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ABSTRACT

A forum discussion recently held at the annual Conference on Hazardous Waste Research at St. Louis,
Mo., focused on the future of hazardous substance research, technology development, and implementation.
Three groups impacted by hazardous waste research were represented at the forum. Representatives from
regulatory and other federal agencies, industry, and the academe discussed research priorities, technology
transfer needs, and the role of the Hazardous Substance Research Centers in these areas. Hazardous substance
research over the past several years has undoubtedly enhanced our knowledge on environmental restoration of
the subsurface. However, much important research work remainsto be completed. Remediation at some
contaminated sites continues to be delayed in search of cost-effective and innovative technologies. Future
research needs to be focused on advancing measurement and characterization technologies as well asinnova-
tive remediation processes, all of which reduce the cost of environmental restoration. Better coordination among
all the stakeholdersin order to effectively transfer research resultsto field scale is an important need of the day.
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INTRODUCTION

Hazardous substance research and technol ogy devel opment effortsover the past ten years
have dramatically increased our understanding while decreasing the cost of environmental
remediation. Many government, university, and private organizationshave played important roles
inthisprogress. However, theenvironmental management of certain contaminantsand contami-
nated sites continuesto pose significant challengesunder new regulatory and multi-stakehol der
problem-solving approaches. A forum discussionrecently held at theannual Conferenceon
Hazardous Waste Research at St. Louis, Mo., focused on the future of hazardous substance
research, technology devel opment, and implementation. Threegroupsimpacted by hazardous
waste research wererepresented at theforum. Representativesfrom regulatory and other federal
agencies, industry, and the academe discussed research priorities, technology transfer needs, and
therole of the Hazardous Substance Research Centersin these aress.

Intherecent past, several reviewsat EPA and the Hazardous Substance Research Centers
have attempted to estimate the val ue of research and haveidentified approximately $10in savings
for each$linvestedinresearch. To saveanother $100 billionin cleanup costs, therefore, thereis
aneed to spend about $10 billion on research and technol ogy devel opment trand ating to ap-
proximately $300 million of research support per year for 33 years. Someapplication areas
related to theseresearch needsarelisted in Table 1. Theinformation presented herewas col-
lected from avariety of sources(Schwarzenbach et a., 1999; Davis, 1999; L esney, 1999) and
the estimated costs of remediation shown arefor current technol ogiesand restoration standards.
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FEDERAL AGENCY PERSPECTIVE

Representativesfrom severd federal agenciespresented information on futuredirectionsof
hazardous waste research and technol ogy transfer issuesthat researchersneed to address. Agencies
represented at theforumincluded theU. S. Environmental Protection Agency (EPA), theNationa
Institute of Environmental Health Sciences (NIEHS), the Department of Energy (DOE), and the
U.S. Army Corpsof Engineersbelonging to the Department of Defense (DoD). Key pointsdis-
cussed by the representatives of these agenciesare summarized below.

U.S. Environmental Protection Agency

Waste research remainsan EPA priority because of the health and environmental risks posed
by wastesand the high costsinvolved in their remediation. EPA’s Office of Research and Devel op-
ment hasoutlined future research strategiesand prioritiesintheir publication, Waste Research
Strategy (EPA, 1999). The document identifiesfour research areasfocusing on major waste-rel ated
environmenta problemsthat include contaminated groundwater, contaminated soilsand thevadose
zone, emissionsfrom waste-combustion facilities, and active waste management facilities.

Brownfield sitescongtituteanew focusof EPA. Theextent of hazardous substance problems
at most brownfield sites acrossthe nation and abroad remainsundetermined. For example,
WellIston, Mo., which hasacurrent population of about 3,500, has about 400 abandoned proper-
tieswith the possibility of environmenta contamination. Similarly, in Europe, the canton of Zurich,
Switzerland, with an areaof 1,729 m? and apopulation of 1.18 million, hasmorethan 11,000
suspected contaminated sites (Schwarzenbach et al., 1999). Asresearch focusbeginsto be
directed at therestoration of brownfields, there arisesanimportant need for the devel opment of
rapid and inexpens ve measurement and characterization methodsfor these sites.

National Institute of Environmental Health Sciences

NIEHS hasalso identified research needsand criteriain the areaof hazardouswastes. In
preparation for resoliciting proposalsunder the NIEHS/EPA Superfund Basic Researchand Train-
ing Program, program staff conducted aseries of meetingsacrossthe U.S. with remedia program
managers, community groups, and stateand local health and environmental protection officials. The
purpose of these meetingswasto identify hazardouswaste research and program needsto ensure
that activitiesfunded under the new RFPwould providethekinds of technical and scientific data
needed to manage hazardous wastesin the year 2005 and beyond. Examplesof theseresearch and
program needsinclude site eval uation, risk assessment, improved remedial and restorativetechnolo-
gies, long-term monitoring, and increased community participation intheentire process (NIEHS,
1999).

