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MEMORANDUM

.SUBJECT CENR ‘Subcommittee on Toxic Substances and Hazardous

' . and Solid Waste Revised R&D Strategy (10/5//94 draft)
FROM: Lisa S. Matthews
S Subcommittee Executive Secretary

TO: | Subcomuittee Agency Principal Representatives
. Attached for your information is the revised Research and

Development (R&D) strategy (dated 10/5/94) for the CENR- )
Subcommittee on Toxic Substances and Hazardous and Solid Waste.
This version reflects some of the comments that we received on
the September 21st draft strategy and a final editing.. This
draft strategy was mailed to a ‘group of external reviewers on
October 6th, with comments requested by October 21st. We will
incorporate external mail review comments and any remaining
Subcommittee comments the weeks of October 24th and 31st. The

. final Subcommittee strategy, along with the implementation plan,
is due to CENR by mid-November. -

1f you have any guestions on the strateqy, pleése call me at
(202) 260-7993. . :

_Attachment

I.'@§§mﬁumﬂm§qmgma
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DRAFT October 5, 19%¢
- COMMITTEE ON ENVIRONMENT AND NaTURal RESOURCES
SUBCOMMITTEE ON TOXIC SUBSTANCES AND HAZARDOUS AND SOLD WasT:
' RESEARCH AND DEVELOPMENT STRATEGY

STRATEGY FRAMEWORK

This strategy addresses federal research and developmant (R&D) related to managing
toxic substances and hazardous and solid waste in the environment. Toxic materials” are of
concern because they can cause harm to human heaith and ecological systems. The potential

. for this harm is rypically expressed in terms of risk. so management of toxic materials
involves assessing and managing risks. o

Risk assessment is the basis for both policy and techinical decisions regarding risk
management. It is used to determine priorities for risk management (addressing the highest
o risks first) and to guide the actual process of managing the risks (such as determining - .2
o . . appropriate cleanup levels for contaminated sites). Risk assessment is scientifically complex
' because it involves integrated steps of hazard assessment (bazard identification and dose-
. response assessment), exposure assessment, and risk characterization. The first part of this
strategy addresses the research needed to provide the information and data required t0
perform scientifically credible and sound risk assessments.. : -

_ Risk management is the objective behind waste management and other efforts to
prevent or control the impact of toxic materials on human health and ecological systems.
The R&D priorities in this strategy on risk management revolve around research,
development, and demonstration of technologies and approaches for the monitoring, _

. prevention, controi, and remediation of toxic materials. These are the primary tools of risk
management, but their use must be guided by-a process that starts with risk assessment,
involves decisions about appropriate levels of risk and costs of aiternative ways to reduce
risks; and incorporates other technical, legal, and sociai factors. Compliance with laws and -
regulations and minimizing civil Hability are legal elements of risk management. -

Social and economic factors play a key role in both risk assessment and risk
management. This strategy highlights some of the research needs in these areas essential to
_ improve our ability to make more effective risk management decisions. Fears, desires, and .
needs of local residents, concerns of regional and national interest groups. and those of
* Throughout this decument, the term. “toxic materials® should be read to include the
' ‘range of environmental toxicants including toxic releases 1o all media, new'and. -
existing chemicals, pesticides, biotechnology products, jonizing and nonjonizing
radiation, .oil and chemical spills. and solid, hazardous, radicactive, and mixed
wastes. ' .
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affectad tribal, national, state. and local governments ail should be considered in the

decision-making process. Cost effectiveness, sustainable development, economic incentives,

envirowmental justice. and public participation are some of the important social and economic
© considerations that are addressed in the strategy. ' ' '

1.0

VISION AND GOALS

Environmental Vision: " To understand. prevent, and reduce ‘human and ecological
exposure to toxic materials and their adverse human heaith: ecological. and social and
economic consequences.. Actions will be guided by principles such as sustainabie
development, community involvement, environmental justice, wise ecosystem
management, and the risk of alternatives.

Protection: Protect human health and the environment from adverse effects associated
with ‘exposure to toxic materials; . : :

. ) . ] v ) ' . . . . -.a
Assessments; Ensure appropriate priorities and levels of protection through the use of
scientifically sound and demographically sensitive assessments ofriskand . -
cost/benefi;, - . C

mmmmmi Develop and apply safer, faster, better, and

" more cost-effective technologies for reducing and monitoring exposures of humans
and the eavironment to toxic materials; : - :

M&ﬁm Promote pollution prevention as a primary guiding principle for
protecting the environment. Use regulatory and nonregulatory tools to instilla -~

 prevention-based ethic in all sectors of society; -

Sustainable Development: Demonstrate that a efean -efivironment and economic

' growth cas be mutually supporting. Achieve both eavironmental protection and
* economic growth through government and private sector collaboration;

Commuiication and Community Involvement: Easure that all stakeholders have
access to reliable information about sources and levels of pollution in their o
communities and promote stakeholder involvement in all aspects of the environmental
decisjon-'making process; :

MM Assure that the benefits of environmental pfotection can be |

shared equitably by everyone in the society and that no specific group is at greater

risk from environmental factors; :

- Emergency Response/Unintentional Releases; Prevent and respond 1o oil and other .
 hazardous substances spills and chemical incidents so as to minimize environmental .

injury and protect public safety and ecological integrity;

!

y)
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2.0

. Occupational Safetv angd Health; Reduce worker and household exposure and heaith

and safety risks presented by waste, radioactive materials, and other toxic materials
encountered in the workplace or carried home on workers™ clothing and. equipment;

- and

" Fedepa] Facilities; Cost-effectively cleanup or contain toxic contamination at federal

sites which pose a risk to human health and the environment. Assure federal facilities
are in compliance with all em-ironr_nenral faws and regulations. '

POLICY-RELEVANT QUESTIONS

The research pﬁoﬁﬁ& presented in this strategy directly support the dévelopment of

policies for managing risks from toxic materials. Risk asséssment as 2 whole is central to
policy’ formation. Bus science eannot always provide clear, complete, and ynambiguous
answers for policy formation. Some of the more difficult policy issues that are impacted by -

the research priorities in this strategy are listed below:
. . i

o

3.0

_"How to incorporate environmental justice concerns in risk assessment and

P 4
How 1o use risk assesstheat for public policy decisions?

How to deal with uncertainty in risk assessmest?

" How to improve risk communication and public involvement in decision-making?

 How m use cost/benefit and coﬁ:pa’rgtive risk analyses in mak:ngnsk ménagment .
- decisions? ) S ; ' L

- How to weigh health risks and risks t ecological systems for different endpoints in
. ‘making risk mapagement decisions? : S

Howw use cumulative risk in thé ﬁsk.&s_sessment- and management paradigms?

management?

~ How to use federal government resources o promote development and application of
* -environmental technologies? ' '

: .How to coordinate objectives aniong federal departments and agenciés?

