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1.1 Introduction

health, to ecological systems, and to society’s quality of life. Federal, state, and

local government officials have found comparative risk to be a powerful manage-
ment tool thar helps them determine how to best allocate limited resaurces for reducingor -
preventing these risks. o - I » o

g Il environmerﬁral problems pase various types and degrees of risk to human |

Comparative risk is both an analytical process and a set of methods used to systemati-
cally measure, compare, and rank environmental problems. Besides helping managers
. identify the worst environmental problems—or the greatest risks—in their areas, compar- "~ -
- ative risk provides 2 common basis for evaluating the net benefits and costs of differenr
strategies for reducing or preventing those risks. Thus, comparative risk rankings can pro-.
vide an imporrant input to the priority-serting and budget processes when possible risk
reduction and prevention strategies are considered in the context of other relevant non-
risk concerns, such as economic viability, technological feasibility, and social equity. .
With thé assistance of staff from the Environmental Protection Agency’s Regional and -
State Planning Branch, comparative. risk projects have been or are being eonducted by ,
over 20 states, several Native American tribes, and nearly a dozen localities. The compara- .
tive risk approach has also been applied in Bangkok, Thailand, Quito, Ecuador, and
- Tetouen, Morocco, and in other cities around the world, with assistance from the Agency
for Intex:hational Dcvelopment. : v {- -

i

This workbook provides guidance to thase planning or participating in comparative
risk projects. It discusses the major technical and managerial issues inherent in compara-
tive risk projects; explains the mechanics of conducting the risk analysis and risk manage-
ment phases of a project; and describes the international application of the comparative
risk framework. As existing methods, data sources, and processes are adjusted or created in-
response to new applications of comparative risk, such as for urban or tribal projects, sup-
plemental chapters will be periodically added to this workbook. These updates will be
arinounced in the monthly bulletins of the Western and Northeast Centers for
Comparative Risk and can be requested by anyone secking them. They can also be .
obtained from the Regional and State Planning Branch office at EPA Headquartérs in
Washington, D.C., = -~ . L - o ‘

In addition to this document, for those seeking advice or insights from others who have
already conducted comparative risk projects, Appendix 2 of this document lists contacts
and reference materials. Discussing questions or problems with others who have experi-
ence with the comparative risk process can be very useful in getting projects started suc-
cessfully and keeping them running smoothly. | - A

|-
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" 1.2 Crenting a Stromg Foundation | -

analysis, and risk ranking to dcvclopmg an action plan and implementing new

strategies for reducing risk. Each comparative risk project is challenged to own the
process, determing in advance how the information and rankings will e used, and deter-
mine how change can be initiated. The process is very labor intensive and politically
.charged. Because the investment of time and’ moncy is substantial, w«-ful planmng for the
whole process is ssennal ’

The comparative risk process should be viewed asa wholc, from data collecuon,

~ This chaprer presents suggestions for pla.nn ing a comparative nsk pxro]ect from bcgm-
ning to end—setting goals, determining stakeholders, structuring the project, dscnblng
 different external resources tha are available, and hxghhghtmg a few issues that are impor-
_tant when getring started. The chapter ends wn:h alist of activities for tconslderanon from -
start-up to completion of a pro,ect. o

s INrrm*mc A Comnm Rxsx Pnon:cr

Most of the comparative risk pro;ects to daté have been initiated within state govem-

" ment, usually within the environmental protection/natural resource or health agencies. A

few projects have sprung from the interest of environmental and business leaders; this
trend will become more common as comparative risk becomes better known across the
country. In cxther case, the initiator will find it ‘useful to plan the process with a few of the .+
key players or “stakeholders”; this group is referred to here as the pro;e:t planning team.-

* Potential stakeholders that might be consndcred as part ofa comparatwa risk pro;ect team
are hsted in Exhibir 1.2.1. - x

‘ Exhibit121: “
Potentlal Stakeholders ofa Comparatwe Risk Projoct Team

. Governor s ofﬁce - : . Leglslators
e State agencies - » Academics
Department of Environmental '» Major business mterests
Protection/Quality - _-» Environmental advocates -
Health Department - . '« Reporters/media
Natural Resources Department -+ Chamber of Commerce
Fish and Wildlife- ~ « Minorities
Energy Department = o Farmers/dauymen/ranchers
Education Deparlment e Tnbes ,
Agriculture - o ‘ N
Land Use Commission o

~ Some prehmmary steps for the: planning tam are:

* Define the underlying problems (e.g., budget crisis, ctumblmg polmcal consensus
. on priorities, possible mismatch of resources and needs, lack of clenr mission or
cooperanon w1thm and across orgamzauons)

,
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+ Set goals for the project. Most project goals include making significant improve-
ments in the policies. Meeting these political challenges should influence all other
decisions about the project state’s environmental management programs, including
changes in priorities, budgets, and . ) : i '

o Identify the individuals needed to achieve those goals, and create the comparative
risk team. The team typically consists of a project director, steering and/or public
advisory committees, and technical committees.- ‘

* Write a work plan. A work plan is one of the first products developed once the pro-
ject’s goals and objectives are ideritified. It should include the project’s structure, '

budger, and methods.

o Develop ground rules; select analyrtical criteria and methods for assessing problem

areas. The planning team may propose some ground rules, but typically the steer-

" ing/public advisory committee(s) want to develop the ground rules. The technical
committees are best suited to grapple with analytical criteria and methodological
issues. They will have to decide which of the standard methods they will use and

where they will try to innovate. ‘ " S '

+ [Initiate the project with a kickoff meeting for the comparative risk team. After the
initial planning and organizing, it is important to get the various committees started
with enthusiasm and a shared sense of mission. Most states have found that assem-
bling the participants off site (away from interrupting telephones and meetings) in a
desirable and quier location for at least two days has helped build a sense of mission
and reamwork and a common understanding of the project ahead. Topics that are
typically discussed in a kickoff meeting are indicated in Exhibit 1.2.2:

The planning team may need to repeat these steps several times before it will have
assembled the correct group to set the project’s final goals and objectives. At some point,
the team may need to decide to push the project forward even though there may not be
unanimous agreement on the project. There always will be skeptics or those resisting
change. A key role of the planning team in the beginning is finding the right balance -
between building a strong foundation and knowing when to move on. . -

. BUILDING THE COMPAMIVE RisK PROJECT TEAM.

There is no one right way to structure a comparative risk project. The types of commit- .
tees and their roles and responsibilities will reflect the institutional and political realities in -
cach state. ‘ o

Though many variations are possible, the key organizational units and their responsibil-
ities are shown in Table 1.2.1. These responsibilities are considered key because they rep-
resent basic functions that a person or commitree should be responsible for in every com-
parative risk project. The members of these committees may need to change during the -
project to meet the changing technical and political challenges inherent in moving from
an analysis of risks to the development and implementation of risk management strategies.
Planners should determine these changes in advance. For example, the public advisory ,

1.24 , ..~ September 1993




1.2 Creasing a Strong Foundation

committee for thc ﬁrst phase (risk assessmcnt) may be entirely compnsed of interest group -
representatives, while in the second phase (nsk management) it may be entirely comprised
- of legislators or state planners. However, most projects have maintained at least some con-.
tinuity of membership (and, hence, owncrshxp) in moving from, the risk assessment to the

risk management phase.

o

Exhibi’f; 12.2:

7 Typ‘iéal Kickoff Meeting Topics

0

. General background on purpose a.nd goals of prOJect } '

. R15k commumcanon principles

. Introducnon of pammpants
A rankmg exerc1se--an opportunnry to, "get dm:y ‘'with the process
Basic operauonal ground rules ‘ ‘

.Basic training on how to conduct a human health ecologlcal and
quahty-of-hfe comparative risk analyses ‘-

oL
i
i

.. Vlslon of the pro_]ect results

Trouble shooung (Are all of the key stakeholders mclu ded in
the project team? Does the proposed schedule mesh with urmng ’
requlrements of the leglslatux'e‘7 Btc ) v

v
s

Table 1 2 1:

! ' : Key Orgamzauonal Units and Rmponsxbnhtus of the Comparatxve

-Risk Project Team. -

Organizational Units

Responsibilities

Project Manager

Supemses all aspects of the pto_;ect

Steering Committee:

.Prowdes ovt-rall du-ecuon of the pro]ect.

Public Advisory
Committee

Ensures public parucxpauon in the process, and
ensures the project's work remains understandable,
relevant, and credible to the public. -

Technical Work Groups

Perform data collection, data analysas, and
preliminary 1rankmgs ,

September 1993
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Similarly, decisions such as who has ultimate rsponsibility for the final ranking of risks -
will also vary. Some states have chosen to give this responsibility to the senior managers
(Steering Committee), while others have placed it with the Public Advisory Committee.

Still another state created an Integrated Ranking Subcommittee, made up of three mem-
bers from each technical work group, who had responsibility for developing a final inte-
grated ranking of all problem areas. The key to success is making explicit decisions in the
planning stage and then remaining flexible. ’ ’

The functions and membership of the various committees can also be recombined in
several ways. One project effectively merged the Steering and Public Advisory .. -
Committees. Another merged many of the functions of the Technical and Public Advisory
Commirtees (with unknown results). While the four pilot projects in Colorado,
Washingron, Vermont, and Louisiana were managed directly by state government, some of
the new projects are creating hybrid management structures with academia and consulting™
agencies. The complexity of these hybrids demands particular attention early in the’
process to defining clear roles, responsibilities, and expectations for turning phase one
analysis into phase two action. - ’ :

These ideas represent the best of what has worked so far, but each state project is
unique. It is crucial to'consider the roles, functions, and responsibilities that have been
described and then to decide what arrangement will work best in each situation.

Major characteristics of the key organizarional units from Table 1.2.1 are discussed in - } v B
more derail below. ' '

Project Manager BN ' S
Role ‘ , ' D

The project manager choreographs all aspects of the project, is responsible for day-to-
day management of the project, and is the principal contact with regional and '
Headquarters EPA. All state project manager positions to date have been full time.

Support : : :

The project manager needs several types of support. Direct access to senior government
officials (.g., secretary of Department of Natural Resources or Department of
Environmental Quality) and the support and commitment of senior managers within the
sponsoring organization are critical. The project director will also need staff support as -
well as administrative support. - : ' k N
Responsibilities ‘ - : . o

The project manager maintains overall intellectual consistency and quality of technical
analysis; may need to help direct research and edit technical reports; motivates committees
and clarifies their options and responsibilities; and selects and directs consultants. He/she
is responsible for ensuring that any necessary training is provided for project participants,
including risk assessment, risk communication, and introduction to comparative risk
training. The project manager helps ensure the project’s transition from the risk assess-
ment phase to the risk management. Responsibility for producing the comparative risk

126 S ' September 1993




' 1.2 Creating & Strong Foundation

C

pro,ect repor, whxch summarizes the ‘risk assessment pomon of the p'm;ect, and other
* reports summarizing the action agenda or risk management phase of the project, resides:
with the project manager. He/she i is heavily involved in “spreading the word™ about the -
project. This may involve talking to the press and local civic and community groups, and
writing speeches and articles. (For example, Colorado has developed  slide show to
explain to citizens what the project was about and its results.) Other states have published
newsletters to keep state employees up to date and involved. The project manager typically
" . needs a variety of skills (e.g., writing and public speaking), a thorough understanding of-
state polmcs and the environment, and a strong sense of follow-through. . ‘
I S ,
Stemng Commtue B
Role - :
- Theé steering committee provides overall gu.ldance of the project and is involved in set-
ting the goals and objectives. The steering committee may also be responsxble for ground
" rules, major decxsxons, and final rank.mgs v S
The steering committee is usually composed of dlrectors or dengnes from all pama- '
pating agencies, institutions, etc.; representatives from the governor’s office; the chief or
~ his/her designee from the Regional and State Planning Branch, EPA; and a representative
from the EPA regional office. Major constituents to consider could include staff in envi-
ronmental protection and natural resources, a.gnculture, housmg. edumtxon, economu: v
development, and transportation ofﬁces o I |

Responsibilities . e i

- The steering committee is ulnmately responsxble for r.he ﬁnal rankmgs They must
obrain top management support to ensure enthusiastic participation at. the staff level.
They may be responsible for staff-hiring decisions and for building the technical work

- group members’ responsibilities into job descriptions and performance evaluations. The

- steering committee is responsible for keeping the governor and other political leaders
informed about and committed to the project. They are also responsible for setting the
goals and objectives for the project, and for maintaining the orga.mzatxonal commitment
‘o develop and implement the improved risk management decisions or budget changes. It
is critical to engage the steering committee early in the process to ensure their support for
‘the implementation phase; their involvement znd support during this phase is essentxal to
- achieve pro;ect goals ‘ '

: PublwAdmmy Commm‘ee

Role
The publlc advisory committee is the key haxson between the govemment pamcxpanrs

and the general public and major interest groups. It provides a forum for the essential wo-

way communication about risk and public valus <o * o

. . \
. . -
| .
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Members ~ _ R

Committee members should be broadly representative of the states regions, occupa-
tions, and interests. They should be known for working well with others to achieve com-
mon goals, not for being obstructionists. Typical members include state legislators, farm- .
ers, business leaders, academics, students, environmentalists, and representatives from
minorities; tribes, and existing community networks.
Responsibilities : . v

Some projects have successfully empowered the public advisory commirtee with full
decision-making control over many major issues, such as defining an efivironmental vision
for the state, selecting the set of problem areas, reviewing technical work groups’ dataand
conclusions, and ranking the problems and recommending priorities. They have done this
to ensure that the results do not become overly “politicized” and associated with a particu-
lar administration. The committee can also serve as an important source of continuity and
commitment if elected or appointed officials change during the process.

One of the distinguishing features of the comparative risk process is that it allows for
strong public panicipatioh. For those projects where involving the public is critical 1 .
accomplishing the goals and objectives, the initial planning should include a framework
for involving public-interest groups, the general public, or the press. If details remain for .
developing and implementing a complete public-involvement strategy, then these issues
should be addressed early in the process.-How the public is involved is a specific marter for
each project to decide for itself, Projects may involve the public early and often, soliciting
their input on the problem areas to be studied, weighing public values, the appropriate -
ranking of risks, and action steps to reduce risks. On the other hand, the public advisory
committes may be selected to represent the public during the risk assessment phase of the
project, followed by public involvement through meetings or an enivironmental summit to
share the rankings and solicit ideas for the risk management priorities for action. v
Whatever combination of events is decided, the important point is to involve the public
and key stakeholders. ' : - '

Technical Work Groups

Role S S
During the analysis phase of comparative risk, the technical work groups collect dara;
analyze the risks to health, ecology, and quality of life; and typically perform a preliminary -
risk ranking. In the risk management phase of the process, the work groups may develop
and analyze a broad variety of strategies to improve the functioning of government, reduce -
risks, or reduce costs. - oo o : '

The members of the technical work groups are typically experts from participating state - .
agencies or they may be recommended by senior state agency staff. Work group member-
ship may be augmented with other well-known outside experts, academicians, etc. Each
technical work group should have a chairperson who is responsible for coordinating with
the other work groups and ensuring the consistency and integrity of the approach, keeping - '

1.2-8 . B o ‘September 1993




1.2 Creating a Strong Foundation .

1

- the pro;ca manager informed of’ progress and unraolved issues, a.nd msurmg that prob—
lem-area reports are completed on time. ‘

Techinical work group members may play a key role in deﬁnmg thc' analynml methods
to be used in the analysis, including selecting evaluation criteria, handling uncertainty, and
presenting information. These roles will dcmand considérable judgment in addition to

purely analytical skills. These issues should be addressed before and during the analys:s, o

. and may bé reviewed and discussed with the steering committee.

. Responsibilities

" For each problem area, technical work groups develop plans of approach which brxeﬂy
describe data sources, the chosen-analytic approach (quantitative or non-quantitative), and
major sources of uncertainty. They then conduct the analysis. and write the problem-area -
report dscnbmg in detail the risk or damage estimates with discussions of analytic tech- .

~ niques, ma;or assumptions, and sources and unphmnons of the uncertamnes imbedded in -
 the analysis. Finally, work group miembers may develop preliminary or straw rankmgs

"~ and prescnt these to the steering committee or pubhc advxsory committee.

' ORGANIZING THE Wom( GROUPS

Because the technical tasks of 2 compa.ranvn. risk project are so challengmg, it is essen-
. tial that projects create strong work groups with no weak links or reluctant participants.
One state succeeded in building excellent technical teams by hold.mg 1 competition for
'membership. Possible ways to structure the technical work groups are by risk type, by

~ media, or by combmmg them into one large work group

By Risk Bpe L -
' Formlng work groups accordmg to risk typc (human health, ecolog;u:l and quahty of

life) has several advanrags The first and perhaps most important is that this encourages’
communication among media offices, and begins to develop 2 multimedia orientation.

[ SN

Second, all work group members will become familiar with the data, analysis, and issues of

all problem areas. This helps ensure a more balanced approach to the final rankmgs and is
also a beneﬁt 1 the individual members as thc'y broaden their underst a.ndmg of other
areas. ' ‘ :

"B}'Medza o oo S

" Technical work groups can also be orgamzed by medaa type (air, water, waste, toxics; or
. air, water, land, natural resources). This organization is appealing at first glance, since

. many agencies are organized this way. However, it doesn't encourage work group mcmbers o

to think in an integrated framework across programs and media, and thereisa natural
tendency for air members to rank air problem.. hlgh&t, water membcrs 1o m.nk water
: problems highest, etc. : -

L =
f
. . [
Kl . N o v “‘:
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Single, Combined Work Group

A third option involves forming one large technical work group that does all three types
of risk analysis (health, ecological, and q_ualn:y of life). This structure may be useful where
there isn't enough staff to form three separate work groups. However, this structure places
a heavier workload on each work group member, and one or more risk typ&s ‘may not be
treated fairly. :

_ TARGETING AVAILABLE RESOURCES

An ever-growing number of states, as well as all 10 EPA regions, have already complcr-
ed compamnvc risk projects. Thus, states initiating a comparative risk project can draw on
the experiences of these groups. In addition, other resources are available to assist those
undertaking a comparative risk project. EPA's Regional and State Planning Branch, EPA’s
regional offices, and the Comparative Rxsk Centers offer expertise: and techmca] guidance.

EPA’s Regional/State Plannmg Branch _
Regional and State Planning Branch (RSPB) at EPA dequancrs prowdes ﬁmdmg for

each state’s comparative risk project through a cooperative agreement. How these resources '
are to be spent is developed in the work plan and approved by RSPB, with concurrénce by
the regional office. Previously, states have used some of these resources to hire contractors.
or consultants to augment expertise within the state agencies. These may be contractors
with prevxous comparative risk experience, ot local experts or amdemxcxans famlhar with
each state’s specific problems. : R
A staff person is usually assigned to each comparative risk project to provide technical
 assistance. This includes offering additional guidance on any of the issues discussed in this -
document, such as explaining how a state project fits in with EPA's planmng and why this
link is so important; briefing senior managers and/or staff on the project and relaying EPA
Headquarters’ response and perspecnvc' recommending experts, or contacts in other
states, for specific problems, suggesting the use of facilitators or mediators who have suc- -

- cessfully led other states’ meetings; and gencral brainstorming and problcm solving. RSPB
staff can also provide basic training that may be useful for work group members and assist

in planning kickoff meetings and workshops. .

EPA’s Regional Offices

The EPA regional contacts can be an invaluable source of information and assistance.
Those who have completed comparative risk projects can relate direct experience and pro-
vide detailed guidance and specific data. Also, any proposed changes in EPA funding of
state programs that may occur as a result of this planning must be negotiated through the
EPA regional office (although the amount of federal dollars will vary from state to state).
It is therefore important to develop good communication with the region early in the pro-
ject to ensure general agreement on major ground rules, analyrtic techniques, problcm area
definitions, etc. : :

1.2-10 ’ , o September 1993 .




1.2 Cr&ﬁnga Strong Foundation

C’ompamnve Risk. Centers

The comparative risk centers aré staﬁ'ed by a. few formcr directors of state comparanve
risk-projects and are funded by EPA (Oﬁicc ol’ Policy Planmng and Evaluation). The cen-
ters provide technical assistance on comparative risk projects; they function as clearing-

“houses, providing information on what other states and regions are doing and gathering
dara from within EPA and other sources; they develop and conduct training courses for
state project participants; and they also assist in technology transfer by hosting. nanona.l
‘meetmgs for state comparanve risk participants.