Multidisciplinary environmenta and hedlth-effectsresearch arethe primary foci of the
Superfund Basic Research Program (SBRP). SBRP advocatesaunifying framework model for
multidisciplinary research (Figure 1), and supportsresearchin areasthat include contaminant fate
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and transport, exposure pathways, human riskg/effects, ecological riskg/effects, remediation science,
and remediation technology. The program encourages partnershi psbetween participating investiga:
torsand stakeholdersincluding theaffected communities. SBRP playsanimportant roleininforma-
tiontransfer from research |aboratoriesto appropriate audiences.

DEPARTMENT OF ENERGY

DOE representatives emphasi zed the need for depl oyabl e environmental solutionsthat will
haveasgnificant national impact. DOE intendsto continueitssupport for the devel opment of
innovativeand effectivetechnol ogy solutionsto contain, control, and remediate contaminant plumes
and waste Sitesto environmentally acceptablelevels. Management, over long periodsof time, of
mixed wastes such asthose contai ning radi oacti ve substances co-di sposed with disparate hazardous
chemicasremainsaprimary research chalengeto thisagency.

DOE sNatural and Accelerated Bioremediation Research (NABIR) initiative supportsthe
devel opment of cost-effective bioremediation technol ogiesto clean up Sitescontaminated with
complex mixturesincluding radionuclidesand heavy metals. NABIR encouragesmullti-disciplinary
research among microbiol ogists, geochemists, molecular biologists, hydrol ogists, and environmental
engineers. Futureresearch needsof DOE includethefollowing:

* decontamination and decomissioning of nuclear reactorsand high-level wastetankscontain-

ingmixed wastes,

* characterization of landfillscontaining mixed waste;

» commercidlization of devel oped technology systemsthroughindustry and university partici-

pation;

* integration of stakeholder participation in decision making;

* development, demonstration, and implementation of innovative systemsaddressing contain-

ment and long-term isolation of subsurface contaminants;

* enhancement of naturd attenuation; and

* insturemediation of DNAPLS, metals, unexploded munitions, and radionuclidesthat

minimizesriskswhile meeting compliancerequirements.

DEPARTMENT OF DEFENSE

DoD isrespons blefor over 10,000 contaminated sitesrequiring restoration. Research
supported by DoD isdirected towards devel oping cost-effective remediation approachesfor
contaminated Sites, and achieving environmental ly sustainable operationson dl military instalations,
particularly those utilized for training and testing. 1naddition to basic research onthe biochemical
and physiologica mechanismsunderlying biodegradative processesin normd, extreme, and engi-
neered environments, research needs of DoD al so include anaytica microbiology and abetter
understanding of mechanismsfor theremediation of contaminated Sites.
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DoD’sOfficeof Naval Research (ONR) supportsresearch that focuseson cost reductions
andimprovement intherdiability and acceptability of dredging, managing, and controlling contami-
nated sediments. ONR'’ sresearch needs al so include devel opment of rapid and inexpensive screen-
ing tools; assessment, control, and management of contaminant pathway's, demonstration of
bioremediation processesthat are cost-effective; and development of field approachesfor confined
facility reclamation. DoD’sWaterways Experimental Station (WES) and the Strategic Environmen-
tal Research and Development Program (SERDP) support research focused on achieving afunda-
mental understanding of environmental processesthat iscritica to answer the question—how clean
isclean?

Inthenext fiveyears, DoD will invest morethan abillion dollarsin high-performance compuit-
ing. Environmenta Quadity Modeling (EQM) isapart of the DoD High Performance Computing
M odernization Program which will provide advanced hardware, computing tools, and training to
DoD researchers. EQM involveshigh-resol ution modeling of hydrodynamicsand contaminant and
multi-constituent fate/transport through the aquatic and terrestrial ecosystem and wetland sub-
systems, and their interconnectionswith numerousbiol ogica species.

Representativesfromthe U.S. Army Corpsof Engineers present at theforum focussed on two
important research frontiersin the areaof hazardous substance remediation: the necessity of a
fundamenta understanding of biogeochemical processes controlling bioavailability of xenobioticsin
complex environments; and itsimportancein assessing the achievement of acceptableremediation
endpoints. Therequirementsfor predictivetechnology and tool sto eval uate remediation processes
werediscussed. Theimportance of defining environmental exposurein relationto target species,
space, time, and concentration was al so pointed out.