SCIENTIFIC AND TECHNOLOSICAL GOALS

. To advance the science of risk assessment, to Support toxic substances and hazardous |

and solid waste management, including to:

o
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* (1);understand the effects of exposures to toxic materials on human health and
ecological systems, including the toxicological mechanisms that pmduce those
effects:

(2) uncover procssses for predicting and measuring exposure to humans and
ecological systems. and the processes leading to those exposures; and

(3) estimate risk and characterize and communicate those estimates. ;

- ‘To demonstrate and evaluate more cost-effective. .innovative technologies for pollution
prevention, concrol of toxic wastes and emissions, site characterization, remediation
and restoration, in support of sustainability:

® . To advance the science of monitoring and pre&icting environmental conceatrations and
. effects, as well as the fate and tnnsport of toxic mal:etia.lS“ .
. £
o To collect d.nta and develop evaluauve methodologxes for the soc:al and econonuc
' copsequences of pollution; aad

S . To disseminate and coherently uplam risk/benefit information, so- the pubhc can
S participate in 2 medningful way in elmronmental decxsxon-mahng

5" 40 RISK ASSESSMENT OF WASTE AND TOXIC SUBSTANCES
Conceptual Framework |

: The assessment of nsks to human bealth and ecologxca.l systems ﬁnm toxic m!enals
follows a widely accepted paradigm produced by the National Academy of Science (NAS) in
- 1983 and reiterated by the NAS in 1994 in Science and Judgemens in Risk Assessmenz. The
risk assessment paradigm is a framework for organizing analyses of pertinent dat2 in 2 way
thiat emphasizes the interdisciplinary pature of the work. The four elements of the .
. framework are: (1) sazard identification; (2) dose response assessment (oote that we refer to
elements | and 2 as "hazard assessment® in this stntey), (3) exposure assessment; and (4)
risk charactenzauon Thxs secuon of the strategy is orgamzed around this paradigm.

Hamrd Assessmem. Understanding the hazards of toxic materials to either human
health or ecological systems involves the same fundamental scientific pnnclpls of chemistry
and cellular biology. Assessment of human health is focused on one species of concern with
many endpoints with differing impacts on individuals such as. cancer, neurofogical effects,

" and reproductive eﬂ‘ects Ecological hazard assessment is directed towards many species .
with endpoints with differing impacts on populations and communities of populations. Much

- of hazard assessment depends on epidemiologic research and studies to understand - :
fundamental similarities and extrapolate among specxes and situations. Research-op. ' —--- ....n-..

>
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variability of fundamental proc=sses withia r.he human species and among non-human species
within a famxly or taxa must be conducted to support good a.ssessmenns in the futum

..xpos.;rc Assessment. “The exposure assessment element of the nsk assessment
paradigm asks the questions: "How many people are exposed?. What are the routes and
-pathways of exposure’j What is the extent, duration, and magnitude of sxposure?” Exposure
assessments generally are based on either direct monitoring of environmental concentrations
of toxic materials, fate and transpert models to predict exposure levels, cf assessments of
“toxic materials in humans, wildlife, or ecological systems. There are differences in the

- exposures and effects from exposures among individuals and groups of individuals that must
be identified and understood to develop appropriate protection strategies. It is also important
to understand the eavironmental justice implications of: (a) the diswibution of exposure
levels in the population; (b) highly exposed segments of the population; and (c) more
suscepnblc subpopulanons

_ " Risk Characterization. Risk characterization is the communications transition point _,
" between assessment and management. It inregrates results of the other parts of the .
assessment, evaluates strengths-and weaknesses of the data and conclusxons, and
communicates these resuits. and theu- mphcauons in tetms useful to the risk managet ‘and
others.

. The imtegration of the individual chmctenzauons of- hmrd dose-zesponse‘, and
exposure describe who or what is at risk énd why. The characterization must also provide -
an evaluation of the overall quality of the assessment and the degree of confidence the
authors hive in estimates of risk and the conclusions drawn. , Important uncertainties and

. interpretation of data must be explained to the risk manager. A risk characterization should -

' be alert to the poteatial for racial or cultural bias resulting in failures to gather data on
minority or sociceconomically disadvantaged populations, or failure to con'ecﬂy ideatify and
count members of such populanom in large samples

r Eﬁ'ecuvely commumcanng the results of the assessment o the risk manager,
stakeholders, and the community is essential to their reaching 2 decision about what risk

' management action need be taken, if any. The results of the assessment must be explained in
terms useful for these purposes. Execurive Order 12898, addressing environmental justice,

* . requires both the identification of communities disproportionately affecfed by eaviroumental
pollution, as well as the participation of community residents in conducting studies to assess
and redress inequities. ‘Cousequently, the risk communication should de tailored to inform
and aid in the' educanon of . community mxdents when appropriate.
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4.1, CURRENT STATE OF UNDERSTANDING
-_.LR Bazard Assessment

" Human Health: Past efforts in the hazard identification of toxic matérials have
focused on cancer as the main endpoint of concern with other eudpomrs .2.2., neurological,
reproductive, and developmental effects) receiving less amestion. EForts o establish dose-
response telaxion‘ships for carcinogens have largely been of'a curve-iting nature that make
linear low dose estimates of response at lower exposures. For non-carcinogens. the approach
has generally been to identify 3 "No Observed Adverse Effect Level” (NOAEL)ora
“Lowest Observed Adverse Effect Level” (LDAEL). Unceruinty factors are then used to
estimate a dose below which an unacceptable level of effects would not be expected to occur
in humans.. : -

* Much of the information on toxic materials has come from animal testing on-
individual chemicals. Little is known about the hazards of chemical mixtures and mixtures
of other stressors. Differencés between animals and humans with respect to absorption.

" distribution. metabolism and excretion (toxicokinetics), and species susceptibility have made
‘the extrapolation of effects seen in animals to the human situation problematic both _ ©.
qualitatively and quantitatively. It has also been difficult to extrapolate the results of lifetime
animal studies or long-term occupational studies to eavironmental exposures lasting much
shomr penods ‘of time (e. g chaldhood exposures for children lmng near Superfund sms)

-

cE o Ecologu:dl. Dnnng the past 30 years, research on the ecological hazards of tonc
'+ " materials has primarily focused on the development of empirical toxicological data with -
greater emphasis placed on aquatic rather than terrestrial- systems. These data reflect the first .
generation of approacheu that effectively contributed to the assessment of adverse impacts
resulting from overt toxic effects (e.g., lethality and growth effects) caused by exposure o
environmental chemicals. With some exceptions, extrapolations of toxic effects across
species and endpoinv.s were based on the empirical evaluation of existing data. For example,
water quality criteria for the protection of aquatic life are based on the assumption that the
" variety of tested species are representative of the vast array of untested aquatic species.
. Comparable dara for the protection of plant and wildlife species are very limited especially
* with regard to endangered species. ' It is clear that empmcally—denved hazard data cannot be -
developed for each combmauon of chemical and species. ,

Human Hedlh ggg Ecological: In the past few yea:s there has been an mcreasmg
emphasis on the development of new approaches using a mechanistic basis. of extrapolating
across species and' chemicals, For eximple, understanding relauonshlps between mechanisms °
of toxic responses and chemieal structure have made possible the prediction of potency-for
untested chemicals that are based on modes of action. Although these newer models baye

_proven effective for predicting the acute toxicity of many xenobiotics. there remain '
significant uncectainties in predicting metabolic activation and chemical reactivity, wlnch are
the processes r.hat underlie the chronic toxicity of the most potent environmental chemicals,

6
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There has also been increasing concern that the first generation of approachss are not
adaquate for-assessing the chronic effects of persistent bicaccumularive chemicals such as
dioxins, furans. and those compounds suspected of acting as sndocrine dissuptors. In the .
context of extrapolating across species, the recent davelepment of physioiogically-based.
toxicokineric (PB-TK) models for animal to human ard for aquatic organisms reflects an
important step towards a predictive capability. Initiai linkage of PB-TK models with

" miechanistic research provides a rational approach o identifying critical toxicokinetic and
toxicodynamic processes that underlie the differences in responses of species to chemicals.
There is currently a paucity of data for developing these models.

