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Themenbereiche
• Übersicht reaktiver Materialien
• Nullwertiges Eisen: LCKW
• Metalle: CKW
• Reaktive Materialien, Sorbentien: 

Schwermetalle
• Reaktive Materialien, Sorbentien:        

PAK, BTEX
• ORC, HRC
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Reviews (1)
• Dahmke, A. (1997), „Aktualisierung der 

Literaturstudie ´Reaktive Wände´ pH-Redox-
reaktive Wände“. Landesanstalt für Umweltschutz, 
Baden-Württemberg, Texte und Berichte zur 
Altlastenbearbeitung, 33/97, Karlsruhe.

• NATO/CCMS Pilot Study (1998), „Special Session 
on Treatment Walls and Permeable Reactive 
Barriers“, Vienna, Austria 

• Simon, F.-G.; Meggyes, T. (2000), „Removal of
Organic and Inorganic Pollutants from 
Groundwater Using Permeable Reactive Barriers“, 
Land Contamination & Reclamation, 8, 103-116 
(Part I), 175-187 (Part II)
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Reviews (2)

• Scherer, M.M.; Richter, S.; Valentine, R.L.; Alvarez, 
P.J.J. (2000), „Chemistry and Microbiology of 
Permeable Reactive Barriers for In Situ
Groundwater Clean Up“, Critical Reviews in
Environmental Science and Technology, 30, 363-
411.

• Gavaskar, A.; Gupta, N.; Sass, B.; Janosy, R.;
Hicks, J. (2000),  „Design Guidance for Application
of Permeable Reactive Barriers for Groundwater 
Remediation“, Battelle, Columbus, Ohio
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Reaktive Wände in Nordamerika

United States Field InstallationsUnited States Field InstallationsUnited States Field Installations

Field Test SiteField Test Site

enviroenvirometalmetal technologies inc. technologies inc.

1 -  Australia 
9 -  Europe    

1 -  Australia 
9 -  Europe    

Full - ScaleFull - Scale

Pilot- ScalePilot- Scale
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Reaktive Wände in Europa

European Field 
Installations
European Field European Field 
InstallationsInstallations

enviroenvirometalmetal technologies inc. technologies inc.

Full - ScaleFull - Scale

Pilot- ScalePilot- Scale
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Chitosan 
2%

Torf 
6%

Mikroorganismen 
2%Zeolithe 

6%Sägemehl
2%Branntkalk 5%

Nullwertiges Fe & 
schwefelhaltige 
Materialien 2%

Tensidmodifizierte 
Silikate 2%

Andere 
17%

Schwefelwasserstoff 2%
Eisen(III)-oxidhydroxid 

4%

Geochemische 
Fixierung 5%

Nullwertiges Eisen 
45%

Prozentangaben basieren auf insgesamt 124 Projekten (nach Scherer et al. (2000), 
Critical Reviews in Environmental Science and Technology, 30(3), 363-411)

Materialien für die 
Anwendung in 
Reaktiven Wänden
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nichthalogenierte flüchtige 
organische Verbindungen

2%
Naphthalin

2%

1,2,3-TCP
2%

PCBs
2%

Nitroaromaten
2%

Toluol
2%

1,1-Dichlorethan
2%

halogenierte Methane
2%

Benzol
3%

CHCI3
4%

andere halogenierte 
organische Verbindungen

4%

1,1,1-Trichlorethan
5%

Vinylchlorid
6%

CCI4
9%

PCE
12%

DCE
13%

FCKW-113
2%

TCE
26%

Prozentangaben basieren auf insgesamt 124 Projekten (Scherer et al., 2000)

Mit Reaktiven Wänden 
behandelte 
organische 
Schadstoffe
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Prozentangaben basieren auf insgesamt 124 Projekten (Scherer et al., 2000)

Chrom
33%

Blei
11%

Molybdän
9%

Arsen
9%

Cadmium
9%

Nitrat
7%

Nickel
3%

Vanadium
3%

Kupfer
3%

Selen
4%

Andere
9%

Mit Reaktiven Wänden 
behandelte 
anorganische 
Schadstoffe



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Reaktive Materialien für anorganische 
Grundwasserkontaminanten (1)

Bowman et al. 1995
Haggerty, Bowman 1994
Kesraoui-Ouki et al. 1993
Lee at al. 1989
Li, Bowman 1997, 1998

Pb, Cr, Se, 
Sulfat, Cd 

SorptionModifizierte  
Zeolithe

Christ et al. 1996
Gosset et al. 1986
Ho et al. 1995
McLellan, Rock 1987
Morrison, Spangler 1992
Sharma, Foster 1993

Cr, Cu, Zn, Ni, 
Cd, U, Mo

SorptionTorfmoos

Morrison, Spangler 1993, 
1996
Morrison et al. 1995
Zachara et al. 1987

U, Mo, CrSorptionEisenoxid-
hydroxid

Referenzen1KontaminanteMechanismusMaterial
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Reaktive Materialien für anorganische 
Grundwasserkontaminanten (2)

