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Monitoring of contaminated sites: Forensic investigation

« Apportionment / differentiation of pollutant sources
« Contaminant age assessment
« Identification of causes of contamination

GC/MS screening
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Monitoring of contaminated sites: Evaluation of degradation

 Ascertainment of natural degradation
 Success control of stimulated degradation
 Quantification of pollutant degradation

CSIA

Metabolite analysise—— B —— GC/MS screening

Lab microcosms — GC fingerprinting

. 0
In situ microcosms (BACTRAP®)  Genetic analyses (e.g. qPCR) ¢ o
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Remediation of contaminated sites: Pre-assessment

-  Laboratory Treatability studies

; 'ﬁfﬁ'«_‘ 4% ® ° Design and success control of field pilot studies

« Design and success control of full-scale remediation
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Remediation of contaminated sites: Stimulation of degradation

 Injection of electron donors (e.g. HRC, molasses)
« Injection of electron acceptors (e.g. O,, peroxides)
« Injection of pollutant-degrading microorganisms

Natural Attenuation

Biostimulation

Bioaugmentation

unsaturated zone

European marketer of
aquifer KB-1®
KB-1® plus
DGG™ Plus
DXO-88
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Remediation of contaminated sites: In situ adsorption

Q ColFerroX ®- Iron oxide nanoparticles

 Adsorption barriers in aquifers

 Suitable for As, heavy metals (Zn, Ni, Pd, Cd, Cr, Cu,..

cyanide, fluoride and phosphate
« High adsorption capacity to immobilize pollutants for decades

mobile

Easy to implement
Lower expense
Low potential for disruption

effektive
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Hydrology / Hydrogeology

Age and origin of groundwater

Protection of drinking water resources sau;erstogﬂi

Quality in well construction e g E \i -
Apportionment of water catchment areas =~ - néx x U Eprunnen < h
Infiltration of river and surface water

Influence on deep aquifers (e.g. geothermal energy)

Stable isotope analysis, e.g.«—
2H/1H & 180/160 of water

I5N/14N & 180/160 of nitrate

345/32S & 180/160 of sulfate

g — Radio isotope analysis, e.q.

' SH (and its stable product 3He), 85Kr

14C, 40Ar, 36C]

222Rp, 137Cs, 210ph, 210Pg O
0-0

Anthropogenic tracers (e.g. CFCs, SF, sweeteners} whwsodetect de
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Production/storage of gaseous energy sources
« Tightness of geological gas storage facilities —
« Maturity of natural gas
« Gas & water migration during fracking
« Suitability test for hydrogen underground storage
« Detection of biogeochemical hydrogen conversion processes
 Monitoring leaks and processes in CO, storage

 Early detection of disruptions in biogas production

Stable isotope analysis, e.g.<— NN (T4 — Radio isotope analysis, e.g.
13C/12C Of CH4, C2H6/ C3H8, COZ SH (and its stable product 3He), 85KI’
2H/1H of H,, CH,, C,H,, C3Hg G, Ar, 3°Cl

2H/1H & 180/160 Of Water 222Rn, 137CS, 210Pb, 210PO "\
.
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Finding Synergies
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Two isotopes of hydrogen
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