4.1.2. Exposure Ase.ssment

Procedures have been reasonabiy well developed to monitor -*nwronmenml media and
provide point estimates of mean exposure levels. While basic data on human behavior are
used in modeling, genetic and cuitural differences ‘are not accounted for. Simple. fate models

- are generally capable of predicting environmental concentrations, although with varying
degrees of capab:hues There is, however, great unceruinty in many of these predictions. <
Generic transport and fate models are aiready widely available. While such models can be

. tailored to be used for small, site-specific problems, use at a higher scale, like watersheds, is
limited by the comple!uty of the natural processes that must be linked together for large -
system models. The primary uncertainty of extrapolating laboratory hazard data to '
ecosystems in the field is the uncertainty about the actual chemical dose received by
mdnvxdua.ls :

S Modem eompunng has removed many intractable hurdies in the science of modehng
chemical behavior in the eavironment.  While models are available to simulate transport of
chemicals in the atmosphere, surface water, and groundwater, most models are limited in . -

" their ability to accurately simulate the impact chaotic weather events have on exposure, as

- well as the risk reduction which accompanies chemical and biochemical transformations.
Models of resuspension of contaminated sediments, which control long-term risks of
persisteat chemicals, are in their infancy. Models of bioavailability are stll in the éonceptual
stage even though the physical and chemical interactions that influence bicavailability are

_known. Soil/air interactions are largely unimown. Degradation models are seldom reliable,
especially for industrial chemicals.

Reducxng the uncemmty of exposure assessment will be accomplished by i mprovmg

methods for measuring toxic forms of chemicals and developing more realistic information

. on the processes that control chemical transport and fate. Such information lags far behind
the engincering of the computer frameworks for the models. Studies of fundamental
ecosystem processes need 1 be des:gned in the context of the risk pmdxgm and with a new
prospecnve from the modeling frameworks already developed. For example. current
progress in exposure assessment has shown that most transport occurs during storm events.
While sediment. chemistry-is becoming undersiood, sediment physics with respect to the
energy of resuspeasion is a critical knowledge gap. Metal speciation has been modeled from-

7
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a chemistry perspective, but not in the context of dicavailabiiity or oxicity. Persistence and
fararal assimilation capacity of ecosystems for toxic materials are essential to making
strategic choices in risk reduction and pollution prevertion. In addition. bicmarkers and
other more diagnostic methods of nieasuring exposure are needed.

' 4.1.3. Risk Characieriﬁtion

Risk characterization has long been overlooked as an area of research, the most
common reasoning being that if the other two parts of a risk assessment ‘were done correctly.
the risk characterization would follow in a reiatively straightforward manner. Experience has
shown this to be presumptuous. Much of the criticism of risk assessments can be traced to
inadequate risk characterization. - : ' :

_ Although we currently do integration of hazard. dose-response. and exposure for
carcinogen assessments where simplifying assumptions have been made (dose linearity,

simple exposure scenarios, ‘etc.), it is much more difficult to see how these pieces fit together
in ecological assessment or in non-cancer health assessments. Complications such as - ,
mixtures, cumuldtive risk, short-term vs. long-term exposures, and the effects of biological - -
variability bave been dealt with in crude ways (or not at all) in assessments. . Moreover, the
effects of racial or ethnic differences and of economic disadvantages have been neglected

until receatly. The research necessary to properly integrate the parts of a risk assessment in -
all bu the most simple cases has not been performed. ‘Basic research and methods.

development is required for a better understanding of risk assessment and risk management. '

 There has been some recent research into risk-related uncertainty analysis, but it has -

pot yet developed to the point of being second ‘nature to the assessors themselves.
Quantitative statistical treatments of uncertainty are well founded and established, but the
application and adaptation of these techaiques to risk-assessment still needs some research.
Presentation of the qualitative aspects of risk assessment uncertainty has not been well
studied or developed. Before risk characterization can routinely present the confidence of the

. assessment to the risk manager, research must be done and methods established for both the |
qualitative and quantitative aspects of uncertainty. , . A

" Research is needed to develop both the statistical basis for presentation of results and
. the ability to clearly and concisely express results in terms peeded by the users of the’

. assessments, including the general public. Efforts to involve affected communities should .
include.a risk cormunication strategy that involves community leaders in its definition. At -
the very least, the communication strategy. as well as the content of the study, must be made '
understandable by, and presented to, the public.
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4.2. RESEARCH PRIORITIES
4.2.1. Hazard Mmeng -

Although ongoing research is making important advancss, there remain significant

~ uncertainties in predicting hazards of toxic materials, including dermal exposures, dose-
response relationships, and species susceptibility. These uncerminties are especially
noteworthy in the context of chronic endpoints. such as reproduction and development and
‘for those chemicals with complex modes of toxic action. In addition. it is essential that dawa
and models be developed that will allow the prediction of health endpoints in humans and -
endpoints that can be used in ecosystem studies to predict the sustainability of sensitive
populations of aquatic life and wildlife. For example, endocrine disruptors are generally
thought to have receptor-based mechanisms that affect reproductive success and, therefore,
eould have an effect on population dynamics. Thus. in addition to lifecycle studies.
research on these chemicals must be conducted at the organ, cellular. and subcellular levef to
identify toxic mechanisms and receptors. This information is necessary to quanmanvely

- predict responses for untested chemicals and establish the critical physmlogxca.l a.nd 3
biochemical properties that underlie differences between specxes -

For. human heaith, much more information is needed to understand the eﬁ’ecu of
short-term exposure that the risk assessor must often address. Most of the population is not
exposed 1o toxic materials from any one source for their entire lifetime because of changes in
address or changes in habits/lifestyles or inmroduction/reduction of pollution sources :
throughout life. Certain populations definable by cultural patterns, sociceconomic status, or

CL race may, on the other hand, have lifetime or nearly lifetime exposures because they stay in
. one locale. Studies of effects of chronic exposure give information that is more relevant to
. - stable than to mobile parts of the population. Most of the bealth effects studies from which

we draw our mformauon on toxic matenals are studies of effects of chronic exposure.