Morrison, Spangler 1992Mo, USorptionTitandioxid

Morrison, Spangler 1992Mo, USorptionSägemehl, 
Braunkohle, 
Kohle

Morrison, Spangler 1992USorptionEisen(III)-
chlorid mit 
Kalkstein

Lindberg et al. 1997AsSorptionPodsol (spodic)

Mitani et al. 1991Hg, U, Cd, Pb, 
V, Ni, Mo, Ti, Se

SorptionChitosan

Referenzen1KontaminanteMechanismusMaterial
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Reaktive Materialien für anorganische 
Grundwasserkontaminanten (3)

Morrison, Spangler 1992UFällungCa-hydroxid,
Flugasche

Morrison, Spangler 1992Mo, UFällungEisen(III)-sulfat,
Calciumchlorid,
Bariumchlorid

Hedin et al. 1994
Turner, McCoy 1990

Acid Mine 
Drainage (AMD)

FällungKalkstein

Ma et al. 1993, 1994, 
1994, 1995

PbFällungHydroxyapatit
Natürl. Apatit

Morrison, Spangler 1992MoSorptionEisen(III)-nitrat, 
Eisen(III)-sulfat

Referenzen1KontaminanteMechanismusMaterial
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Reaktive Materialien für anorganische 
Grundwasserkontaminanten (4)

Benner et al. 1997AMDMikrobielle
Sulfatreduktion
u. Sulfidfällung

Organisches 
Material

Shelp et al. 1995AMD (saure 
Grubenwässer)

Erniedrigung 
Redoxpotential, 
Metallfällung

Nullwertiges 
Eisen

Robertson, Cherry 
1995
Robertson et al. 1991

NitratMikrobielle 
Nitratreduktion

Organisches 
Material

Hansen et al. 1996
Peterson et al. 1997

Nitrat, ChromatChemische 
Reduktion

Eisen-
Mineralien

http://cgr.ese.ogi.edu/
ironrefs
(Dr. Paul Tratnyek, 
Oregon Graduate)

Cr, U, Tc, Nitrat, 
Nitrit, Mo, Ag, 
Sulfat, Hg

Chemische 
Reduktion

Nullwertiges 
Eisen
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Reaktive Materialien für organische 
Grundwasserkontaminanten (1)

Referenzen1KontaminanteMechanismusMaterial

Arnold, Roberts 1998
Fennelly, Roberts 
1998
Warren et al. 1995
Boronina 1995, 1998
Song et al. 1999
Su, Puls 1999

Chlorierte 
Aliphaten

Chemische 
Reduktion

Mg, Sn, Zn

Grittini et al. 1995 
Liang et al. 1997 
Muftikan et al. 1995 
Orth et al. 1998

Chlorierte 
Aliphaten, PCB

Chemische 
Reduktion

Bimetallisches 
Eisen

http://cgr.ese.ogi.edu/
ironrefs
(Dr. Paul Tratnyek, 
Oregon Graduate)

Chloraliphaten, 
DDT, Nitroarom. 
einige Pestizide, 
Azofarbstoffe

Chemische 
Reduktion

Nullwertiges 
Eisen
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Reaktive Materialien für organische 
Grundwasserkontaminanten (2)

Referenzen1KontaminanteMechanismusMaterial

Duba et al. 1996
Taylor et al. 1993

Chlorierte 
Aliphaten

Mikrobieller 
Cometabolis-
mus

Mikroorganis-
men „resting 
state“

Bianchi-Mosquera et al. 
1994
Borden et al. 1997
Kao, Borden 1997

BTEXMikrobieller 
Abbau

Sauerstoff-
oder Nitrat-
freisetzende 
Stoffe

Kriegman-King, 
Reinhard 1991, 1992, 
1994
Butler, Hayes 1998
Haderlein, Pecher 1998
Sivavec et al. 1997
Klausen et al. 1995

Nitroaromaten
chlorierte 
Aliphaten

Chemische 
Reduktion

Eisen-Minerale 
(Oxide, 
Hydroxide, 
Sulphide)
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Reaktive Materialien für organische 
Grundwasserkontaminanten (3)

Referenzen1KontaminanteMechanis-
mus

Material

Bowman et al. 1995Unpolare org. 
Schadstoffe

SorptionTensid-modifizierte 
Zeolithe

Rael et al. 1995BenzolSorptionKohle, Aktivkohle, 
Torf, Sägemehl

Smith, Galan 1995
Smith, Jaffe 1994
Smith 1990

Unpolare org. 
Schadstoffe

SorptionTensid-modifizierte 
Tone

Burris, Antworth 1992
Lee et al. 1989
Wagner et al. 1994

Unpolare org. 
Schadstoffe

SorptionTensid-modifizierte 
Böden
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Reaktive Materialien für 
Grundwasserkontaminanten