At present,, thcre are two comparanve risk ccmers

Northeast Center for Comparauve Rmk
Vermont Law School
PO. Box 96; Chelsea Street | : :
South Royalton, VT 05068 o B . o
Ph. 802 763-8383; Fax 802 763-2920 -

Western Center for Compmt.rveRuk P o
PO. Box 7576 Co A
~ Boulder, CO 80306 o S
Ph. 303 494-6393 - Fax 303 499—8340

INITIAT]NG Acnvmrs SIMU[IANEOIUSLY

Although the process described in this chaptcr is presented ﬁ'om start to ﬁmsh in
many respects it is not a linear process. Several activities may be occurring simultaneously,
and many issues may need to be revisited or revised during the project. )

Pro]ect Plaumng and Start-up
* Assemble planning team
o Assess underlying problems
¢ Define goals for the project
* Secure support of key stakeholders
e Secure letter of support ﬁ'om the govemcn'
¢ Select pro;ect director
* Determine organizational structure
. Sclect techmcal work groups and public advxsory and stecnng commmcs
. Determme pubhc-pamcxpanon role ‘
* Determine ranking process and who is rcsponsxble for each rankx ng

* Deétermine process to turn rankmg re:sulr.s, into nsk reductxon strategm/budgct

decisions :
. Begm xdcntlfymg and deﬁnmg problcm .xras ““
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Risk Analysis
"+ Finalize problem-area list and definitions
o Gather dara '
o Assess risks for each problem area
e Prioritize risks by ranking them
* Document risk analysis
o Identify areas of uncertainty requiring more research/data

o Identify environmental indicators that will help monitor risks in the future

Risk Management

¢ Select risk management factors

¢ Derermine risk reduction goals for problem areas -
e Brainstorm on activities to reduce risk for problem areas
* Consider barriers to implcmcnting activities’ o '
¢ Develop actions to overcome barriers
¢ Propose action plan——acuvms to reducc or prevcnt risk, a schcdulc, measures of
progress : » . ‘ - - )
* Document action plans ‘ ‘ '

* Establish process for repeating project or updatmg results

Project Wrap-up
Evaluare the successes and failures of the process for i 1mprovcmcnts in the next cycle——

the process doesn't stop at the end of the project, but should be a foundation for years of
incremental changeand a more thorough understandmg of the problems. ‘ '
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21 General Analytical Lisxes

approaches-are.workable, and each project should choose an approach thatis °

uniquely adapted to its own political, institutional, and natural environments.
However, regardless of which approach is taken, there are a number of important analyri-
cal issues and ground rules that should be resolved before beginning a compararive risk
project. These include defining the organizational scope and analytical goals of the pro--
ject, identifying the problem areas to be analyted, determining the temporal and geo-
graphic scales for the analysis, and 5tablxshmgr methods and procedms for rankmg prob-
lem areas acco:dmg to the risks they pose. ‘ : . o

T hers is no smgle correct” way to conlduct a comparanve nsk pro;ect Many

This section discusses the advantags and dtsadvantagec of various approachs to thse
issues, and makes recommendations based on past experiences. The decisions made con-
cerning these issues will shape how the analysis is conducted and how the results can be
interpreted and used. This section may therefore be of particular interest to pro;ect d1rec-
tors rsponsxble for designing, directing, or u'nplcmennng the pro)ect

DEFINING THE GOALS OF THE Pmon:cr -

Pro;ect participants should strive to achieve a number of znalytlcal goals umed at
ensuring a fair and open process. The following goals are suggsted based on past d:pen- :
ence wn:h other pro;ecrs ¥ :

Cbaracterxze All Risks A.mmated W'tb Each ProbIem Airea

Typically, risks are estimated quantitatively for only a portion of a problem area The
extent of the risks not éncompassed in a quantitative analysis should bie characterized or - -
estimated non-quantitatively. This can be done by extrapolating the éstimated risks from -
the portion of the problem area analyzed to the rest of the problem area. Or, conversely,
risk estimates from larger studies, such as national air modeling studies, can be interpolat-
ed'to the study area. Using information in this way can introduce more potential for error,
which should Be acknowledged, but it does allow the magnitude of risks to be estimated
so that problem areas can be ranked into broad categories of high, medium, and low risks..

'For example, there are hundreds of different toxic air chemicals in the atmosphere. In a.
typical comparauve risk pro}ect, risk estimates would be devcloped for perhaps a dozen of
‘the more common “air toxins.” Analysts typically have to estimate whether this sample ‘
constitutes a large or small fraction of the total risk associated with the entire problem
area. At the very least, the potential risks from the unanalyzed portion. of the problem area
should be described to risk managers so that their judgments about the risks are better
informed, even if the magnitude of risk cannot be quantified or estimated. Dec:sxon mak-
ers may have to use their best professional judgment to adjust the assessment of an envi-

ronmental problem to represent all the risks for that problem.
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Be Consistent ‘

To compare and rank the risks posed by dxfﬁ:rcm cnvxronmental problcms participants
in a comparative risk project need to operate under a consistent set of definitions and ana- -
lytical rules. For example, if individuals working on the project do not work with com-
mon definitions of the problem areas tc be analyzed, then their ability to produce compa-
rable results will be greatly diminished. Using different assumptions about-exposure (e.g.,
assuming worst-case v. reasonable-case exposures) can also diminish comparability. -
Whenever it is not practxcal to characterize risks across problem areas consistently, then it
is very important to warn those rsponsxblc for rankmg problem areas of the potcntlal '
effects on the results. : ‘

Be Explicit

Comparative risk projects should be as.explicit as possible about definjtions, methods,
dara sources and gaps, assumptions, participants, and procedures. Reports should contain
information about the structure, procedures, and membership of the project, although
some of the technical information might be contained in technical appendices. Any pub-
lished reports should also explain the rationale behind decisions as well as the decisions

reached.
Setting out assumptions can have several important advantagcs, such as:

* Helping current and furture users and reviewers to betrer understand the strengths
and weaknesses of the analysis.

o Creating a greater degree of trust among the public and affected specnal interests who
are evaluating the analysis and the priorities developed from the analysis. :

o Identifying gaps in existing data and areas where improved data are needed.

Conducting a comparative risk project highlights gaps in knowledge and dara that dccx-»

sion makers must grapple with as they rank problem areas. Often, information that would, -

be useful and desirable for assessing risks will not be available, or at best, it will be difficult -
to use in many cases. It is therefore necessary to use best professional judgment to comple-
men the limited amount of hard dara available. How this best professional judgment is
introduced in the risk assessment.and management process is extremely important. If it is
introduced into the process in an unstructured way without reference to any supporting
argument or experience, it can bias the outcome. This problem can be countered by hav-
ing broad representation in the membershxp of the work groups and ranking committees.
Good documentation of data gaps assumptions, and use of judgment will aid in commu-
nicating the results of the project and translating them i into action. Those reviewing and
evaluating the findings of a project will have to accépt the process used to reach them. If
they do not accept the process, they will be unlikely to accept the product or conclusxons
This type of thorough documentation can be of tremendous assistance in building trust
and understanding among project participants, and berween project participants and the
general public. Comparative risk projects also provide an excellent opportunity to identify
such gaps across the entire organization and to establish a priority list of mearch ordata -
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needs for the ﬁxture In some cases, new data should be collccted in c:ther iristances sim- -
ply chxmgmg the way cxxstmg data is collected or stored may be adcquatc

Dz.mnguzsb Risk Analym From Risk Management :

While the relative ranking ofa problem area is a key factor in s,éniug.cnvironmcnta] -
- priorities, it is critical for project participants to understand that the risk . rankings do not
necessarily represent environmental priorities. Risk assessment asks the question, “What
‘are the risks associated with different problem areas?” whereas risk management asks the
question, “What solutions can be found to reduce the risks associated with different prob-
lem areas?” Risk management concerns need to bc dxstmgmshed from estimates of the
' magmtude and nature of risks. ; l

The aim of the risk assessment process is 10 eva.luate and rank the relative magmtude of
risks associated with problem areas on the ba515 of the best available scientific information .
and judgment. The risk-based rankings then serve as a key input to the risk management
process in which a number of relevant non-risk factors (c. .g» controllability of risks, legal
mandates, public opinion, costs, etc.) are integrated with the risk raangs to set environ- -
mental pnorms and select appropnate risk rnanagemcnt strategm - ‘
ADDRESSING ENVIRONMENTAL EQU]TY ISSUES

Environmental equity has grown out of the concern that some low-mcome and minori-
ty communities are sometimes exposed to higher risks than other groups in sociery. Low-
income and minority groups often live in polluted industrial areas where they may be
exposed to multiple sources of risk. They also may not have the same access to health care
services, making them more vulnerable to adverse health effects. For example, there are
dramatic differences in the death rates, life expectancy, and disease rates of African, .
Hispanic, Asian, and Native Americans comp.ued to the rates for Caucasian Americans. It
is unclear how the combination of economic, social, cultural, bxologxcal and environmen-
tal variables contributes to these disparities. However, the most important variables appear
to be where one lives and their choice of life siyle (e g.,» how xnuch time they spend out-

doors or what they m) . o

In addition to the concern about low-income and mmonty groups, thcre may also, be _
dzspropomonate risks borne by women, children, the elderly, and future generations. Each
of these groups can be considered in a comparative risk project. By considering the special
environmental conditions affecting specific pc»pulanons and their unique vulnerabilities to
environmental stresses, managers can implement efforts designed to protect them more
effectively. Such consideration can be given to these issues during evety phase ofa compar- .
ative nsk project. ; -
Durmg the Pro]ect szmng and Start-up Pba.re

" Projects can be dramatically xmproved if thwy are inclusive of the ﬁ.Lll diversity of soci-
ety. Smce minorities are underrepresented in many federal and state environmental organi-
zations and a.mong public-interest envxronmental groups, it may be nacssary to enhst the

September 1993 ' v S 215 »




A Guidebook 10 Comparing Ruk: and Sersing Environmental Priorities

help of community groups, churches, and/or tenant organizations. During the planning
and start-up phases of a project, many decisions are made that will frame the project and
set the direction for how it is conducted. Therefore, it is very important that full participa-
tion occur from the very outset of the project, including the planning and start-up phases,
and continue throughout the entire projéct. Early involvement in the project by all groups
is likely to pay off at the end of the project in terms of broad-based public support to over-
come any resistance to implementing the results of the project. L ’

. During the Problem-Area Identification and Definition Phase

Specific population groups thar might be at higher risk can be identified in the prob-
lem-area identification and definition phase of a project. For example, the exposure of
migrant farm workers to a multitude of pesticides may pose different and significant risks
from risks posed to the general population. This may warrant creating a new problem’
area, or at least conducting a specific sublevel analysis of occupational exposure to pesti-
cides within the larger pesticide problem area.

During the Risk Analysis and Ranking Phase

Differences in cultural behaviors, activity patterns, and food preferences among ethnic
and racial groups can be analyzed, and may have implications during the ranking phase of .
a comparative risk project. For example, natural resource degradation can also directly
have an impact on poor populations who traditionally supplement their diets by eating
fish caught in possibly contaminated local waters. Different cultural values and norms can
also affect how the quality-of-life analysis is conducted and which criteria are selected. For,
example, urban poor are likely to be more interested in enhancements to their immediate
environment (e.g., urban parks and cleanup of abandoned industrial plants) than in pre-
serving biodiversity or pristine natural resources in far-away places. L

During the Risk Management Phase

This phase of a comparative risk project deals with the issues of what can and should be -
- done about the environmental problems that were identified, analyzed, and ranked during
previous phases of the project. Risk management strategies can be developed and imple- "
mented to address risks of particular concern to specific population groups. For instance,

in some cases, due to their small population numbers in relation to the overall population,
risks to specific groups (e.g., high exposures to pesticides among Hispanic migrant farm’
workers) are overshadowed by less severe risks to a larger number of people. Specifying

carly in the project that risks to specific populations will be explicitly analyzed, and that
individual risk estimates (v. population risk estimates) will be considered in the risk man-
agement process, can help ensure that equitable actions are taken. ‘ ‘

DEFINING THE SCOPE OF THE PROJECT |

One of the ﬁrst issues to l':g decided that will frame the overall analytic approach of the
project is: Which environmental problems should be analyzed and which ones left our? -
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- How far should the analysls venture into dornams tradmonally regulated by other health
" or natural-resource-management agencies? Should global problems be included in the
- .analysis even though they are beyond the organization’s ability to control them? In general,

. itis recommended that comparative risk projects be defined broadly to encompass all -

: envxronrnenta.l issues and to capture potennal furure risks as well as current risks.

. For the most part, comparative risk pro,ects to date have combined analysis of tradi-

- 'tional environmental problems (air and water pollution, waste, pesticides and other toxics, °
. _etc.) with other environmental issues where the authority to manage the problem is out-
side theu: purview (e.g:; occupanonal exposures. to toxic chemicals, land-use issues perti-
nent to habitar protection, and indoor aiz pollution). Projects that are more comprehen-

. sive typically requxre a greater degree of involvement by other relevant federal, state, - -
‘and/or private orgamzatxons This participation has contributed tow.u'd more cooperanve
workmg relationships among pubhc agencns and between the pnvatte and pubhc sectors.

Assassmc RESIDUAL RISKS '

In comparative risk pro;ects, risk assessmeits are performed on thu- risks that exxst,

. given the efforts of public and private organizations to, eliminate or prevent them. This

“residual” risk approach provxdes environmental program managers with a view of their
unfinished business and can help them set priorities for further risk reduction or preven-
 tion efforts. Environmental problems can pose risks to humans and ecosystems; they can’
also degrade the quahry of life. Each type of risk is distinct and imporrant. For eample,
non-point source pollution not only causes damage to ecosysteins, it also causes large loss-
es in recreational opportunities. Likewise, human or ecological risks from the accidental
release of an oil tanker or a nuclear power pla.m: can be calculated, but only a quality-of-
- life assessment can detect the impact on a community's peace of mind. Thus, it is impor-
. tant to look at environmental problems from each of these perspecnvs human health

‘ nsks ecologxca.l risks, and risks to the quahty of hfe : ‘

' Human Health Risks

These risks involve actual, estimated, or. annc:pated cases of humam dwdse or m)ury
caused by environmental problems. These include both carcinogenic effects, such as lung :
cancer from indoor radon, and non-cancer health effects, such as retatded mental develop- v
- ment caused by mgestmg lead in pamt or soil. ' ‘ ~

|

[
.f (R

T |

~
i

~ Ecological stkt - % ,
These involve actual, esnmared or annc:pated damages to the structure and ﬁmcnon of
: natural ecosystems.as well as to their biotic and abiotic components. Examples include:

" effects on animal and plant species due to eutrophication of water bodies caused by agri-

.. cultural or urban runoff (i.e., non-point source pollution), fragmentarion or loss of
wildlife habitat, physical landscape modification and degradation, and reduced tree -
growth and increased susceptibility to pests in forests exposed to high levels of ozone. .

L
i
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Risks to the Qualzty of Life I
Environmental pollution can also cause negative economic and social impacts.
Quantifiable losses include increased maintenance costs of paint and other materials
exposed to acid deposirtion, reduced recreational use of water bodies polluted by industrial
discharges, the costs of replacing or treating contaminated water supplies, and the costs of

medical treatment and lost productivity for individuals suffering adverse health effects.
Non-quantifiable social losses include the sense of loss in community cohesion or cultural
continuiry, the anxiety of living near an environmental threat, the issue of intergenera-
tional cqulry and leaving a degraded natural hcmagc to future generations, or the lost
enjoyment value of open spaces.

ASSESSING FUTURE RisKS

As a priority-setting tool, comparative risk is more relevant to long-term strategic plan-
ning and budgeting if it captures a sense of both current and future risks. For example, a
few environmental problems, such as global warming and the irreversible loss of habitat
and blodxvcmty, may have potentially catastrophic consequences if actions are not taken
in the short run to avert or minimize them. However, developing realistic and conservative
scenarios of ﬁxture conditions that are consistent across the full spectrum of environmental
problems is fraught with difficulties and uncerrainties. Fortunately, the differences in the
magnitudes of various environmental problems are great enough that it is possible to reach -
consensus on a rough ranking of problems, despite these difficulties and uncertainties. For
instance, the ecological effects and risks to human health due to waste-water dxschargw are
relatively short term when compared to species extinction.

A number of different approaches can be taken to assess trends in risk. Trend analysis
can use sophisticated fate and transport, demographic, or economic models, vast amounts
of dara, and intensive dara analysis to estimate future conditions affecting environmental
risks. However, trends can also be analyzed less quantitativcly to determine whether a
problem is likely to get worse, stay about the same, or improve over time. The ranking of -
problem areas can then be modified on the basis of mformed judgments concerning risk
trends. : :

The evolution of comparative risk has been to move away from assessing only current
residual risks (i.e., a “snapshot” assessment) toward a more forward-looking analysis.
Taking the synoptic or “snapshot” approach is analytically easier—it does nor involve
making future projections about contamination levels, exposures, or the effectiveness of -
future control programs. However, it ignores one of the most important aspects of risk:
the changing magnitude of risk over time. Setting environmental priorities by focusing -
exclusively on the current level of risk has proven to be unsausfactory in most cases.

In practice, it is difficult to be complctcly consistent in applying the same time frame to
all problcm-arm assessments because of the different nature of environmental problems,
the uncertainty of future conditions, and the availability of data. Some problcms are of
concern due to historical losses, such as wetlands or wildlife habitat losses, while other -

N
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problems may pose only minimal current txsks .but'potentially catastmphlc future risks.
- Therefore, some comparative risk projects have assessed current risks for many problem
. areas and future risk trends for a few well-studied (and modcled) problern areas such as
global warming and stratospheric ozone depletion.

~ Analysts should be mindful of the time lags between the release of a contaminant into !
the environment and the ensuing health or ecological effects. For instance, cancer cells can
become malignant and metastasize years, or even decades, after exposure to the contami-

..nant. Conversely, some risk estimates - may not reflect current risks as much as they reflect

exposure to persistent contaminants that are no longer in use. For example; some of the

more publicized and currently perceived risks from pesticides (c.g., high levels of DDT in |
lake trout, chlordane in crabs, eggshell thinning among eagles) are due to the persxstence
and bioaccumulation of pesticides used decades ago. !

Discounting is a technique used in many financial calculations to account for the fact
that the future value of a given amount of money is less than the same amount of money
« today due to inflation and the lost opportumty to invest the money. The same technique
can be used to discount future health or ecological risks on the prsumpnon that effects
experienced in the future are less “important” than thosc same effects would be if ¢ experi-
-enced today. On:balance, explicit use of discounting in comparative risk analysis raises dif-
 ficult'ethical issues and adds lirtle in the way of precision. However, it iis recommended
that comparative risk analysts note in some way the time fra.me du.nng whlch rlsks occur.
- forall ptoblem areas. :

Whatever approach is taken, project participants are eneouiaged to consider all options
and to be explicit about the choices they make 50 that everyone operates under the same
~ground rules. Single-point estimates of excess cancer casés or values calculated from a for-
mula are simply not enough to characterize nsks or rank problem areas, Decision makers
" also need to understand the uncertainties and assumptions that underlie each risk assess-

ment. Two of the most important pieces of informarion they need to know are when the’
risk is present and how long it wxll persxst in thl‘ environment. . '

' ADDRESSING TRANSBOUNDARY EFFE('TS

‘Defining the geographic scope of the pro)ect is one of the tasks that needs to be done
before conducting the risk analysis. This mvolves deciding whether sources of pollunon
- _and their effects outside the area of the pro;ect should be considered and, if so, how they
should be considered. Pollution from activities outside the project area, such as acid depo-
* sition from a neighboring state or region, can result in adverse health effects, environmen-
tal damage, and/or a diminution in the quality of life. In addmon to these 1mported” '
risks, some risks generated within the project area may also be “exported” to other states or
regions. An example of this is the interstate transfer and dlsposal of hazardous wastes. The
most important thing is to decide up front how these issues will be ha.ndled and to apply -
the approach consxstendy to the analysxs of all problem areas. :

AY
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Risks Imported From Other Areas S ' ,

Pollurants move easily across political boundaries. As a result, risks can be imported from
outside the project area or exported to other areas. The analytical issue is whether to analyze -
and “count” these risks in the risk analysis and ranking process. For some problem areas, -
such as hazardous waste treatment and disposal, estimating imported risks may be relatively
straightforward because of tracking systems that are currently in place. However, for many
air and water pollution problems it may be impractical o separate contributions from out-
of-state sources. While the origin of the pollution may not affect the rankings of problem
areas, noting the percentage of in-state v. out-of-state’ pollution can be extremely important
information in deciding which risk management strategies to adopt and implement.’

Risks Exported to Other Areas

The majority of state and regional comparative risk projéCts to date have chosen not to .
analyze and rank risks thar are exported to other states and regions. While this may simpli- L
fy’ the analyrtical requirements of the risk analysis, it may also result in.missed opportuni-- . -

- ties to develop multistate or regional approaches to important-environmental problems. In
contrast, the Vermont comparative risk project artempted to analyze the risks it “exports”
out of state (Vermont 1991). Even though they did not pose risks to the people and
ecosystems within Vermont, project participants were concerned about the effects of their
activities on other people and ecosystems outside of Vermont. A problem area called '
“Vermont's contribution to ecosystem degradation ourtside Vermont” was divided ifito two R }
types of impact. The first type included risks that Vermont directly exports outside its ‘
boundaries, such as hazardous waste transported and disposed of out of state. The second
typé addressed risks stemming from goods and services Vermont consumes that are pro-
duced elsewhere. Because the consequences of Vermonters' consumption of imported
goods and exported pollution are essentially unbounded, the problem area was not,
ranked, but was discussed in the ensuing report as an “underlying issue,” along with
unsustainable consumption and the impacts of population growth. Just by considering.
exported risks, Vermont's project participants hoped to make Vermonters more aware of
their own contributions to national and global environmental problems.

