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PURPOSE OF PRESENTATION

m Outline extent of Brownfield contamination in
Canada

B Introduce forces shaping and catalyzing
Brownfield remediation and redevelopment

B Demonstrate environmental opportunities and
challenges agenda associated with the use of
phytotechnologies for Brownfield remediation /
revitalization

B Share with you how Environment Canada is
responding to opportunity / challenge agenda

m Set the stage for discussions of future R & D
needs and priorities



BROWNFIELD DEFINITION

“An abandoned iﬂ;@ or under utilized industrial or
om er ; c:l&y where expansion, industrial
AN arnative use considerations
ecomp catec y al .or perceived
’J
wvironmental con Ei-hatlon

’\ ﬁv
Source USEPA (2001) %
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TREMENDOUS NUMBER OF CONTAMINATED
SITES IN CANADA

~ 75,000 to 90,000 petroleum contaminated sites in Western

Canada
~ 5000 federal gov;t}c%% nated sites
~1(

dg@nu&s ith estimated $6 billion clean

(NRTEE 2003)



NOT ALL BROWNFIELDS ARE CREATED EQUAL!

m Top tier (15-20 %) have market values that greatly
exceed the costs of remediation and do not
remain abandoned for long periods of time

m Bottom tier (15-20%) are properties where the
cost of clean up far exceeds the value of land
after remediation (utilizing traditional remediation
tools)

m Middle tier (60-70%) represents great challenge
for Canadian remediation community (clean up
costs high but so is potential for redevelopment
particularly as many are previously serviced
industrial sites



BROWNFIELDS DICHOTOMY

“ include decommissioned refineries, former
railway yards, old-eoal gasification facilities;
former drycleaners,-and other commercial
properties where'\toxic cheémicals may have been
used or stored...representasignificant loss of
economic opportunity=adversely. impact a
neighborhood...and in some cases pose risks to
human health and the environment”

Source (NRTEE 2003)



BROWNFIELDS DICHOTOMY

11

Brownfields also represent an untapped
opportunitytorevitalize older neighborhoods and
generate wealth forcommunities... have the
potential to_generate up to-$7 billion dollars in
public benefits through-increased economic
productivity of surrounding dands;.increased tax
revenues, lower municipal infrastructure costs,
reduced health risks,, preservation_of agriculture
lands; less pollution, and improved
neighborhoods”

Source Hara Associates (2003)



BENEFITS OF BROWNFIELDS REDEVELOPMENT

B Neighborhood, en@oyment, and urban core
rewtahzatm@’ 38 &

Provisio f&

ousing opportunities

eation of parkla “F""
mproved public waterfrontz
f significant e




BENEFITS OF BROWNFIELD REDEVELOPMENT
(Cont.)

B Reduced urbaa@p%wl and development
pressureﬁl5 on é‘% ield sites around a

commun

sources

Increased sense of

Source (NRTEE 2003)



BENEFITS OF UTILIZING PLANT IN PHYTO -
REMEDIATION / ECOLOGICAL RESTORATION

m Stabilizes soil Qge\é}\ting erosion / limiting
human ex&&@u?%i:\

l/bgté‘nti I T aneous remediation of varied

contaminants
N E?%h;ances soil quality via improving structure and
f

t/ie,ntﬁlcling and in@reas{@ iﬁ%:on
m Potential to both remediate and restore ecological

int/egrity to sites %




BENEFITS OF UTILIZING PLANTS IN PHYTO -
REMEDIATION / ECOLOGICAL RESTORATION

m /n situ so €d<l;iv technology that limits
S =

e viro@%entaﬂpék:turbation

%{9\5}; % tiofdarge contaminated
D=

onsiderable support fromipublic
ly pleasiég than other

H Low cost and relative ease of applic

T emLmde s—va\’@t?‘o can idategp




TREE-REMEDIATION

- ADVANTAGES -

@Perennial with long life spans,
AExtensive root mass and depth,
®Large transpirated roots,

@Support growth of large number of
soil microorganisms,

®Potentially lowest cost plant type,

®Keystone species in forest
ecosystems,

@Effective barriers to movement of
contaminated groundwater,

1. ow maintenance.