1 Referenzen siehe: 

Scherer, M.M.; Richter, S.; Valentine, R.L.; 
Alvarez, P.J.J. (2000), „Chemistry and
Microbiology of Permeable Reactive 
Barriers for In Situ Groundwater Clean Up“,
Critical Reviews in Environmental Science 
and Technology, 30, 363-411.
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Halbwertszeiten Eisen (1)

2.1-10.8(h), 3.2(e)

1.1-4.6(b), 2.4(e), 2.8(f)

37.4(e), 15.2(f)

4.9(b), 6.9(e), 7.6(f)

10.8-33.9(b), 47.6(e)

10.8-12.3(b), 4.7(e)

0.28(a), 5.2(h)

0.67(a), 7.3-9.7(g), 0.68(J)

5.5(a), 2.8(h)

6.4(a)

19.7(a)

12.6(a)

Ethen
Tetrachlorethen
Trichlorethen
1,1-Dichlorethen
trans-1,2-Dichlorethen
cis-1,2-Dichlorethen
Vinylchlorid

NA
NA
NA
1.7-4.1(b)

NA

0.13 (a)

0.053(a)

0.049(a)

0.065(a), 1,4(h)

NA

Ethan
Hexachlorethan
1,1,2,2-Tetrachlorethan
1,1,1,2-Tetrachlorethan
1,1,1-Trichlorethan
1,1-Dichlorethan

0.31-0.85(b)

4.8(b)
0.02(a), 0.003(g), 0.023(i)

1.49(a), 0.73(g)

0.041(a)

Methan
Tetrachlormethan
Chloroform
Bromoform

Kommerzielles Eisen(m)

t1/2 (h)
Reines Eisen

t1/2 (h)
Schadstoffe
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Halbwertszeiten Eisen (2)

NA
NA
NA
NA

NA
NA
NA
NA

Kein sichtlicher Abbau
Dichlormethan(a)(g)(h)

1,4-Dichlorbenzol(h)

1,2-Dichlorethan(b)

Chlormethan(b)

NA
NA
NA

NA
NA
NA

Anorganische Stoffe  
Chrom(k)(l), Nickel(l)
Uran(l)

Nitrat(l)

NA

24,0(c)

4,5(c)

2,2(c)

0,72(b)

1.5-6.5(b)

NA
NA

1.02(b)

NA
NA
NA
NA
NA

1.83(b)

0.008(d)

Andere organische  Stoffe   
1,1,2-Trichlortrifluorethan 
(Freon113)
1,2,3-Trichlorpropan
1,2-Dichlorpropan
1,3-Dichlorpropan
1,2-Dibrom-3-chlorpropan
1,2-Dibromoethan
n-Nitrosodimethylamin (NDMA)
Nitrobenzol

Kommerzielles Eisen(m)

t1/2 (h)
Reines Eisen

t1/2 (h)
Schadstoffe
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Halbwertszeiten Eisen (3)

(i) Lipczynska-Kochany et al. (1994)
(j) Orth und Gillham (1995)
(k) Blowes et al. (1997)
(l) WSRC (1999)
(m) Die Halbwertzeiten in dieser 

Tabelle dienen nur zur prinzipiellen 
Demonstration/Veranschaulichung. 
Die Halbwertzeiten für den Schad-
stoffabbau können veränderlich 
sein in Abhängigkeit der Eisensorte 
und der speziellen Grundwasser-
chemie am jeweiligen Standort.

(a) Gillham und O`Hannesin (1994)
(b) ETI (1997)
(c) Focht (1994)
(d) Agrawal und Tratnyek (1994)
(e) Sivavec und Horney (1995)
(f) Mackenzie et al. (1995)
(g) Matheson und Tratnyek (1994)
(h) Schreiber und Reinhard (1994)
NA = Nicht erhältlich

Quelle/Literatur siehe: Gavaskar, A.; Gupta, N.; Sass, B.; Janosy, R.; Hicks, J. 
(2000), Final Design Guidance for Application of Permeable Reactive Barriers 
for Groundwater Remediation, Battelle, Columbus, Ohio; 
http://www.estcp.com/documents/techdocs/index.cfm
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Eisen / LCKW: Gillham et al. 2001

•• Scrap metal (steel, cast iron)Scrap metal (steel, cast iron)
•• High temperature kilnsHigh temperature kilns
•• Thick oxide film: doubleThick oxide film: double--layer structurelayer structure

–– inner conducting Feinner conducting Fe33OO44 (magnetite)(magnetite)
–– outer outer passivating passivating FeFe22OO33 (hematite, (hematite, maghemitemaghemite))

CommercialCommercial--Grade Connelly IronGrade Connelly Iron

FeFe22OO33

FeFe

FeFe33OO44

Factors in the LongFactors in the Long--term term 
Performance of Granular Iron Performance of Granular Iron 

PRBsPRBs

Robert W. Gillham, Kaylene Ritter
Yousheng Zhang, Marek Odziemkowski

Department of Earth Sciences
University of Waterloo

Waterloo, ON, N2L 3G1



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Eisen / LCKW: Gillham et al. 2001