Transboundary Effects on Migratory Species o : .
Effects on migratory species present unique analytical problems in terms of how to '
characterize the size of the area affected. If a critical habitat of a migratory species is altered
or climinated, then a choice must be made about how to characterize the area of impact.
One choice would be to consider only the actual area of disturbed habitat. Alternatively,
the area of impact could be considered to be the species’ entire habitat. (The monarch -
butterfly’s annual migration to Mexico exemplifies this issue: Its winter habitat encom-
- passes a small area in central Mexico. One approach would be to count only the drea actu-
ally disturbed. Alternatively, the area of impact might be considered to be continental in
scope since this would encompass the monarchs entire range.) In Vermont, if the only -
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nesting of a species of migratory birds was eliminated, then it was considered to be a state-
wide impact. C '

DEVELOPING A PROBLEM-AREA LisT' * o |
. Once decisions have been reached on the goals and ground rules for ‘ihg project, then
the first key analyrical task is to establish a list of clearly defined environmental problem |
areas to be analyzed. This is a very important task because it affects how the analysis is
conducted and may affect the risk-ranking results. 3

There are a'number of alternative ways to generate 2 problem-area list. Given the differ-
ent nature of environmental problems, there is no need for a single organizing approach.
For instance, some problem areas, such as municipal waste water dischirges to surface
‘waters, are sources of pollution while other problem areas are specific chemicals or groups

. of chemicals, such as lead and asbestos or toxic air pollutants or pesticides. Still other

problem areas are natural resources, such as ground water or wetlands; that are affected by
a variety of sources and activities. Each approach offers different strengths and weaknesses,
and the various approaches are not mutually exclusive. The fict is thar most projects to
date have used some variation on the programmatic approach and have adopted parts of -
other approaches to the extent that the resulting problem-area list and definitions made

" sense for their projects. Thus, project participants are encouraged to explore all options -

- while learning from others’ experiences. B
- There are numerous ways to create 2 problemi-area approach, such as adopring existing
lists from other state or regional comparative risk projects or soliciting citizens’ views of an
appropriate list. A reasonable approach might begin with brainstorming sessions among
work group members, public interest and business groups, and scientists or academicians
to generate many possible problem areas. In the initial phases, the process should be

 uncritical in that proposals are not subjected to rigorous scrutiny. This will encourage -
more creative thinking. It may also be advantageous to have more than one group generate
a list of problem areas separately because different people will take different approaches

~ and think in different ways about the task. P - : ,

Once a fairly comprehensive or exhaustive list of problem areas has been generated,
then it can be evaluated in terms of 2 number of desirable characteristics by a-selection
committee. If more than one group has generated i list, then these lists should.be coa-

- lesced into a single list and evaluated. Potential criteria that can be used to evaluate a list

. of problem areas are described further on. . - o o

. Usinga groug consensus process, problern areas can be added, removed, broken apart,
or combined with other probl:m areas to generate a comprehensive and sensible list of
problem areas that achieves the best balance among all the criteria that have been chosen
by the selection committee. At this point, it is important that a common set of definitions.
is used to delineate what is included in and excluded from the description of each problem -
area. It will be difficult to draw conclusions from the project if work groups use different -

definitions of the problem areas.

|
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It may be useful to solicit public comment once a tentative problem-area list has been
agreed to by the committee. Comments can be solicited from other relevant state organi-
zations (e.g.» departments of transportation, tourism, economic development, and hous-
ing), regional EPA offices, public interest and business groups, and the general public
through polls, focus groups, or public meetings. ‘The committee can then consider these
comments in its deliberations to finalize the problem-area list. ;

Desirable Characteristics ' | -
The following characteristics are desirable in designing a problem-area list‘v.v
o Comprehensiveness. The list of problem areas should encompass all of the environ-
mental threats within the project scope. The list should also account for the fact that
pollutants move across media (e.g., air pollution is a major contributor to surface

water pollution). However, there is 2 trade-off berween'the ease of analysis and
attributing all the cross-media damages to the relevant problem areas. '

o Consistent Level of Aggregation. To make fair comparisons across problem areas, the
areas should be defined at roughly similar levels of aggregation. For instance, if air
problem areas are divided into several categories, then water problem areas should
also be divided into a number of categories in order that ranking is not determined
by the sheer size of a problem area. ~ '

o Minimum Overlap. It is desirable to minimize overlap between problem areas and - T )
the resulting “double counting” of risks. Overlap will occur when problem areas are '
not defined along a consistent dimension (e.g., by source or effect). However, since
it is not a realistic expectation to use a single dimension for developing a problem-
area list, trade-offs must be made between minimizing overlap and generating a list
thar is comprehensive, understandable to the public, and can be implemented.

Double counting is further discussed below. B

‘ o Ease of Analysis. Some consideration should be given to the way data are collected
and stored when problem areas are defined so that unnecessary difficulties in dara
analysis are avoided. For example, criteria air pollutants are often defined s a prob-
lem area because federal and state agencies, as part of their specific regulatory
responsibilities, have collected data on these chemicals and compounds as a group.

To break this problem area up into smaller parts or to add other chemicals to’it may
be warranted for other reasons, but it is useful to consider the implications of data
analysis. ") . Lt ‘ . . . Lo
o Euse of Implemensasion. The purpose of conducting 2 comparative risk project is not
to produce reports, but to use the information and insights gained from the process
to reduce or prevent risks in the most efficient, effective, and equitable ways. Thus,
an important consideration in developing a problem-area list is the relationship
berween problem areas and organizational structures that will implement risk man-

agement strategies.
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* Ease of Communication. To be catalysts for action, problem areas need to be mean- - -
ingful and understandable to the public. If problems that the public cares about are
missing or are unmtcllxglbly defined, then policymakers will have more dxfﬁculty
communicating and 1mplcmcntmg the results of the project.

In general, it is preferable to define mutually exclusive problcm areas in order to avoxd
“double counting” the same risks:in more thari one problem area. This type of overlap

results in overstating the actual risks for those problem areas at the expense of other prob-
lem areas. However, there are situations where double counting risks is not only unavoid-
able, but can be very useful in terms of balancing this criterion with other desirable char-
acteristics, such as creating a problcm-ara list that makes sense and that is understandable
" to policy makers and the public. An exa.mple o»f this is provxded by the dilemma posed by
the ground-water problem area. ' : :

Grousid water can be contaminated by Rumerots sources, such as patlads, lakmg
underground storage tanks, salt/sand mixtures used to de-ice slippery roads, solid and haz-
ardous waste sites, improper storage of hazardous materials at all sorts of commercial and
' industrial facilities, and residential septic systems. Questions arise as to how to allocate.

these risks. At first glance, counting ground-w.lter risks in the problem) areas where thcy
occur would seem to be the best approach. For example, ground-water contamination
associated with hazardous waste sites would be counted as one of the risks for the haz-
‘ardous waste problem-area. However, it has been found from past comparative risk pro-
 jects that ground-water risks become “lost” among a number of different problem areas as
a result. This has created difficulties in commumcanng a comprehcnsrve pxcturc of the
risks posed by and to ground water. R :

Due to the enormous public concern. with contammatcd ground water, some projects -
have created a separate “aggregated” ground-water problem area that describes the risks
associated with ground-water contamination from all sources. However, the disadvantage
of this approach is that by eliminating the ground-water contamination component from
other problem areas (e.g., hazardous waste sites), a significant component of those prob-
lem areas is stripped away. The aggregated approach is used to avoid double counting the
risks, but it may be very confusing to the publxc and difficult to explain why contamina-
tion of ground water caused by haza.rdous waste sites is not counted as s part of the haz—
ardous waste problem

In response to the difficulties posed by the ﬁtrst ™o optxons, a tlurd opnon has been
developed that allows the risks of “ground-water contamiriation to be traced back to its
sources and counted in a separate problem-ares that pulls all the sources of ground-water
contamination together into one problem-area. The disadvantage of this option is that
there is no attempt made to minimize the double counting of risks. In the relative-ranking
process, this will tend to overstate the risks aso»cxated with ground-water problcm areas at
the expense of other problcm areas. - L . ;
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Thus, each of the three options above offers advantages and disadvantages. There are
no easy or “right” answers, but these types of decisions have important implications that
should be considered carefully by project managers working with their technical advisors

Alternative Approaches for Deﬁnmg Problem Areas

Along Programmatic Lines ._ 8
Most state health or environmental protection orgamzanons are structured along media

“program” lines (i.e., the air, water, waste, and toxics programs). In general, air programs
tend to divide problems by pollutant typc—radon, criteria air pollutants, and toxic air
pollutants, Water programs tend to divide problems by sources—industrial, municipal,
and non-point source discharges. Waste programs tend to differentiate berween the types
of sites, while toxics programs analyze individual chcrmmls or groups of similar chemicals.
The differences are in large part due to the structure of individual statutes that authorize
these. programs. Table_ 2.11 dlustraus the. bmkdewn of problcm arm usmg thc program-
' mari¢3ppradeh. e e "“*‘"-“ e S AR '

Table2.1.1
Sample Problem Areas Defined Along Programmatic Lines

Water ‘ Air Waste Toxics
(by source) - | . (bypoliutant) by site) (by chemical)

Municipal & industrial Alr toxics | Abandoned hazardous| Lead in all media
waste-water discharges| Criteria air _ waste sites Pesticides
Non-point discharges llutants - Active hazardous Asbestos
Ground-water - Climate change waste sites Radon
contamination Stratospheric ozone| Municipal solid waste | Dioxin
Drinking-water depletion Industrial solid waste || PCBs
contamination Indoor air pollution

Using a programmaticapproach offers some important advantages, such as making it
casier for program analysts to analyze environmental problems with which they are most
familiar, It also allows project- managers to quickly and easily identify individuals and
offices with the requisite knowledge to analyze problem areas, and to hold them account-
able for making progress to reduce rxsks EPA} Revised Core Lu‘t of Problem-areas has been
included as Appendix A.

However, as EPA’s Science Advisory Boa.rd pomted out in its crmquc of EPA’s
Unfinished Business report (1987), “the listed problem areas were not catcgonzcd in paral-
lel {and] are much more attuned to programmatic considerations within EPA than they
are to actual environmental problems in the real world.... Furthermore, the EPA list of -
problem areas is inconsistent with respect to the level of resolution of the classification”
(EPA 1990b). For instance, active and abandoned hazardous waste sites are managed
under different programs (i.e., RCRA and Superfund). This legal dxstmcnon concerning
the status of ownership holds no special significance to the people or ecosystems at risk
from such sites. In addition, the programmatic approach does not lend itself well to ‘multi-

2.1-14 ' : September 1993

g



2.1 General Anlytical linies

a
I

media (e.g air and water) eﬂ"ecrs or nsks to human h&lth or the environment from a -
variety of envxronmenta.l problems ina specxflc area. - S
By Source Type ’ : : S .

Defining problem areas by theu- source offers several advantags, bur it does not work 7
equally well for all problem areas. For example, this approach simplifies the task of analyz-
ing risks for environmental managers and analysrs because many environmental problems
can be traced back to their sources. It is used to define many air and water énvironmental
problems whose sources are easily identifiable. Unique insights can be: gained by analyzing
problem areas by source. For instance, instead of analyzing criteria air pollutants as 2 -
whole problem-area, one might analyze air pollution risks caused by mobile sources (e.g., -
auto, truck, and train emissions) separately from risks caused by stationary sources (e.g.,

- power plants and factories). Table 2.1.2 provides an example of what a problem—arm list
. would look hke usmg this approach ' | - ’

. Tablca 2.1.2:
Sample Problem Areas Deﬁned by Source Type
. Water - Air 3 " | Waste " Toxics
Induemal & municipal Stauonary sources ':Household S Pésticides.
waste-water dxscharges Mobile sources wastes "| Industrial plants
Agricultural pracnces (autos and trucks) Manufacturing " | Household
‘Urban runoff I waste products | materials -
Waste sites N I Retail wastes ; S

. { . .
-Some envxronmental problems, such as global warming or ground-water contamina-
. tion, are not easily defined in terms of their sources because’ they have a multitude of  +
sources. It is easier and more logical to define theni in other ways. For instance, indoor

" fadoni is a widespread and naturally occurring gas that can concentrate in homes whose

dwgns inadvertently trap these gases. The importanc fact about radon is not its source but .
its presence in peoples’ homes. Trying to define radon, ora number of other problems, in
terms of their source can quickly become unwxeldy and circuitous. However, as a general
rule, tracing problems back to their sources is 3 helpful way to define problems “

~ By Pollutants or Stressors . 1 ' L ,
' Many public health and environmental prolecnon orgamzanons have programs to

- respond to risks posed by individual chemicals or “families™ of similar chemicals (eg.,

* “environmental léad and toxic air pollutants). Pollutants or stressors found in many com-

parative risk problem-area lists include pesticides, asbestos, and physical stressors to terres-
trial and aquatic ecosystems. However, like all the other approaches mentioned, defining
problem areas by pollutant or stressor works better for some problems than others. Ifan
‘attempr is made to apply this approach to all problem areas, then it is quite possxble thata -
number of problem areas will become “lost” or unrecognizable able to the public. For
example, it is just more intuitive and easier to communicate a problem -area called ground-
water contmunanon than to 1denufy the probllem by the pollutams and stressors aﬂ'ecnng ‘

i
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ground water. Exhibit 2.1.1 provides a partial list of problem areas that could be devel-
oped using this approach. B ‘ : o

Exhibit 2,1.1:
Sample Pollutants and Stressors

In the past, many organizations’ activities =

have been focused on chemical stressors affect-

«» Hazardous organics & inorganics
 Gaseous phytotoxicants

« Ozone-depleting gases

¢ Chlorination products
« Nutrients, BOD, turbidity
» Microbes

» Physical stressors

« Thermal pollution

» Acid depositiorr

« Pesticides

+ Lead, PCBs, asbestos

ing human health, such as lead or radon. An
cr'nerrging"larm of concern involves the ecologi-
cal impact of physical stressors upon the envi-
ronment, such as fragmentation of critical
habirats caused by urban sprawl and highway
construction. Examples of physical stressors
include river channelization and water with-
drawals, resort or recreational developments,
and mining, timber harvesting, and range

management practiccs.

By Affected Resource _ S v

The resource approach analyzes environmental risks in terms of the natural or cultural
resources affected by various environmental problems. Because this approach is organized
around resources, it has a geographic or spatial orientation that makes it particularly useful
for understanding the ecological effects of environmental risks. Like other approaches, the
resource approach is more suited to some environmental problems than it is to others.

Narural resources are typically divided into a number of categories, such as surface .’
water, ground water, grasslands, forest types, critical wildlife habitats, and freshwater as
well as marine, wetland, and estuarine ecosystems. Exhibit 2.1.2 provides a number of
natural resource categories that can be used in comparative risk projects. -

For instance, Colorado’s comparative risk

Exhibit 2.1.2: :
Samples of Affected Resources project included some unusual problem areas,
« Rivers, lakes & s . such as open space, soxl. erosion, damages from
« Oceans & coastal areas changes in water quantity, and resources of spe-
« Estuarine areas cial interest. The state of Washington analyzed
+ Ground-water contamination risks to agricultural and range lands as well as
. I?Il{]itgoox?grm ‘ the risks caused by those activitis. .
« Open spaces Srate ing 1o C ive
- Agricultural lands/topsoil loss . Stamf planning to °°f‘d_‘_“?‘ a compa,ranve
« Special areas/habitats risk project should consider using EPAs -
» Rare & endangered species Environmental Monicoring and Assessment
+ Urban areas/cides Program’s (EMAP’) landscape characterization

scheme for terrestrial ecosystems. EMAP is
expected to become the primary monitoring and assessment system oni the status and
trends of natural resources for EPA and other federal agencies. States may become partners
in EMAP by contributing and receiving information. Several states have already made sig-
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mﬁa.nt commitments to EMAP such as Pennsylvama and Ilhnoxs Ovher states are con-
‘sidering how best to utilize this new prograrn S )
'B}'Ge"ngh.chm ; : K i. e SER .
‘The geographic approach is very similar to the resource approach but dxffers in that
specxﬁc areas are selected as problem areas instead of ecosystem gypes. It is a way to match
geographic areas to the specific stressors affecting them and to analyze the risks in a more
focused way. The advanrage of this approach is that it encourages'a multimedia, holistic
' approach to environmental management in areas of special public concern and interest.
. The disadvantage is the inevitable double counting entailed and the requirement for berter -
- gcoreferenced dara (i.e., data whose location can be pmpomted oa spccxﬁc sp0t or area
~ona map) Exhibir 2.1.3 lists sample gcographxc areas. :

Exhibit 2.1.3: . - Fori instance, mst&d of analyzing rxsks to

Sample Geographic Areas . a cerrain type of forest in igeneral, regardless
- of its location within the study area, specific.
» Water bodies - ] forests of that typc would be analyzed sepa-
' nge% btahs‘:ngreat Lakes) -+ rately. The reason is that different forests,
o even of the same specxce,, can be exposed t0
Al(rzhge dsChesgpéake BaY) | very different stress regimes depending on
'. Cites/urban areas their location. The Guam comparative risk
« Rural or open areas ~ | projectis facmg this issue (CDS 1993).
* Protected areas' Project participants there have to decide
(e.g., parks and preserves) whether to analyze two separate and quite.
different coral reefs on cither side of the

island as a single problem-area (the
“resource” approach) oras two separatc problem areas (the “geographic” approach)
because of the different stress regimes and risk | managcment options that they pose to deci-
sion makers. . . : N :

Specific geographic areas can be selecred as problem areas on the bas:s of a number of
factors, such as scarcity, vulnerability to stress, recovery potential and time, or because they
 are highly valued by the public. Usually, they are natural resources or areas of specml inter-

. est and value. Entire water basins or specific wetlands, estuaries, lakes and. bays, rivers and
streams, or stretches of coastline can be selected as problem areas. Specific airsheds can
also be identified so that risk managers can not only rank air problems but also target
response actions geographically. Waste problem areas can be considered a single hazardous
waste site if it is deemed important and visible enough that decmon makers anticipate the
public will ask what the specific assoctated nsks are. :
By Economic Sector ‘ | : o »
. The sector approach analyzes risks to human halth the environment, and t.he social
. a.nd economic quality of life caused by activities in different sectors of the economy. Thus,
. examples of problem areas using this approach would include those listed in Exhibit 2.1.4 . -
‘This approach can be used in combination with other approaches by shuffling around dif-
ferent components of problem areas into economic configurations. By looking at risks
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from various angles, decision makers can gain new insights into the real “drivers” of envi-
ronmental risk and develop more creative and innovarive risk reduction strategics.

Exhibit 2.1.4: For instance, it is possible to combine the
Sample Economic Sectors - ecological impacts of a2 number of problem
areas (such as non-point source pollution of .
: Efgl:fpn?gl?fggmnn g surface waters, pesticides, soil erosion and
« Heavy manufacturing v sedimentation, and the physical alteration of
« Commercial development terrestrial habitats) into a single economic
» Residential development sector (i.e., agriculture). By combining the
. %}lcrgy dFj’mg“:ln%% risks associated with these problems and =
. Rczso?l.infi%stsry /ltou‘lfissrug attributing them to a single economic sector,
« Road construction it is possible to gain an enhanced view of the
. Silvicltilllure full impact of agriculture on ecosystems. This
* Agriculture ' approach can also be applied to human
« Mili
. II:Id(; rifaxg'lilary government health risks from agriculture by looking at- }
) . . = - | “suchi issues-as pesticide residues on food, pes-

ticides in drinking water, and risks to farm
workcrs The main drawbacks of this approach are the overlap and potential double
countmg of risks among different sectors of the economy, and the somewhat artificial
assignment of risks to a particular sector when it may actually mvolve scveral sectors
sequentially. :

Combining Different Approaches

The way that problem areas are defined has substantial influence on the nature of the
solutions that are considered. Thus, it can be useful to use multiple approaches to prob- -
lem-area definitions to generate a rich variety of potentxal solutions to environmental
risks. After analyzing problem areas defined along programmatic lines, for instance, it is
possible to reconfigure problem areas differently to answer questions, such as: Which par-
ticular pollutants seem to have produced the bulk of the risks for the higher-risk prob-
lems? Which particular soutces are responsible for the bulk of the risks? Are large amounts
of these pollutants or source types associated with particular economic sectors? Is there any
information to indicate that risks are high in one particular geographic area? Table 2.1.3.
from the Vermont comparative risk project demonstrates this relationship between l’.hc
source and fate of stressors (Vermont 1991).

" By defining or reconfiguring problem areas dlffercntly, it is often possxble to understand
the underlying causes or activities that create significant risks to human health, the envi-
ronment, and to society’s quality of life. Economic sectors, pollutants, or geographic areas
can be used as organizarional aids. For instance, from a management perspective, it may
be very useful to understand the total impact from any of these perspectives. In addition,
there is no reason why more than one dimension cannot be used in this type of analysis
simultaneously, so that new insights about economlc sectors, pollutants, and/or geograph-
ic areas are gained leading to more integrated risk management strategies.
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Table 2 1.3.
: Relatxonshxp Between the Source and Fate of Stressors

N

Stressors

-

Stressors come from:
} Transportation
Energy production/consumption
Domestic and industrial wastewater u'utment/dlsposal

Farmmgéoreslg practices
Hazardous waste disposal
‘Solid waste disposal: landfill
Solid waste disposal: mcmermon
Domestic and commercial use of taxic materials
Construction and development activites
Stressors end up in;

Ambient air
Indoor air
Drinking wate
Surface water
Ground water

Soil

b
Source: Eavironment 1991 : Risks o0 chmu and Yermonters..

AGREEING ON RISK RANKING METH()DS AND PROCF.SSI.S

One of the goals ofa comparative risk project is to rank problem areas into dlﬁ'erent
* categories of risk. The process of ranking problc-ms is difficult, however. Deciding which

problems are most serious requires dozens of judgments about controversial facts, uncer-
tainties, and values. Before ranking risks, it is important thatall project participants, espe-
cxally those actually performing the rankmg, understand the importance of establishing
criteria to rank problem areas; the suthmary nature of the rankings, and the difference
berween the risk rankings and management priorities. This section dxscusss issues
involved in the process of ranking risks, presenting and cvaluanng dlfferent mcthods of
ranking risks, and describing vanous prscntancm tools.
The Importance of Criteria

One wiy to make this difficulr process more manag&blc isto dxscuss and agree upon a
set of criteria for ranking problems. Criteria define what is important in thinking abouta - '
particular kind of risk. They also allow participants to make a series of incremental judg-
ments, careﬁ.v.lly pxecmg together an overall pxcture of risks, instead of mak.mg sweeping,

b

September 1993 . - ‘ L B .1"3 o 21"_1;19’




A Guidebook to Comparing Risks and Serting Environmental Priorities

complex judgments. Explicitly defined analyrical criteria force participants to systematical-
ly think about their decisions and the underlying rationale. And only by being explicit
about these incremental judgments can projects persuade other interested or affected par-
ties that the process and its conclusions make sense and deserve attention. Regardless of
which ranking methods and processes participants choose, or which criteria they select, .
the ranking process should be structured around a set of agreed-upon criteria.

The following example illustrates the importance of criteria. Two participants charged . -
with ranking risks to human health may rank the risks from abiandoned hazardous waste
sites and criteria air pollutants very differently. Even though thcy may use the same facts to
make judgments, their rankings of these two problems may be different because t”hey used
different criteria. One person may have focused on the total number of cases, and ranked
abandoned hazardous waste:sites low and criteria air pollutants high. If the second person
was more concerned about the equity of risks—that no person should be exposed to sighifi-
cantly higher risks than anyone else—then they might have ranked hazardous waste risks
higher than criteria air pollutants since the risks of hazardous waste sites are borne almost .
entirely by a small group of individuals living near the sites. Different criteria produce dif-
ferent rankings, so identifying them is critical to a successful ranking process. .- .

