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Phytoremediation: An Industry Partner's Perspective 

L.A.Jackson 
Chevron Research and Technology Company 

Richmond, CA, USA 
luaj @chevron.com 

Abstract 
Chevron, an international petroleum company, is an active participant in the 

"growing" area of phytoremediation. For industry to adopt this new technology, it 
must offer opportunities for reliable site clean up and closure in conjunction with 
product stewardship, cost-effectiveness, and public and regulatory acceptance. 
Petroleum industry research has focused on the areas of metal and hydrocarbon clean 
up in soil, water, and groundwater. Our approach since the early 1990's is to work 
collaboratively with other industry members, universities, and government agencies 
to further the science of phytoremediation. Transfer of phytoremediation technology 
is an important aspect of its continued industry application and we have developed a 
communication tool described here. The future use of phytoremediation by industry 
customers depends on regulatory acceptance, scientific data proving it works and is 
predictable, and a clear approach on how and when to apply it. 

1.0 Needs of the Petroleum Industry 
The petroleum industry consists of oil, gas, and chemical operations located 

in diverse geographical and environmental conditions around the world. Conditions 
vary from tropical to arid climates, from urban to remote, and from developed to 
developing countries. Sites with potential for remediation can range from a former 
large refinery, chemical plant, or small urban gas station in such countries as the 
United States or Canada to large drilling sites or pipeline corridors in remote areas of 
Africa, Russia, or China. 

The position of industry with regards to phytoremediation is driven by two 
main business factors: 1) risk and 2) cost. Risk embraces both efficacy (does it 
work?) and product stewardship (will it cause problems to humans or the 
environment?). In terms of efficacy, it must be clear that phytoremediation is 
scientifically sound and can in fact clean up to levels satisfactory to industry, 
regulators, and the public. There is a need to move phytoremediation to a greater 
level of predictability in order for industry customers to adopt it. Industry wants full 
site closure in an acceptable and correct manner; we do not want to do a sub-standard 
job of clean up and have a site haunt all of us in the future. An understanding of 
what endpoint levels are achievable and what overall environmental benefit is 
offered by phytoremediation must be better understood. 

Product stewardship, the concept of understanding effects of and taking 
responsibility for all phases of a business operation from product design to final use 
and disposal, is part of Chevron's corporate policy of protection of our environment. 
Phytoremediation offers in-situ "ultimate disposal" treatment, not just transfer of 
waste to another site or entombment in place, which fits the concepts of good 
product stewardship. 

The second business driver for industry to help develop phytoremediation 
and other biological treatment technologies is cost. In Chevron, there are in excess 
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of $1 billion in environmental reserves, funds that must be kept aside to cover future 
remediation of contaminated sites. Further, we spend over $100 million per year on 
remediation. There is a strong business need to reduce these costs and close these 
old sites, while concentrating on preventing and minimizing impact in the future. 

Currently, several biological treatment technologies are used in the petroleum 
industry (Table 1). A main interest is the integration of phytoremediation with these 
approaches and the proper selection of the right tool for the right job, depending on 
cost and objectives. Phytoremediation is viewed as another tool in the toolbox of 
remediation technologies. Various disadvantages, advantages, and costs are 
associated with each technology and the challenge is to meld the best of each to 
obtain the most effective and economical remediation for a site. 

2.0 Research Focus and Approach 
Due to the nature of the petroleum business, business drivers, and 

geographical diversity, research has focused on basic questions related to the clean 
up of metals and hydrocarbons in very diverse types of soil, water, and groundwater 
conditions. The approach to this research has been one of collaboration with 
government, university, and other industry partners. Tables 2 through 6 summarize 
the questions, collaborators, and results of some of our phytoremediation research 
over the last 6 years. One question has centered around the effectiveness of 
phytoremediation to remediate petroleum contaminants such as total petroleum 
hydrocarbon (TPH), polynuclear aromatic hydrocarbons (PAHs), and benzene in soil 
and the mechanism that occurs in this process (Tables 2 and 3). A second question 
focuses on the ability of phytoremediation to inhibit groundwater flow and enhance 
degradation of TPH and volatile organic compounds in groundwater (Table 4). A 
third question has been the capability of plants to remove metals from water and soil 
and the associated mass balance (Tables 5 and 6). Results summarized in Tables 2 
through 6 indicate effectiveness of phytoremediation in many cases. 