WHY PHYTOREMEDIATION?
Heavy Metals, Petroleum Hydrocarbons, Chlorinated Solvents

and Radionuclides

-+ STRONG GOVERNMENT

*LOW COST
SUPPORT
* GREEN TECHNOLOGY
¢+ HIGH PUBLIC SUPPORT
* SOLAR DRIVEN

* POTENTIAL FOR
RESTORATION



BROWNFIELD REDEVELOPMENT /
PHYTOTECHNOLOGY UTILIZATION CONUNDRUM

s 39

plementary, largely
o)pronounced for the economy,

snvironme ‘- re they not
o ate”’?




IMPEDIMENTS TO BROWNFIELD
REDEVELOPMENT

m lack of access to capital

m regulatory liabjlity r@

m civil liabili ﬁ@k"%@

rotection

achnologies
] akers of

ent, best practices.

or best available t%s




ISSUES RAISED BY PHYTOREMEDIATION /
ECOLOGICAL RESTORATION

m Use of noxiou%weéas, poisonous plants, rare
and endan é\reﬂ@ 1ts, alien species

m Use'of pecies: withinthexsame genera
N U%e of&‘%\pe s)and aquatic plants
netically engineefagcultivam

o

ion,ownership, storage, tection,

disé:ibuti/on, xploitation of Biodiversity on

cO tamirllated sites
Bioavail biIit)" and natural attenuatio
l\?isk‘lﬁf commercial exp nitati%n



ISSUES RAISED BY PHYTOREMEDIATION /
ECOLOGICAL RESTORATION

Use of candad‘a‘ig nt as seed, feed and, fertilizer

isposal @m blomass
%urc\—\an\jQA f starter materials
Potential for toxicit food chain transfer

ival, persistency, and con m/&acy planning
Use of chelating agents
Us/e of commercial crop

Prorctl n of biodiversity in textreme” -
\e’mﬂ ent ﬁ




ECOLOGICAL RESTORATION - POINTS TO
CONSIDER (1)

REPS
\gggt raﬂm IS a science in its infancy
G%d n 17K"st‘ ill'has teething
blem e s om from the need to
derstand extraor mry complex ecosystems...

stems are not more c bl%an you
thié:, they are more complex than you ¢can. think!”

gur

u

I Niering (199




ECOLOGICAL RESTORATION- POINTS TO
CONSIDER (2)

11

Unless we learn how to improve our
understanding-of-how to restore ecosystems, we
otight to/bevery careful about destroying them...
where damage-has already-been done however,

restoration is the only option, and each
demonstration adds‘much needed.information

about the process of reconstruction”

Source American Academy for Advancement:of
Science (1997)



DERIVATION OF ENVIRONMENT CANADA ROLE
INPHYTOTECHNOLOGY DEVELOPMENT

B Results of cress;Canada consultations in
(1997)(1998),"“CEN consultations (1998),USEPA
(2000), Botanical.Gardens,(2001) CBS (2002:

guite supportive. of “green technologies”
centrally located demonstration projects
target environmental priorities

capacity building /‘training of scientists
use of naturally occurring organisms
importance of partnerships and inclusivity.
community outreach



ENVIRONMENT CANADA RESPONSES

Partnerships, consultations, demonstration
projects, capacity building and due diligence:

B Vegetative surveysYPHYTOPet, PHYTORem,
PHYTONox;=PHYTOChem; PHYTORad, PHYTOSolv)

m North Americanidemonstration projects
EC / USEPA Phytoremediation"Workshop (2000)

KEW Gardens Roundtable on Phytoremediation
2001

UNEP responsible use protocols in development
Forensic/botany and contaminated sites

Proposed collaboration on Green, Legacy, initiative
Workshop with Ontario MOEE Standards Branch



ENVIRONMENT CANADA RESPONSES (2)

B Inaugural meeting with Canadian Botanical Gardens
Community (Deceniber 2001)

m/Plant.Science'Community.(November 2002)
B NRTEE Conservation of Natural Heritage Initiative

