* Stream sediment is generally susceptible to contamination
by anthropogenic activities. The same applies to top
floodplain sediment.

*» Bottom floodplain sediment gives pristine conditions.

s Collection of top and bottom floodplain sediment enables
the assessment of contamination of a drainage basin

4 -
5 op'la_netearth www.eurogeosurveys.org
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Part 1

Background Information, Methodology and Maps

Geochemlcal

They are all freely available from URL.: ﬁf’as of Europe

§ Interpretation of Geochemical Maps, Additional Tables,
e Figures, Maps, and Related Publications

-

http://www.gtk.fi/publ/foregsatlas/ P A
http://lwww.gsf. fllforegslgeochemlfleldman pdf
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Environmental Geochemistry
for Global Survival
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Geological Surveys consider it their
obligation to prowde to the present
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