2.1 Government Partnership 
The Remediation Technologies Development Forum (RTDF) was established 

in 1992 by the US Environmental Protection Agency (USEPA) to foster public-
private partnerships to develop innovative solutions to mutual hazardous waste 
problems (USEPA, 1997a). Seven action teams have been formed, with the 
Phytoremediation Action Team as one of those (USEPA, 1997b). Chevron is the co-
leader of the Phytoremediation Action Team along with a representative from 
USEPA. There are 3 sub-groups: 

1. Alternative Covers (vegetative caps) 
2. Tricholorethylene in Groundwater 
3. Total Petroleum Hydrocarbons in Soils 
The most active sub-groups are Alternative Covers and TPH in Soils. Both 

groups have a combination of USEPA, university, military, and industry team 
members to develop phytoremediation applications. The Alternative Covers group 
has concentrated on appropriate models and is embarking on a field study. The TPH 
in Soils group developed a field protocol to study the efficacy of agricultural and 
native plants for degrading oil in soils. Ten field sites around the US are in progress, 
all conducted according to the standardized protocol for test design, sampling and 
sample analysis, test design, data collection, and statistical analysis. 
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2.2 Industry Partnerships 
The general philosophy in the petroleum industry is that phytoremediation is 

good for all of us and our environment, so we put aside competitive interest and 
proprietary inclinations to collaboratively move this technology forward. The 
Petroleum Environmental Research Forum (PERF) was established in 1986 by 
petroleum companies under the National Cooperative Research Act with the purpose 
of developing technology, pollution control, and waste treatment for the petroleum 
industry. Projects are cooperatively proposed and funded. Two phytoremediation 
projects under this arrangement include a greenhouse comparison of 
phytoremediation and bioremediation (Remediation Technologies, 1997) and a 
follow-up field study with two field sites included as part of the RTDF project 
discussed above. 

The American Petroleum Institute (API), a group of petroleum operators, 
studied effectiveness of halophytes to remediate salt-impacted soils (API, 1997) and 
is also considering a study on the role and mechanism of plants in plume control of 
groundwater containing MTBE. 

2.3 University Partnerships 
Cooperative work with universities has been accomplished in several ways 

through direct funding, joint funding, and donation of field sites and soil for 
greenhouse and laboratory work. Projects with the University of California at 
Berkeley, Kansas State University, and University of Cincinnati have greatly 
supplemented industry studies by focusing on basic research to understand the 
mechanisms of phytoremediation, how to optimize it, and to screen potential plant 
species. 

3.0 Technology Transfer 
A key factor for industry to continue interest in phytoremediation is transfer 

of technical knowledge into practical knowledge. One way Chevron is attempting to 
deal with this is through a new communication brochure (to be available hard copy 
and electronically) entitled "Phytoremediation for the Petroleum Industry" written 
collaboratively with the USEPA Hazardous Substance Research Center at Kansas 
State University (Kulakow et al., 1999). The guidance includes sections on: 
• How does phytoremediation work?" 
• What types of contaminants can be treated by phytoremediation? 
• When can phytoremediation be used? 
• Is phytoremediation an option for your site? 
• How to manage a phytoremediation project 
These are the practical questions asked by industry today. A main concern is a clear 
understanding of the steps involved in using phytoremediation, such as illustrated in 
Figure 1. 

4.0 Factors Affecting the Future Use of Phytoremediation by Industry 
Phytoremediation is a complex technology. It has tremendous scientific 

appeal due to this complexity, but this also serves to make it complicated as a 
remediation approach. Much of the approach thus far has been very site-specific 
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with little reliability on what levels of clean up might be achieved and when they 
might be achieved. As a complex technology, it also offers many benefits not 
achieved by other remediation approaches, such as aesthetics, habitat renewal, in situ 
treatment, and so on. There needs to be a melding of the somewhat lack of exactness 
of the science with the great benefits it can offer in order to fully evaluate the place 
phytoremediation has in our remediation toolbox. 