The ability to extrapolate from tested species to untested ones must be 1mproved.
. This improvement in extrapolation requn'es mformauon on the physiological and biochemical
. similarities and differences between species in the context. ‘of the undetlying tomokmeuc and’
dynamic processes. This knowledge coupled with the development of PB-TK and _
biologically-based dose-response modeis will assist in predicting dose-to-target organs and the .
resultant effects when empirical data are not available. Federally funded research over the
past several decades has demonstrated that the only realistic optica for information needs is
to refine advanced animal extrapolation models which permit 2 minimum toxicological data
set to predict effects for many other species. Developing species-to-species extrapoiation
methods for fish, wildlife. and birds is not only more cost-effective than expanding animal
testing programs, this stmegxc appmach is the only one to protect endangemd specws which
cannot be tested. .

' For ecological assessment, .the effects of chemicals on survival, grovfth reproductlon.
and development of organisms can be an important component in protecting sustainable -

I9 .
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populations of aquatic life and wildlife. The development of tools that predict population
dynamics in the face of natral forcing functions (e.g., temperature. rainfall. light intensity),
chemical stressors, physical modifications, and biological interactions is needed to mzeg-rate
the vast array of mformauon that is becoming avatiable.

" There is ver) litle information available on the variation in suseeptibility to chcmxcﬁ!s :
within the human species or among other species and taxa. Improved understanding of the
variation in response to toxic materials would reduce the uncartainty of risk estimation and
allow for a better evaluation of the “conservativeness® of 2xisting approaches. Knowledge of
mechanisms of action of toxic materials at the subcellular level would shed much light on
these differences in response

The assessment of chemical unpaczs in narural systems typically invelves complex
. mixtures. Although advances have been made in developing a mechanistically-sound basis to
interpret and predict acute toxicity, there are very limited data and techniques available for
addressing the chronic effects of mixtures. Mixtures of persistent bicaccumulative chemicals -
‘are of particular concern. A strategic choice is to focus on the effects of reactive chemicais<®
and persistent bioaccumulative chemicals thought © have receptor-based mechanisms of
action. - These have the poténtial for great hazard as well as great uncertainty in current
predictive power. Some sections of the country may experience unusually high
- - concentrations of toxic materials due to factors such as proximity to hazardous waste and |
R Superfund sites, industrial poilutants, and lapdfills. As a consequence the commuanities in
t. 2. . these areas may bear greater risk of health effects from cumulauveexposunsto muitiple. .
... .chemical stressors. These disproportionately affected communities should be ?a.rgeted for
priority risk managemenl o mduce risk of r.heu' uposum

The stntegxc mh aeeded mcludes the follwmg:

. @ Improved understanding of the biological basis for toxicity and development of
~ biologically-besed methods for extrapolaning effects between spec:es, .

8  Improved knowiedge of the mge and distribution of mdxwdual and interspecies
- variability in susceptibility to toxie matenals , -

L Effects of short-term exposures %o toxic manenals at different chmnologlca.l aga of
life; :

é

®  Ipcreased daia base on !be nop-cancer eﬁects of toxic materials;
/

* Better understandmg of the toncokmenc and metabolic differences between species;

® - Develop data base of relevant physiological and bnochermca.l charactensucs of
' organisms for e.xmpolanon of eﬂ'eets, _

10
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o

e 'Develop predictive models of population dynamics for selected ecolegical or societal
species of interest;

® The effects of dermal exposurss’ on cancer and non-cancer endpoints: -and

L] Improve the understanding of the effects of complex mixtures given other
environmental stressors in a disproportionately affected popuiation.

4.2.2. Exposure Assessment |

The same basic scientific principles. generally apply in assessing human. and ecological

- exposure to environmental contaminants. Both types of assessments must consider the

activity patterns of the organism of concemn and the different ways that contact can oceur

with contaminants, Both types of assessments are aiso aimed at gvaluating various indicators
of impact., Most human assessments focus on endpoints, such as body purdens or health
effects. 'Ecological assessments can also look at health effects in apimals or alternative o -
indicators of ecological impact, such as species diversity or population trends. ' g

nélfpuuﬁng- discussion analyzes the knowledge gaps in the exposure area and - -

proposes areis of Tesearch to address them in the furure. The overall goal of this research is |
_to generate the basic information that risk managers peed to identify and analyze o

opportunities for reducing exposure to eavironmental contaminants and associated risks. A i

” ‘dual track strategy is proposed to develop the needed exposure related information: .

®  One approach is to focus on sources of environmental contaminants and,wétk
 prospectively along the pathways of transport and dispersal. '

L The second approach is to start with human body bur&gns (or 'oth& direct measures of
" exposure) or analogous ecological endpoints and work retrospectively through the .
g PrOCESS of bioaccumulation and uptake. - : o L T

At s'o;he point these two lines of inquiry should meet to give us 2 much more complete
‘understanding of the process and properties of exposure. The key elements of these two
tracks are presented in the table below. ' . . L

11
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Dual Track Strategy for Exposure Assessment Research

Prospective Approach

Retrospective Approach

Gather data on release rates of
contaminants from sources.

Gather data on levels of contaminants in
humans/¥ildlife and data on indicators of
ecological hazard such as species
diversity. population trends. etc.

Gather data on levels of contaminants in
media potentially impacted by sources.

Gather data.on the levels of contaminants
in media contacting humans or animals.

Develop fate models to prédict media
levels based on source releases.,

Gather data on rates which receptors
contact environmental media and develop
models to predict uptake in organisms
from food, air. ete.

Use media data to validate and improve -
fate models. ' -

' Use media data to validate and improve

uptake models.

Exten& models to cover bicaccumulation .
through the food chain and ateqipt source-
' to-receptor validation.

Design exposmsamphng methodologies |
for integrating small concentrated o
. subpopulations and small diffuse

subpopulations in beaith dats collection

-body burdens and sources 10 sce if links

" environmental polution..

) 2 e g ey — R T

Link uptake models to food chain models
and attempt source-to-receptor validation.-
Evaluate geographic trends in data oo’

can be made.

Focus health effects research resotirces on - |
communities disproportionately affected by

The"’pmspect‘ivé track” would ipelude the following effores:

. ® More data are needed on contaminant release rates from sources and contaminant
_* levels in the environment media impacted by sources. These data can be used ¢o.

identify geographic and temporal trends..

Geographic trends can be useful for

identifying sources and mechanisms of impact. Temporal trends can be used to help

evaluate effectiveness of regulatory. programs; :

Understanding abiotic processes that control the transport, persistence. and

“bioavailabilty. of chemicals in soils, namural waters. and sediments;

®  Understanding bicaccumulation and metabolic processes that control biodegradability-
of chemicals in microbial populations in soils. natural waters, and sediments;

© mSs sam e sDAe" pems
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Validation work is needed to test the effectiveness of existing fate models and guide
ﬁmher develcpment efforts: and

- ‘Understzndme the health outcome of exposures 10 comolex mixtures by poor and

disadvanuaged populations.