H+H+

ee--ee--
ee--

FeFe2+2+ + H+ H2200

AutoreductionAutoreduction ReactionReaction

ee--

ee--ee--
ee--

ee--

Fe  Fe  FeFe2+2+ +  2e+  2e--

FeFe22OO33 +  6H+  6H++ +  2e+  2e-- FeFe2+2+ +  3H+  3H22OO
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Eisen / LCKW: Gillham et al. 2001

Sampling Sampling 
portsports

Compartment Compartment 
for reference for reference 
electrode electrode 
(electrode not (electrode not 
present)present)

Rectangular Rectangular 
body, filled body, filled 
with Connelly with Connelly 
ironiron

Fe working Fe working 
electrodeelectrode

Permanently Permanently 
fixed fixed 
microscope microscope 
standstand

The ColumnThe Column



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Eisen / LCKW: Gillham et al. 2001
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Eisen / LCKW: Gillham et al. 2001

150 250 350 450 550 650 750

Raman Shift (cm-1)

In
te

ns
ity

Day 8

Day 9

Time Zero (Dry Surface)

225 cm-1

Hematite
670 cm-1

Magnetite

715 cm-1

Maghemite

Nitrate 

Water 

• Rapid autoreduction of 
Fe2O3 in presence of water 
and TCE solution

• Persistent degradation of 
TCE

• Fe2O3 unstable in TCE 
solution

• Minor amount of nitrate 
reduction (Fe2O3 - Fe3O4
at equilibrium)

• Minor TCE reduction in 
presence of nitrate (Fe2O3
passivation)
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Eisen / LCKW: Gillham et al. 2001
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Eisen / LCKW: Gillham et al. 2001

TCE Profiles Along the Iron ColumnTCE Profiles Along the Iron Column
(300 (300 ppm ppm CaCOCaCO33 + 10 + 10 ppmppm TCE)TCE)
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2,590 PVs
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Eisen / LCKW: Gillham et al. 2001

ImplicationsImplications
CaCO3 accumulates to 0.1 g/cm3 of iron

Assume:
– 100 mg/L decline in HCO3

-

– porosity of geologic formation  -- 0.33
– groundwater velocity of  10 cm/day

Precipitate front will advance at Precipitate front will advance at 
a rate of a rate of 1.3 cm/yr1.3 cm/yr
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Eisen / LCKW: Gillham et al. 2001

ConclusionsConclusions
1. Iron persists for long periods of time in 100% 

iron PRBs.

2. Persistence may be an important issue if the 
iron is highly dispersed or highly reactive.

3. Autoreduction of oxides is an essential 
process in performance of commercial iron.

4. Other oxidants such as nitrate may interfere 
with the autoreduction process.



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Eisen / LCKW: Gillham et al. 2001

Conclusions (cont.)Conclusions (cont.)

5. Calcium carbonate precipitates form as a 
progressing front.

6. Precipitates do not cause a major decline in 
hydraulic conductivity.

7. Precipitates cause reduction in degradation 
rates.
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Eisen / LCKW: Landis et al. 2001

Degradation Rate vs Surface AreaDegradation Rate Degradation Rate vsvs Surface AreaSurface Area
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Iron A
Iron B

An Examination of 
Zero-Valent Iron 
Sources used in 

Permeable Reactive 
Barriers

Dr. Richard Landis              
– E.I. DuPont de 
Nemours Co.

Dr. Robert Gillham,          
Dr. Eric Reardon, 
Randy Fagan 
– University of 
Waterloo

Robert Focht, John 
Vogan – EnviroMetal

Presented at:                 
2001 International 
Containment & 
Remediation 
Technology Conference 
Orlando, Florida
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Eisen / LCKW: Landis et al. 2001

Observed Degradation RatesObserved Degradation RatesObserved Degradation Rates
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S u m m a r y  o f  P r o g r e s s  t o  D a t e :S u m m a r y  o f  P r o g r e s s  t o  D a t e :S u m m a r y  o f  P r o g r e s s  t o  D a t e :

ØØ L i t t l e  c o r r e l a t i o n  o f  B E T  s u r f a c e  a r e a  t o  d e g r a d a t i o n  r a t e sL i t t l e  c o r r e l a t i o n  o f  B E T  s u r f a c e  a r e a  t o  d e g r a d a t i o n  r a t e s

ØØ G r o s s  e l e m e n t a l  c o m p o s i t i o n  o f  f e e d s t o c k s  o f  b o t h  G r o s s  e l e m e n t a l  c o m p o s i t i o n  o f  f e e d s t o c k s  o f  b o t h  
c o m m e r c i a l  s o u r c e s  a p p e a r s  s i m i l a rc o m m e r c i a l  s o u r c e s  a p p e a r s  s i m i l a r

ØØ “ h i s t o r i c a l ”  d i f f e r e n c e s  i n  r a t e s  b e t w e e n  s o u r c e s  c o n f i r m e d  “ h i s t o r i c a l ”  d i f f e r e n c e s  i n  r a t e s  b e t w e e n  s o u r c e s  c o n f i r m e d  
in  r e c e n t  s a m p l e si n  r e c e n t  s a m p l e s

ØØ Corre la t ion between react iv i ty  and carbon st ructure ,  t race  Corre la t ion between react iv i ty  and carbon st ructure ,  t race  
meta l  content?meta l  content?

