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Why speciation: the origin

Problems with Mine Effluents
in the German Ore Mountains
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Why speciation: transportation |
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Why speciation: transportation |l
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Remediation of Heavy Metal Polluted Soils

On/off site technigques In-situ techniques
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regeneration of extraction reagents
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* ion exchange * precipitation
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concentrate (contains e.g. HQ) concentrate (heavy metals)

Stefan Mangold Research Center Karlsruhe Source: W. Calmano 1SS /777

EEEEEEE



Why speciation?

criteria for risk estimation

Julia 1 for environment:
Rc%?erts
r )@ = concentration of heavy metals
Brockovich

AN ot = toxicity of the respective heavy

metals for plants and creatures

L

— chemical form of heavy metals

" which
Cr3+-> LD., = 1870 mg/kg uraencyv of o
>0 J di 3; remediation
Cré* > LD, = 50 mg/kg, carcinogen remediation technique
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Mechanisms of Metal Extraction from Soill

Hg2*

HgP =wm oxidation agent o
as droplet oxidation

desorption
sqil pH-sensitive
particle EGERIe _ _
matter competing
complexation
Me?>*
coating dissolution
' i, H 3 O +
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seguential extractions

soll sample solvent fraction
100 T
NH,Ac, pH 7 easily exchangeable
HAc/ NaAc, pH 5 bound to carbonates
NH,OH - HCI, pH 2 easily reducible
(NH,),Ox/ Na,Ox moderately reducible
H,O, / NH,Ac oxidizable
-— HNO, residual fraction
advantages: disadvantages:
- easily and inexpensive to perform - solvents are not selective for one species
- frequently used in environmental science - strong evidence of alterations of the composition of the

sample during the first steps => artefacts
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Pb species before & after leaching

Sequential extraction instrumental analysis
I
Residual Organically Mn-oxide Easily soluble Mobile

fraction; bound fract. Ebound fract.; fraction Efraction

Before §f .025M NH,-EDTA - 1 M NH,OAc

?
After l
o 20 40 60 8 100
Amount / %
Explanation: Even if the clean-up targets are reached, the situation might be worse

as it was before the treatment due to increased mobility of the pollutants.
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Direct instrumental speciation

problem

possibility to separate the
analyte from matrix

extraction,
—e—S> derivatisation
y GC/AAS

[no

)

presence of the matrix

analytical method has to be used in

aS Selective

method with high spatial
resolution

Blei Peak

Zahlraten —_—
N
o
]

o 2000 a@'a]lyti;é@l medhaho

Energie / eV

REM / EDX
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XAFS - XANES, EXAFS

SR

XANES|EXAFS

2.6

2.3 T | | | | |
12800 13000 13200 13400 13600 13800

energy / eV
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iInformation by XAFS

XRD => Long Range Order
XAFS => Short Range Order

information about:

-distance
‘nature
‘number of neighboring atoms

*Site symmetry
*electronic configuration

Ocentral atom @neighboring atoms
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set-up of standard experiment

slits ionisation
chambers

synchrotron storage ring

//

bending magnet
beamline \ \
sample reference foil
monochromator
5-element-germanium-
detector
Stefan Mangold Research Center Karlsruhe ISS

=
EEEEEEEEEE



110.4 m
diameter: ca.35m

circumflex:

Energy of electrons: 2.5 GeV
current: ca. 200 mA
lifetime: > 20 h

TN N e —p——
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beamlines at ANKA

- - - ‘\,_J /‘l/ = HLI‘*\(’/ 1 .
micro fabrication 0 g 2 LT g
b spannur - L/ 4 oge Chemielabor ernwarme
v - " Mittel- ' Anschiuf
1V | spannung Flur ,
I [\‘\ | il

e deep x-ray lithography

analytical beamlines

In use

« XAS

e Diffraction

e SUL-X (in commissioning)
e Fluo-Topo (in split)

e INE LIGA I
« SCD |
« WERA
LUHEEINS :
* IR (IR2 2007) S i e —— :

24.04.2002 U. Herberger

LIGA Il

LIGA |

0 246 8 10m
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:F soils sample + linear combinations

100 —
80 —
80 —
60 — —— soil sample 2
S 60 — = —— linearcombination of
ol zol reference compounds
3 =
40 — — PbCO, 25 %
—— PbS0O, 49 %
— Pbs0, 1.8 %
20 — —— Pb sorbed to
clay minerals 6 %
—— Pb sorbed to
humic acids 18%
0 | | | 05 | | | |
13000 13050 13100 13150 13000 13050 13100 13150 13200
energy / eV energy / eV
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Hg contaminated sample

spectra had to be removed

Stefan Mangold
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Pb species before & after leaching

Sequential extraction | XAFS
|
Residual Organically Mn-oxide Easily soluble Mobile

fraction; bound fract. Ebound fract.; fraction Efraction

| ' ' PbSO, 32.3 %
Before {{.025M NH,-EDTA 1 M NH,OAC PbCO; 21.4 %
Pb-humic-subst. 46.3 %

PbSO, 13.8 %
PbCO; 2.0 %
Pb-montmorrillonite 17.5 %

After l

o 20 40 60 80 100
Amount / %

Explanation: Even if the clean-up targets are reached, the situation might be worse
as it was before the treatment due to increased mobility of the pollutants.

