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Overview 

Reactive Containment/DSS 
Reductive Dechlorination 
� Abiotic 
� Biotic/abiotic 

Summary 



Degradative 
Solidification/Stabilization 

Contain Metals and Organics 
� Physical transport reduction 
� Chemical immobilization 

Degrade Organics 
� Oxidation 
� Reductive dechlorination 



Time for Degradation 

Transport 
� Seepage (PCB half-times - 102-104 years) 

(WES, EEDP-02-19, 1996) 

� Diffusion 
� Volatilization 



Leaching-Reaction Model


First-order degradation 
Linear partitioning 
Fickian Diffusion 



Leaching/Degradation 

First Damköhler (Da,I=kt/R) 
(for seepage, Da,I=kq/R = kL/Rv) 

Second Damköhler (Da,II=kL2/De) 

Dimensionless time (‘t =Det/RL2) 
� Da,I = ‘t *Da,II 



Leaching/Degradation 
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Leach Model Summary 

Ultimate Fraction leached 
� =(Da,II )-0.5 = (De/kL2) , if Da,II >1 

� R has no effect 
� L is important 

If 90% ultimately degraded, 
De = 5 x 10-10 m2/s, L=10 m 
� k = 0.016 yr-1 (t1/2 = 44 yr = 16,000 days) 
� kapp = k/R 



Required Half-lives


Required Half-life (days) 
90% 99% 

Seepage (10-5-10-7 cm/s) 80-8,000 8-800 
Diffusion 16,000 160 



Reductive Dechlorination


R-Cl + 2 e- + H+ = R-H + Cl-

Abiotic, Biotic, Abiotic/Biotic 
Various reductants 



Potential reductants 

Zero-valent metals, bimetals 
(e.g. Fe, Fe/Pd) 

Fe(II) (solution, sorbed, solids) 
Sulfides, polysulfides 
Hydrogen 
Dithionite 



Carrier/bulk reductant 

Vitamin B12/Ti(III), dithiothreitol 
Other biochemicals/organics ? 



PC-based DSS for PCE 
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Effect of Fe(II) Dose
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Effect of pH
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Solid Phase Reaction 
Control 5.39 g Fe(II)/kg 13.5 g Fe(II)/kg 

27.0 g Fe(II)/kg 53.9 g Fe(II)/kg 
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PC-based DSS for HCB (IUPAC No. 128) 

Effect of pH 
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Effect of Fe(II), PC Doses
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Products
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Effect of Temperature
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Apparent Half-lives 

Optimum pH, Fe(II), PC 
� 1.1 day at 66� C 
� 150 day at 26 � C (calculated) 

Affected by R 
� 100 in experiments 
�	 64,000 to 81,000 in sediments 

(WES, EEDP-02-19, 1996) 



PC-based DSS - Active Reductant


Fe(II) in solution 

Fe(II) sorbed on surfaces 

Fe(II) in new compound 
� Green rust (LDH) 
� Substituted calcium chloraluminate (LDH) 



Nanoscale Fe, Fe/Pd 

Wang and Zhang, ES&T, 31:2154-2156, 1997.




Vitamin B12 

Wood, Trobaugh, and Carter, ES&T, 33: 857-863, 1999.




Biotic/Abiotic (PCB) 
Zwiernik, Quensen, and Boyd, ES&T, 32: 3360-3365, 1998.




Biotic/Abiotic (CF)


Weathers, Parkin and 

Alvarez, ES&T, 31: 

880-893, 1997




Summary - Abiotic 

PC-based DSS 
� Probably too slow in sediments 
� Produce active agent 

Fe, Fe/Pd 
� Extend to aqueous 
� Extend to macro-scale 

Fe(II) minerals 
� green rust, magnetite 
� FeS, FeS2, 



Summary – Abiotic/Biotic


FeSO4


Fe


Electron carriers (Vit B12?)

Others?
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