ØØ Al ternat ive  measures  of  “ react ive”  sur face  area?Al ternat ive  measures  o f  “ react ive”  sur face  area?

ØØ In f luence of  mi l l ing  procedures  on react iv i ty?Inf luence of  mi l l ing  procedures on react iv i ty?

ØØ Water  corros ion  ra te?Water  cor ros ion  ra te?

Future  W o rk:Future  W o rk:Future  W o rk:

Eisen / 
LCKW:
Landis
et al. 
2001
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Eisen / LCKW: Sass et al. 2001
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Eisen / LCKW:
Moffett: Standort 

(Mai 2000)
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Eisen / LCKW: Moffett
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Eisen / LCKW: Moffett
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Moffett: Modellierung, Yabusaki et al. 2001

Yabusaki, S.; Cantrell, K.; Sass, B.; Steefel, C. (2001), 
Env. Sci. Tech., 35, 1493-1503
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Moffett: Modellierung
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Moffett: Modellierung
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Eisen / LCKW: Ultraschall, Geiger et al. 2001

Effects of US on Rate 
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 k = 0.0025

 k = 0.0062

The Use of 
Ultrasound to 
Restore the 

Dehalogenation
Activity of Iron in 

Permeable 
Reactive Barriers

Cherie L. Geiger1, 
Christian A. Clausen1, 
Debra R. Reinhart2, 
Aamod. Sonawane1, 
Christina M. Clausen1, 
Jacqueline Quinn3

1Department of 
Chemistry, UCF, 
2Department of Civil 
and Environmental 
Engineering, UCF, 
3 NASA, Kennedy 
Space Center, FL 
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Eisen / LCKW: Ultraschall

Impact of Time of US Use on 
Rate Constants
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Eisen / LCKW:
Ultraschall

Geiger et al. 2001Oxidized Filings - US Impact

• Various structures on surface:  filaments, 
platelets (L)

• Sonication removes structures, cracks smooth 
surface (R)

Oxidized 100-Mesh - US Impact

• Platelet-type structures, underlying surface 
obscured (L)

• Sonication removes platelets, cracks smooth 
surface (R)
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1

GW Soaked Filings - US Impact

• Obvious debris after several months in groundwater 
(L)

• After sonication, surface looks similar to acid-washed 
material (R)

Eisen / LCKW: Ultraschall
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1

Extrapolated Data for PVC 
Casing

1000W at 57% Output
MICROPHONE IN PVC CASING - TEST No. 1
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Eisen / LCKW: Ultraschall
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Eisen / LCKW: Geiger et al. 2001

1

Field Implementation of 
Ultrasonic Unit

• Locate sonication well between 36-cm and 54-
cm from front edge of field borehole

• Install 10.2 cm (4 in.) diameter well

Note: Not to scale

122 cm

36 cm to 54 cm

Direction of
Groundwater
Flow

10.2 cm Diameter
Sonication Well
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Eisen / LCKW: Geiger et al. 2001

Analysis of Field Application
• Core samples are taken before and after 

ultrasound application
• Samples are removed within 54-cm of well
• Samples are stored under N2 and returned 

to UCF laboratory
• In inert atmosphere glovebox, iron is 

separated from matrix (if necessary), 
weighed and used in zero-headspace vial 
kinetic experiments
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KSC Field Sonication Results
Variables:Time and US Frequency

Relative
Depth

30 min at
40 kHz

90 min at
40 kHz

30 min at
25 kHz

90 min at
25 kHz

Percentage Improvement of Half-Life Compared
to Unsonicated Samples

Shallow
7-12 ft.

24 41 58 67

Intermediate
13-18 ft.

22 28 41 66

Deep
18-26 ft.

21 33 45 59

Eisen / LCKW: Ultraschall
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Eisen / LCKW: 
Ultraschall, 
Geiger et al.

Second Field Site

4” wells

2” well

Two four-
inch  wells 

were installed 
to 

accommodate 
the 25 kHz 
transducer
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Eisen / LCKW: Ultraschall, Geiger et al. 2001

40 kHz 
transducer fits 

in existing 
2-inch well
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Eisen / LCKW: Ultraschall, Geiger et al. 2001

25 kHz 
transducer 

requires four-
inch well: 

radiates over 
longer area per 

time
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Second Field Site PRB
Well and Sampling Positions

Land surface

16-17ft

25 KHz
40 KHz

Land
surface25° angle

Eisen / LCKW: Ultraschall
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Eisen / LCKW: Ultraschall

Ø Der TCE-Abbau durch Eisen in Grundwasser erzeugt 
verschiedene Ausfällungen durch anorganische 
Verbindungen auf der Eisenoberfläche, die den TCE-Abbau 
reduzieren.