Other significant research and technol ogy needsidentified by representativesfromthefour
federa agenciesat theforum aresummarized below:

« Establishment of relationships between exposure and risks associated with hazardous
materials. Thereisaneed to quantify exposuresand for atechnology that ispredictive, not
reactive.

» Low-technology solutions and a broadening of multidisciplinary efforts to include
cultural anthropol ogy, communications, and economics. Thereisan emphasison |ow-
tech solutions, such as phytoremediation and bioremediation. Transferring research fromthe
benchtothefield remainsachallenge.

» Encouragement of multidisciplinary and multifocus research proposalswith a required
tie-up with industry. Important research areas arelight and dense nonagueous-phase
liquids, methods of supplementing naturd attenuation, and radionuclide remediation.
Brownfieldsare seen asanimportant areato work with important research subjectsas
diverseasremediation of lead in soil, house molds, and steel industry wastes.
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» Continued interest in research on subsurface contaminants in the vadose zone,
biobarriers, decontamination and decomissioning of landfills, underground storage
tanks, plutoniumdisposition, and mixed wastes. Regul ators expressed the need of a
solid foundation for decision making. Research using systemsand interdisciplinary ap-
proachesisessentia to build that foundation.

I n addition to research and technol ogy needs, representativesfrom thefocusgroup aso placed
emphasisonissuesrelated to technology transfer. EPA representatives emphasized the gpplication and
transfer of research generated fromthecenters’ activitiesinto solutionsthat addressreal-world prob-
lems. Research needsto bevisibly connected to hel ping communitiesmanagered problems. Re-
searcherswere encouraged to approach regul atorsto learn what problemsneed to be solved. Com-
muni cation between researchersand regul atorswas deemed essentid in bringing solutionsto thetable.
Theneed to present information on research and technol ogy needsintermsunderstandableto the
public, industry, and non-scientistsswashighlighted. New developmentsininformation technology have
the potential toimpact research. Theefficacy of theinformation medianeedsto be assessed.

INDUSTRY PERSPECTIVE

Representativesfrom industry present at the forum stressed the need for long-term monitoring
to address concernsregarding the use and performance of new technologiesin the post-regulatory
phase. Problemsarising from thetransfer of new knowledgefromthe“flask” tothe“field” remaina
concern. Setbacksresulting from the non-availability of basic toolsto makethe processeswork
effectively intermsof cost and technology continueto limit the progress of research from thebench
scaeto steimplementation. Althoughitisdifficult to assgnadollar vaueto groundwater, industry
prefersto support research focusing on cost-benefit analyses of technologies, particularly those
involving massremovals. Industry isinterested inlower cost remediesthat are semi-passiveor
passivetechnologies. Greater university/industry partnershipin“fieldback” research, whereneeds
identifiedinthefield areinvestigated inthelaboratory, isdesired. Theperceptionthat universities
areprovidersof non-biased information will continueto make university-affiliated researchersa
vauableresourcein environmenta restoration.

ACADEMICPERSPECTIVE
Representativesfrom theuniversty research community madethefollowing genera observations:

» Basicresearchisvery important, asit hasthe potential to lead to great discoverieswith
appliedresults.

» Thelevd of technica understanding at theindustria plant worker/miner level islow and
stepstoimprovetechnical knowledgeat thislevel should beimplemented to advance
pollution prevention and safety.

» Researchersneedtofocusonthe purity of sysemsand understand trace materidsand their
behavior. Researchersa so need to gain abetter understanding of contaminant and subsur-

facecharacterization. Exploration of new and innovativeremediation methods must
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continue.

CONCLUSIONS

Hazardous substance research over the past severa yearshasundoubtedly enhanced our
knowledge on environmental restoration of the subsurface. However, muchimportant researchwork
remainsto becompleted. Remediation at some contaminated Sites continuesto be delayedin search
of cost-effectiveand innovativetechnologies. Futureresearch needsto befocused on advancing
measurement and characterization technol ogiesaswell asinnovativeremediation processes, al of
which reducethe cost of environmental restoration. Better coordination among all thestakeholdersin
order to effectively transfer research resultstofield scaleisan important need of theday.
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Tablel. Estimated remediation costsfor selected major applications of hazardous substance
research.

Mine tailings and mine waste $100 to $500 hillion
Landfills and waste repositories $50 to $100 hillion
Contaminated soil and water at industrial and spill sites $80 to $120 hillion
Contaminated sediments $50 to $150 hillion
Unexploded ordnance in soil $50 to $130 billion
Radioactive and mixed waste $100 to $180 hillion
Mercury waste $150 to $200 hillion
Brownfields restoration $20 to $80 billion
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Figurel. Theunifyingframework model for multidisciplinary research proposed by theNIEHS
EPA Superfund Basic Research Program (adapted from Suk et al., 1999).
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