Rankings as Analytical Summaries

In an ideal comparative risk project, the final risk ranking§ should be the most scruti- -
nized and used but least important component. This is because the rankings are simply
summaries of the analysis. If data are carefully collected and analyzed, analytical criteria ’
articulated, uncertainties identified, and participants’ values specified, then the ranking
results should be fairly evident. Decision makers can use the rankings without reviewing
all the information and judgments made by the ranking group. This also allows project ‘
participants to effectively explain and defend the results because the rankings accurately
reflect the analyses and judgments they have made throughout l.he project. :

The ranking process poses the ranking committee with a dilemma—how precisely can
and should they rank the problem areas? The more distinctions they can identify, the
more useful the rankings will be to decision makers and the public. All comparative risk
. projects to date have ranked problem areas into at least three groups, ranging from higher
to lower risks. Most projects have used four or five groupings. Several projects have resist-
ed labeling problems as “low” risks, since participants were concerned that readers would
misconstrue the results as indicating that “low” problems are unimportant. In actualiy,.
these problems are only “low” relative to the other problems analyzed by the project,
rather than in any absolute sense. ’ - -

What the Rankings Mean—Risks v. Priorities | o
Interpreting the rankings is typically one of the biggest sources of confusion during and -

after most comparative risk projects. What does it mean if 2 problem is ranked “high™ ~
Will the organization devote more resources to it? Does it mean the problem is particular-
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ly difficult or easy to solve? Canan orgamzatxon focus or lower-ranked problems, or

v should it reduce resources to those areas? J - S

Such questrons hinge on whether the ran.kmg only reflect environmental risks or
“whether they are intended to convey management priorities. There is a.réason why an
organization’s priorities may not correspond directly to the rankmg results. Priorities must
be set within the institutional, social, political, technological, and economic realities thar
-can place real constraints on proposed risk management strategies. For example, a state
public health or environmental protectron organization may lack the legislative authority
to address a certain environmental threat, there may not be any cost-effctive technologies
available, or there may be msufﬁcxent numbers of trained personnel to reduce the risk. .

These considerations as well as other risk mztnagement issues are dxscussed in Sectlon 3. 1
A

- Ranking . Metbods

There are three basic kinds of rankmg methods negotxated consensus, votmg, and for-
mulas. These methods form a progression from relatxvely unstructured 10 very systematxc,
structured approaches x . : ) . | ~

* . Consistency. The method provides a consistent basis for companng and rank.mg
" problem areas. For example, the use of secret ballots can lead to inconsistent results
if participants ignore-the evaluatxve crxterra or apply them dxﬁ'eren ty to drﬁ'erent
problem areas. :

e Fairness. An open, inclusive process is encoluraged and provrdes im pamal redress
procedures if bias is detected by anyone participating in the pro;ect :

s Documentaion. This is important for the ctedrbrhty of the project and rankmg
 results. Participants must agree on a smgle explanartion’ of what occurred in the rank- -
ing process (including recognition of disagreements and debates) so that others can
better understand or reconstruct- the proce:.s : ) 1.

Negouated Consensus. :
The objective of this approach is to reach agrc:ement Open drscussxon is often used,

~ allowing the group to analyze and argue abour data, values, and uncertainties in whatever

way seems most natural. Some problcms will receive intense scrutiny and debate, while
. ‘others may be subjected to only cursory review. Although negotiated consensus is the least ‘
~ structured ranking method, most iterations roughly conform to the following steps:

' Review data. Participants present and discuss analyses of individual problems, -
answering questions about the risk emrnatt:s, analytic methods, and assumptions.

 Take proposals for how individual problemr should be ranked, Participants then propose
that problems be placed into a particular category of risk. Unless there is an ob;ec-
tion or alternative, the ranking is not changed. :

o Briefly discuss objections or alternatives to proposals. If the issue cannot be qmckiy

resolved, then additional discussion is reserved for a later time. The group settles on |

1
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those problems over which there is general consensus on their placement in orie of
the risk categories. “ : :

o Discuss and debate unresolved objections, and rank remaining problems. The bulk of
discussion is then focused on the remaining unresolved problems. In each case, dis- -~
cussion hinges on disagreements—clarifying positions, explaining criteria, and tak-
ing informal polls to monitor progress. Debate continues until consensus is reached.

o Review results, employ other methods if necessary. If consensus cannot be reached, then
another method can be used to produce a ranking. o

Some of the strengths of negotiated consensus are that the process is very simple, accu-
rate, precise, explicit, and fair as long as discussion is vigorous and thorough. It also pro- -
vides a healthy environment for the mutual education of participants since all participants
can contribute equally: Once consensus is reached, group commitment to the results can
be very strong. ' ' o S a

One of the weaknesses of negotiated consensus is that it is occasionally difficult 1o keep
participants focused on the agreed-upon criteria. Documentation can be difficult because
discussion is typically fluid and wide-ranging (recorders can be very helpful in this regard).
If the discussion is not vigorous and thorough, then the process may be inaccurate, impre- .
cise, or unfair. This can be particularly true if there are very dominant or reserved person-

. alities in the group; if the group is not diverse in skills, experiences, and beliefs; or if facili- ‘ o
tators are not available to manage the discussion. . - v 7 " ‘ R )
Voting : . , o

Voting is the most familiar and frequently used method of ranking problems.
Recognizing that there will often be unresolvable disagreements, projects may resort to
voting as a way to determine the majoriry’s will. There are at least three different voting
methods, some of which may be unfamiliar to participants. These include secret ballots,
open voting, and multivoting. )

In secres balloting, each individual has a single, secret vote to indicate how each problem
should be ranked. Vote totals are then tabulated. Problems typically are ranked according
to pluralities if no outright majority exists. If a problem receives seven “high” votes, four
“medium” votes, and nine “low” votes, the problem would be ranked “low,” even though a
majority thought it should be ranked higher. An alternative approach that is more sensi-
tive to differences of opinion would be to assign a value to each category (e.g., high =3,
medium = 2, low = 1). The arithmetic mean or average of the scores would then be used
to determine where “natural” breaks in the distribution of scores occur so that problem
areas could be placed into different categories of risk. ’

Open voting requires each person to identify his or her vote. Each person is given only
one vore. Tabulation can be somewhat difficult with open voting, since participants may
change their votes based upon what they observe from others. There are various ways to
avoid vote-changing, such as having everyone vote simultaneously, or initially casting their
votes in secret, revealing how individuals voted after the ballots are collected. Similar tabu-
lation methods as described above for secret balloting can be used.
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In mulu'voting all participant have the same number of vores. Participants can allocare
their votes any way they prefer among the problcm areas, although an upper limit can be.
set'on how many votes can be assigned to a smgle problem. This method allows partici-
| pants to express thei intensity of their opinions. For example, if each participant is given 10 ‘
votes to divide among 20 problems, the group may decide to allow a participant to cast no
. more than 5 votes for any single problem. This prevents any one participant from having
too much mﬂuence over the ranking of problt m areas. Problem-areas are then ranked on
the basis of vores received. Participants then usually use consensus, secret ballots, or open
voting 16 decide where the breaks fall berween the high-, medaum— and low—nsk categories.

~In general voting is simple and fair in that all problems are voted rupon, all pamcxpa.nts
" vore, and each participant has the same number of votes. Because it is so easy to produce a
ranking with votmg, there may be a temptation to cut discussion off too early. This can -
cause the group to ignore complexity, magnify biases, and/or overlook data. Regardless of
which voting method: is chosen, methods are ryplcally repared several times during the
project, or are used in combination. This: gwes participants a chance 10 -explain their rea-
soning and persuade others to change their votes. In secret voting, participants are often
asked to write down their reasons along with their votes in order to facilitate discussion -
and ensure that the agreed-upon criteria are being used to evaluare problem areas. In open
and multivoting, participants who voted i in opposite ways typically present theu' reasons.
Revealing the sources of disagreement can often lead to agreement once the reasons for
dlsagreement are clarified. However, some dlsagreements reflect differences in values or
priorities among participants and may not be resolved. Multiple voting iterations can have’
the additional benefit of improving explicitness and record-keeping. When voting results
cease to change with each iteration #nd participants have a clear sense of why the rankings.
came out as they did, the rankings are complete . ‘ o '
Formulas * w , o .

Formuilas share certain characteristics. Each attempts to manage thxe complex1ty of
analysis by breaking environmental problems i into parts. Each of these parts is then evalu-
ated and mathematically recombined to produce an output. Formulas can be applied to
the entire ranking process, or used only in particularly complex or difficult portions.
Although it may not be apparent, it is important to recognize that value judgments play as
large a role in formulaic approaches as they do in other less quantitative methods, since
value judgments are needed to determine whar criteria are useful how they should be -
weighted, and-how they are combined arithme: nca.lly '

AYIN

For example, 3 work group composed pnmanly of health professxonals could use nego-
tiated consensus or voting to rank health problems and a formulaic approach to rank eco-
logwal and quality-of-life risks. Similarly, 2 group could use a formula to combine cancer
and non-cancer human health risks for each mdxvndua.l problem and then vote to rank the -
problems in relation to each other. o -
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There are a wide variety of formulaic approécheS to rarﬂdng, but only one has been
used in a comparative risk project to date. This approach is best described as “weighted
scoring” and involves five steps: ' ) o

1. Identify criteria for evaluating risks.

2. Score each problem for cach criterion.

3. Assign weights to each criterion.

4, Multiply the criteria sgc;rs by the weights and sum the results to produce a total
score. : ) o

5. Rank prc;blems according to total scores.

In general, formulas have the following strengths and weaknesses: If properly construct-
ed, they can provide the most accurate and precise rankings of any method. They are also
very explicit about the ;elationships of different criteria, and are inherently fair, since the
same criteria and equarions are applied to. Formulas can also provide a clear record of how.
the rankings were generated. Poorly constructed formulas, however can produce inaccu-
rate results. Generally, this is not because of mathematical errors, but because participants
do not fully understand the consequences of their choice of weights and/or equations.
Another weakness of formulaic approaches is the false impression of precision and level of
understanding about risks to human health and the environment. In addition, while for-
mulas can be very explicit about how ranking results were reached, they provide no insight
into why the group chose certain criteria or assigned certain values to factors. Complex
formulaic approaches may also be unfair to participants who do not have quantitative
skills. Converting judgments and data to numeric scores requires that formulas be hypoth-
* esis-tested to ensure that they behave as intended. Careful thought needs to be given to
the appropriate mathematical operations (ie., summing, multiplying, or dividing) within
a formula. Finally, complex formulas can be difficult for readers and users of the rankings
to understand. ‘ R o I

One formula developed by EPAs Region VI comparative risk project, the Ecological
Risk Index Formula (ERIF), provides an excellent example of how a formulaic approach
was used to rank the ecological risks of environmental problems in that part of the coun-
try. The ecological work group selected the following criteria as the most important factors
in determining ecological risk, and used them to develop the ERIF: Area of Impact/Area
of Ecoregion, Degree of Impact, and Degree of Vulnerability. Exhibit 2.1.5. depicts the
formula that was developed by the work group. This relationship can be described in
words as “the percentage of each ecoregion affected by a stressor multiplied by the severity
of the stress multiplied by the vulnerability of the ecoregion.” 3 -

Taking just one of the criterion for easc of explanation, “Degree of Impact” was calcu- -
lated by analyzing the effects of different stressors on 2 number of imporrant ecological |
funcrions such as the capaciry of ecoregions to filter and detoxify pollui,ant_s. The next task
the work group faced was to figure out how to objectively measure the degree of impact
for each ecological function. Descriptions of various levels of impact were written for each

2.1-24. : o . September 1993




'2.1 General Am/_vyti-‘-'d'ls;ue:‘ K

ﬁmctxon and assigned a numerical value. The resultmg scale of 1mpact, 1llustrated in
Exhibit 2.1.6., describes different levels of impact on an ecoregion’s ab1lu:y 1o ﬁlter a.nd
" detoxify pollutants from air, water, or soil. ’ ‘

Determining whether an environmental problern causes a Level 2 or Level 3 impact.
requires a great deal of professional judgment. There are no “hard” or cnnrely objective
ways to make thls, or many other, decisions without some level of subjectivity. In fact,
| attempts to remove professional Judgment and experience from the process can prove
counterproductive, as data and analytical tools dre almost always inadequate to fully
describe the nature and. magmtude of risk. However, professional judgrnent can be incor- .-
porated into the process.ina consistent and stmctured manner to minimize bxas

. _Exhlblt 2.1.5: EPA Reglon VI Ecologlcal Rlsk Index Formular '

Summation over degrees of vulnerability

,lj. L Summatjon‘ove‘;r degrees of impact o I

| ! l

Z [AII/AE*DII*DVJ]

Key Cntena ‘

ERI - Ecological Risk Index DI - Degree of Impact .
* n-Number of Degrees of Impact DV - Degree of Vulnerability
- Area-of Impact ,,J Number of Degrees of Vulrerability

N AE Area of Ecoregion -

- The numerical values assigned for each score on every factor were then summed togeth-
er to produce a “Degree of Impact” score for each ecoregion. These scores were then com- - -
bined with the scorés of the other two criteria (i.e., “Degree of Vulnerability” and “Area of
Impact”) to generate a total “Ecological Rxsk Index” (ERI) score for that problem-area for
that pamcular ecoregion. The scores that were generated for all problem areas in all ecore-
gions then served as the basis for ranking the risks of problem areas and ecoregions; the
scores did not completely determine the rankings. The work groups used the scoresasa -
sta.mng point for additional discussion and a2 more focused review of key data. Final rank-
ings were determined on the basis of a consensus-building process, subject to the rule that

any changes to the ERI rankings had to be explncntly )usnﬁed in térms c»f dxsagreements

over the scores assigned to factors

1
Voo
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Other Approaches »

Among many other possible approaches to ranking nsks threc that have not yet been
applied to a comparative risk project hold promlse decision trees, decision analysxs, and
analytic hierarchy process.

Using decision trees as a variant of the weighted scoring method offers a more detailed.
way to reflect uncertainties. Whenever there is significant uncertainty about what score a
criterion should receive, participants can lay out two or more possible scores and then
assign a probability to each. In the Region VI example, cach criterion was estimated with a
. single number. In some cases, these estimates may have been very uncertain. For example, -
the group could have identified a range of possible scores and their probabilities to reflect
the uncertainty imbedded in their estimare of an ecoregion’s diminished ability to detoxxfy

and filter contaminants. Assuming thar the group believed that the degree of impact
ranged from a Level 2 to a Level 4 impact, and could agree to asslgnmg probabilities to
the different levels of impact, a detision tree reflecting the ecoregion’s capability to filrer
and detoxify pollutants might look like Exhibit 2.1.7. ' :

Exhibit 2.1.6:
Filtering/Detoxifying Scale for Degree of Impact

Level 1: Problem reduces assumlauve capacity of the natural system Lhrough
destruction of vegetation and microorganism populations.

Level 2: Problem exceeds the assimilative capacity of the natural system for
less than a year.

Level 3: Problem exceeds the assumlauve capacity of the namral system for
more Lhan 1 year and less than 5 years.

Level 4 Problem continually exceeds the assimilative capacxty of the natural
system. Problem lasts more than 5 years but less than 50 years.

Level 5; Problem continually exceeds the assimilative capacity of the natural
system for more than 50 years. ,

Exhlblt 2.1.7:-
Probabilities of Different Degree-of-lmpact Estimates

Level 2 Impact = 2

25% chance

Effectonan. vel X _a
Ecosystem’s Level 3Impact=3 . 50% chance
Detoxifying and o R
Filtering Abnhtlos Level 4 Impact = 4 '25% ché,nce

Sum of Factor C = 2(:25) + 3(.50) + 4(.25) = 3
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Pa.rt1c1pant.s can then calculate a score and probabﬂn:y for each'of 1.h¢sc options. If the
score changes significantly based upon these calculations, then the group will have identi-

‘fied a key variable that may merit additional research and discussion. By taking advantage

of this approach’s strength in bounding the uncertainty of estimates and forcing partici- -
pants to consider the plausxbdn:y of various scenarios senously, it lads to better-informed
rankings. ‘However, constructing a full-size tree (including all major criteria and’ uncertain-

L ties) can be exhausting and not always productive. In the Region VI equation, there are
. 78,125 possible combinations for the seven factors (each having a scale from one to five)

for the “Degree of Vulnerability” criteria alone. However, the sum of these seven factors-
can only differ by 28, ranging from 7 to 35. Laying out the tree to discover which of the
78,125 combinations best fit the data could easily overwhelm the' work group without
affecting the ranking at all. This is an important reason why no project to date has used
decision trees extensively. Decxsnon trees would be most valuable where there are major
uncertainties and where the interactions of uncerta.mtlcs are 100 comphmted for individu- *
als to keep track of menta,lly . o )
" Decision. ana{ym incorporates many aspects of decxslon trees, but is is more sophxstnmted
Decxslon analysis involves a complex set of rules and axioms for structuring problems, . -
constructing elaborate decision trees, and modehng the values of parricipants. In addition

~ to rankinig problems, decision analysis focuses on 1dennfymg solutxons to problems. A full
‘description of decision a.nalysls is beyond the scope of this document, but there are ‘many

source matenals and practitioners at EPA, in academia, and among consulting firms. -

Ana{ytzc /nemrcby process (AHP) takes a different approach to ranking problems. In
AHP, participants make many paired comparisons of problems. The basic principle

" behind AHP is that while ranking 20 problerns may be complex, ranking 2 problems is

much easier. If a group does enough paired comparisons, or “mini-rankings,” in the right

| combmanons, then a ranking of all 20 proble ms can be generated from them.

AHP also has the benefit of identifying inconsistencies in )udgments‘ For instance, an
individual mxght decide that air toxics pose hxgher health risks than solid waste, and thar,
solid waste poses higher health risks than ground-water pollution, but that ground-water
pollution poses higher health risks than air toxics. Inconsistencies like this (though usually
less extreme) often occur when individuals are asked to process complex information:
AHP highlights these inconsistencies and provides a more consistent approach to ranking.
For this reason, AHP should not be attempted without guidance from an expert trained in
its use. AHP has riever been used in a state comparative risk project, but it has'been used
as a priority-setting tool for underground storage tank (UST) programs in several states
and to rank Department of Energy defense productlon facxlms. 7 '

Crzterta for Choasing a Ranking Metbod

Each ranking method has different strengths and weaknesses. Eval uanng a method in
accordance with the following criteria can  help identify the one that best meets the objec-
tives of the pro;ect, and the needs and concerns of aﬁ'ccted or. mtercsted groups. These cri-

teria are:
|
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o Accuracy. The relative ranking of the problem-area reflects the actual severity of the
problem in the real world. For example, rankings can be inaccurate because of biases,
uncertainties, and/or poor analysis or research. S ‘ , ,

L]

e Precision. Problem-areas are ranked into as many categories as the data will support.
Some methods can permit participants to make more distinctions than the data can
supporr, resulting in false precision. ‘ ’ ‘

o Explicitness. The dara, criteria, values, and uncertainties that go into the rankings are
identified, along with the role each plays in the ranking process.
* Simplicity. Participants understand the ranking method and can communicate it to -
the public without undue difficulry. e v
All of the methods discussed above have been presented as if they were used individual-
ly to highlight their different characteristics. However, methods are not mutually exclusive:
and rankings are often arrived at by combining approaches. Using each method at different
stages in a ranking process draws upon the strengths of each, while minimizing its weak-
nesses.. Participants should feel free to create their own methods. Creating a unique rank- ”
ing method can generate enthusiasm among participants and allow the group to tailor the
ranking method 1o its own circumstances and needs. In creating a new method or mixing
different methods, participants should keep in mind how the choice of method can influ-
ence the rankings. o
Presentation Aids - . : ‘ . : S ) '
The way information is presented to decision makers can profoundly influence how . .
well it is understood and how it is ultimately used. Spreadsheets and specialized software
programs are invaluable in building, running, and maintaining many large data bases and '
complex models. Using computers to do complex and large numbers of calculations allows
participants to quickly and easily do analyses that would otherwise take many hours. For - .
exémplc,tsensitivity analysis and “what-if” analysis can be especially impoftant in distin-
guishing important factors from peripheral ones. ‘

Matrices can be used with any methiod. A matrix simply presents two or more criteria
on two axes. Its chief benefits are that it focuses participants’ attention on the trade-offs -
berween two variables at a time, is simple to construct, and provides an understandable
visual record. Exhibir 2.1.8. illustrates’a hypothetical ecological matrix. v

If there are serious disagrceménts within the group, problems can be placed in more
than one cell. This records disagreements that may require further discussion. In Exhibir
2.1.8., if only these two variables (i.c., reversibility/recovery time and area of impact) are
used as criteria to rank the four problcmé listed, then habitat alteration would clearly be
ranked highest. Whar about solid waste and air toxics problem areas? Ranking these prob-
lems would require a discussion about the relative imporrance of “reversibility” and “area -
of impact.” Constructing a matrix can help promote discussion by clarifying the differ-
ences between problem areas and the relative importance of different criteria. :
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Indwzdual or Combmed Rankmgs

- Almost all comparative risk projects to date have generated separate rank.mgs for
human health, ecological, and quality-of-life risks. Although ranking risks separately is
‘ladeén with value judgments, combining rankings into a single ranking poses especially dif-
ficult challenges. Technical expertise and information are essential in analyzing whether
one environmental problem causes more éxcess caficer cases per year than another prob-
~lem. Technical information becomes less critical relative to the value judgments that must
be made when combining cancer and non-cancer effects to rank human health risks. The
values of the ranking commirtee’s members are far more 1mportant than technical deter-
minations made on the basis of supportablc data whcn trying to create a combmed human
halth ecologlm.l and qua.hty-of life ranking. | : . .