Ø Die Anwendung von Ultraschall kann Ausfällungen etc. 
beseitigen und die Aktivität des Eisens verbessern.

Ø Durch die Ultraschallanwendung zeigen sich keine 
Veränderungen in der Grundwasser-Chemie; eine Trübung 
verstärkt sich nur vorübergehend (24 h).

Ø Der Prozess ist mobil einsetzbar, er erfordert wenig 
Ausrüstung, technischen Aufwand sowie Personal und 
erzeugt nur geringe Kosten.     
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Eisen / LCKW: Ultraschall, alte Publikationen
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Eisen / LCKW: Nanoeisen, Geiger et al. 2001

Nanoscale iron particles contained in emulsion micelle

NANOSCALE AND MICROSCALE IRON EMULSIONS FOR TREATING DNAPL
Cherie L. Geiger1, Christian A. Clausen1, Debra R. Reinhart2, Kathleen Brooks1 , Jacqueline Quinn3 and David 

Major4

1Department of Chemistry and 2Deartment of Civil and Environmental Engineering, University of Central Florida, 
4000 Central Florida Blvd. Orlando, FL, 3NASA, Kennedy Space Center, Kennedy Space Center, FL, 32899;  
4GeoSyntec Comsultants, Inc., 160 Research Lane, Guelph, Ontario, Canada, N1G5B2

Water Continuum

Iron particles

Aqueous medium

Hydrophobic
 membrane
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Eisen / LCKW: Nanoeisen, Geiger et al. 2001

Micrograph of a nano-iron emulsion dispersed in water Mag= 1000X.  
The composition of the emulsion is 38.7% corn oil, 42.4% water, 
10.5% iron and 8.4% surfactant.
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Eisen / LCKW: Nanoeisen

Emulsion Nano
Iron 

(wt%)

Corn Oil 
(wt%)

Water
(wt%)

Surfac-
tant

(wt%)
Blend #1 9.21 42.39 46.08 2.30

Blend #2 9.00 41.44 45.04 4.50

Blend #3 8.44 38.82 42.19 10.55

Blend #4 13.13 20.13 65.65 1.09

Blend #5 13.45 61.88 22.42 2.24

Blend #6 17.74 21.76 59.12 1.38
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Eisen / LCKW: Nanoeisen

Ethen-Entwicklung [ppm] in 5 ml-Headspace-Vials; DL = detection limit
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Eisen / LCKW: Nanoeisen

Links: Nano-Eisen-Emulsion dispergiert in Wasser, rechts:  Nanoemulsion

34.46 µm

12.29 µm
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Eisen / LCKW, Nanoeisen: Wang, Zhang 1997

Synthesizing 
Nanoscale Iron 

Particles for 
Rapid and 
Complete 

Dechlorination 
of TCE and 

PCBs

Wang, C.B.; 
Zhang, W.-X. 
(1997)

Env. Sci. Tech. 
31(7), 2154-2156
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Eisen / LCKW, Nanoeisen: Wang, Zhang 1997
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Nanoeisen:
Xu, Zhang
2000

Subcolloidal
Fe/Ag Particles for 

Reductive 
Dehalogenation of 

Chlorinated 
Benzenes

Xu, Y.X.; 
Zhang, W.-X. 
(2000)

Industrial and 
Engineering 
Chemistry 
Research 39(7), 
2238-2244
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Metalle / CKW: Pd, Mackenzie et al. 2000
Dechlorination of 

Chlorohydrocarbons in 
Groundwater Using 
Novel Membrane-

Supported Pd Catalysts

Mackenzie, K.; Koehler, 
R.; Weiss, H.; Kopinke, 
F.-D. (2000)

In: Wickramanayake, G.B.; 
Gavaskar, A.; Chen, A.S.C. 
(Ed.) Chemical Oxidation 
and Reactive Barriers, The 
Second International 
Conference on Remedia-
tion of Chlorinated and 
Recalcitrant Compounds, 
Monterey, California, May 
22-25, 2000, vol. C2-6, 331-
338
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Metalle / CKW: Pd, Mackenzie et al. 2000
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Metalle / 
CKW: Pd, 
Mackenzie 
et al. 2000
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Metalle / CKW: Pd,
Mackenzie,
Köhler, Weiss,
Kopinke 2000
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Metalle / CKW: Pd,
Mackenzie,
Köhler, Weiss,
Kopinke 2000
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Schlauchmodul und 
Tiefbrunnensäule
(UFZ Leipzig-Halle GmbH /
SAFIRA, Bitterfeld)
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Metalle / CKW: Al/Cu, Lien and Zang 2001
Enhanced 

Dehalogenation of 
Halogenated 
Methanes by 

Bimetallic Cu/Al

Lien, H.-L.; Zhang, 
W. (2001)