Stefan Mangold Research Center Karlsruhe Source: Stichnothe ISS f
J & Mangold K

HELMHOLTZ
CEMEINSCHAFET



|
=
@)
=
=
C
O
-
(O
-
e
C
D
O
C
O
@)
7p)
QD
@)
D
O
7))

Calculated distribution of Pb-species suspended or dissolved In ¢
acetate solution containing also sulfate and carbonate
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Redox-Activated Leaching of Mercury Polluted Soill

Treated soil

Electrolysis
-
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reaction mechanism

O

Leachate-
Regeneration

Hg Leaching

HOCI

Anodic reaction 1: H,O0-2e +Cl- — CIO +2H*
Anodic reaction 2: H,O-2e" —  20,+2H*
Hg + HOCI+3CI- + H* —  HgCl,# + H,0O
Cathodic reaction 1: HgCl,> +2e — Hg°+4ClI
Cathodic reaction 2. 2H,O+2e" — H,+2O0OH

Stefan Mangold

Research Center Karlsruhe

Source: J. Théming ISS

i =
HELMHOLTZ
GEMEINSCHAFT



Distribution of mercury species in soils 2 and 4 before and

after a single leaching step using an NaCI/HOCI-solution
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%[ Optimization of Selectivity

-

Remediated

O

—p>

Contaminated
soll
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Optimization of Selectivity

Soil
sample

Instrumental
speciation

Operational
speciation

Chemical | Equilibrium
species | calculations

Analysis of interaction

species/aqueous solutions
i> N/

@: G IR G B G—

Treated
soll
sample

Speciat Analysis of interaction
peciation species/leachate

Thermodynamic
constraints of
leachability

Choice of process
conditions

ﬁ

Instrumental speciation: X-ray absorption fine structure
spectroscopy (XAFS)
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Integrated Process Development for Dredged Material

Example |1l: TBT-Degradation
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sediment
addition

|
"I h of NaCl gas
separation of
coarse material

relocation of sediment l
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Units

Laboratory Cell Process Unit with Reactor Volume of 30 L

Stefan Mangold Research Center Karlsruhe Source: H. Stichnothe ~ ISS f

HELMHOLTZ
CEMEINSCHAFET



Stefan Mangold Research Center Karlsruhe Source: H. Stichnothe  |SS

HELMHOL



Pilot Plant
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Pilot Plant

ISS K

Source: H. Stichnothe
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Pilot Plant
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Butyltin Degradation in Technical Scale Unit (Fine Sand)

/700 -
600
' B MBT
S ® DBT
' \ A TBT
__ 400 Y
E
=, 300- \
200
& orientation value
R
O o | | | 4 | | | |
0,0 05 1,0 1,5 2,0 2,5 3,0
time [h]
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Assessment Criteria for Sustainable Remediation Processes

Economy

fine fraction,
fines,

treatment costs

socioeconomic
assessment

economic analysis
environmental impacts

public acceptance limit values

financing global/regional/
»not in my backyard“ local impacts

effect (NIMBY) impacts over life cycle

Environment

Society

ecological and societal assessment

y
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Phases of Life-Cycle Assessment

» definition of the framework and goals
- system boundaries, i.e. “from cradle to grave”; system operation conditions
- applied processes: important for process comparison

e inventory analyses (life cycle inventory analysis (LCI))
- system inputs and outputs quantification in relation to single processes

e assessment (life cycle impact assessment (LCIA))
- classification/characterization

exploitation of raw materials

in relation to area consumption
: Input
Impact ecotoxicological effects
categories in relation to global warming
output acid precipitation

eutrophication

e interpretation
- evaluation, critical examination, validation, etc.

— global

~

>~ local

~ global
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Product System:

Dredged Materials, Raw Materials, Treatment,

Resources
extraction

Production

Treatment

End of life

Natural resources

Disposal

Aquatic
environment

production

Electricity

Sediment

Electrolytic
Treatment pilot

Legend:

~—»  Resources
—» Products
—»  Emissions
—>  Sediment

plant

L v

Relocation/
- transport

‘ effects ’
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Conclusion Life-Cycle Assessment

Sustainable development, assessment and optimization of treatment
technology requires integration of
economic, ecological and social criteria

Challenge
Integrating design and combined application of these criteria

Open questions
e which indicators?
e guantification and normalization of indicators?
e weighting and integration of indicators?
e methodical uncertainties?
e consequences for decision processes?

=> Interdisciplinary research




Conclusion

Why speciation Is important

speciation with XAFS

process optimization

Life-Cycle Assessment
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ooking at heavy metal loaded soil ? ...

¥halnpbss experts |
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and Dr. Edmund Welter

Beamtime & Analysis:

- sclentific users: apply for beamtime: http://ankaweb.fzk.de

- commercial users: ANKA Commercial Operation Service