; Exhibit 2 1.8:
Example of a Two-Criteria Ecologlcal Matrlx

Irreversible ' : ‘ habitat |
. alteration

) Decades| solid waste’

Reversibility/ - ‘
- Recovery time oo : T

‘ . Yeans \ ; .| airtoxics

pcsﬁcidcs -
A

Months

. Local | Regional Statewide
Area of lmpact‘

If a group. dccxds to combme ra.nkmgs, then there are four basic m«‘thods welghted
scoring, negotiated consensus, voting, and rules. Combining rankings with weighted scor-_
ing, negotiated consensus, or voting works exactly as described earlier in this section, .
except thar discussion and debate play an even larger role. The most critical information
to combine rankings resides in participants’ minds, not in any daxa bases or studls,
becaise value Judgments become even more lmportant

Combining rankings with rules involves ambhshmg minimum reqmrcments fora .
problem to be ranked in a certain way. A hypothetical rule might be: Any problem that is
ranked “high” for two of the three individual rmkmgs will be ranked “high” for the com- -
bmed ranking. Another, more complex rule might be: A problcm that is ranked “high” for
any individual ranking will be ranked “high” for the combined ranking, if it is not ranked
“low” far either of the other two individual rankings. Using rules to combine rankings
_usually has two consequences. First, the “high” group of problems ends up being larger
 than the “low” group, because groups often resist constructmg rules tha: move problems ,
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down from their highest individual ranking. Second, the rules seldom dictate where every
problem should fall. The ranking group must then use another method to complete the |
combined ranking. . S ; '

Whether a ranking group should attempt to combine rankings depends on the man-
date of the group. Senior managers may give the group clear authority to combine rank-.
ings. In these cases, the ranking group typically serves as a link to the public and the tech-
nical/scientific communiry. Senior managers may envision the project as providing guid-
ance for some of the most difficult decisions and may want that guidance to be as compre- -
hensive as possible. Another impetus for combining rankings involves how resources are
allocated. Since an agency’s overall funding is typically considered to come out of one -
“ot,” this creates a desire to establish a single set of priorities to guide the allocation of
those resources. The ranking team may be considered a good choice. for the task, since it
has grappled with these issues. However, this view or impression is often incorrect. Due to
compartmentalized legislarive authorities that tie the achievement of specific activity tar-
gets to funding, resources are often unavailable for other purposes. Thus, resources are not .’
as “liquid” as they may seem because of the need for accountability to the o
authorizing/appropriating legal bodies. ‘ ' ‘

In other projects, senior managers may envision the project as providing essential tech-
nical information in a useful form as an aid to setting priorities. In this view of compara-
tive risk, the usefulness of providing technical information becomes less important as
senior managers reserve the most important value judgments for themselves. Since com-
bining rankings does not provide additional technical information to senior managers -
under this approach, and may distract the ranking group from its role as an evaluator of
technical information, the group’s mandate may be more limited. Therefore, it is very
important that project participarits receive clear guidance on how managers plan to use
the project results since this decision will heavily influence how the ranking group views
its proper role. : : '
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caused by exposure to harmful substances and can vary widely, ranging from -

v lethal effects to more subtle biochemical, pathological, or physiological effects.

" Risk can be expressed quantitatively (probabilities ranging from zero to one) or non- -quan-
 titatively (low, medium, or high). To estimate the magnitude of the problem, the estimat-
“ed risks to individuals can be multiplied by the estimared number of people exposed to the
substance. EPA has deﬁned human health risk assessment as: -

Risk is the proBability of the occurrencL of adverse effects. Adverse health effects are

Evaluating the toxic properties of a chemical‘and the conditions of human exposure to i_t
in’ order both to asceruain the likelihood that exposed humans will be adversely affected, and
to characterize the Aature of the effects they may experience (NAS'1983).

The traditional risk assessment process. is comprised of four interrelated phases:

Phase 1: Hazard [dennﬁcatzon——evaluatmg available ev1dcnce on the pr&sence
.'and hazards of substances likely to cause adverse effects.

Phase2: .Da:z—Re.spome A:msmmt—determmmg the degree of the eﬂ'ecrs at dxf— -

ferent doses. ‘ , i
° bt

Phase 3: Exposure A.fmsmmt—csnmanng the magmtude, duratxon, and fre- -
‘ quency of human exposure to pollutants of concern and the number of

" people exposed via different pathways.

Phase 4: - Risk Cbamctenzatwn——combmmg the information obtamed from the
hazard identification, dose-response assessment, and exposure assess-
. ment to estimate the risk associated with each exposure scenario con-
- sidered, and to present. mformauon on uncertainties in the ana.lysxs to
’ nskmanagers ‘ o

APPLYING RISK ASSESSMENT CONCEPTS TO COMPARAT[VF.
RISK ANALYSES o [

Comparative risk analyses mvolve an addltlonal component to risk assessments that
entails comparing risks across problem areas to arrive at a relative ranlung of the human
health risks posed by the various problem areas. Since it is not usually feasible to conduct .
risk assessments for all pollutants and pathways associated with each problem area, com-
parative risk analyses have typically involved the followmg six steps: '

¢ Selecting hazardous substances that are representative of those p«osmg health risks for
each problem area. : : ..

* Identifying typical exposure scenarios fon the selected substances assocxated with &ch
“problem area. v 3 B

!

*. Calculating risks for those exposure scenarios using standard methods and rmddy
-available data on hazards and dose-rsponsc relatxonshxps :

. Extrapolatmg results for selected substances and cxposure sccnanos to the e entire
problem area. | ‘ :

1 ! i
|
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o Comparing information on cancer and non-cancer risks for dxfferent problem areas

to establish human health rankmgs
+ Combining cancer and non-cancer risks. -

However, applying the risk assessment framework to comparative risk projects is not
always a clear step-by-step process. It is more typlcally an iterative process in which the
various phases are interrelated. For example, exposure pathways must be considered in all- -
phases of the camparative risk assessment. In the hazard assessment phase, the potential
hazards of pollutants are related to the likely exposure pathways, and the dose-response
and exposure concentration of a pamcular substance depend on the route of exposure.

In addition, while standard- methods for ; assessing cancer risks exist and can be directly.
applied to'the comparative risk analyses, methods for assessing non-cancer risks and com-.
bining cancer and non-cancer risks are not well established. In adopting methods to indi-
vidual problcm area analyses, it is imporrant to keep in mind the overall objective of the
project, consistency among approaches to different problem areas, the time and resources
available, and the analytic expemse of the staff.

The methods used to analyze problem areas are hkely t0 vary be&use the types of data
available vary. For example, if incidence dara are available, then the response can be directly
identified with no real need for traditional dose-response and exposure assessments.
Similarly, if existing studies can be used to infer risks for a particular problem area, then the
process is greatly simplified. There are basically three types of data that are commonly uséd
in comparative risk projects: incidence data, data from other studies, and data from risk
assessments. Tablc 2.2.1 lists the advantages and dlsadvantages of these three rypes of data.

Table 2.2.1:
Advantages and Disadvantages. of Different Types of Data
Types of Data - Advantages : Dlsadvantages
Provides direct measure of Not available for all problem .
Incidence data adverse health effects. - areas. Cause and effect
: Eliminates need for risk relationship is not always clear.
assessments. : '
Data from other Reduces time, resources, and | Ambient concentrations, types
studies expertise required to generale of pollutants, and exposures
risk estimates. may be very different and
’ , ‘ inapplicable.
Risk assessment Provides a direct measure of Assumpuons and uncertainties
data environmental ambient of models used can be large.
conditions and exposures. More data and resource
. mtenswe

Data on actual incidence of disedse related to a given problem area are generally prefer-
able to estimating risk based on exposure concentrations and assumptions about intake,
potency, and the exposed population. For example, state studies may provnde information
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on the statewnde incidence of lead poxsonmg, or hosplta.l admission data may provxde esti-
mates of the annual number of cases of pesnmde poisoning in agricultural areas. These
types of data can provide direct measures of human health effects, eliminating the need for
extensive dose-response and exposure assessments. They also provide a better indicator of
potential health impacts than exceedances of esumated safe levels.: However, incidence
dara are not likely to be available for many problem areas. A related potential difficulty in
usirig incidence data to characterize risks is that in many cases the dara will nor represent
the geographxc area in question, but instead a portion of the total geographic area or a
broader area. In such cases, extrapolation or interpolation would be necessary to estimate
the incidence for the relevant area. Another problem with using incidence dara is that the
relatlonshlp between cause and effect may not be élear. For example, lead poisoning can be

. caused by many sources of lead in the environment, including soil, drinking water, air, -

and lead paint. If an analyst is interested in knowmg the risk of lead poisoning due to con-
taminated drinking water, then incidence data will not provxde a satis| Factory answer given
the many potential sources. " S ‘ L

For some problem areas, it may be apprbprfate to use existing studies from other stares

or countries to estimate either exposure or incidence. In many past state comparative risk
'studxes states have applxed regional or national studies to estimare the risk to the popula-
tion of their state. Because existing studies are likely to represent conditions in geographic
areas other than those under consideration, actual pollutants and exposure conditions may
be different from those analyzed in the existing studies. This presents dxfﬁcultm in inter-
_ polating and extrapolating from existing studies to the relevant geographic area. The
advantage of using existing studies to estimate risks is the reduction of time, resources, and
- expertise required. Existing studies should be revxewed critically to determine their rele-

l

vance to the analysis at hand. . o

The third and most traditional approach to analyzmg nsks assocxated with particular.
problem areas is to estimate risks based on site- specific analyses of pollutants and expo-
sures and, if necessary, adjust the results to estimate risks-for that entire environmental
problem. Monitoring data thar indicate the amibient concentration of pollutants released -
into the environment typically serve as the basis for estimating human health risks. For
example, past studies have estimated risks associated with a sample of representative haz-
ardous waste facilities (e.g., landfills, incinerators), identified the number of facilities rep- -
resented by each sample facility, and scaled up the estimated risks accordingly to provide a
rough approximation of the total risk posed by hazardous waste facilities.

The advantage of this approach over the use of incidence data or existing studl&s is that
it provides a direct assessment of existing polluxtants and exposure condlitions, rather than a
questionable extrapolation of data derived under potcntxally different exposure condmons.
The dlsadva.ntage of this approach is that typxca.lly it is more data and resource intensive.

STEP 1: IDENTIFY HAZARDS. |

The first phase in human health risk ana.lysu; is identifying the hazard or potential risk.
’ It is an initial screening step that broadly exammes all possible sourcts, pollutants, and

i o
a
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exposure pathways and identifies targer ?ollutants, relevant exposure pathways, and
adverse health effects associated with the pollutants and exposure pathways. Thus, it
frames the scope of analysis for each problem area analysis.- o

Target Pollutants

Most environmental problems involve many hazardous substances. A comprehensive
assessment of the risks from all toxic substances for each problem area would be unwork-
able in the context of comparative risk analysis, because of the size of the analysis and the

_resources required, and because of inadequate dara on potentially hazardous substances.
Therefore, the analysis of each problem area needs to be focused on a limited number of
chemicals that best represent the actual risks. ' | ' o

A generic set of criteria for selecting target pollutants for comparative risk studies has
not been developed. Primary factors to consider in selecting ta.rget;pollﬁtants include the '
inherent roxicity of the substance, its prevalence in the environment, and the likelihood of )
exposure. Information on structure-activity relationships, results of toxiciry and biomoni-
toring tests, clinical studies, and epidemiology studies should all be evaluated as a basis for "
determining whether exposure to a substance can result in adverse health effects. .
Secondary factors include the availability of data needed to assess the risk posed and the

level of regulatory concern for a particular substance.

In past comparative risk studies, the selection of target pollutants has been driven large-\"
ly by the.availability of data and expert judgment (which itself is a function of data avail-
ability and regulatory concern). Due to limited data and resotrces, many past studies have
relied on too few target pollutants to adequarely assess the risks (EPA 1990). Limiting tar--
get substances to less than five for proplem areas with many pollutants introduces analyric
biases that are very difficult to control and may be overlooked in the final ranking of prob-
lem areas. If such biases cannot be avoided by comprehensive hazard identification, then
they need to be dcknowledged and addressed on a case-by-case basis, adjusting the results
to account for the unanalyzed portions of the problem wherever possible. ‘ f

-

Relevant Exposure Pathways

Exposure to environmental pollutants can occur via many pathways.and most problem
areas involve more than one exposure pathway. Comparative risk analyses typically focus
on exposures from ingestion of contaminated drinking water or soil and inhalation of con-
taminated air. However, ingestion of food contaminated by various means (deposition,
plant uptake, bicaccumulation) and skin absorption by contacting contaminated surface
water, shower water, soil, and air are important routes to consider. The exposure assess- ‘
ment can narrow the scope of exposure routes analyzed by focusing on those that clearly
dominate others in the magnitude of potential risks that they pose. ' o '

Adverse Health Effects ‘

Adverse health effects associated with target pélfutants and expos{xre pathways are used.
to measure the severity of the effect. Adverse health effects can be divided into two groups:
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. cancer effects and non-cancer effects. Determining whether a substance poses a carcino-
genic risk to humans is based on evidence from human epidemiological studies and long-
' term animal studies, as well as on other relevant information. EPA has developed a

- weight-of-evidence approach to classify the likelihood of human carcinogenicity. EPAs
Integrated Risk Information System (IRIS) provides information on the weight-of-evi-
dence groups for substances that have béen evaluated by EPA. Based on human and ani-
mal evidence, supporting data, and data quality, substances are classified by EPA into 6ne
of the five groups described in Table 2.2.2 (EPA 1986). o

‘Table 2.2.2: :
EPA Weight-of-Evidence Guidelines

 Group A: | Human carcinogen

Group B: - | Probable human ca'r‘cinogen’ ' .
Grouia B1'| - Indica;es lirnited human evidence L

Group B2 | Indicates sufficient animal e\;idence and

inadequate or no human evidence

Group C: | Possible human éat;cinogéxi

- Group D: | Not classifiable as to human carcinogenicity .

Group E: | Evidence of non-carcinogenicity

" Exposure to'a given subSta;ice may result in a variety of non-carcinogenic toxic effects,.
~ depending on the dose. These may range from lethal effects to more subtle physiological
changes. The toxic effects of a substance can vary with the magnitude, frequency, and.
duration of exposure, and the information needed to characterize the risks associated with
particular exposure conditions. IRIS also conrains information on non-carcinogenic health
. effects for some substances (EPA 1988). The effects from all available studies are consid- -
ered in IRIS, but primary attention is given o the effect exhibiting thé lowest “No ,
Observed Adverse Effect Level” (NOAEL), the “critical effect.” As discussed in the follow-
ing section on dose-response assessment, this is the effect associated with EPA's estimated

maximum safe levels (reference doses) for gon—czircinogens. o ‘
: : ) [ T

STEP2: ASSESS DOSE-RESPONSE RELATIONSHIP : R

The relationship between the @losc of a substance and the likelihood that it will produce
an adverse health effect is essential in assessing the risk associated with exposures to haz-
ardous substances. This relationship represents a substance’s potency. EPA typically makes
two general assumptions about dose-response relationships for particular substances:

!

|
i
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« For carcinogenic effects, it is assumed thar effects can occur at any dose, which are |
initiated by alteration of genetic material.

* For non—m.rcinoéenic effects, it is as;umed thar threshold levels exist below W'h'ich no
adverse health effects will occur. )

Because of this funidamental difference in the assumed dase-tesponse relationships for
carcinogens and non-carcinogens, the two are discussed separately below.

Dose-Response Functions for Carcinogens

Although the mechanisms of carcinogenesis (i.e., the alteration of genetic material) are . -
not well understood for most chemicals, existing scientific evidence suggests that there is
some probability of effect at any dose and that the cumularive probability of effect increas-
es with increasing dose. Because the probability is low ‘at low doses, it cannét be measured
directly by cither animal or epidemiological studies. Therefore, mathematical models have -
been developed to extrapolate from high to low doses. Extrapolation procedures typically
define an upper bound by assuming linearity at low doses; EPA uses the linearized multi- -
stage model. Exhibit 2.2.1 presents a typical linearized multistage dose-response function
along with other dose-response functions. . : :

Determination of Cancer Potency Factors

Based on modeled dose-response functions, EPA has developed “cancer potency fac-
tors” and “unit risks” for many suspected carcinogens. Comparative risk analyses have typ-
ically used these potency estimates to assess the risks associated with exposures to carcino-
gens. Cancer potency factors (CPFs) express potency in terms of the risk per unit dose
(milligram per kilogram of body weight per day, (mg/kg/day)), assuming lifetime expo-
sure, CPFs are sometimes referred 1o as slope factors, as they are the slope of the dose-
response curve. To estimate risk using CPFs, the CPF is multiplied by the estimated dose
(or the concentration times the intake). :

Exhibit 2.2.1:
Dose-Response Curves at Low Doses

A . .
‘ Linearized Multistage Model
(upper confidence limit)

‘Increasing
Response

Increasing Dose ———————9>
(mg/kg/day)
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Dose-response measures are also expressed in terms of risk per unit of concentration.
‘These measures are referred to as unit risks and are multiplied by the eétimated‘exposur.e
concentration to calculate risk. The unit risk for air inhalation is expressed in terms of risk
per microgram of toxin per cubic meter of air; whereas the unit risk for drinking water is

expressed in terms of risk per microgram per liter of water. EPAs unit risk values assume
an‘average body weight of 70 kilograms, an average inhalation rate of 20 cubic meters per .
day, and an average drinking water intake of 2 liters per day. s )

EPAs established CPF and unit risk vaiugs reflect the upper 95 percent confidence limit

of the dose-response function estimated using the linearized multistage dose-response

‘model. They do not account for the uncertainty inherent in the use of experimental ani-

. mal dara to estimate human responses. However, as long as these types of extrapolation
assumptions are consistent for all pollutants and problem areas, the results provide a rea-
sonable reflection of relative differences in risk as required in comparative risk analyses.
Availability of Cancer Potency Factors e LT ‘

EPA has-established CPF and unir risk valies for many chemicals thar are common
~environmental pollutants. However, the list is by no means complete and is largely driven

by the éi'aila‘bﬂity of toxicity data: The established CPF and unit risk values are available -
in IRIS, which is accessible on EPA Electronic Mail or can be purchaséd from the .
National Technical Informatipn Service (EPA 198_8b). In addition, EPA’s Carcinogen Risk

- Assessment Verification Work Group has proposed CPFs for chemicals not yet included in

IRIS. If these sources do not provide CPF:s for chemicals of interest in the comparative
risk analysis, dose-response functions and their implied CPFs could be developed from -
animal toxicity data. In the past, however, this has beén beyond the scope of comparative
risk studies, and substances without established or proposed CPFs have not been evaluated
for carcinogenic risk. If the expertise and resources are available to estimare dose-response °
functions from original animal or epidemiological data, it is important to ensure thar the
assumptions used are consistent with those used for generating other risk estimates.

Dose-Response Functions for Non-carcinogens - T
. For biological effects other than cancer, EPA generally assumes thar a threshold dose -
. -exists below which no effect will occur. Thus, the threshold is the minimum dose neces- -
sary to cause an adverse biological effect. The probability of an adverse effect occurring
 increasés as the dose increases above the threshold level. However, the dose-response rela-
* tionship above the threshold varies for different substances and types of exposures and is
not well characterized for many substances. L - P '
For some non—wcinog;:nic substances, epidenﬁiologiml data are available for certain -
-exposure pathways. Studies of human health effects associated with criteria air pollutants,
for example, have provided estimates of the number of cases of adverse health effects per
unit concentration of ozon or particulate marter (EPA 1988a). Such estimates can also be -
used to estimate the expected incidence of adversle health effects. 7 "
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Determination of the Reference Dose

In the absence of epidemiological dara that characterize the dose-response relationships
for non-carcinogens, an estimate of the threshold dose is typically used. Exhibit 2.2.2 pre-
sents a typical dose-response function for non-carcinogens (the threshold is designated by
T). The threshold dose for a substance is approximated by the NOAEL, which is the high-
est dose at which no effect has been observed in toxicological experiments. A single chemi-.
cal may exhibit more than one adverse effect, and the NOAELs for these effects may dif- -~ -
fer. The NOAEL for the heéalth effect exhibiting the lowest NOAEL is typically used as "
the basis for estimaring a maximum safe level. o : .

v Exhibit 2.2.2: .
Typical Dose-Response Curve for Non-carcinogens

T

Increasing : .
Probability
of Adverse
Health Effects |

RID . T 'NOAEL

Increasing Dose —————p>
(mg/kg/day)

- EPA typically develops a safe level, referred to as a “reference dose” (RED), by dividing
the NOAEL by an uncertainty facter; thus, the RfD will always be lower than the NOAEL.
Uncertainty factors are based on the type and quality of the data from which the NOAEL
was derived, and reflect the degree of confidence in the data as indicators of the human

health effects of a substance. The RfD is defined as “an estimate (with uncertainty spanning .

perhaps an order of magnitude) of daily exposure to the human population (including sen- -
sitive subgroups) that is likely to be without an appreciable risk of deleterious effects during

a lifetime” (EPA 1991). It is expressed in milligrams of substance per kilogram of body ‘
weight per day. In effect, RfDs are-conservative estimates of threshold levels and are typical-
ly used as relative measures of the potency of exposure concentrations. As the magnitude of
exposures exceeding the RfD increases, the probability of adverse effects increases. -

Therefore, the greater the RfD exceedance, the greater the human health risk.

It is important to note that RfDS (unlike CPFs) do not indicate the probability of .
adverse effects above the threshold; that is, one cannot extrapolate on a scientific basis -
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berween RfD exceedances and probability of effect. The dose-response relationship above ‘
a threshold level may be very different for different substances and typss of exposures, but

- typically it is not well characterized or available for noh-carcinogens. As a result, RfDs do
not enable one to estimare risks at exposures greater than the RFD. . .+ ' N

Despite this serious limitation of the RfD approach to charac»t;trizingg the dose-response -

relationship for non-carcinogens, EPA endorses this method in its guidelines for quantify-

. ing non-cancer health effects (EPA 1991). In both Unfinished Business (EPA 1987) and al

~ of the regional comparative risk studies, doses estimared from exposure concentrations were
compared to RfDs (or some'comparéblc standard) to characterize the riz;ks associated with
chemical exposures. The number of people exposed to doses exceeding RfDs was used to
characterize population risks. Although other methods are currently under development, -
none is widely applied due to the preliminary nature and lack of data to support them. -

Availability of Other Maximum Safe Levels |

EPA has established RfDs for many chemicals that are common environmental éolluf

' tants. However, the list is not complete and is largely driven by the availability of toxicity -

data. The established RfDs are available in EPA’ IRIS. In addition, EPA’s Reference Dose
- Work Group has proposed RfDs for chemicals not yet.included in IRIS. If RfDs are not - -
available for chemicals of interest in comparative risk analyses, other regulatory standards
that represent maximum safe levels can be used. In the past, EPA regions have used maxi-
- mum contaminant levels (MCLs), ambient air quality standards, and threshold limit val-
 ues (TLVs). : o i T
It is important to exercise caution in using alternative regulatory levels, since different
standards may represent different degrees of conservatism. Inconsistencies in the bases of
different regulatory levels should be adjusted for when interpreting results across sub-
- stances and problem areas. For example, MCLs are not based solely on health considera-

" tions, but can include consideration of feasibility (cost and available technology). As a
result, they. may be less stringent than the health-based RfDs. Similarly, TLVs, developed |
for occupational exposures, are less protective than other health-based standards for gener-
al population exposures. It may be beyond the scope of the comparative risk analyses to
make chemical-specific adjustments that put all threshold levels on a consistent basis, but

' the uncertainties associated-with the use of maximum safe levels other than RfDs should

be noted and factored into the final analysis. P

|  StEP 3: AssEss EXPOSURE

1

A

Exposure scenarios estimate the magnitude, duration, and frequency of exposure; the -
number-of people exposed; and the intake of the substances to which people are exposed.
‘These estimates can be generated directly from monitoring data of contaminant levels .
” measured in the ambient environment and in biological organisms, or indirectly from
modeling results or reasoned estimates. The steps.involved in exposure assessment are:
* Identify significant exposure'pathways. | .
* Identify sources and the location, timing, and quantity of pollutants released.