. 'n_xe' "retrospective wrack” would include the following efforts:

More diagnostic methods and biomarkers for -defining the route of exposure and
exposure history. This would include surveys of contaminant levels in tissues and

_ other direct measures of exposure:

More data are needed on human activity patterns to help de;relop distributions of
exposure factdrs, such as food ingestion rates, time spent in various setrings, ew.;

Better proeedurs are needed for assessing den'nal exposure, especially to

contaminants in soil. Experimental protocols need to be developed and validated to -
determine dermal absorpuon properties of chemicals in various matrices and for '
various races;

Bemer ptocedures are needed 0 assess complex exposure scenarios mvolvmg mulnple
sources/chemicals and multiple pathways of exposure and populations. of varying
class, race, and ethnicity. This would include developing procedures using -

E bnomarke:s and other direct measurement techniques for assessing exposure; Direct
measurement techniques include use of various types of monitors, such as personal air
+ samplers, to measure individual exposure as it occurs: These approaches are well

suited to assessing complex exposures involving mtncate behavior panerns and
spanally variable contaminant levels; and

Investigative methods ) eolleex exposure data from mmormes, socxoeeonom:cally

_ -dxsadvanuged populations, or other dlpmpomonately affected. groups (e.g. such as

subsistence ﬁshemen. chiidren, women, and eiderly). Investigations should aiso be
sensitive t0 the need for community involvement at all stages of researchk. -

' .2.3 Rlsk Chmcterimtxon

Im order 0 make. nsk ehmetemon the effective tool that it needs o be u'nmedmte

ettenuon needs to be paid to the research necessary to develop the scieace:

- Methodological research is needed on how hazard, dose-respome, and exposure can
‘be mtegrated in more complex cases (ecological assessments, mixtures, cumulative

€xposures, ete),

13 .
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e Methods for bozh the qualitative and quantitative aspects of uncerfaihry analysis must |
be specifically applied to risk ‘assessment, and the resulting methodology made 2
routine part of risk characterization: o '

. A specific’effort is needed to improve the-way risk assessment is communicated to0 the '
~ public and the risk manager. including developmen: of statistical and communications
teois; and . ' '
o Research is necessary to know how to include cultural and behavioral aspects in

research design.- For example:
(1) How do diﬂ'e_rént cultural values affect models of risk analysis?

.(2) . What are the implications for research findings owing to the 'memsum'lus;ed t0
* quantify study results? : :

(3)  What types of exposure analyses and dose-response mechanisms would be of <
imerest to different communities? ' Ce .

50 TOXIC SUBSTANCES AND WASTE RISK MANAGEMENT
‘Conceptual Framework | "

. To reduce risks from toxic materiais to humans and ecological systems we must either -
reduce exposure of reduce the level of toxicity. For many years the primary emphasis was
placed on reducing exposure by °end-of-pipe” control, by storing or °disposing” of wastes
‘through burying in landfills, piacemeéat in abandoned salt mines, injection into deep wells
below the potable water table, or like methods. Leaving wxic comtamination in place and
restricting access or limiting possible future land uses is another approach that has been used
in the past. Many of these methods are not viewed as effective in the iong-term and are
" often seen as simply shifting exposure to future generations. S

) . Much of the emphasis of the last several years has shifted to methods to prevent
- production of toxic materials and treatment metheds that reduce mobility of toxic .
contaminants (and consequently exposure) or that permanently reduce levels of toxicity. In

" waste managemen: and remediation, this has beea a requiremeat of laws such as the

Comprehensive Environmental Response, Compensation, and Liability Act (Superfund) and
the Resource Conservation and Recovery Act (RCRA). The primary focus of future R&D,
as described in this strategy. is to provide technology and methods to minimize the further
production of toxic materials and to treat and remediate already existing toxic materials
through innovative technologies that provide greater permanent risk reduction at lower cost.

- Poliéis and spproaches for managing toxic méterialﬁ in the environment require
" - linking of technology options with risk assessments to ensure appropriate levels of risk

|
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reduction. A hierarchy of technology appreaches should be considered that starts with
prevention and includes controt. remediation. and mcnitoting. -

eY Pollurfan. Prevemian.. Polfution prevention is the preferred appfoach for
managing risks from toxic materials. Generally, it achieves the greatest levels of reduction

. for both exposure and toxicity. Prevention can include use of less toxic inputs. use of less

energy or raw materials, or use of more efficient, cleaner processes or better product design.
Increased prevention will ultimately reduce needs for managing wastes and cleanirg up
contaminated sites. ' o

(2) Control. | End-of-pipe or end-of-stack control technologies have become the

' maihsray of pollution control over the last 20-30 years as federal laws and regulations have

specified acceptable emission levels based on use of “best available control technology.™
This regulacory “lock-in~ of existing technology has.had a chilling effect on development and
use of more innovative technologies that could achieve an equal or greater reduction in risk
for less cost. In addition, many conventional control technologies have not permanendy
reduced toxicity, but have often shifted toxic materials from one media to another. ol

. Qver ﬁme',‘polluﬁc'm prevention will reduce the need for end-of-pipe controls, so that

 research in this area should decline in the long-term in favor of prevention R&D. This must .

' be phased, however, because existing and new regulatory requirements still rely heavily on

these control technologies. New innovative technologies and practices are needed over the .

‘next several years fo lower compliance costs and improve risk reduction associated with

poilution control. . (In addition, more flexible regulatory approaches must be put in place to
encourage use of these innovative methods.) : )

(3) Remediation. The mismanagement of toxic materials in the pasz has left a legacy .
of contaminated soils, sedimeats, and groundwater. Consequemtly, while this strategy

‘emphasizes 2 shift in emphasis in the {ong term to prevention R&D, increased emphasis must -
 be placed for the next scveral years on demonstrating and evaluating innovative technologies
related to controlling and removing the risks from these past problems. . '

The current and projected costs to remediate the vast aumber of contaminated sites in -
the U.S. are enormous. These costs, as well as the risk these sites pose to human health and
the environment, can be reduced through deployment of innovative technologies that will
provide more cost-effective identification, prioritization. monitoring, and cleanup.

(4 Monitoring. Monitoring of toxic materials in hazardous and toxic waste in all -

"~ media is essential for both assessing and managing risk. Without cost-effective technologies

it is not possibie to-either initiate the most appropriate remediation activity or determine
whether real decreases in risk are being achieved by either contrel or poliution prevention
approaches. Effective monitoring used as a benchmark for residual risk reduction is essential ’
across all categories in the waste management strategy. In addition, more effective
monitoring is-key to moving from technology-based to performance-bused controls.

1$
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L

‘Centinuous MONIZOFS, feMOte SEnsors, and various markers can verify actual performance and .
. provide incentives for more efficient controls. ‘ :

In addition, some communities and sections of the country may experience unusually
high concentrations of toxic materials due to factors such as proximity fo hazardous waste
sites and industrial emissions to the environment. As a consequence these communities may

 be at greater risk of health effects from cumulative exposures to multiple chemical stressors.