There are two main factors affecting the use of phytoremediation by industry 
in the future. One is the availability of efficacy and field test data that determines 
achievable endpoint levels, length of time, and depth of effectiveness of 
phytoremediation. The RTDF study is designed to provide some of this type of 
information, but available data is also needed for a number of other issues, e.g. 
groundwater. The second main factor for use in the future is guidance from 
regulators on what is acceptable for phytoremediation and where it can be used. 
Industry needs a clear message and clear steps on how to conduct and monitor 
phytoremediation in order to continue use of this important technology to accomplish 
the goals we all have of protecting the environment. 
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Identify environmental management objectives 

Identify regulatory requirements and endpoints 

Assess petroleum contaminant 
(type, fractions, biodegradability, concentration) * 

Assess ecological risk 
4» 

Understand environmental factors 
(climate, rainfall, growing season) 

Select remediation technology; if phytoremediation is selected, then: 

Identify phytoremediation objectives-
(rhizodegradation, phytodegradation,phytostabilization, phytovolatilization, 

phytoextraction, hydraulic control,) * 

Assess soil type/chemical and physical properties • 
Determine methods of soil preparation 

and soil amendments * 

Preliminary selection of plant species * 

Small scale testing for germination/root growth 

Field Test * 

Development of full-scale application. * 

Monitor with proper sampling and analytical techniques 

Figure 1 Steps of Phytoremediation 



Table 1 Summary of Biological Treatment Technologies 
Technology Description Advantages Disadvantages Cost 
Composting 
(Windrow) 

An aerobic biodégradation process in 
which waste is formed into piles, 
bulking agents are added, and 
aeration is provided by mechanical 
mixing. Heat is generated and may 
be conserved. 

-Requires less land area and treatment period is 
generally shorter as compared to landfarming. 
-Run-on/off and leaching control are possible. 
-Higher potential of achieving uniform 
degradation of hydrocarbons as compared to 
other composting technologies. 
-Can be used to extend the "growing season" in 
cold climates. 
-No risk of accumulation of non-biodegradable 
constituents. 

-Greater capital costs than for land 
treatment alternatives. 
-Air emissions control is difficult to 
obtain. 
-Residual compost material must be 
recycled or disposed. 
-Mechanical mixing is required for 
aeration. 

Low to 
Moderate 

Composting 
(Forced 
Aeration or 
Static Pile) 

An aerobic biodégradation process in 
which aeration is provided to piles of 
waste and bulking agent by means of 
slotted pipes through which air can 
be forced with a blower or vacuum. 
Heat is generated and may be 
conserved. 

-Air emissions control is possible, in addition 
to leaching and run-on/off control. 
-Requires less land area and treatment period is 
generally shorter as compared to landfarming. 
-Turning is not required to achieve aeration. 
-No risk of accumulation of non-biodegradable 
constituents. 
-Can be used to extend the "growing season" in 
cold climates. 

-May have less uniform degradation of 
hydrocarbons compared to windrow 
composting if the compost is not 
thoroughly homogenized at start-up or if 
the piping system is not adequately 
designed to achieve uniform air flow. 
-Greater capital costs than for land 
treatment alternatives. 
-Residual compost material must be 
recycled or disposed. 

Low to 
Moderate 

Landspreading Refers to a one-time application of 
waste to a soil surface. Fertilizer is 
usually added and the site is tilled. 

-No risk of salts or metals accumulating. 
-Less long-term impact (not a permanent 
facility), so can generally be done adjacent to 
the site where the waste is generated. 

-Higher risk that follow-up on 
maintenance (i.e., watering, monitoring) 
will be poor compared to permanent 
facility. 

Low 

In-Situ 
Biotreatment 

Aeration, and nutrient and water 
addition are performed directly on a 
spill site. 

-Excavation of oily soil not required. -Effective only for superficial spills 
(treats top 6-12 inches). Specialized 
tilling equipment is required to treat soil 
depths of 12 to 24 inches. 

Low 



Table 1 Summary of Biological Treatment Technologies (continued) 
Technology Description Advantages Disadvantages Cost 
Landfarming Managed chemical, physical and 

biological process involving 
controlled application of oily wastes 
to soil surface at specified loading 
rates and frequencies, using the 
assimilative capacity of the soil to 
decompose and contain the applied 
waste in the surface soil layer (top 6-
12 inches). 

-Easy to implement. -Large area required to reduce loading 
impacts. 
-May require long treatment times or 
leave high residuals. 
-Application and mixing may be difficult 
for some wastes. 
-Accumulation of metals, salts, or 
hydrocarbons may occur after multiple 
applications of waste. 
-Treatment period is generally longer as 
compared to composting. 

Low to 
Moderate 

Composting 
(In-Vessel) 

A specially-designed enclosed vessel 
is used to perform forced aeration 
composting. 