B Canada Phytoremediation All'lnvestigator’s Meeting
October 20/ 2002)

B Environment Canada supportito OECD /' BRC
Initiative

B Environment Canada IEA / OECD Workshoep on
Bioprocesses for Ind. Energy Efficiency March2003

m Environment Canada / US ‘Environmental Protection
Service Phytoremediation Meeting (Spring 2003)



INDUSTRIAL AND ENVIRONMENTAL PLANT
PROGRAM EVOLUTION - 1998

B Development of an ten part plant based program focusing

on : .cs®
— Identlflca%ﬁ“a ndldate phytoremediation cultivars

:colo 165”% g§§ gl_y*s+de integrity of starter materials

Forensicsecol ':)/‘g:; y in extreme environments
Due diligence and ’arp rop e regulatory oversight

otential of plan blo/t7echn lo y niques for
Protocols and strategic research
Limited sn'lall sﬁe dem

tratlon
om unlt outreac ology tr ns érv
— Plant germplasm storage, pr ti r utlon
access

— International capacity buﬂdlng



PHYTOREMEDIATION

Remediating or Restoring
Petroleum Contaminated

Jim Germida & Rich Farrell

germida@sask.usask.ca
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ENVIRONMENT CANADA / USEPA RTDF
DEMONSTRATION SITES
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ENVIRONMENT CANADA SPONSORED
PHYTOREMEDIATION OF METALS PROJECTS




ENVIRONMENT CANADA SUPPORTED
CONSTRUCTED WETLANDS RESEARCH




SPECIFIC FUTURE OPPORTUNITY AND CHALLENGE
AGENDA FOR PLANT SCIENTISTS

B Bioprospecting - exploration / mapping of
domestic genetic resources (particularly in
extreme environments)

m |dentification-addressing| the taxonomy gap
m Ownership - biodiversity as “crown assets” ?

m Valuation - economic, environmental, and cultural
values of plant biodiversity

B Protection - balancing use and valuee.g-do\we
need Depts. of “Natural™ Defense

B Storage-protecting the value of rare/germpiasm



SPECIFIC FUTURE OPPORTUNITY AND CHALLENGE
AGENDA FOR PLANT SCIENTISTS

m Distribution - staking [}IPR sharing benefits, balancing
needs °°'5

cologlcal grltyc&d ntifying and “first line of defense”

m|n| qzmg Jﬁaﬁs;o fnvasi egess bioterrorism, disease
mmun| 3

C of independant and
09 ective adwce on thetole Lj_ffa‘itn’butlons of plants

‘opagation - developing the capa(c?t'y ply the

bIOb se omy-(n.b. with nO\/eI plants\fro extreme
enyironments) @
Requlatory Clarification’- i |on and inter owg\\é‘l

traﬁsport tion, xporti?rg, disposal, geneticall

modi}.ica ons)




SPECIFIC FUTURE OPPORTUNITY AND CHALLENGE
AGENDA FOR PLANT SCIENTISTS

B Access - ensuring é}fa ilitating access to global BRC’s
S8
N Bioavailabilityql‘sicur t total pollutant loading end-point

_{o\s,afety -@%s-u/rg(nd:% fe, responsible, and sustainable use
o»|0Ia\;|\l's?\I Y%q\g\‘
C%:pacity ulgmg - rairgn at’community and international
technology transfer levels

1'% sal / recovery of/contaminatéd bigmass
Demonstration Projects - seed gene banks>&\lﬂc,

planting, fértiliz r, irridatitm, haryesting, dﬁsm%

protocols
Ecc;\‘ogic | Restoration - contaminated site remediation,

rownfield revitalizati n, an \M)% en&E)"




CLOSING COMMENTS

B There are no “single problems” in Brownfield
redevelopment / ecological restoration in North
America

B There are no “single solutions” for Brownfield
redevelopment / ecological restoration in North
America

m Selected Brownfield sites represent unique
opportunities to showcase the potential for plants in
site remediation, restoration, and revitalization as well
as accelerate selected site clean - up and reutilization
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