1

September 1993 ' N AP ‘ 2.2-1.1



“

A Guidebook to Comparing Risks and Setting Environmental Priorities

¢ Describe the concentrations of pollutants in the environment to estimate exposure.

* Describe potential human conrtact to estimate the number of people exposed to vari- o v
ous concentrations via different pathways. ' '

* Estimate human uptake via relevant exposure routes. : ’ o S -

By evaluating these components of exposure, the analyst can construct reasonable sce-
narios for each problem area that characterize exposures to different populations. Exposuré
components are similar for both carcinogens and non-carcinogens. ‘

Exposure Pathways

Humans are exposed to pollutants through ingestion, inhalation, or skin absorption.
Activity patrerns largely determine the routes of exposure. Standard assumptions that are
used include the consumprion of two liters of water per day and 20 cubic meters of air
inhaled per day for the average'adult. In actuality, studies have shown that there is a great
deal of variability in these rates (EPA 1983, 1985). However, due to the relatively impre-
cise nature of comparative risk analyses and the magnitude of the uncertainties associated -
with other components, the degree of variability assaciated with intake assumptions may
have a relatively minor effect on the overall results. ’ oo '

Most problem areas involve more than one pathway of exposufé. To confine the scope ,
of the analysis, the exposure assessment should identify the exposure pathways considered S
most important. For some problem areas, this may be straightforward. The primary expo- ' , o ) :
sure route for indoor air pollutants, for example, is inhalation. For other problem areas, = ~
such as hazardous waste sites, it may not be possible to limit the analysis to one pathway if B
the potential exists for exposure through drinking water, air, and direct contact. Many of
the regional and state comparative risk studies focused attention on direct inhalation and .
ingestion exposures, and did not recognize less direct exposures. It is important to note
that many comparative risk projects simplified the analysis by addressing less significant
exposure pathways non-quantitatively and factoring them into the ranking process.

A complicating factor in the identification of relevant exposure pathways is that the
toxicity of some substances may vary for different exposure routes. For example, asbestos is
known to be carcinogenic via the inhalation route, but cannot be absorbed through the
skin and has not conclusively been shown to be carcinogenic if ingested (Casaretr and, '
Doull 1980). Therefore, in identifying relevant exposure pathways, it is important to con-
sider the toxicities of target pollutants via the different exposure routes under investiga-
tion. In the absence of relevant data on toxiciy, metabolism, or absorption through differ- "
ent exposure routes, it is often assumed that adverse effects from different exposure routes *
are equivalent, but this assumption should not be made without proper consideration of
available data. ' -

Sources and Releases of Pollzaibn

Information on the concentrations of released pollutants and their quantities is critical
to estimating exposure concentrations, particularly where ambient monitoring data are
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S l,
not avaxlable. In addition, the lomnon and txmmg of releases provrdes information i impor- -
tant to determmmg likely human contact. For example, leachate concentration data at

' hazardous waste landfill boundaries is used to estimate the potential g ound-water conta."

mination in downgradrent drinking water wells. Data sources for release information will
vary significantly for different problem areas. ‘ T

|
l

Fate and Transport of Pollution | ‘ v
Fate (the final destination) and transport (the route the pollutant takes) determine the

pollutant. concentrations that people are likely to be exposed to. These concentrations can

~ be estimared using monitoring data or modeling. Monitoring dara are clearly the preferred

option, since modeling is usually based on numerous assumptions and limired data and

may not provide accurate estimates of the concentrations to which people are exposed.

Sophxstlcated mathematical modeling can also be resource intensive. Although monitoring

dara are preferable, this approach can also inaccurately predxct human ;exposure levels, par- -

ticularly if the estimates are only based on a few measurements. }

"In exther case, it is 1mportant to consider the drlutron/dxspcrsron, mobllxry, persistence,
and degradation of the substances in the environment prior to exposure. If the fate and
transport of pollutants are modeled from release 1o exposure, such factors are particularly
difficult and-uncertainties increase due to the increased time and distance to exposure. -
Even if ambient concentration dara are available, contaminant concentrations can change:
between the monitoring location and the exposure point. For example, drmkmg water
concentrations at a drinking water treatment plant may not reflect concentrations at the
tap, since other contaminants (e.g., lead) can be absorbed into the water in the distribu-
tion system. Such factors merit consideration in estimating exposure concentrations. In
many comparative risk analyses, time and resources will constrain the use of sophisticared
- modeling of fate and transport, and reasoned assumpnons wr]l have to be made. '

R

Human Contact T o

Esnmatmg potential human contact thh envnronmental contammams involves cvalu-
ating activities that could result in contact, estimating the duration and magnitude of con-
tact, and calculating the size and distribution of vulnerable populatlons Using the expo-
sure pathways defined for the analysis, this step identifies the numbers and types of people
exposed and the range of exposures for each pathway. Census and survey data can be used
to estimate the size of the exposed population. ‘ ' ’ '

In presenting mformatxon on the concentratlons to which populatmns are exposed, it
is important that the measures be consistent with the dose—rsponse units used in risk cal-
culations. Defining human exposures in terms of average daily exposures over a- lifetime
will enable the analyst to use dose-response data appropriate to chronic exposures.
Srmxlarly, acute exposure situations can be expressed in terms of average daily exposure
over a short penod

¥

i
|
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. 3 .
For most problem areas, there will be a wide range of exposures, with some specific eth-
nic or socioeconomic groups being exposed to greater contaminant concentrations than
. others. For example, pesticide applicators will be exposed to far greater concentrations ‘of:
pesticides than the general population. Similarly, people using private versus public drink- -
ing-warer supplies may be exposed to different contaminants and concentrations.
Behavioral factors will also affect exposure. Time and location patterns vary widely for dif- '
ferent individuals. For example, some people spend more time indoors than outdoors, and
people in some areas swim more frequently than those in other areas. In theory, for any
chemical, there is a distriburion of exposures that relates the size of the exposed popu\lation
to the exposure concentration. To the extent possible, comparative risk studies should
characterize potential exposures by identifying at least several points in the exposure distri-
bution (e.g., a measure of central tendency and values one standard deviation above and
below the median or mean value). ’ '

Some people may be more sensitive to particular contaminants than others and may
experience health effects at concentrations lower than those causing adverse effects in the
general public. In addition to integrating exposure and concentration distributions, the
exposure assessment should atrempt to evaluate the effects on highly sensitive populations, -
such as pregnant women, infants, or asthmatics. Another factor to consider is risk-mitigat-
ing behaviors. People may be inclined to reduce their exposures if they know they.are at -
risk. If, for example, drinking water concentrations of benzene exceed taste or odor thresh-
olds, some people will stop drinking the water, thus mitigating the potential risks. |
Consideration of these types of exposure variabilities will lead to more accurate risk esti-
mates, but will not always be possible due to resource and data constraints. It is important
to note thar many comparative risk analyses have simplified the pfocss either by not
addressing all of the human contact issues for all problem areas or by only addressing
them non-quantitatively. ' v :

Uncertainties ' - o . , o ,
Estimating the exposure concentration, duration and timing of exposu:e,énd the ' ‘
nature and size of the population affected ‘are critical factors for characterizing human
health risks. In many instances, the information available to assess these factors will be
very limited, and time and resource constraints may not allow for the extensive analysis
required 1o accurately evaluate them. For this reason, many of the factors discussed in this ‘
chapter cannot be thoroughly evaluated in comparative risk projects (Finkel 1990).

However, in almost all situations (particularly where data are limited and sophisticated
analysis is not possible), the analyst will need to make various assumptions about and
approximations of exposure concentrations, numbers of people exposed, and intake levels.
It is important that such assumptions be consistent across problem areas and reflect a simi-
lar degree of conservatism. In most cases, it is possible on the basis of available data to esti-
mate upper and lower bounds for ¢xposure concentrations and numbers of people
exposed. In some cases, statistical distributions can make it possible to do more sophisti-
cared uncertainty analysis using Monte Carlo simulation techniques. At a2 minimum, a
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sernl—quantltatlve or non- quanntauve assessment of the i 1mpact of exposure uncertainties
on risk calculations should be mcorporated into the ranking process.

Snap 4: CHARACI'ERIZE RIsks

In comparative risk analyses, risk cha.ractenzatxon is the essential lmk berween risk -
assessment and risk ranking. This phase involves cornbuung the information obta.med
from the hazard identification, dose-rsponsc, and exposure assessment phases. It involves
presenting information on multiple contaminants and exposure pathways ina way thar
allows. decision makers to'evaluate the relative risks posed by various ploblem areas.
Because the risk characterization of carcmogens and non—wcmogens is different, they are

-discussed sepa:ately below. - ‘

| Cbamcterzzmg Cancer Risks

The most useful presentations of cancer nsk estimates for comparanve risk studies are
excess individual lifetime risks and the excess number of annual cancer ‘cases expected in
the exposed populations. Populanon risk is an estimate of the annual cancer incidence.
While many regional and state comparative risk studies have estimated both individual
risks and population risks, most have relied primarily on the population risk estimates in
the final ranking of problem areas for cancer fisks. Both measures of cancer risk are dis-
‘cussed below. . Co ‘

.. In addition to numerical estimates of cancer risks, risk charactenzanon helps risk man- -

' agcrs judge the significance of risk estimates. In’ pamcular, information on the uncertain-

ties associated with numerical estimates is critical to making informed ranking dec:sxons

A framework for presenting such mformatlon is also dxscussed bclow v

Risk of Cancer to Individuals ~ = |’ ' 3 _
Individual cancer risk is based on informatioh provided by the dose-: rsponse and expo-

sure assessments. It is calculated by multiplying the carcinogenic potenc‘y of the substance

in question by the dose to the exposed mdxvxdmd
Individual Ca.ncer Risk = Pot.ency (CPF) x Dose (Concenmnon x Intake)

_* The above equation assumes that the potency is exprssed in terms of risk per unit dose
(i.e., CPF), where the dose must be calculated based on the exposure concentration and

. the uptake or “delivered dose.” If the potency is expressed in terms of risk per unit concen-
tration (i.e., unit risk), then individiial cancer risk is calculated by multiplying the potency
by the exposure concentration. In this case, the potcncy estimate emboches assumptions

' specxﬁc to the route of exposure. ' \ : ‘

Individual Ca.ncer Ruk = Potency ((Umt Rnk) x Concenu-auom

To illustrate the application of these equations, assume that an individual is exposed 1)
* 0.04 micrograms of beryllium per cubic meter of air inhaled. Using the CPF for beryllium
- of 8.4 per milligram per kilogram per day, and assuming an average intake of 20 cubic .
meters of air per day for the average 70-kilogram adult, the calculation would ber
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8.4 (mg/kg/day)- 1xo4ug/m3xzom3/dzy+'1mg/1000ug 9.6 x 10-4

If the EPA unir factor for beryllium — 2.4 x 10-3 per mxcrogram per cubic meter of air
— is used, then the calculation is simplified to:

2.4x10-3 (ug/m3)-1x 0.4 uglm3 =9.6x 104 ‘
Individual risks can be calculated for individuals in various population groups. At a min-
imum, the comparative risk analysis should estimate individual risks to the avcragc—c:éposed
individual and the maximum-exposed individual. The average-exposed individual risk will

reflect exposures to the majority of the exposed population. The maxxmum-exposed indi-
vidual risk will reflect exposures to individuals exposed at hxgher concentrations.

If the same individuals are likely to be exposed to different carcinogenic substances or.
via different pathways, then the cancer risks associated with the concurrent exposures can
be added to provide total individual risks for a given problem area. The assumption of
addirivity is a simplification that does not reflect synergistic or antagonistic effects that can
occur between different substances. If concurrent exposures to co-carcinagens, promoters,
or initiators are suspected, then they can be consxdered on a case-by-case basis.

Risk of Cancer to Populations

Population cancer risk, sometimes referred to as cancer 1nc1dence, is also determined by
the dose-response and exposure assessments. [t can be calculated by mulnplymg the indi-
vidual cancer risk by the number of people exposed:

Cancer Incidence = Individual Cancer Risk x Exposed Population

This calculation can be made for specific populations and then summed to provide can-
cer incidence estimates for the total population. Air pollutants, for example, may pose
greater risks to urban populations than rural popularions. In this case, cancer incidence can
be calculated for the urban and rural populations based on separate estimated exposure
concentrations and populations, and then added to provide the total number of expected
cancer cases for all exposed populations. As with individual risks, the analyst can assume
_ additivity to combine population risk estimates for different substances and pathways.

Uncertainty

Presentation of numerical risk estimates w1thout information on the assumpnons and
uncertainties underlying them can be misleading to risk managers. Therefore, it is important
that such information be explicitly stated and considered in the risk characterization phase
of the analysis. Explicit discussion of uncerrainties and interpretation of the numerical esti-
mates will provide the risk manager with insights into the accuracy and limitations of risk
estimates. Major assumptions, omissions, scientific judgments, and estimates of uncertainty’
should atways be included whenever characterizing risks. In addition, the appropriate
wcxght-of—cvxdcncc designation should accompany the numerical risk estimate for any car-
cinogenic agent, indicating the degree of certainty ofa substance’s carcinogenicity.

For key factors, such as exposure concentrations and number of people cxposed uncer-
tainty can be estimated quantitatively by using ranges of estimates in addition to a best
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estimate. Providing a range of risk estimates to dec1sxon makers eniables them to determme'
whether the magnitude of the uncertamry watrants changing the problem-ar& ra.nkmgs

Presenting Cancer Risk Information to Decmon Makers.

Decision makers consider several different types of information whcn establlshmg i
cancer risk ranking of problem areas. This information can be sumrnanzed and presented
4] decxswn makers in different ways. : : : ..

One basic presentatxon tool is a summary table (see Table 2.2.3) that combines relevant
" information on cancer risks and the analyses performed to derive them. Table 2.2.3 pro-
vides estimates of the average and maximum individual risks, total population risk or inci-
dence, and risks to groups of highly sensitive individuals for each pathway, pollutant, and
'problem area. The comments column allows the analyst to communicate the limitations
of the analysis, the major uncertainties associated with the estimates, and any biases these -
uncertainties may introdice. The analyst may also wish to present an aggregated version
of this table by consolidatmg information on different pathways.and pollutants within -

each problem area. This could be done by presenting ranges for the individual-risk metrics . |

that include different pathways and pollutants and by addmg the incidence estimates for . .

different pathways and pollutants within each problem area. If the individual risks associ- -

“ated with different pathways and pollutants are experxenced by the same people, they can
be added to indicate the aggregated individual risks. Such a summary ta ble should be used
only to aid the ranking process and should not stand alone

l : - .
i v 1

. T Table 2.2.3: :
Sample Summary Table of Cancer Risks for Three Problem Areas

: . © Weight- Average | Maxi . Total Sensitive
’ . | of-Evidencd ‘Individual | Individual Populatiod Subpopu-
Problem Areas _Pollutant Category Risk Risk Risk | lation Ri Comments
: Cadmium B1 3x106 | 3x10s | o009 | 006 f;g““ zm?:;m ot |
Air toxics Hium B2 9% 104 2x103 2.00 (400 mmrllk bnnzm minimum .
‘ utadiene B2 3x104 | 5x104 - 4.00 . 1.00 ded souz: MIR based
A 3: 105 6: 10-: _0.42 0212 o0 maxi M“"I | concentration
Chloroform B2 7x 105 -~ | o2 e | Based oo monitoring data froay three
Surface water g; 105, — o_§4 e drinking-waler sources. May not be
(drinki sater) Bromadxchloro- N/A Txl ] X . . ,w. . uﬁveo{lqu.v >
Surface water PCB 5x 106 - 0.06 -— Overestimato—assumes eutire state
consumpti ordane B2 _§_x_Lo_-§0 - 0.00 - - d by consuming
(fsh on)} Chl - x 10 0.06 ZOpwndaofﬁlhpcyur
A, [ o
i
y .
I
X .
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A second useful visual aid is a char thar combines information in'a two-dimensional |
space on the relationship berween two or more factors, such as individual and population ~
risk. For instance, Exhibit 2.2.3 provides an example of a chart where each problem area is
represented as a coordinate where lifetime individual risk is shown on the horizontal axis
and annual cancer incidence is shown on the vertical axis. The coordinates indicate the rela-
tive risks posed by the different problem areas. It is important to note thar the chart is sim-
ply a visual aid for presenting dara to the ranking group and that the ranking itself should -
include other factors, such as sensitive subpopulations and uncertainties in the analysis.

Exhibit 2.2.3: -
‘Sample Summary Chart of Cancer Effects

1103 T . '
7 .All' thncs
Average 1x104T . .
Individual : ' . ' :
Risk . gDrinking water S

1x1051 . ‘ ,
' ' oFish consumption
1x 10-6 T

s —t—t——+—
0.01 0.1 1.0 10.0 1000

Total Population Risk

A variation of Exhibit 2.2.3 could illustrate the uncerrainties associated with cancer risk .
estimates by incorporating ranges for individual and population risks. This can be done by
drawing “bubbles” or “bands” around the point estimates. Visually presenting uncertainty.
in cancer risk estimates conveys the fact that reliance on best estimates is not sufficient to
arrive at a ranking, or even a simple grouping of problem areas, since many problem areas -
will have risk estimates that overlap other problem areas. - - ‘

Characterizing Non-cancer Risks '

Past comparative risk analyses have characterized non-cancer risks according to three
factors: ' '

¢ Severity of the health effects

e Rario of the dose to the 'RiD. (dose/RfD) -

+ Number of people potentially exposed o

Information on these three factors is generated in the corresponding first three phaseé

of the risk assessment process. The risk-characterization phase involves summarizing and
integrating this informarion into the incidence of adverse health effects for each problem
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area. This mtegrated picture provxds the basis for rankmg problem areas. The rtsult isa
complete picture of the estimated risks to acposed populatlons and specific subpopula-
tions, in addition to explicit consideration of the uncertainties and critical assumptions in
‘those estimates. Following is a discussion of methods for summarizing information on the
severity of health eﬁ'ects, the ratio of the dose to the RfD, evaluating exposed populanons,

~ and choosing approaches to integrating the inf; armatxon across pollutants and pathways
within and across problem areas. e o

. Severity of Health Effects : :

The hazard assessment phase identifies the pollutams of concern for &ch problem area
and the likely human health effects associated with exposure to those substances. In some
cases, one substance' may cause more than one health effect, or the severity of the health
effect may vary with the dose of the substarice. For example, cadmium can cause kidney
dysfunction at low doses, kidney degeneration at higher doses, and birth defects at even
higher doses. Rather than consider multiple effects for each pollutant, the analysxs can

focus on the effects that drive regulatory concern. In the case of non-carcinogens, this is
the adverse effect that.occurs at the lowest dose and is the critical endpoint on which the
RfDs are based. The severity of this eﬁ'ect should correspond to, the levcl of the estimated

exposure congentrations.- |

Characterizing the severity of health effects 1<L invariably controversidl. Vanous seventy
scales have been developed, and most are highly subjective. The factors to-consider in -

" developing severity scales, or evaluating existing ones for use in comparative risk analyses,
include functional effects, welfare effects, and the nature of the illness in terms of viability,
reversibility, and manageability. Different scales emphasxze dlﬂ"erent factors, and thete is
no universally accepted approach. - ‘

The approach developed for Unfinished mem (EPA 1987) classifies health effects
according to their threat to the viability of organisms. A seven-point severity scale was
developed asa guide to scoring the severity of health effects. The health effects and their

+. position in this scale are presented in Table 2.2.4. The ultimate seventy scores, however,
‘took into consideration non-quantitative judgments about the extent to which health

. effects were permanent, reversible, and managwblc ‘The seventy scale was reduced to four
" groups for the final scoring. l :

One rcglona.l EPA project collapsed thls scale even more by assigning a.ll hnlth eEecm
to either high- or low-severity groups. The high group consisted of life-threatening effects,
such as severe mental retardation and heart attack. The low group consisted of all other