These disproportionately affected communities shouid be identifed and considered for
priority risk management 0 reduce the risk of exposures. Development of innovative
monitoring technologies will provide the edge needed in identifying disproportionately
affected areas and in reaiizing more cost-effective cleanup, compliance. and pollution
prevention. . : '

. Global population growth and economic development present major new chalfenges w0
our ability to manage solid, hazardous, and toxic wastes and maintain and improve the
quality of the environment and protection of human health. Current projections are that by
the year 2050, worid population will roughly double, and world economic cutput will P
increase five-fold. This will lead to production and consumption patterns that can greatly -

.. increase both the quantities of wastes and the levels of toxic materials released to the

egvironment. |

This expected growth also poses economic and sosial chaflenges. The costs of

. cgﬁenﬁoual poliution cogtrol divert financial resources from more economically productive
“uses. Consequeatly, it is essential that we: ' o

‘0 Bae mansgement of wastes and toxic materials on high quality risk assessments, and

set priorities based on risk; and
®  Greatly improve the effectiveness 'ihd efficiencies of this lmmagement through
- emphasis op the development and use of inpovative, cost-effective technologies to
# . prevent, control, remediate, and monitor toxic materials in the environment.

The strategy for risk management R&D focuses upon the scientific and te'chnologid

" developments 1o directly address and achieve the goal of sgustainable development” and to

indirectly provide support to the goal of senvironmental justice.” . Sustainable development

' . has been defined as “development that meets the needs of the present without compromising.

the ability of future geoerations to mest their own needs.® The term is also commonly
understood t0 refer to simultaneous achievement of a clean environment and economic
growth. Environmental justice means that the risks associated with toxic materials and

" wastes should be managed equitably across all sectors of society.

16
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5.1, CURRENT STATE OF UNDERSTANDING
| 511 Pollution Prevention

Pollution prevention research is still relatively voung in refation to other
environmental technology areas. Research to date has generally focused on 3 areas: (1)
tools -and methods for analyzing prevention alternatives: (2) cleaner technologies and :
processes (including identification of less toxic inputs); and (3) information dissemination.

Tools range from practical guides for conducting assessments to sophisticated
- computcr models for process design and toxic materials substitution. Life cycle assessment
. is perhaps the most fundamenital tool. Further research is needed to complete development |
and refine all of these tools.

Designing cleaner technologies and processes is at the heart of research needs in’
pollution prevention. ‘Examples of this research include development of new (cleaner)
synthesis pathways for chemicals (such as photochemical or bicchemical conversion),
identification of less toxic substitutes for organic solvents, developing less polluting -
production technologies (such as non-chlorine bleaching of wood pulp, and painting and
coating technique with reduced emissions of volatile organic compounds), and developing

* and demonstrating environmentally safe maintenance procedures (such as cleaning and
degreasing). To date several individual technologies or unit operations have been developed,
but comprehensive, manufacturing base-focused R&D is only beginning. o

Information dissemination is a critical adjunct to R&D to bring about commercial
application. Therefore. it must be included in the national research agenda. Much as been
‘done, but more innovative and effective approaches are needed especially in communities '
with high illiteracy rates or where English is a secondary language. They range from )
establishing-better integrated networks of technical assistance providers to utilizing electronic
data transfer more effectively. The public in communities disproportionately affected by -
environmental pollution should be able to call on the local government an¢ other institutions
to aceess and promote pollution preveation information to polluting sources. '

-5.1.2. Control Research

Although a wide range of control technologies exist, many are noi cost-effective, and
may not reduce risks adequately. For example. current drinking water Ureatment depends
heavily on chiorimtion and filtration to remove contaminants. - Chiorination produces
disinfection by-products that are themselves toxic. Furthermore, drinking water distribution

, - systems can release toxic metals if proper pH controls are not maintained. Conventional
o . treatmen technologies for air emission and wastewater often shift and concentrate polluzants
from one media to another with little toxicity reduction. -

17
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~ Development of the technology for containment and removal of spilled oils has been
supported by the government and private industry for number of vears. Recently, as a
resuit of the Comprehensive Environmental Response. Compensation. and Liability Act
(Superfuid) ard the Oil Pollution Act of 1990, it has become increasingly important to
develop suitable control methods for hazardous and toxic material spiils. |

. A rieed for innovation across all media to improve control for toxic materials is a
certainry. This need is further driven by new regulatory requirements that are evolving.
Suggested research priorities refiect areas believed to offer the greatest potential for further
risk reduction. ' '

5.1.3. Remediation and Restoration

_ Risks 10 humans from toxic materials in contaminated sites derive from contaminated -
groundwater and airborne particulates and from direct or indirect exposure to contaminated
soils. For may sites, radioactivity and explosion or fire are also major risks. Most of these
sites also release toxic materials to various ecosystems through direct contact, leaching, or #
runoff. ' o : SRR -

. - Groundwater contamination at these sites has been the most difficult technical issue

- and represents a large part of cleanup costs. Groundwater contamination is perceived by the
public as a2 major health issue and may present high risks at specific sites. Itis also of.
eonmbecauseitdegndaanamﬂ.mourqeandmdmitsﬁxmem:' o

A recent NAS study found that groundwater cleanup is both expensive (estimates of
up to $1 trillion ovér the next 30 years) and that existing technologies are.generally aot

. capeble of effectively addressing the problem. (Dense nos-aqueous phase fiquids (DNAPLs),
for example, are not readily. removed by existing treatment methods.) The study
recommended & major national R&D effort to develop more cost-efective groundwater
cleanup technologies. ' :

; Another problem associated with many sites where a cost-effective technical solution
is not within reach is mixed radioactive and chemical wastes. Many contaminated federal
sites cannot be effectively remediated unsil technologies are developed and demonstrated to -
address this problem. A federal R&D focus is particularly important because of the '

' uniqueness of managing mixed radicactive and chemical wastes for federal sites.

One of the principal ways to reduce both costs and risks during remediation is o treat
contaminated soils in place (in-situ) without excavation. ‘Methods for in-situ treatment afe a_
- major focus of current R&D efforts and should remain 2 priority into the fumre. In recent
years, advances have been made in technologies such as bioremediation and soil vapor
extraction, but further development of these and other technologies is needed.

. 18
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" The demonstration and evajuation of these innovative technologies is an essential step
in the development process. Implementation of sechnologies to the field. with regulatory
acceptarice, ¢an only be accomplished through this manner. The thrust of federal R&D. _
then, is to wansition technology from the laboratory to the field. where cost savings can ve
realized. : = : o

8.1.4. Monitoring

" Great advances have been made in the last decade in the science and technology .
associated with monitoring. New approaches for chemical. biological, and. physical sensing
have been developed. These new technologies must be exploited for environmental purposes

and developed into practical cost-effective tools for managing toxic and hazardous waste if
- weareio achieve our goals. C

These technologies include the design, development. and operation of monitoring’
insrumentation with associated quality assurance aspects. Monitoring systems encompass
microsensors, chemical sensors, biosenscrs, ground-based mobile platforms for sensors,  »®
sampling services. automated systems for tracking pollutant levels, and advanced - .