Presented at:         
2001 International 
Containment & 
Remediation 
Technology 
Conference Orlando, 
Florida
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Metalle / CKW: Al/Cu, Lien and Zang 2001
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Metalle / CKW: Zn, Schlimm, Heitz 1995

Development of a 
Wastewater 

Treatment Process: 
Reductive 

Dehalogenation of 
Chlorinated 

Hydrocarbons by 
Metals

Schlimm, Ch.; 
Heitz, E. (1996)

Environmental 
Progress, 15, 38-47
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Metalle / CKW: Zn, Schlimm, Heitz 1995
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Metalle / CKW: Al/Cu, Schlimm, Heitz 1995



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Metalle / CKW: Mg/Cu, Schlimm, Heitz 1995
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Metalle / CKW: Zn/Cu, Schlimm, Heitz 1995
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Metalle / CKW: Reduktive Dehalogenierung - Mechanismen
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Kompost / Saures Grubenwasser : Smyth et al. 2001

Acid Mine Drainage and Sulfate ReductionAcid Mine Drainage and Sulfate Reduction

FeS2(s) + 7/2O2 + H2O => Fe2+ + 2SO4
2- + 2H+

Fe2+ 1/4O2 + 5/2H2O => Fe(OH)3(s)+2H+

SO4
2- + 2CH2O => H2S +2HCO3

-

Fe2+ + H2S  => FeS + 2H+

Tailings DamTailings Dam

Sulfate ReductionSulfate Reduction

Sulfide OxidationSulfide Oxidation

Iron OxidationIron Oxidation

Reactive WallReactive Wall

In Situ 
Treatment of 

Acid Mine 
Drainage in 

Groundwater 
Using 

Permeable 
Reactive 
Materials

Smyth, D.J.A.; 
Blowes, D.W.; 
Benner, S.G.; 
Hulshof, A.H.M. 

2001 
International 
Containment & 
Remediation 
Technology 
Conference 
Orlando,  
Florida
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Reactive Mixture Composition for Reactive Mixture Composition for 
PRBPRB

LeafLeaf
CompostCompost MunicipalMunicipal

CompostCompost

WoodWood
ChipsChips

LimestoneLimestone

Kompost / Saures Grubenwasser : Smyth et al. 2001
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Nickel Rim Groundwater PlumeNickel Rim Groundwater Plume

•• Sulfate Sulfate 20002000-- 4000 mg/L4000 mg/L
•• IronIron 200200--1200 mg/L1200 mg/L
•• pHpH slightly acidic (pH 6)slightly acidic (pH 6)
•• AlkalinityAlkalinity 00--50 mg/L CaCO50 mg/L CaCO33

Kompost / Saures Grubenwasser : Smyth et al. 2001
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Kompost / Grubenwasser: Smyth et al. 2001

BedrockBedrock

SandSand

Sand

Reactive MaterialReactive Material

Direction ofDirection of
Groundwater flowGroundwater flow

4 m4 m
8 m8 m

3.6 m3.6 m

15 m

Porous Reactive Wall InstallationPorous Reactive Wall Installation
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Kompost / Grubenwasser: Smyth et al. 2001

© University of Waterloo© University of Waterloo

NR Wall InstallationNR Wall Installation
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>350
250-350
150-249
50-149
<50

>350
250-350
150-249
50-149
<50

surface water rechargesurface water recharge

?
?

materialmaterial sandsandsandsand
reactivereactive

metersmeters

0 5 m

Chloride (mg/L)Chloride (mg/L)
June 96June 96

Chloride (mg/L)Chloride (mg/L)
Nov. 95Nov. 95

groundwater flow directiongroundwater flow direction

Benner et al., 1997

Groundwater FlowGroundwater Flow

Kompost / Saures Grubenwasser : Smyth et al. 2001



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Acid Generating 
Potential (meq/L)

Sulfate (mg/L)

Iron (mg/L)

groundwater flow direction

meters

0 5 mreactive
material sandsand

Benner et al., 1997

>20
10 - 20
0.0 - 10
-10 - 0.0
<-10

>2000 
1500-2000 
1000-1499 
500-999 
<500 

>350
250-350
150-249
50-149
<50

Treatment ResultsTreatment Results

Kompost / Saures Grubenwasser : Smyth et al. 2001
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Smyth et al. 2001

Sulfate Reduction in PRBSulfate Reduction in PRB

•• Decreasing sulfate concentrationsDecreasing sulfate concentrations
•• SulfateSulfate--reducing bacteriareducing bacteria
•• Dissolved sulfide presentDissolved sulfide present
•• Isotopic enrichment of Isotopic enrichment of 3434S in remnant S in remnant 

sulfatesulfate
•• Iron Iron monosulfides monosulfides identified in coresidentified in cores
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Smyth et al. 2001

IssuesIssues

•• Heterogeneities Heterogeneities in PRBin PRB
•• Location of installationLocation of installation
•• Longevity; decreasing reactivity with Longevity; decreasing reactivity with 

timetime
•• Residence time of contaminated Residence time of contaminated 

groundwater in PRB is critical to groundwater in PRB is critical to 
level of treatment achievedlevel of treatment achieved
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Smyth et al. 2001