-Greater oxygen transfer capabilities than static 
pile composting due to controlled environment. 
-"Closed loop" system provides better control 
of air emissions and leachate. 

-Higher cost and more complex to 
operate than other composting systems. 
-May be difficult to implement at remote 
E&P sites. 

Moderate 
to High 

Bioslurry A suspended growth biological 
process where the waste is suspended 
by the action of aeration and mixing 
in an aqueous slurry. The ex-situ 
bioslurry process uses a lined pit or 
tank. 

-Promotes high biodégradation rates. 
-Dewatering of waste not required. 

-High energy consumption. 
-Must be able to slurry the waste. 
-•Water/solids separation after treatment 
may be difficult. 
-Water disposal may be required. 

High 



Table 1 Summary of Biological Treatment Technologies (continued)* 
Technology Description Advantages Disadvantages Cost 
Soil Venting Vapor extraction wells are used to 

remove volatilized hydrocarbons 
from the unsaturated zone, and 
increase natural biodégradation rates 
by increasing oxygen to the 
subsurface. 

-Addresses subsurface contamination of >12 
inches without excavation of oily soil. 
-Air emissions can be controlled. 

-Limited applicability (most effec-tive 
for light, volatile hydrocarbons such as 
condensates). 

Saturated Zone 
Biotreatment 
(Air sparging, 
etc.) 

Bioremediation of dissolved 
hydrocarbon in the saturated zone is 
enhanced by delivery of oxygen to 
the subsurface using injection wells 
within the dissolved hydrocarbon 
plume to inject H202 or perform air 
sparging. 

-Addresses contamination in both subsurface 
water and soil without requiring excavation. 
-Air emissions can be controlled. 

Moderate 
to High 

Phyto-
remediation 

The use of green plants to remove, 
degrade, or stabilize metals and 
organic compounds in soil and water 

-Effective for a wide variety of contaminants: 
petroleum, PAHs, metals, explosives, 
pesticides, solvents, etc. 
-Treats soil, water, wetlands, groundwater 
-Can use in combination with other 
remediation technologies 
-Provides clean up in place (vs. traditional 
methods that entomb in place or transport 
contaminant ) 
-Restores habitat 
-Favorable public appeal 
-Aesthetically pleasing 
-Regulator support 

-Sites need to be maintained 
-Suitability of application depends on 
type/ level of contaminant and 
agronomic conditions 
-Slow (3+ years) 
-"Attractive nuisance" and food chain 
issues must be considered 
-Clean-up limited to soil depths within 
reach of plants' roots 

Low 

* Taken from McMillen and Lambertz, 1998. 



Table 2 Chevron Phytoremediation Studies: Petroleum Contaminants in Soil (Laboratory/Greenhouse) 
Contaminants Site/Source Collaborators Plant(s) Goal(s) Results 

TPH • Wastewater treat-
ment pond soil from 
refinery 

• CA 

Kansas State University 
S.L. Lewis 
P. Kulakow 
A.P. Schwab 
M.K Banks 

Study 1: 
• Bermuda grass 
• Fescue 

Study 2: 
30 grass species 

Study 1: 
Optimal fertilizer rate • No difference in TPH 

degradation with 
fertilizer levels 

• 8 grass species identified 
as field candidates 

TPH • Wastewater treat-
ment pond soil from 
refinery 

• CA 

Kansas State University 
S.L. Lewis 
P. Kulakow 
A.P. Schwab 
M.K Banks 

Study 1: 
• Bermuda grass 
• Fescue 

Study 2: 
30 grass species 

Study 2: 
Plant species screen 

• No difference in TPH 
degradation with 
fertilizer levels 

• 8 grass species identified 
as field candidates 

TPH 

PAH 

Artificial soil mix 
• Crude oil from CA 
• Gas pit sludge from 

TX 

• Petroleum 
Environmental Re-
search Forum 

• ReTec 

• 7 grass species 
• Yellow clover 

Phyto vs. Bio 
—Efficacy 
-Cost 

• Phyto & bio effective 
• Initial costs similar; 

