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To get an idea of the surface area of the nano scale iron (50 nm) versus a powdered 
iron on the mm scale (large micro scale iron), it would take approximately 5,800 kg 
of the powdered iron to have the surface area equal to a football field.  It would only 
take 0.3kg of the nano scale iron to have a surface area equivalent to the area of 
the same ball field 
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Average human hair is 80 um or 10,000 times the size of many nanoparticles

A tennis ball for scale – 6.5 cm
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Theoretically, nZVI particles may be able to travel in suspension in groundwater due 
to very small size and be transported downgradient of the point of injection 
groundwater flow

In reality, magnetic and colloidal properties of nZVI may result in aggregation during 
storage, handling and once injected into the subsurface and nZVI can be filtered out 
by soil such that much of what is injected remains very close to the point of injection
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Highly reactive and may be consumed by unwanted reactions
(e.g., hydrolysis of water) and/or consumed before degradation complete and iron 
surface can become passivated

• Stabilizers tend to provide both steric and electronic means of intra-cluster 
repulsion

Balance the enhancement of mobility with loss of reactivity

• Some portion of active nZVI surface occupied by stabilizer attachments
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Yellow = oil layer stabilized by the surfactant in water

Water contained within the emulsion droplet and iron contained within the interior 
water

Note in diagram – iron particles inside droplet  - if using micro scale iron would have 
10s of particles;  if using nano scale iron would have 1000s of iron particles in a 
droplet
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Since exterior oil membrane of emulsion droplets have hydrophobic properties 
similar to DNAPL, the emulsion is miscible with the DNAPL
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The continuous degradation of the VOCs drives the diffusion gradient so VOCs 
continue to diffuse and degrade.

In this photo the EZVI was made with nZVI and there are 1000s of particles in this 
one 12 um droplet

Lower photo shows EZVI droplets suspended in water – the EZVI was made with 
water dyed green with food coloring and although hard to tell in the photo it was 
obvious that the interior of the droplets were green (water)
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Controls

Oil emulsion treatments – oil, surfactant and water in the same amounts as the 
EZVI treatments but without any nZVI

nZVI treatments – same amount of nZVI as the EZVI treatments without the oil or 
surfactant

EZVI treatments

All results shown are from samples taken from the water in the reactors

For these tests there is a separate DNAPL phase present and sampling started 
once TCE DNAPL was in equilibrium with the water (water in reactors saturated with 
TCE).
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Active control – as expected we see no change in concentration in the active control 
= concentration in mmoles steady around 2 which is TCE saturation concentration = 
in all these tests there was a separate DNAPL phase present

Oil emulsion treatment = EZVI without the iron (surfactant, veg oil and water 
emulsified) = here we see that the steady TCE concentration is lower than 
saturation  - around 1.5 mmoles, no degradation by-products evident but the 
DNAPL has been sequestered into the oil phase
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For the nZVI treatment – only nZVI added, same amount of nZVI as added in the 
EZVI treatment.  The TCE is stable at the saturation concentration of around 2 
mmoles but there are degradation by –products present – so degradation is 
occurring (~70% of TCE degraded) but the concentration in the water doesn’t 
change because still a separate phase present.

For EZVI treatment – we see TCE concentrations at only 10% of the saturation 
concentrations, degradation products form and ~70% of the TCE degraded based 
on the chloride data – so here we see significant decrease in the concentration in 
the water- if this was your field site you would see reduction in flux off the source 
here but not in the nZVI treatment.

18

RITS Spring 2009: EZVI Treatment of 
Chlorinated Solvents



19

Same end point for amount of degradation that occurs but the EZVI treatment is 
apparently delayed a bit but this is due to the chloride being produced within the 
EZVI droplets and having to diffuse back out of the drops before being seen in the 
water in the reactors.
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Impacts of biodegradation not significant in these tests which utilized synthetic 
groundwater and no soil (expect to see biodegradation with emulsion and EZVI)
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Injected at over 16 sites to date.

Earliest in 2002 and some sites planned for 2009 and ‘10.

Largest volume injected to date was 62,000 gal at Patrick Air Force Base – one of 
the case studies to follow.

Has been used at sandy sites, clayey sites and even in fractured bedrock.

Has even been applied in the vadose zone – the idea being that the EZVI has water 
within the droplet so that the ZVI will have the water it needs to degrade the 
contaminants  - no data available on that site so don’t know how it worked.

Most applications are with micro iron.  Many have been done with pneumatic 
injection.
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EZVI can be made on site or purchased from one of the licensed manufacturers info 
at NASA’s web site.
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EZVI can be made on site or purchased from one of the licensed manufacturers info 
at NASA’s web site.
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Used tilt meters and stadia rod to look for ground heave to give us an idea of the 
radius of influence of the injection and the direction of the injection
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NOTE – this level of monitoring is for a demonstration – normally would target larger 
area and be more flexible in where and how much you inject in areas since not 
trying to get as detailed a snapshot of performance – next case study in point
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