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Outline 

 Remediation regulations  
 Size and scope of the problem 
 Current remediation techniques 
 Nano-remediation 
 Potential benefits and risks 
 Recommendations 



    

Resource Conservation and Recovery Act (RCRA) 
(1976) 

•  Subtitle C  Corrective Action 
•  Subtitle I Underground Storage Tanks (1986) 

Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCLA) (1980) 

•  Superfund and the National Priorities List 
•  Brownfields Amendments:  Small Business Liability Relief 

and Brownfields Revitalization Act (2002) 







It’s a long term problem 

The solution is costly 



Pump and Treat is used  
most commonly for  
groundwater contamination 

In situ treatment saves time, money, eliminates waste disposal problems 

Record of Decision (ROD) data: 
Pre-1992:  80% of RODs selected Pump and Treat alone 
2001 – 2005:   Pump and Treat dropped to 20% 

Percentage of RODs selecting in situ groundwater treatment 
• Pre-1986:   0% 
• By 2005:   31% 

http://www.epa.gov/reg3hscd/ 
super/sites/VAD980705404/index.htm 



http://www.epa.gov/ada/research/pics/prb.gif 

http://www.cluin.org/products/ 
newsltrs/tnandt/images/200412_fig2.gif 

www.epa.gov/ada/topics/pics/oxidation1.gif  

http://www.epa.gov/oust/mtbe/envirogn.jpg 



Variety of Materials: 

Zeolites 
Metal Oxides 
Carbon-based nanomaterials 
Enzymes 
Bi-metallic nanoparticles (BNP) 









Chlorinated methanes  Carbon tetrachloride (CCl4)  Chloroform 
(CHCl3)  Dichloromethane (CH2Cl2)  Chloromethane 
(CH3Cl)Trihalomethanes  Bromoform (CHBr3)  
Dibromochloromethane (CHBr2Cl)  Dichlorobromomethane 
(CHBrCl2) 
Chlorinated benzenes  Hexachlorobenzene (C6Cl6)  
Pentachlorobenzene (C6HCl5)  Tetrachlorobenzenes (C6H2Cl4)  
Trichlorobenzenes (C6H3Cl3)  Dichlorobenzenes (C6H4Cl2)  
Chlorobenzene (C6H5Cl) 
Chlorinated ethenes  Tetrachloroethene (C2Cl4)  Trichloroethene 
(C2HCl3)  cis-Dichloroethene (C2H2Cl2)  trans-Dichloroethene 
(C2H2Cl2)  1,1-Dichloroethene (C2H2Cl2)  Vinyl chloride 
(C2H3Cl)Pesticides  DDT (C14H9Cl5)  Lindane (C6H6Cl6) 
Other polychlorinated hydrocarbons    PCBs     Dioxins  
Pentachlorophenol (C6HCl5O)   
Organic dyes  Orange II (C16H11N2NaO4S)  Chrysoidine 
(C12H13ClN4)  Tropaeolin (C12H9N2NaO5S)  Acid Orange  Acid Red   
Other organic contaminants  N-nitrosodimethylamine (NDMA) 
(C4H10N2O)  TNT (C7H5N3O6) 
Heavy Metal ions  Mercury (Hg2+)  Nickel (Ni2+)  Silver (Ag+)  
Cadmium (Cd2+)  Inorganic anions  Dichromate (Cr2O7

2-)  Arsenic 
(AsO4

3-)  Perchlorate (ClO4
-)  Nitrate (NO3

-) 



Boomsnub Site, USEPA 
http://yosemite.epa.gov/R10/CLEANUP.NSF/sites/
boomrv 

(Continental Remediation, LLC) 



(Continental Remediation, LLC (2007)) 

Storage tank located adjacent to 
river 

Soil/groundwater contaminated 
with No. 6 oil 

Excavation not practical due to 
utilities around and under the site 

Discharge to river stopped 

Free product was reduced from 
13” to 1” in monitoring wells 
after 30 days 



Interactive Nanoremediation Map 

http://www.nanotechproject.org/inventories/remediation_map 



(PARS, 2008) 

$87-98B using nanoremediation over 30 years  

Estimate of the potential cost savings: 

• Reduction in time to clean up the site: 
 Pump & Treat   about 18 years 
 nZVI    99% reduction in days 

(Zhang, 2003) 

• Less worker exposure to contaminated site 

• Fewer environmental disturbances 

• Cost Reduction 



Possibility of nanoclusters carrying sorbed contaminants 

(Gilbert, 2007) 

Possible effect on microbes in parallel bioremediation 

(Hochella, 2005) 

Toxicity 
Excess free chelating Fe linked to DNA damage lipid peroxidation & oxidative 
protein damage 

(Valko, 2005) 

Inhalation exposures to FeO nanoparticles lead to reactive oxidative stress 

Mammalian nerve cells experience oxidative stress 

(Phenrat, 2009) 

(Keenan,2008) 



Based on Drexler—which he later clarified 

2004   Royal Society 
       Free nanoparticles in the environment be 

prohibited 
  until research shows benefits outweigh risks 
2005   European Commission 

  Environmental remediation is a benefit of nanotechnology 
  Need research on possible risks 

2006   Quebec Commission 
Biggest source of environmental exposure; need research 

2007    EPA Nanotechnology White Paper 
Positive aspects of nanoparticles in remediation; need research on negatives 

2007    Dupont/Environmental Defense Nano Framework 
Would not use technology until rx end products assessed 

Technology generally viewed as more beneficial than harmful. 

Consensus is caution; more research needed. 



 Increase research to evaluate the effects of 
nanoparticles on the full ecosystem 

 Improve engineering applications using nanotechnology 
for in situ remediation 

 Develop “smarter” nanomaterials for remediation, e.g., 
improved dispersion & mobility, multi-functionality, wider 
spectrum, self-termination, etc. 
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