. technologies for data cotlection and apalysis, including biological and complex ecological
-assembiages. - .

. _ For example, & significant cost in site remediation is site characterization and
tonitoring. Post remediation monitoring is also needed to demonstrate to reguisting
authorities that cleaned sites are in compliance with policies such as the Resource :
Conservation and Recovery Act (RCRA).” Innovative methods that are non-intrusive, provide
real time results, and improve detection capability need further development or field testing.

© Acritical site characterization issue with enormous future year costs and risks is the

detection and identification of utiexploded ordnance. The end of the Cold War has brought -
about a significant reduction in the military threat facing the United States. Butan ~ _
unfortunate legacy of years of military training and testing is the large number of unexpioded
ordnance on federal facilities. In addition, conflicts throughout the Third World bave left an '

' enormous aumber of mines scattered throughout the countryside, which continue to cause - -

' great harm and prevent productive use of the land. The critical step to addressing these '
related problems is the cost-effective detection and identification of these objects.

Development of in-process monitors are needed as part of new manufacturing and
other industrial processes designed under tenets of industrial ecology. For control, ,
continuous, low cost monitoring of waste streams is required for market-based and multi-
media regulatory approaches. Legisiation such as the Clean Water Act (CWA) and the Clean
‘Air Act (CAA) are drivers behirid the need to monitor hazardous chemicals in process .
effluents or emissions. Unique military disposal operations, resultng in hazardous
emissions; release of volatile organic compounds frorz certain treatment processes; and
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hazardous air emissions and wastewater from plaung and finishing processes are Just 2 few of,
the areas requmng advanced or mnovattve monitoring technologies. ,

Global monitoring technoiogles and national mom;onng programs are of interest as a
means of conserving, protecting, and enhancing natural resources. Monitoring systems may
be strategically established to provide information of broad international interest, such as -
climate change effects on a giobal or regional scale. Improved monitoring techniques can be
used to track the concentration and 'impact of toxic substancs releases fo the environment.

5.2. RESEARCH AND DEVELOPMENT PRIORITIES

Achieving’ the R&D pnontxes set forth below will tequxre an increase in resousces.
These resource investments will yield significant decreases to the much Jarger costs currently
associated with remediation and environmental degradation caused by wastes and toxic
: materials. . As new technologies are developed, incorporated into processes, and deployed
. into the field in the future, R&D expenditures may decrease somewhat until a steady state in
dollars is realized. Over time, the environmental program will move from ope based on .
remediation and control to one ba.sed on prevention, control, and monitoring. -

. For the pubhc 0 mp the benefit of research and developmmt in al} four areas
dxscussed below, téchnologies must transition from the lab into the field and be implemented
and commercialized. The key to this transition is the proper demonstration and evaluation of
pew technologies. A priority in sll four areas is thus to develop protocols for tasting .
innovative technoiogies to develop scientifically credible data on cost and perfomm and
10 use these protocols to verify perfomance

§.2.1. Pollution Prevention

In order to reduce and cvenmally eliminate hazardous waste strmms and develop
proacnve solutions, R&D pnontm are: .

Q : Develop and eva]uate jpollution pn:venuon options that can be incorporated mto
federal regulations and in enforcement and compliance agreements; -

-~ '8 Develop-and validate tools, such as life cyclé analysis (LCA), and computerized"
. . process design models to incorporate pollution prevention into products and processes:

o Form partnerships with industry, académia, and government to develop 2 new
generation of cleaner technologies and processes, focusmg on specific mdustry
sectots.

. Io, Deveiop and evaluate new technologies to reduce pollution from agﬁculmml

- chemicals and animals waste management with a special t‘ocus on pmtecung sensmve o
e.cosystems

20
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Disseminate information on pollution prevention approaches. te:imiques., and

technologies; and

Provide technical assistance to. help small busmesses evaluate prevention approaches
to comply with regulatxons and reduce costs. .

) 5.2.2, Controﬂ Research

R&D priorites for treatment of air. solids, wastewater and spiil containment and

. removal include:

Deveiop, demonstrate, and commercialize innovative, low ccst, and low maintenance -
technologies for use by small. communities in treating their wastewater and dnnkmg
water;

Develop. demonstrate, and evaluate u:nproved methods to reduce risk from

.disinfection by-products, lead, copper, bacteria, and viruses in dnnksng water; 2

Develop. demonstrate and test approaches to address non-point source xelenses of
toxic masem.ls including storm water runoff and combined sewer averﬂow,

Develop practical and saennﬁcally valid tols and new approsches to manage

. watersheds, including the impacts of sewage sludge, storm water discharges, non-
E point source pollution, toxic chen-ua.ls., contaminated sediments, and habm '
3 modiﬁcauom .

. Develop and demonsnte emerging control nchnologxes for toxic air pollmu fmm
-combustion and incineration processes; ‘ R

Develop cost-effective controls for treatment of toxic wastes formed during chemxcal
synthesis, manufacturing processes, and mineral extraction. Pnonty should be og .

hxgh toxxcny, hard-to-treat wastes;

' Develop and evaluate response technologies t mitigate the impacts of mdvment

spills or discharges and facthe the expediency of cleanup efforts;

Develop better methods to remediate énvironments impacted by oil spuls or chetmcal

releases. and

Develop and evaiuate wchnologm to mitigate underground leaks from pipes and _
tanks, including improved leak detection, and more cost-effective cleanup The -
effectiveness of natura} aftenuation in managing peuvleum plumes is a.Iso an R&D

priority.
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'$.2.3. Remediation and Restoration

: Effective cleanup of hazardous waste sites such that existing and future environmental
quality objectives are met, can be realized through the following R&D priorities:

-0 Conduct field evaluations of technologies to obtain data on performance, cost of
performance, environmental effects, and range of applicahility for the remediation of
radicactive wastes, mixed wastes, contaminated scils, and groundwater contaminated
plumes; : ' :

e Develop a national federal test sites program to identify test sites a federal facilities
and to support demonstrations and evaluations at these sites; o E

- ®  Develop, demonstrate, and evaluste in-situ technologies, such as bioremediation, for
remediation of contaminated soils, landfills, and subsurface plumes without
. excavation, transportation, or incineration; ’ S )
.o Develop, demonstrate, and evaluate innovative technologies for the characterization,
.identification, and remediation of energetic materials (including unexploded
ordinances, chemical munitions, etc.); . _ _

"e  Develop tedhnologxes io characterize, model, monitor and remediate conteminant | L
- plumes in groundwater, particularly dense non-aqueous phase liquids (DNAPLs) such
as certain chiorinated solvents; - . - . Proo
) ~ Develop new information management and quality assurance tbois'and procedures O -
© 1 . improve the speed with which data are coliected, tracked, interpreted, and reviewed at -
. sites;and < - , | , |

[ N N LT TR

N Coordinate developmeat of robotics, waste scpa-atiop, and charasterization -
technologies thac are applicable to high level waste, mixed wastes, landfills and
contaminated soils, and groundwater contaminant plumes. ’

§.2.4. ‘Monitoring
. R&D priorities in the area of monitoring hazardous chemicals in process streams, s
emissions, and whole ecosystems are: Ce o

o Develop and demonstrate innovative field screening techniques which will allow for
- the rapid and cost effective assessment of cont;minated sites;

® Develoj)- innovative subsurface 'chax'acteﬁzat'ion and monitoring methods, With™

particular emphasis on DNAPLS in groundwater and unexploded ordnanees; ... -« . iccmn. -0 -

»
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;o

o Develop tools for monitoring systems for the managememnt of large areas affected by
" non-point source poliutants: and -

° Develop low cost continuous monitoring systems for in-line industrial process
' controls; air and water streams. and the long-term monitoring of conamination sites.

