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Arsenic Phytoremediation at Superfund Sites

* Many Superfund sites have
arsenic-contaminated soils.

* Phytoremediation of arsenic
demonstrated at two
Superfund sites.

* Chinese brake fern

Chinese brake fern (Pteris vittata)



Site Case Studies

Site Name Contaminated Media Phytoremediation Species Remedy

Crozet Township Soil contaminated with Chinese brake ferns. 20,000 Phytoremediation with brake ferns was
Orchard, Crozet VA lead and arsenic from ferns planted the first year. used to treat soil in Area 2, which was
lead arsenate pesticide not accessible to excavators. Added a
very mild nitrogen- based fertilizer,
slow-release formula, and put a little
lime in to neutralize some of the soil.
Ferns were grown for about 5 months
until night temps dropped below
freezing and plant growth and biomass
production ceased. Harvested plants
disposed in municipal landfill.

Ryland Road  Soil and sediment Chinese Brake Fern (5,000 Phytoremediation with Chinese brake
Arsenic, bordering spring-fed  fernsin 10 different areas ferns used to treat soil and sediment in
Heidelberg creek. Contaminated by along creek in 2009; 7,200 10 plots along the spring-fed creek.
Township, VA  past operations of ferns in 2010; The plots were located near

chemical and pesticides undetermined number of groundwater seeps.
companies fernsin 2011-2014)

Final Use
Restored Habitat

Restored Habitat



Ryland Road video



Guidance on Soil Bioavailability at
Superfund Sites

« May 2017 - EPA released guidance:
* SOP for In Vitro Bioaccessibility Assay for Pb and As in Soils

* Validation Assessment of Assay for Predicting Relative Bioavailability of As in Soils at Superfund
Sites

* Rapid and inexpensive way to determine arsenic bioavailability and remedy selection

e Both documents online at:



Resources

A Citizen’'s Guide to

Phytoremediation

What Is Phytoremediation?

environments. Plants can help clean up many types of
contaminants including metals, pesticides, explosives,
and oil. However, they viork best where contaminant
levels are low because high concentrations may limit
plant growth and take too long to clean up. Plants
also help provent wind, rain, and groundwator flow
from carrying contaminants away from the ste to
surrounding areas or deeper underground.

How Does It Work?

Certain plants are able to remove or break down
harmful chemicals from the ground when their roots

as bacteria) that live in the soil break down the
sorbod contaminants to less harmful chomicals.
(See A Citizen's Guide o Bioremediation [EPA
542-F-12-003])

Phytoremediation often is used to siow the movement
of contaminated groundwater. Trees act like a pump,
drawing th up through their K

it from moving. This method of phytoremediation is
called "hydraulic control." It reduces the movement of
contaminated groundwater toward clean areas offsite.

Constructed wetlands are another form of
phytoremediation. A wetiand may be created at a site to
treat acid mine drainage that flows through it or as a final
treatment step for water discharged from other treatment
systems. Water treated with constructed wetlands

* CLU-IN Phytotechnologies Focus Area
https://clu-in.org/techfocus/default.focus/sec/Phytotechnologies/cat/Overview/

e CLU-IN Ecotools Focus Area
https://clu-in.org/ecotools/

* Guidance on Soil Bioavailability at Superfund Sites

https://www.epa.gov/superfund/soil-bioavailability-
superfund-sites-guidance

take in water and nutrients from the contaminated soil.  generally has very low concentrations of contaminants
sediment, or groundwater. Plants can holp clean Up  that need to be removed before it may be discharged
contaminants as deep as their roots can reach using  into  lake or stream. The construction of wetiands may
natural processes to: involve some excavation of regrading of soil at the ste

in order for water to flow through it without pumping.
The area is planted with grasses and other vegetation
typical of naturally occurring wetiands in the area.

- Store the contaminants in the roots, stems, or
leaves.

+ Convert them to less harmful chemicals within

the plant or, more commonly. the root zone. Certain plants are better at removing contaminants

, than others. Plants used for phytoremediation must

+ Convert them to vapors, which are released into be able to tolerate the types and concentrations

: of contaminants present. They also must be able

to grow and survive in the local climate. Depth of

contamination is another factor. Small plants like ferns

and grasses have been used where contamination

is shallow. Because tree roots grow deeper, trees

such as poplars and willows are used for hydraulic

control o to clean up deeper soil contamination and
contaminated groundwater.

- Sorb (stick) contaminants onto their roots where
very small organisms called “microbes (such

How Long Will It Take?

Phytoremediation may take several years to clean up

a site. The cleanup time will depend on several factors.

For example, phytoremediation will take longer where:
« Contaminant concentrations are high.

« The contaminated area is large or deep.

+ Plants that have a long growing time are used.

+ The growing season s short

PHYTOTECHNOLOGIES
FOR SITE CLEANUP
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