operating costs less with 
phyto if not irrigated 

Benzene [14 C] benzene Phytokinetics 
A. Ferro 

Alfalfa • Benzene fate 
• Planted and unplanted 

systems 

• Little uptake/ 
translocation 

• No volatilization 

Phenanthrene 
Hexadecane 

• Holding pond soil 
from refinery 

• CA 

University of Calif, at 
Berkeley 
R. Miya 
M. Firestone 

Wild Oats Mechanism for rhizosphere 
biodégradation of 
hydrocarbons 

In soil with plants vs. no 
plants: 
• Larger and less diverse 

community of PAH 
degraders in planted 
soils 

• Enhanced rates of PAH 
degradation 

TPH 
PAH 

• Land treatment unit 
soil at refinery 

• OH 

University of Cincinnati 
J. Shann 

Various species • Evaluate bioavaila-
bility of PAHs in soil 

• Plant species screen 

In progress 



Table 3 Chevron Phytoremediation Studies: Petroleum Contaminants in Soil (Field) 
Contaminants Site/Source Collaborators Plant(s) Goal(s) Results 

LowpH 
hydrocarbons 
-TPH 
-PAH 

• Holding pond at 
refinery 

• CA 

Kansas State University 
P. Kulakow 
A.P. Schwab 
M.K Banks 

• . Tall fescue 
• Grass & 

legume mix 
• Native CA 

grasses 
• Bulrush 

Enhancement of microbial 
degradation in rhizosphere 

• Some reduction in TPH, 
similar to tilled, watered, 
non-planted control 

• More rapid reduction 
TPH in planted soil 

• Wetland plants less 
effective than upland 
plants 

Hydrocarbons 
• Land farm at refinery 
• CA Regional Water Quality 

Control Board 
• Poplar 
• Grass and 

broadleaf 
species 

•Stabilize contaminants 
•Vegetative cap 

Water Board acceptance 

Hydrocarbons • Tank facility 
• Nigeria 

Grass Improve appearance of 
site; clean-up site 

Visual improvement; no 
phytotoxicity to planted grass 

TPH 
PAH 

• Land treatment unit 
at refinery 

• OH 

• USEPA/RTDF 
S. Rock 

• Ohio EPA 
• University of Cincinnati 

• Rye, legume, 
Fescue mix 

• Trees 
Enhance degradation In progress 

TPH 
PAH 

• Drained wastewater 
treatment pond 

• CA 

• USEPA/RTDF 
S.Rock 

• Region 9 EPA 
• Dept of Toxic 

Substances Control 
• Regional Water Quality 

Control Board 

• Rye, legume, 
Fescue mix 

• Native 
grasses 

Enhance degradation In progress 



Table 4 Chevron Phytoremediation Studies: Petroleum Contaminants in Groundwater (Field) 
Contaminants Site/Source Collaborators Plant(s) Goal(s) Results 

TPH 
Volatile organics 

• Marketing transfer 
terminal 

• UT 

• US EPA 
S. Rock 

• Phytokinetics 
A. Ferro 

• Hybrid Poplar 
(standard & pole-
planted) 

• Juniper 

• Inhibit migration of 
contaminants 

• Compare planting 
methods 

• Lower concentration of 
volatile organics 
downgradient of trees 

• Pole plantings preferred 
installation method for 
low maintenance 

Volatile Organics • Former gas station 
• CO 

Phytokinetics 
A. Ferro 

• Hybrid Poplar • Inhibit GW flow In progress 

Nitrates • Chemical storage 
site 

• CA 

Other industry • Hybrid Poplar • Nitrate uptake 
• Inhibit migration of 

contaminants 

In progress 

Fuel, MTBE, 
solvents, nitrates 

• Superfund site 
• NV 

Other industry • Cottonwood trees • Inhibit migration of 
contaminants 

In progress 



Table 5 Chevron Phytoremediation Studies: Metal Contaminants in Water (Greenhouse/ Field) 
Contaminants Site/Source Collaborators Plant(s) Goal(s) Results 

Trace metals 
• Refinery wastewater 
• Field 
• CA 

CH2MHM 
H. Ohlendorf 

• Bulrush 
• Brass buttons 
• Grasses 
• Cattails 

• Wastewater treatment 
• Balance habitat & 

treatment (water le-
vels, vegetative 
density, harvest 
frequency) 

5 year management plan 

Se • Refinery wastewater 
• Field 
• CA 

University 
California at 
Berkeley 
N.Terry 
D. Hansen 

• Bulrush 
• Brass buttons 
• Grasses 
• Cattails 

• Se mass balance 
• Se volatilization 

• Effective Se removal 
(80% drop) 

• High rates of 
volatilization (10-70%) 