6.0. SOCIAL AND ECONOMIC ASPECTS.

' Mamigement of risks from toxic materials and wastes raises signiﬁcanl economic and .
social issues. The economic issues have at least two dimensions. One is that the costs of
_environmental compliance affect the profitability of private companies (and thus economic
growth) and cae also consume large amounts of public funds. The second is that the
innovative technological solutions that can reduce these costs are often not developed or
commercialized due to economic constraints such as lack of capital.

- Ald;ough economic issues per se are ack the primary focus of research under this .
strategy, they have important policy implications and drive the technical research priorities i&
certain directions. ‘For example, economic considerations suggest that: : . ,

' . pollution prevention research should be give high priority because of its link t0
sustainable development and importance as a strategy for promoting eavironmental

o, -

. Jmce; X ' '
- innovative technologies for control and remediation that can. reduce risk at lower

- legislation, regulations, and other government policies must provide sufficient
- flexibility to allow innovation to eccur and to allow innovative technologies to be
. - financial support for R&D and commercialization, selectively infused, coupled with
’ removal of other barriers to commercialization such as lack of test sites and P
performance verification, must be provided; and :

9

- an effective federal program to catalyze and eohance environmental techuology
development can yield important gains in the position of U.S. companies in global

: . Under these conditions, stringent eavironmental requirements can actually lead to
. enhanced competitiveness and economic strength. : '
Social issues ‘also have at feast two dimensions. One concerns informing the public
and involving them in decisions about risk management. Meaningful involvement demands
. that the public have access to reliable and understandable information about sources and
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levels of tOXlC malenals in their commumnes. their dssccxated risks, and that they have the
opportunuy to pamezpate in the decxsxon-ma.kma process for managmg these risks:

The second critical social dxmensmn is equity Although existing mformauon 15

" incomplete, it is oenerally accepted that involuntary nsks from toxic materials. and their -
management are not shared equally by all socioeconomic sectors in our society. For
example, while the federal government is aware that dietary risk from pesticides varies
across different income, ethnic, and age groups, present survey results cannot provide
disaggregated dietary intake estimates for these groups from different commodities.
Similarly. there is insufficient information correlating exposure from waste management with

" different socioeconomic groups. Examples such as these strongly indicate that sxgmﬁcam
new studies and surveys are needed to effectively carry out a national policy ¢ of

"environmental justice.”

Reseanh Pnontm

:0 Ideuufy and pxlot economic incentives 0 encourage pnvaxe sector development and 2
- commervcialization of innovative risk management technologles.

Develop a.nalyuc mls for integrating environmental and economxc decmonr )

° Develop new appmacha and tools to provide the publxc wlth qualxty data in 8 form
" that allows them to evaluate the role of toxic materials in thexr community and ©

pametpate m the decmon-ma.hng process;

L e Develop techmques to identify and sutvey “high end” behavior which unpac!s
. o exposure levels across different sociceconomic groups, e.g., dietary consumption
v © . patterns for lngh pesticide mxdue commodmes,

-

Estabhsh a mdatd tered eva.luauve procss for screening junsdicnons for
dxspmpomomely adverse health sffects from environmental contaminants, “including
baseline health evaluations for comparing exposure ievels in the general popuhnon
with those in subpopulanons (e.g. biologically susceptible socioeconomic subgroups
of imterest);

, .

o Advance mch at minority collegas and umvemnes with expemse in euvmmmenm! :
Justlce 1ssues. : :

K Eva]uate the peer review pmcess for x'acxal and cultural insensitivity, 2nd include
* community re\new for projecs conducted in com.mumues, '

L] Idenufy factors to" eucoumge eommumxy pamcxpauon and develop pubhc

participstion models for conducting exposure and health effects studies (aiso for'waste
management facility smng)‘, ' .
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7.0 .

_Examme geﬁgraphzclracxal distribution and disparities of mspectxon and enforcement

rates and evaluate faceors in anirudes and criteria that could Iead to disparites;.

Evaluate the impact of market-‘based pollution controls of mmonty and
socioeconomically-disadvantaged populations;

Evaluate state, tribal, and local government environmental justice lmtxatxvcs and
characterize \,ondmons 1eadmg to their success or failure;

Evaluate how cultural values and health condmons associated with race class, and

~ ethnicity, affect risk assessment processes: and risk management decisions: and

Devclcp and evaluate economic modeis to be used for cost/benefit analyses, including

" contingent valuation and life cycle methods, and aon-cancer health and ecologxcal

effect valuation.

.EXTERNALNPUT

-
The following policy direction to federal agencxs addresses memal mput and

' participation in developing and impleémenting the national eavironmental technology strategy.

. The guidance addreses industrial and stakeholder participation and is as follows

Leve rage fedetal resources by increasing cost-snared pamershxps with the privare
gector, States, and federal agencies for development and testing of innovative

‘envmmnental technologies. Make access to federal facilities easier for federal, mr.e,
'Jocal agencies, and the pnvate sector;

" Accelerate national use of mnovauve envuvnmenml technoliogies for cleanup of

federal and state sites. Work across federal agencies to address. institutional and
regulatory barriers that inhibit public-private partnerships. Provide techmical ,
assistance for implementation of innovative environmental techpologies. Increass the
number of improved technologzalsystems (bench, pilot, or full-scale) demonstrated -
that address major envuonmenml problem areas; and .

”_.Su'engthen partnerships with stakeholdexs improve decxsxon—makmg process so it is

open and accustble. results in decisions that are technically and economically

- feasibie, environmentally sound, health and safety conscious. addresses pubhc values
- gnd concerns, and can be xmplememed Im:mse sukeholder participation in decision-

makmg process.
ENTERNATIONAL DIMENSION

-

The followmg policy duecuon to federal agencies addresses the international

d:mensxou for innovative waste management technology and fully supports the Emmm

E .
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Technologies Exports: Smtégx for U.S. Leadership, (Trade and Promotion Coordinating
Committée, November 1993). Tke guida.nce is:

The U.S. must lead in world environmentai stewardship and in advancing the goal of
sustainable development. Eavironmental technologies are central to achieving these
goals. U.S. governmental export promotion will foster partnerships with U.S.-based
private sector firms to expand opportunities and will improve financing mechamsms
for exporters. U.S. firms should take full advantage of exploding world
environmentai remediation markets and assist in develorpmg sustainable economies of
the future.
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