CONCLUSIONSCONCLUSIONS

•• SulfateSulfate--reducing reducing PRBsPRBs suitable for suitable for 
treating dissolved metals associated treating dissolved metals associated 
with AMD and sulfatewith AMD and sulfate--rich groundwaterrich groundwater

•• FieldField--scale demonstrations in progressscale demonstrations in progress
•• Field evidence for the formation of iron Field evidence for the formation of iron 

and other metal sulfide mineralsand other metal sulfide minerals
•• Conversion of water from net acid Conversion of water from net acid 

producing to net acid consumingproducing to net acid consuming
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Sorbentien / Schwermetalle: Ecker 2001
Dr. Ecker GmbH
Wasserreinigungssysteme

Ca2+

Al3+

Fe3+

Mg2+

As5+

Cr3+

Pb2+

Cd2+

Ni2+

Zn2+

Cu2+
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Sorbentien / Schwermetalle: Ecker 2001

Charakterisierung von ABSORPTIONSMITTEL 3 
Partikeldurchmesser: 0,3 - 5 mm
Schüttgewicht: ca. 600 kg/m³
sonstiges: neigt nicht zum Verkeimen
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Sorbentien / Schwermetalle: Ecker 2001
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Sorbentien / Schwermetalle: Ecker 2001
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Mögliche Komponente des Absorptionsmittels 3:
Tricalciumaluminat
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Huminstoffbarrieren / PAK und Schwermetalle:
Oeste, F.D. DE 4443828 A1 (1994)

Colonna, M. (1995), „Barriere zur Altlastensicherung auf Basis von 
Huminstoffen“, Diplomarbeit, Märkische Fachhochschule Iserlohn
Balcke, G.U. (2000), „Anthropogene Huminstoffe als Sorbentien und 
Reagenzien zur Immobilisierung von organischen Schadstoffen in 
Grundwässern“, Dissertation Universität Leipzig 
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Huminstoffbarrieren: Oeste 1994
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Huminstoffbarrieren / PAK: Balcke 2000

Phenanthren

Porenvolumina
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ohne jegliche Vorbehandlung (TC = 0,005%)
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Adsorberpolymere / LCKW: Pilchowski 1999
Kowalzik, A.; Pilchowski, K. (1999), Acta Hydrochim. Hydrobiol. 27, 79-86.



Reinigungswände und -barrieren im Netzwerkverbund

Fachhochschule Nordostniedersachsen Suderburg

Adsorberpolymere / LCKW: Pilchowski 1999
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Cucurbituril / Aromaten: Buschmann et al. 1999
Buschmann, H.-J.; Jansen, K.; Dantz, D.A., Schollmeyer, E. (1999), 
BMBF-Forschungsvorhaben 02WT9730/1 „Entwicklung eines 
Verfahrens zur Entfernung problematischer Aromaten aus 
Grundwasser mit Hilfe eines makrozyklischen, regenerierbaren 
Komplexbildners“
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Cucurbituril / Aromaten: Buschmann et al. 1999
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Cucurbituril / Aromaten: 
Buschmann et al. 1999
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ORC und HRC / Organische Schadstoffe: 

Regenesis, San Clemente, CA 92672-6244, U.S.A.
Envirosoft Dr. Raphael GmbH, Schwerte

Excavation
Treatment

Source Area
Treatment

Plume Treatment
Plume Cutoff

3-D Darstellung
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ORC und HRC / Organische Schadstoffe: 
Regenesis, Envirosoft

Problem: Vielfach besteht im belasteten Grundwasser 
ein Mangel an Sauerstoff! Lösungsmöglichkeiten:

Zufuhr über zuströmendes Grundwasser?
Eintrag von (Luft-) Sauerstoff über Lanzen
Sauerstofftransport über die Wasserphase
Zufuhr von Sauerstoffträgern: Nitrat, Wasserstoff-
peroxid, etc. oder
Oxygen Release Compound, ORC

Beschleunigung des aeroben Abbaus
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Im Grundwasser:

Beschleunigung (vor allem aerober Prozesse)
Steuerung und/oder
Auslösung biologischer Schadstoffumsetzungen

Anwendung ORC & HRC

ORC wird direkt
ins Schadenszentrum oder 
in die Schadstofffahne eingebracht 

ORC dient auch zur Errichtung biologisch
aktiver Barrieren

Anwendung von ORC
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eine spezielle Formulierung von 
Magnesiumperoxid (MgO2), die nach Kontakt mit 
Wasser langsam gelösten Sauerstoff in hohen 
Konzentrationen freisetzt
über Brunnen oder Bohrungen zu diesem Zweck 
ins Grundwasser eingebracht wird,
und dort die Mikroorganismen über 6-9  Monate 
mit Sauerstoff versorgt 
MgO2 + H2O ⇒ 1/2 O2 + Mg(OH)2

ORC (OXYGEN Release Compound) ist …
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