Trace metals • Refinery wastewater 
• Field 
• MS 

• Bulrush 
• Cattails 

• Reclaim lagoon 
• Wastewater treatment 

In progress 

8 metals 
• Hg 
• Cd 
• Cu 
• Pb 
• As 
• Se 
• Ni 
• Cr 

• Artificially treated 
water 

• Greenhouse 

University 
California at 
Berkeley 
A. Zayed 
N.Terry 

6 species 
• Duck weed 
• Brass buttons 
• Cattails 
• Water hyacinth 
• Bulrush 
• Rabbitfoot Grass 

• Identify wetland plants 
that take up metals 

• Analysis: ICP-AES, 
AA 

• Duckweed—Hg, Cd, Se 
uptake 

• Brass buttons—Pb, Cu 
uptake 



Table 6 Chevron Phytoremediation Studies: Metal Contaminants in Soil (Greenhouse/ Field) 
Contaminants Site/Source Collaborators Plant(s) Goal(s) Results 

• Cd 
• Cr 
• Cu 
• Pb 
• Hg 

• Landfarm 
• Field 
• OH 

Bowser-Morner Associates 
J. Hewlett 

10 grass & 
broadleaf species 

Plant uptake of metals • No Hg uptake 
• Alyssum-Pb uptake 
• Alyssum, cabbage, turnips-

Cd, Cr, Cu uptake 
• No regulatory requirements 

for these metal levels, so no 
follow-up 

• Cd 
• Cr 
• Pb 

• Land treatment unit 
soil 

• Greenhouse 
• OH 

University of Cincinnati 
J. Shann 

Various species • Evaluate 
bioavailability of 
metals in soil 

• Plant species screen 

In progress 
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Abstract 
The Environmental Technology Verification (ETV) Program is a joint 

Environment Canada - Industry Canada initiative designed to support the 
development and acceptance of new and innovative Canadian environmental 
technologies. The program provides standard protocols and decision-making 
procedures for credible and independent verifications of technology performance 
claims submitted by interested technology vendors; the program applicants. 
Successful verification entitles the company to use an ETV verification mark - licensed 
to ETV Canada Inc. by Environment Canada - along with an accompanying certificate, 
to enhance their marketing activities. Suppliers of equipment-based environmental 
services are also eligible to apply for verification within the program. Verifications are 
performed by ETV-approved "Verification Entities" - independent, impartial 
companies or individuals who have no stake in the particular, or a competing, 
technology. 

To-date, fifteen technology-specific1 protocols have been created to support 
the program, in addition to general verification report elements such as background 
information on the ETV Program, statistical analysis procedures for verifying claims, 
general and technology-specific references, and general and technology-specific 
glossaries. 

A phytoremediation technology-specific protocol - recently created for the 
ETV Program - applies to phytoremediation technologies or processes that may be 
used to remediate metal2-contaminated matrices (i.e., soils, sediments, sludges, soil-
like materials, water / groundwater, and wastewaters). The protocol addresses bench-
scale treatability testing and technology development methods, field implementation 
considerations (e.g., sampling and process monitoring), and statistical aspects of 
process verification. This publication describes the basis for, and contents of, the 
phytoremediation protocol. 

1.0 Introduction 
Phytoremediation is essentially a generic term for any applied process that 

uses green plants and occasionally their associated microorganisms for remediating 
contaminated matrices. To-date, research and development efforts have created 
several distinct types of phytoremediation technologies suitable for organic 

1 Technology-specific protocols have now been completed for: 1) water treatment, 2) 
wastewater treatment, 3) air emission control, 4) bioremediation, 5) stabilization / solidification, 6) 
physical / chemical remediation, 7) sewage biosolids stabilization, 8) resource recovery, 9) process 
control, 10) landfill liners, 11) oil spill control, 12) energy recovery, 13) analytical tools, 14) 
environmental instrumentation, and 15) phytoremediation. 

2 Ten specific metal or metalloid elements are covered in the protocol; no radionuclides are 
specifically included. 

mailto:Kevin.Hosler@conorpac.com
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contaminants and inorganic contaminants (but rarely both together). Similarly to 
what has historically occurred with other environmental clean-up technologies (e.g., 
bioremediation), commercial use of phytoremediation has possibly preceded a full 
understanding of process controls and biological mechanisms affecting contaminant 
remediation. As the number of phytoremediation technology implementations 
increases, so will the number of project evaluations3. At present, there are relatively 
few instances of unbiased, third-party evaluations of phytoremediation technology 
implementations. 