~ effects. The problem with this approach is that the range of health effects represented by
-~ -\ low severity is'very broad; thus, differences in effects, such as nasal irritation and emphyse-
‘ ma, were not dxstlngulshed in the final ranking. Severity scales used in comparative risk
‘analyses should ideally distinguish effects more finely than this. Others have suggested
designating non-cancer health effects using thres categories of severity: catastrophic, seri-
ous, and adverse. Table 2.2.5 provides an example of how this approach might classify dif-
B ferent health eﬁ'ects into these three categonts for rankmg purposes. Thle placcment of
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health effects in Table 2.2.5 is only for illustrarive purposes and does not imply a recorn-
mended categorization, and the assignment of health effects into categories is likely to
spark considerable debare. ' : B ‘
Table 2.2.4
Ranking of Non-cancer Health Effects
) _ " Score v Score
Specific Effects : ' (1-7)  -Specific Effects (1-7)
CARDIOVASCULAR L - LIVER EFFECTS
Increased heart arracks 7 Hepadtis A 5
Aggravaton of angina 5-6 . Jaundice L4
Increased blood pressure 4 Increased weight 3
DEVELOPMENTAL ’ ] Increased enzymes 2
Ferotoxicity 6 Necrosis 6
Abnormal ossification 7 MUTAGENICITY
Low birch weight .« 4 .. Hereditry disorders 7
Teratogenicity » 7 Cytogenetic ' : 4 -
HEMATOPOIETIC ' . NEUROTOXIC/ BEHAVIORAL 3
Methemoglobinemia -5 Sensory irritation 2
Decreased heme producdon T4 Convulsions 6
Bone marrow hypoplasia 5 . Retardation 7
Impaired heme synthesis ¢ 4 'Reduced corneal sensitivity 2
IMMUNOLOGICAL Retinal disorders 4
Herpes 1 Visual aging 2
Allergic reactions 3 AChe inhibition -5 /
Increased infections 4 Learning disabilides 6
KIDNEY EFFECTS o . Neuropathy 6. ’
Tubular degeneration 5 " Decreased sensory perception 3 ‘
Dysfuncton 3 Irritability 3
Hyperplasia 3 Tremors 4
Hypertrophy 3
Atroﬁhy 4
Necrosis : 6 .
RESPIRATORY ' REPRODUCTIVE
Emphysema 6 Post-implantation losses 4
Nasal irritation o2 Testicular degeneration - 4
Pulmonary irritadon 3 Spermatocyte damage 4
Nasal ulceraton 3 Decreased testicular weight 3
Mucosal awophy 3 Uterine hypoplasia 3
Bronchits v 4 Aspermia 6
Pulmonary impairment 4 Increased resorpdons 4
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v Table 224
Rankmg of Non-cancer Health Effects .
(Contmued) S e
: - Score | : o :Score
Specific Effects .~ . (1-7) | Specific Effects S B 4
. Lung injury 4. Giant cell formation ‘ 2
Pneumonia 5 ' Increased spontanéous abortions -5
" Pulmonary edema’ . 6  OTHER 3 - '
Pontiac fever 5 ° | Unspecified organ effects -
_Congestion 3 | Unspecified acute effects —_— -
Hemorrhage - 4 . Mortality 7
- Alveolar collapse 5 " Eye irritarion 2 -
Fibrosis 5 ' Dental erosion 3
Nasal cellular irritation -2 | Cataracts ) .- 5
Lung structure changes 5 . Leishmaniasis - - -3
Aggravation of asthma 4 . Adrenal s T e
Increased respiratory dxsca.sc 4 ~Gastrointestinal disease 4
Bronchoconstriction 4 " Bone damage, dental mottling 2
Decreased mid-expir. flow rates 3 Smp:ommc effects (headache) 3
Increased respiratory infections 4 Lc'gionnair;:s’ disease - 5

.Table 2. 2.5 :
Possnble Health Effects Classification System

Catastrophnc I A Senous‘ 1 Adverse |
Death .~ | Organdysfunction = | Lossinbody weight
Shortened life spaﬁ Nervous systemi - | Hyperplasia

R dysfunction - | o B o
Severe disability I Hypertrophy/atrophy

. : Devclopmemal‘ : S ‘
Mental retardation | dysfunction ~ ¢ - . | Enzyme changes
‘Hereditary disordéf Behavioral dysfﬁnction . Reversible organ

g ‘ » .dysfunction

Ratto of Dose to RED - [

Risks pesed by non-carcinogens are typlcally characterized usmg the ratio of the dose of
the polluta.nt to the RfD. This tatio is sometimes referred to as the Indnv:dual Exposure -
Ratxo (IER) : ?

. L
1 . '

IER = Dost/RED

] T
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The IER represents the degree to which the dose of a hazardous substance exceeds the
estimated safe level, and it roughly correlates with the probability of adversé effects ar
doses above the RfD. The greater the dose is relative to the RfD, the higher the ratio, and -
the higher the probability of adverse health effects. To calculate the IER, both the dose
and the RfD must be in the same units since the ratio is dimensionless. This is typically :
accomplished by converting the exposure concentration (expressed in milligrams per liter
of drinking water, gram of soil or food, or cubic meters of air) into a dose (expressed in-

milligrams per kilogram of body weight per day) using standard intake and body weight ~ - '

assumptions as illustrated in the following equation:

Dose = Concentration x Intalke + Body Weigh

For example, a methylene chloride concentration of five milligrams per liter in drinking
water can be converted to an average daily dose, assuming an average drinking water intake of
two liters per day and an average body weight of 70 kilograms, using the following equation:

5 mg/l x2 L/day x 1/70 kg = 0.14 mg/kg/day .

The reference dose for methylene chloride is 0.06 mg/kg/day; /th'ervefore, the estimated
‘dose exceeds the reference dose by greater than a factor of two: :

0.14 mg/kg/d + 0.06 mg/kg/d = 2.38

There are important conceptual problems with using the [ER to indicate the likelihood
that an effect will occur above a ratio.of one. First, using IERs to compare the risks associat-
ed with different chemicals implicitly assumes that the dose-response function for all sub-

 stances is the same. That is, an IER of 2.38 for methylene chloride is equivalent to the same
IER for all other substances. This clearly is not the case, as some substances may have a high
probability of effect ar this level while for others the effect may be negligible. This is due to \
the different responses of various chemicals, and different safery factors that are incorporated
into the RfD. A second problem with the IER is that the assumed dose-response function is-
linear and indefinite whereas a true dose-response function would more likely be asymptotic, -
and the probability of the effect happening approaches one as the dose increases. As a result,
using the IER as a relative measure of potency may lead one to make inappropriate distinc-
tions berween the potencies of different substances at high exposure levels. EPA recognizes
these shortcomings and is currently developing alternative methods. However, toxicity data
on non-carcinogens do not currently support biologically based human dose-response mod- .
els at doses above some threshold such as the RfD (EPA 1991). '

Evaluating Exposed Populations
Most comparative risk studies are unable to fully characterize the exposure distributions
due to a lack of data or limited resources available to model the distributions. However,
studies should attempr to describe at least several points on the distribution and, in pmicé
ular, identify the population subject to potentially high exposure concentrations. In theo-
1y, for any chemical there is a distribution that relates the size of the exposed population to -
the exposure concentration. In general, there are large numbers of people exposed to low
concentrations and smaller numbers of people exposed to higher concentrations. For
example, urban populations may experience greater risk to certain air pollutants than rural
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populatlons In this case, exposure concentrations and the number of people exposed
should be specified for each subpopulation.

- In addition, sensitive subpopulanons (e.g.s lnfants, pregnant women, and the elderly)
should be identified, particularly in cases where the sensitive subgroup may comprise the
only people in the exposed population who are at risk of suffering the adverse health
effect. For example, children may be the only people at risk of lead poisoning from soil
ingestion, or asthmatics may be the only people at risk from exposure to'low concentra-
tions of ground-level ozone (i.e., smog). To fully characterize the risks assocxated with- each
problem area, these sensitive subpopulations should be specified. '

Knowmg the number of people exposed to a particularcontaminant is critical to char—
acterizing population risks and is often difficult to estimate, Census data can be used o
identify and describe exposed populations where more accurate state or local dara are not
available. Whatever information is used is likely to be somewhat uncertain. Theréfore, to

) characterize the uncertainty, it is best 0 characterlze exposed populanons usmg ranges of
population estimates. ; : ‘ : -

Presenting Non-cancer Risk Information to Decnsnon Makers :
As suggested by the preceding discussion, decision makers must corisider many differ-
ent pieces of information when establishing the non-cancer risk ranking. Ways of summa- -
. rizing and presenting this information to decision makers to ensure that all relevant factors
 are taken into account are presented below. The ideas given here ate merely suggestlons,
analysts should develop tables, charts, and other materials that best communicate the non-
‘cancer risk information to decision makers.

One basic presentatxon tool is a summary tablc that gathers together relevant mforma—
tion on non-cancer risks. Table 2.2.6 provides hypothetical estimates of the dose/RfD .
. ratio, the number of people at risk, and the severity rating of the health effect for each pol--
lutant, pathway, and problem area. The comments column allows the analyst to commu-
nicate the limitations of the analysis, the major uncertainties associated with the estimates,
o and the biases thése uncertainties may introduce. The analyst may also wish to present an -
“ aggregated version of this table by consolidating information on different pollutants with-
in each problem area, This could be done by presenting ranges for the dose/RfD ratio,

'popularion at risk, and severity. Alternatively, the estimates for each of the factors could be .

added or averaged as indicators that represent the entire problem area. A third approach
would be to select the pollutant thought to pose the greatest risk or only those pollutants .
with IER ratios of greater than one. In any case, an aggregate summary table should be
used only to aid the ranking process and should not stand alone. ' ‘

Another useful visual aid is a chart that combms information on several factors in a
two-dimensional spacc Exhibit 2.2.4 below on non-cancer health effects is analogous to
Exhibiv2.2.4 on cancer health eﬁ'ects Exhibit 2.2.4 shows three problem areas as coordi- -
nates on a chart, where the severity ratings are shown on the horizontal axis and the esti-
mated IER is shown on the vertical axis. The shape and shading of the pomts represent

" the estimated numbcr of people at risk for mch problem area. '
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Table 2.2.6: -
Sample Summary Table of Non-cancer Risks for Three Problem Areas

Total ' .
Population . Severity
Problem Areas Pollutant Dose/Response|  at Risk (rating) - o .- Comments -
Cadmium 0.00-0.02 800,000 | Pneumonitis (4) ’ Ex po sure concentrations based on 1 9‘8 8
toxics i . P monitoring data from two urban arcas.
Air Beryllivm 0.02-0.03 800,000 | Pneumonitis (4) | Dosc/ReD range based on um and
Toluene 1.14-221 |~ 800,000 | Neuropathy (3) maximum ‘°°°'f’°d concentrations.
Surface water Chioroform 2.51-342 250,000 1cnyli§/ zgxg)aﬁon Based on monit da!aMfrom ¢ bc
: . dnnkmg-wmer sources. May not
(drirkang water) l.li‘mmm:iexchlom- 0.01-0.29 250,000 | Renalcytomegaly (3) mpmemanv e of state; ,
Surface water | DDT . 0.00 - 0.04 800,000 | Liverlesions (3) OVmsL_una!:—a.ssumes entire state
{fish consumption . L : population exposed by consuming 20-
Chlordane 0.00 800,000 | Liver hypotrophy (3)| pounds of fish per year.
Note: Unoceriaintes assocaed with esumates of dose/RID mdpapuhncncmbexﬂm:mdequﬂy well in & table or chart. By incorporating uncertainty “bands” or “bubbles,” eithera | - .
ulhh«n&unmcouwym:ha&unhwenpomammmunncmﬂicmzm;mvenumkmxlin::mnypmbkmueuwdlh-vemnnmthnovuhpwhom;mbm ’ S v
aroas boundanes. .

Exhibit 2.2.4:
Sample Summary Chart of Non-cancer Effects
1004 Drinking water. - -~ Population Groups
. ‘ . B > 1,000,000
1.0+ Air toxics S
Estimated @ 500,000 - 1,000,000
R ot | ' O 100,000 - 500,000 -
0.01 Fish consumption O 10,000 - 100,000
' - [ <10,000
. — — -
1 2 3 4 S5 67
Severity Rating v

STEP 5: RANK CANCER AND NON-CANCER RISKS

Once the results of the risk assessment have been characterized for each of the problem
areas, then decision makers will need to rank them based on the estimated human health
risks that they pose. However, a simple ranking based on quantirative risk estimates is not v
. possible for several reasons. First, mdny different metrics are used to describe human
health risks and cannot be directly compared. Cancer and non-cancer risk metrics are par-
ucularly difficult to combine. Second, quantitative risk estimates are subject to consider-
able uncertainty, resulting in wide ranges of estimated risks. The overlap in these ranges
often precludes a simple ranking, Finally, there are many uncertainties in risk estimates
that cannot be quantified, but which warrant consideration in the ranking process
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Due to the difficulties in combmmg cancer and non-cancer effects in a smgle ra.nlcmg.
approaches for separate rankings are presented below. Suggestions for addressmg non-
quantitative factors, such as severity of effects and uncerrainties in the ranking process, are
also presented. This is typically done by systemanmlly applying informed judgments to
the ranking process. A technical advisor who is familiar with the uncertainties and non-
quantitative factors of the analysis should take'part in the process to ensure that such
issues dre commumcated correctly mterpreted and mcorporated in the rankings.

| Cancer Risk Ranking

Ranking problem areas involves consxdermg, quantu:anve and non-quanntatlve factors,
and determining their relative importance. As a result, the ranking process involves a great

deal of judgment.

Quantitative Factors : : ,

e Cancer Incidence—In most regional and state comparative risk pm)ects, the estimar-
ed number of annual excess cancer cases is the dnvmg factor in the initial ranking of -

problem areas. : ;. v N ) :

s Individual Rx:k—DxH'erences in estxmatecl individual liferime risks are also impor-
tant. In past projects, they have typically been considered aﬁer an initial rankmg
- based on population risks. . ‘ l o

o Sensitive Subpopulatzom——-—Enwronmental problems that pose tclanvely large nsks 0
highly vulnerable or exposed populations deserve pamcular attention in the ranking . "/
process to ensure that decisions based on average risks do not undersumaxe
inequirtable risks to these groups. :

1

Non-quantitative Factors ’ ‘
s. Severity of Health Effece—Most comparauve risk analyses have not dlstmgmshed ‘
berween the severity of the different types of cancers. However, in situations where .
the cancers are not fatal, dxstmctxons coul«d be made and factored into the rankmg v
~ process.

*  Omissions in the Analym—lt may not bc posslble to analyze all aspects of every. prob-
lem area, and it is likely that some problems will be more comprehensively analyzed
than others. Therefore, it is important to ndenufy omissions in the analysis and assess
how completely the results characterize the risks. If a particular problem area is

thought to have substannal omissions, then r.lus should be highlighted in the rank

ing process.

* Quality of the Data and Am{yszs—Many f'anors can affect the quallty of the dataand
the analysis and warrant consideration in the final ranking. The quality of toxicity
and exposure data varies tremendously. For instance, the quality of medical or regu-
latory case-study data, ambient- or biological-monitoring data, ammal-testmg dara,
and epxdemlologlml data aze quite dxstmcx from one another. ;

1 . I~

"
t
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o Uncertainty—Onmissions in the analysis and dara-quality issues are components of
uncertainty. In addirion to these uncertainties, quantitative estimates of uncertainty '
related to estimated exposure concentrations and populations at risk should be fac-
tored into the ranking process. If such estimates cannot be made, then the expected -
dirgction of the potential bias should at least be commupiéated to decision makers.

. Combining Quantitative and Non-quantitative Factors
There is a spectrum of possible approaches to combiné the quantitative and non-quan-
titative factors of cancer risks, ranging from purely judgmental to rigorously quantitative,
in order to arrive at an integrated risk ranking. The following discussion presents three
options—one at cither end of the spectrum and an intermediate approach that imposes
some quantitative structure on the ranking process. :

At the judgmental end of the spectrum, one option is to examine the available informa-
tion—both quantitative risk estimates and non-quantitative factors—to arrive at a ranking
through a consensus-building process among work-group members. While simplistic in
concept, the effectiveness of this approach should not be underestimated. Developing the
cancer risk ranking requires simultaneous consideration of many pieces of information,
and this type of process may provide the flexibility needed. . ;

The purely judgmental approach may not, however, provide the structure necessary to
effectively and objectively rank the problem areas. The work group may prefer an interme-
diate approach that introduces mote organizatiori and objectivity to the ranking process.
One way ‘to achieve this structure is to first group the problem areas based on ranges of
cancer incidence, such as those described in Table 2.2.7. " ’

Table 2.2.7: . : Altefnative grbupin’gs‘mﬂ be made -

Cancer-Risk Ranking Groupings based on a combination of population
- and individual risks or on “natural”

Expected Annual : lagn . .
Grou : breaks in the dara. The groupings can
P Cancer Deaths then be adjusted based fn copnsiierations
1 > 1,000 of other factors, such as the size of sensi-
' tive subpopulations, uncertainties in the
2 100 - 1,000 analyses, and individual cancer risks (if
‘ ‘not incorporated as a factor in the initial
3 10-100 grouping). For example, if abandoned
4 <10 hazardous waste sites fall into Group 4 of
' the scheme presented in Table 2.2.7

- , " because the expected number of annual -
cancer deaths is less than 10, the work group may choose to elevate the problem area
because the estimated individual cancer risk is high relative to other problem areas and
because uncerrainties in the exposure assessment indicate that more people are likely to be -
exposed in the future. ’ : : ' :

While this type of groﬁpiqg proc‘s‘s may‘ serve as an intermediate step to establishing an
ordinal ranking, the work group may choose to forego a ranking and characterize the rela-
tive cancer risks posed by problem areas simply in terms of the groups. The problem areas
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. |
that will be most problemanc will be those with quanntanvc risk estimates that extend

into more than one group. In particular, the work group will need to discuss those areas -
that straddle group bou.ndanes :

‘More quantitative approacha to establlshmg cancer risk rankmgs are also possible.
Such approaches are characterized by a more rigorous integration of quantitative and.non- |
" quantitative risk information. One approach would be to translate the different risk met-

- rics'and non-quantitative information into a consistent numerical form using a scoring
 system that has built-in weights representing the importance of different factors in ranking
problem areas. The scores for the different factors could then bé added to obrain problem

 area scores that could be the basis for a rank ordering of | problem areas. Computer pro-
 grams, such as the Analytic Hierarchy Process, are available to aid this type of ranking
rprocss These types of ra.nkmg :ools are discussed in Sectxon 2.1
: -
Non-cancer Risk Rankmg | '
Estabhshmg a rankmg of problem areds accord.mg to non-cancer risks also mvolves con-
sidering’ quantitative and non-quantitative factors and determining their relative i impor-
_ ‘tance. Ranking non-cancer risks is somewhat more complicated than ranking caricer risks
~ because of the diversity of non-cancer health effects and the difficulty in estimating the
potentxal number of cases. As a result, the ranking process involves a great deal of judg-
ment in combining information on diffefent fictors. In past compa.ratlve risk studies,
severity of health effects, dose/RfD ratio, and number of people exposed have been the
primary factors on which the initial non-cancer rankmg was based. - |
' Quantitative Factors o I
* Magnitude of RfD Exceedance—-The magmtudc of the RfD exceedance is typlcally
" used to characterize the risks associated with non—carcmogens and is expressed as the
- ratio of the dose to the RfD (IER). This is an important factor in ranking problem
areas for non-carcinogenic risks because the greater the dose/ RfD the greater thc
probablhty of experiencing an adverse health effect.

* Number of People Exposed—The number of people exposed to non—carcmogens at :
. concentrations exceeding the RfDs represents the population at risk of developing the
associated health effect. Because this factor is typically used to indicate the potential’

_population risk, it is critical in establishing rankings of non-mrcmogcmc risks.

o - Sensitive Subpopulastions—Problem areas posing risks to highly susceptible populations
desetve particular attention in the ranking process to ensure that decisions based on

general population exposurs do not overshadow nsks to specific gro ups as well ,

Non-quantitative Factors - |

o Severity of Health Eﬁécts—-—'l'he severity of h&kh effects is paruqu arly important in
ranking problem areas according to their non-cancer risks, since non-cancer health
effects vary widely in type and severity wuh some producmg lethal effects and others
more subtle physwlogxcal effecrs . ‘ o

t
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o Opmissions in the Analysis—It may not be passible to analyze all aspects of every prob-
lem area, and it is likely that some will be more comprehensively analyzed than oth-
ers. As a result, it is important to identify omissions in the analysis and assess the
extent to which the results characterize the whole problem area. S

o Quality of the Data and Analysis—Many factors can affect the quality of the data and -
the analysis, and warrant consideration in the final ranking. The quality of toxicity
and exposure data varies tremendously. For instance, the quality of medical or regu-
latory case-study data, ambient- or biological-monitoring dara, animal-testing data,
and epidemiological dara are quite distinct from ome another.

o Uncertainty—Omissions in the analysis and data quality issues are cdmponents of
uncertainty. In addition to these uncerrainties, quantitative estimates of uncertainty -
related to estimared exposure concentrations and populations at risk should be fac-
tored into the ranking process. If such estimates cannot be made, then the expected - -
direction of the potential bias should at least be communicated to decision makers.

Combining Quantitative and Non-quantitative Factors -

The general options for developing a final non-cancer risk ranking are similar to those .
discussed for cancer risk ranking in that they can be seen as existing along a spectrum that
ranges from purely judgmental to rigorously quantitative. The following discussion presents
the three options identified for cancer and their application to non-cancer risk ranking.

The option at the judgmental end of the spectrum is to examine the available informa-
tion—quantitative estimates of potency and populations exposed, and non-quantitative
factors—and arrive at a ranking through a consensus-building process among work-group
members. This approach may provide the level of flexibility thar is needed. However, it
may not provide the structure necessary to effectively and objectively rank problem areas.
The work group may prefer an intermediate approach that introduces more organization
and objectivity to the ranking process. - ' o
" One way to achieve this structure is to first group the problem areas based on ranges of
the number of people exposed to non-carcinogens at concentrations above their reference
doses. Alternatively, groupings can be made based on natural breaks in the data or on a
combination of population at risk, dose/RfD ratio, and severity of health effect. Separate
groupings could be made for each of these factors and then combined into one overall

grouping. The groupings could then be adjusted based on: consideration of other non-
quantitative factors, such as uncertainty or the quality of the underlying data. The prob-
lem areas that will be most difficult to place in one grouping or another will be those that
overlap into the range of an adjacent grouping. Given the uncertainties surrounding esti-
mates of risk for various problem™areas, overlap among them is quite likely. However,
despite this overlap, there should be large enough distinctions among groupings that those ‘
ranking them will be comfortable with the ranking results.

More quantitative approaches to establishing non-cancer risk rankings are also possible.
A ) . - . . .