In order to provide some form of advice and guidance to technology 
developers, practitioners, scientists, regulators, and/or evaluators, ETV Canada 
commissioned the development of a phytoremediation technology verification 
protocol. The protocol aims to provide guidance on recommended requirements for 
successful implementation of specific phytoremediation technologies, which have 
been divided into two major classes as follows: 

• Contaminant removal or transformation technologies including 
phytoextraction (or phytoconcentration) - including rhizofiltration 
phytotransformation / phytovolatilization; and, 

• Contaminant stabilization technologies (i.e., phytostabilization), including 
sequestration / containment - including lignification and humification 
processes. 

These technologies are based on the use of green plants and in some cases, 
their associated or symbiotic microorganisms. A more detailed description of the 
contents of the phytoremediation technology-specific protocol is provided later in this 
document but first we will discuss the Environmental Technology Verification 
process. 

2.0 The Verification Process 
An environmental technology verification involves the confirmation of a 

quantifiable performance claim supported by reliable data. Following a detailed, 
rigid protocol, a Verification Entity assesses the integrity of supplied or collected data 
and the validity of associated performance claim(s) based on the data provided. 

The verification process is represented in appended flowchart schematics 
(Figures 1) that may be summarized as follows. 

The technology vendor or applicant first submits a performance claim for the 
technology to ETV Canada. If the claim is verifiable and die application accepted, 
relevant information and data are forwarded to a selected Verification Entity to 
initiate the verification process. Following strict protocols and using specialists 
possessing the required skills, each vendor claim is thoroughly scrutinized as to its 
validity. If required, treatability testing is conducted to provide the Verification 
Entity with supplementary data or additional information supporting verification of 
the performance claim. All costs for supplementary testing are borne by the 
technology vendor / applicant. 

3 The California Environmental Protection Agency, which established the framework for 
environmental technology verification protocols that we are following here, uses the terms evaluations, 
validations, verifications, and authentications synonymously, and we shall do so also. 
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The verification process consists of four defined stages, described in detail as 
follows. 

2.1 Stage One - Pre-screening 
To be eligible for application to the ETV program, the performance claim 

must relate to an environmental technology or an equipment-based environmental 
service, where the equipment performance is verifiable. The technology must offer 
an environmental benefit or address an environmental problem. It must meet 
minimum Canadian standards and/or national guidelines for the specific technology 
or claim as specified by ETV Canada and be currently available or commercially 
ready for full-scale application. Vendors with technologies that do not meet this 
criteria, but are ready for demonstration at pilot-scale or as a prototype commercial 
unit, should contact ETV Canada for advice regarding the planning of test programs 
to generate relevant data for subsequent claim verification. 

If the technology meets the above criteria, the applicant submits a Pre-
screening Application to ETV Canada. The Pre-screening Application is 
subsequently reviewed for eligibility and feasibility, and to ensure that no conflict of 
interest exists between the applicant and ETV Canada. 

2.2 Stage Two - Application Review 
If the technology and performance claim(s)4 are eligible for application to the 

ETV program, the applicant submits a Formal Application. The Formal Application 
requests additional information about the technology, the claim to be verified, and 
data and information presently available to support the claim. ETV Canada reviews 
the Formal Application for completeness and determines acceptability for 
verification. If the application is not acceptable, the applicant may choose to modify 
and resubmit i t If the application is accepted, sufficient information from the 
applicant to initiate verification of the claim is submitted to ETV Canada. A 
confidentiality agreement is signed before any confidential information or data is 
passed to ETV Canada ETV Canada then reviews the information and proposes a 
Verification Entity. ETV Canada discusses the scope of the proposed program with 
the applicant, and reaches agreement on an acceptable Verification Entity, including 
resolution of any conflict of interest between the applicant and the Verification 
Entity. If the proposed program and costs are accepted, the applicant enters into a 
contract with ETV Canada specifying the verification process and identifying the 
mutually agreeable Verification Entity. 

2.2.1 Criteria for Specifying Claims 
A performance claim typically has the following format: "The technology 

[name], as applied to , under operating conditions such as , will give 
results of ." Applicants to the Environmental Technology Verification 
Program use the following three criteria for specifying claims about their technology: 

i. A claim must be specific and unambiguous. A claim must clearly specify the 
minimum performance that is achievable with the technology, and not simply 
the maximum performance. For example, an unacceptable claim would state 

4 See "Criteria for Specifying Claims" in following section. 