Such approaches are characterized by a more rigorous integration of quantitative and non--
quantitative risk informarion, and have been used for past comparative risk studies. One
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approach was used in Unfinished Business (EPA 1987) and has been used in many of the
regional comparative risk studies. This approach involves the use of a scoring system (see
Table 2.2.8) that translates information on population exposed, dose/RfD ratio, and sever-
ity of health effect intq a consistent numerical form. This system uses a four-point scale
for all three factors, in essence giving them equal weight in the overall score. Other. ‘
approaches might weigh factors differently, depending on the work group’s judgment of
the relative importance of the different factors. o Lo "

[

- ‘Table2.28: .
Non-cancer Risk Ranking Groupings
| Dose/RfD | Individual Exposure
Score ' Ratio
1 <1 ;
2. 10- 100
3 1100 - 1,000
4 T >1,000
Exposure Exposed
Score Population
1 - <1,000
2 1,000 - 100,000
3 100,000 - 10,000,000
4 > 10,000,000
Severity ‘| - Endpoint Severity
Score . Index *
1 1-2
2 3-4
3 5-6
4 i 7

In a practical sense, each pollutant
within a problem area would be .
scored, and the result for each pollu-
tant would be consolidated for the
problem area score. There are several
approaches for doing this. One
:approach would be to select the
chemical with the most severe health .
effect and use it to represent the
problem area. In this case, the aggre-
gate score for the chemical with the
most severe effect would be the aggre-

 gate score for the entire problem area..

Alternarively, the work group could
use the pollutant with the highest
aggregate score to represent the prob-
lem area. If either of these approaches
is used, some problem areas are likely

to be better represented than others,

and this will need to be factored into
an evaluation of uncertainty. A third
alternative is to calculate an overall
score that incorporates the scores for -

_ all pollutants analyzed by either aver-

aging or adding the scores for indi-
vidual pollutants. The problem with
these approaches is that the results are :

. . - largely dependent on the number of
pollutants analyzed. Adding scores for different poll

utants may underestimate the relative

risks for some problem areas for which only a few substances were analyzed, and averaging
scores may underestimate relative risks for problem areas that have one dominant pollu-
tant but for which many less risky ones were also analyzed. ‘-

|
l

Scpfember 1993

[.‘k




A Guidebook to Comparing Risks and Setting Environmental Priorities

Regardless of how the scores are aggregated to obtain a total score for non-cancer health
effects associated with each problem area, this approach allows problem areas to be ranked -
according to their scores. An uncertainty score could also be incorporated into this system
that would adjust the aggregate score upward if theré was a high degree of uncertainty
associated with the assessment of the problem area. For example, scores of one, two, or
three could be added for low, medium, and high levels of uncertainty. The factors to con-
sider in evaluaring the degree of uncertainty associated with the assessments include the
quality and quantity of dara used (e.g.; animal toxicity data, epidemiological data, ambi-
ent- and biological-monitoring data, and medical or regulatory case-study dara), the num-
ber of chemicals analyzed, and the degree of extrapolation performéd. Uncertainties in the
more quantitative factors could be considered in assigning scores for potency, exposure,
and severity. ‘ S ‘ ‘

STEP 6: COMBINE CANCER AND NON-CANCER RISKS

From the standpoint of providing inputs to the risk management phase of the effort,
producing a combined health risk ranking incorporating cancer and non-cancer effects
can be useful. A combined health ragking is also more consistent with the outcomes of the
quality-of-life and ecological analyses and allows for more direct comparisons of problem’
areas for planning, budgering, and resource allocation purposes. ' ' :

The process for combining cancer and non-cancer health. effects can be non-quantitative
or semi-quantitative. A non-quantitative approach relies heavily on the judgment of the
work group to interpret the significance of the various quantitative and non-quantitative fac-
- tors. The cutcome of this process might be an ordinal ranking or the assignment of problém
areas to categories representing various levels of risk arrived at through group consensus.

A useful ool to aid this process would be to array the information most critical to the
ranking decisions in a matrix that combines cancer and non-cancer effects. An example of
such a matrix is shown in Table 2.2.9 This table presents a partial representation for illustra-

tive purposes; a complete summary table would include risk estimares for all problem areas. -

The most important thing about this table is that it groups cancer and non-cancer
health effects into three separate categories of relative risk: catastrophic, serious, and :
adverse. Most displays of health effects separate cancer from non-cancer health effects.
This table presumes tha the issue of greatest importance is the severity of the health effect
rather than distinguishing between cancer and non-cancer cases. -

This matrix combines information on the number of people at risk to cancer and non-
cancer effects of varying severity for three problem areas. This allows for direct and mean-
ingful comparison of the factors critical o ranking. The number of people at risk from
cancer is actually an estimate of the incidence of disease, whereas the estimates for non-
cancer health effects represents the number of people exposed to potentially harmful con-
dirions (i.e., with a dose/RfD ratio of greater than one). In cases where incidence data are
available for non-cancer effects, the metrics may be more comparable. Once the work
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- group stabhshs an mmal rankmg, other factors such as individual nsks, the magmtude
of RfD exceedances, and uncertamty, can be considered in adjusting the rank.lng

" Table 2.2.9: ,
Summary Matnx of Cancer and Non-cancer Eﬁ'ects

Numbct of People at Risk From
. Cancer and Non-amcer Health Effects
~ Problem Area - " | Catastrophic Senotxs = Adverse
Air Toxics 12.5% \ ] | .
: 5000 | | 250,000 | 800,000
' Drinking Water - 4% . : .
| | 2,000 | 50,000 | 250,000
Hazardous Waste Cl2e ‘ . o
| 100 | 5000 | 10000
* Number of porential cancer cases are noted by an asterisk (*); all other
numbers represent the estimated number of non-cancer health effects -
with dosc/ RfD ratios > one. - . j S

Although this judgmental approach offers a great deal of flexibility, it may not provide
the structure necessary to objectively rank the combined human health risks of different
problem areas. The work group may prefer a more organized, semi-quantitative approach.
- Table 2.2.10 illustrates how this could be accomplished, using the three categories of rela-

tive risk displayed in Table 2.2.10 (i.e., catastrophic, serious, and adverse). It would seem
reasonable to assume that there would be a greater level of concern over mtastrophxc
health effects than either serious and adverse effects, and greater concern over serious .
_effects than adverse effects. Theoretically, different weights could be attached to the differ- -
ent categories to reflect the different levels of concern w1th the more severe health effects

~ The table presents hypothetxcal cancer and non-cancer ra.nkmgs for six problem areas
and an overall human health rating, which is simply the aggregation of the health effect
category rankings. In this example, no explicit weights have been attached to the different
 categories of effect, although this could easily be done. If the work group wanted to place -
more or less importance on the different categories, it could make adjusztments by weight-.
~ ing them accordingly. ‘ '

The drawback of this type of approach is that it tclts completely on thc mmal rankmgs
and does not reconsider the relevant factors in the context of a broader human health rank-

. ing. An alternarive settu-quanutatxvé approach to combined rankings thar explicitly incor- ~~

- porates consideration of these factors would be to dcvelop a more claborate scoring scheme,
such as a modification of that used in Unfinished Business (EPA 1987) to rank non-anccr
effects (see discussion of non-cancer risk ranking). The modifications could include incor- -
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porating criteria for average individual cancer risk, population cancer risk, and severity of
cancer effect to establish respective potency, exposure, and severity scores for cancer effects.
Great care must be taken in developing such a scoring schieme to ensure that the judgments
implicit in the relative scores are consistent with the work group’s understandings.

Table 2.2.10
Combining Cancer and Non-cancer Effects

Problem Area Catastrophic | Serious Adverse

Airtoxics High High "High . High

Drinking water Low Low : Medium. Medium/Low

Pesticides Medium Medium/ Medium/ | Medium/
High High High

Indoor air Medium ‘Medium - Medium | ‘Medium

Surface warter Low Low Low Low

Hazardous waste | Low’ Low Low - Low

The options presented here for combining cancer and non-cancer risks into an overall
human health ranking are only examples of general approaches that can be considered.
Each approach involves some effort to develop and implement, but the effort is well worth
it since it is crucial that project participants and the general public understand the
approach and find it reasonable and reflective of their values. Faictofs that the work group
might want to consider in developing an appropriate approach include agreeing on the
objective of the effort, the quality and precision of the analytic results, the expertise of the
ranking group, and the time and resources available. It is imporrant to consider these fac-
tors in the planning phases of the project so that data can be developed and presentediina
way that is consistent with and supports the approach used in ranking problem areas. ,
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cornparauve ecological risk analysxs is a2 process of 1dent1fy1ng, analyzmg, evaluat-

ing, and ranking the effects of manmade “stressors” on ecological “receptors.” A

stressor is any chemical agent or physical activity. that can harm an ecological
receptor. An ecological receptor! can be an individual of a single species, a population of
species, a community of interacting species, or the functional orstructural integrity of an
entire ecosystem. Risk does | not exist u.nlss a stressor comes into contact or co-occurs with
an ecological receptor. ,w

A comparative ecological risk analysis applics the principles of risk analysis to avéiiablc
dara, supplemented by best prof&ssional judgment, to rank the relative risks of significant
~ environmental “problem areas.” Problem areas are evaluated and ranked in terms of a set
of criteria that reflect the environmental values that society is most concerned about, such
as the loss of biodiversity or whether the damage is temporary or irreversible.

*

As presented in Exhibit 2.3.1, a comparative ecological risk ana.!ysm involves four
phases. Each of these phases is discussed in summary below and in detail further on.
Because the process is iterative, it may be necessary and advisable to revisit some initial
decisions in later phases to ensure that they are still appropriate. . -

Exhibit 2.3.1: v A
- Four Phases of a Comparatlve Ecological Risk Assesslment : S

Problem Formulation

Risk Characterization | | =

Comparison & Rankin

Phase 1 Problem Formulation. The first phase of a compamtive ecological risk
analysis is a systematic planning process that includes reviewing the list
*" of environmental problem areas, partitioning the project area (e.g., a
state) into a number of different ecological or geographic areas, and
selecting a set of criteria to évaluate ecological risks and rank the prob-
lem areas. In addition, a preliminary examination of data needs and
constraints may be necessary. . C

i
|
1
'
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Phase 2: Analysis. In the second phase of an analysis, the goal is to establish a
_causal link berween the problem areas and their ecological effects.
Therefore, each problem area is broken down into a set of the most
important stressors. The fate and transport of each stressor is then B
tracked through the environment to determine likely ecological effects.
This requires knowledge about the toxicity of chemical stressors and
the presence of physical stressors, the exposure or co-occurrence of eco-'
logical receprors to stressors, and the response of ecologlcal receptors to
stressors. Where data are lacking or inadequate, professional judgment
and consensus bulldmg are needed to supplement gaps in data, sources
of uncertainty, and a lack of knowledge about complex ecologwal
processes and interactions.

Phase 3: Risk Characterization. The third phase of a comparative ecological risk "
analysis involves using the analyses to characterize the risks posed to
the environment by different problem areas. Risks are characterized in
terms of a set of common evaluative criteria. These criteria may:.
include factors such as the area, severity, and reversibility of impacts.
Values or welghts can be assigned to each criterion using numerical
scales or short narrative descriptors. Risk characterizarion also includes
a summary of the assumptions and scientific uncertainties embedded
in the analysis and their anticipated implications. -

Phase 4: Comparison and Ranking. The final phase of a comparanve ecological
- risk analysis involves comparing the ecological risks posed by different

problem areas and ranking them into several broad categories. This is
accomplished by considering ecologlcal risks for each problem area in
terms of the evaluative criteria. Professional judgment supplements
gaps in data or knowledge, but the level of prccisioh required is ohly as
great as that needed to make rough relative comparisons, rather than
absolute estimates, of risk. Problem areas are then ranked using a mix-
ture of available darta and best profssxonal ]udgment through a con-
sensus-building process. :

PHASE 1: PROBLEM FORMULATION

The problem formularion phase of a comparative ecological risk analysis consists of a
systematic planning process to establish the goals, breadth, and focus of the analysis. '
Three major tasks are performed in this phase. First, the problem area list is reviewed to
identify problem areas that do not pose any ecological risks, such as indoor radon. These
problems do not néed to be analxzcd from an ecological perspective. Second, the area of
the analysis, such as a state or a region of the country, should be partitioned into different
ecological or geographic areas. Third, the criteria used to evaluate-and rank problem areas
should be selected and defined.

»
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Task 1: Review the List of Problem Areas and Definitions
Most problem areas will generally be app%ia;ble to all three analytical components (i.e.,

the human health, ecological, and quality-of-life analyses) of a compararive'risk project. -

However, a few problem areas may not have an ecological component and do. not need to

be analyzed by the ecological work group. For example, radon does not pose any ecological

risks, but does pose both human health and quality-of-life risks. Conversely, other problems
 that cause ecological impacts may not be on an initial list of problem areas and should be

added. The most prominent example of this has involved the physical alteration and degra-

dation of terrestrial and aquatic habitats, such as urban sprawl or filling wetlands.

All problem areas should be clearly defined in terms of which sources, stressors, and
exposure pathways are included and excluded in the definitions. Since they will be conduct-
ing the analysis, the ecological work group members should be consulted extensively about
definitional issues or any other issues affecting the ecological analysis. Work group mem-

"bers may want to review Section 2.1 on selection critetia for developing a problem-area list.

- Colorado conducted a comparative risk project in 1988-90 using a problem-area list
and analytic design that reflects its own unique natural environment and public concerns
(Colorado 1990). The 31 problem areas in Colorado’s list were separated into four cate- *

- gories: air, land, water, and natural resources. This list was intentionally constructed with
some overlap between problem areas, and the p"roject: acknowledged the possibility of

some double counting of risks. - ‘

A noteworthy aspect of Colorado’s project is'the natural resources problem-area list and -
analytic approach. Rather than using the effects of pollution as the basis for analyzing and
ranking problem areas, the natural resources work group focused on the ecological value,
vulnerability, and economic value of different ecosystems. The 10 problem areas in the
natural resources category are listed in Exhibit 2.3.2. ! - '

N

. Exhibit 2.3.2: , ; '
Portions of Two State Problem-Area Lists ) . o
v_Cd!orado's Natural Resources List | Unique Michigan Prob lem Areas
* Wetlands and Rxpm-um Areas - » Absence of Land-Use Plannixig;‘ .
 Threatened and Endangered « Biodiversity/Habitat Modification
Species Habitats : P e
* Lack of Environmental Awareness,
"« Resources of Special Interest R . . ‘
. : ) . « Contaminated Surface-Water Sediments
« Critical Wildlife Habitats - ! ' o
* Electromagnetic Field Effects |
* Aquatic Habitats o - ’ .-
. - * Energy Production and Consumption
*» Recreation Opportunities ‘ ' v -
: .| +Alieration of Surface-Water and
« Urban Eavironments . Ground-Water Hydrology >
e : N .
¢ Plains Land | -
: | |
« Forests v . ‘ B
L | *OpenSpace S e )
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The Michigan project developed a list of 23 problem areas (Michigan 1992). Some of
the more unusual and original problem areas are also below in Exhibit 2.3.2. Unlike
Colorado, each of the three working committees (an agency committee, a citizens’ com-
mittee, and a scientists’ commirttee) evaluated and ranked all 23 problem areas.

Task 2: Partition the Study Area Into Geographic or Ecological Areas

The study area (e.g., a state or region of the country) of a comparative risk project
should be partitioned into a manageable number of ecosystem types or geographic areas.
Different ecosystems vary in their vulnerability and resilience to stressors, while the same
type of ecosystem in a different geographic location may be more at risk due to a very dif-
ferent stress regime. If the study area is partitioned according to ecosystem type, then dif-
ferent ecosystems, such as wetlands or pine forests, would be analyzed regardless of their -
location throughout the state. Conversely, the study ‘area can be partitioned into separate
and distinct geographic areas, such as particular rivers, valleys, or mountain ranges.

Partitioning the study area'into a number of ecological or geographic areas also makes it
possible to evaluate ecological risks in a cross-cutting fashion. First, the risks due to a par-
ticular environmental problem can be summed across all ecological or geographic areas'in
the study area to determine the total risk posed by that problem area. Not only will man-
agers know which problems pose the greatest risks to the environment, they will also know \
where the most severe risks occur.and can target response activitiés in those areas.
Conversely, the toral risk posed by all the problem areas thhm a given ecological or geo-
graphic area can be summed up to determine which ecosystems or geographic areas are at
greatest risk overall. This information allows environmental managers to integrate cross-
media response activities that addrss multiple threats simultaneously in those ecosystems
at grearest risk.

How the projecr area is partitioned is important because it affects many aspects of the
analysis, such as the number of analyses that are performed, the amount and type of data
that must be collected and analyzed, and the degree of resolution and geographic targeting
thar can be achieved as a result of conductmg the analysis. Therefore, selecting the appro-
priate ecological approach depends on the purpose for conducting the analysis, the avail-
ability and quality of dara, the size and natural variability of the project area, and the ease
and effectiveness of communicating the analyrtic approach and rsulr.s to senior managers,
political leaders, and the public.

By Geograplnc Areas

Several comparative risk projects have partitioned their state or region mto ‘specific geo-
graphic areas, such as particular bays, river valleys, grasslands, or mountain ranges. This
approach is used for a number of reasons. Fitst, since the damages caused by stressors are
spatial in nature, it makes sense to analyze the likelihood of adverse effects geographically,
rather than by the ecological type of the receptor. For example, mixed conifer forests in
southern California are likely to be exposed to much higher levels of air pollution than the -
same type of forests in northern California. Artempting to describe the combined damages
to all mixed conifer forests in California as a single value is likely to be unsatisfactory.
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Anothcr meortant advanta.gc of dxvxd.mg the study area into specxﬁc geographic areas is
that it may be easier to communicate with and build support among the general public
about the results of a comparative risk project. For i instance, it . may be more difficultto
communicate to the public the risks of pstxcxde use in bottomland hardwoodforests or
tall grass prairies than to rally public support around the risks posed to a specific area (e. g .
the “Save the Bay” campaign in the Chesapmke Bay area). Exhibit 2.3.3 illustrates the -
(cross—cumng approach mentioned above that was used in the EPA Region VI comparative
risk project ir in 1990 (EPA 1990a). L - A

Exhibit 2.3 3: '
Calculating Risk Uslng the EPA. ngion vi Cross-Cuttlng Approach

[ ?ﬁf%‘:?éfé% ﬁ’x %‘9&%‘ g% -y% Q‘ 2

Problem Areass %

. Non-paint Discharges
to Surface Waters
Physical Degradation of
Water and Wedands

Musiicipal (POTW) Dis- |
charges to Surface Waters

Active Hazardous ' : ‘ ‘ : : . o
Waste Sites (RCRA) - f :

Abandoned Hazardous
Waste Sites (Superfind)

Application of
Pesticides

Ozme and Carbon ) . .
Monoxide - ] X il

- Physical Degradation of ) B
Terrestrial Habitats :

Total Risks by . i
Ecoregion : .

Ecoregxons are geographlc areas of relatxve en.ologlcal homogenexty in terms of the rela-

- tionships between organisms and their environments. They are distinguished by land use,
topography, potennal natural vegetation, and soil type. EPA Region VI chose to use ecore-
gions, as opposed to ecosystems, as the unit.of ana.lysxs for several reasons. First, all 24

“ecoregions located within the five-state area of Region VI have been electronically mapped
or “digitized.” In fact, all 76 ecoregions lomted within the 48 U.S. continental states have

" been digitized. Second, by digitizing ecorchons into a geographlc information system
(GIS), it is possible to s1multaneously analyze muluplc layers of other dzgmzed darta sets
and graphically display them on an ecoregion-by-ecoregion basis. For instance, Region VI
was able to analyze and dxsplay the spatial relanonsl'up of ground-water resources to -
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underground storage tanks, roads, and waste sites. Finally, the 24 ecoregions provided a
level of resolution that was suﬁicient, yet manageable for the regions purposes.

However, not every comparanve ecological risk analysis should evaluare risks ar the
ecoregion level. For instance, in states like Georgia or Nevada, where one ecoregion covers
over 75 percent of the entire land area, this approach may not provide an adequate level of.
resolution. In addition, GIS technology is very resource-intensive and cxpcnsxvc and may
not be critical or necessary to the success of every project. Lo
By Ecosystem Type ‘

Many state and EPA comparative risk projects to date have c13551ﬁed ecological areas by
type. The distinction among ecological types can range from very simple schemes, as
demonstrated by the Vermont comparative risk project, to more complex approaches,
such as that used in Hawaii’s project, which specified overtwo dozen ecosystem types
(Vermont 1991; Hawaii 1992). These state ekamples are shown in Exhibit 2.3.4.

Exhibit2.3.4: '
Ecosystem Classification Schemes Used in Two State Pro;ects

Yermont . ' Hawaii

« Terrestrial ecosystems ¢ Reefs (both barrier and fringing) |

* Aquatic ecosystems « Coastal waters, bays, and beaches
« Wetlands « Wetlands, streams, and estuaries
» Rare ecosystems -» Lowland tropical moist forests

. Lowland and montane dry forests
B Lava.tubes and caves
« Grasslands

A

+ Arid lands -

» Alpine deserts . v i

In Vermont, the most important stressors associated with each problem area were ana-
lyzed in terms of their ecological effects on four types of ecosystems. Ecological effects*
were measured in terms of the size of the area affected, disruptions to the function and
structure of whole natural communities rather than individual species, and recovery time
for the ecosystem to return to a natural state once the stressor was removed. -

The Hawaii Environmental Risk Reduction project originally partitioned the Hawana.n
islands (excluding urban and agricultural areas) into 29 different ecosystem types. To
make the analysis more manageable, this number was later lowered to 18 by combining
similar ecosystem types. Furthermore, every “occurrence” of each ecosystem type was indi-
vidually assessed becatise of the different stress regimes experienced by the same ecosystem
type in different locations on the islands. For instance, the risks to fringing reefs on oppo-
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site sxd@s of an 1sla.nd or on dxﬁ'erent 1slands cin va.ry tremendously bcmusc of their cxpo-
sure to different kinds and magnitudes of stress. Project participants believe that these are

* important distinctions that justify the higher costs and effort required to collect the infor-
- mation because environmental managers can then targer activities to address threats to

‘specific ecosystems at the greatest risk. |

Exhibit 2.3.5 below depicts two different approachs used at the federa.l level to parti-
tion the natural landscape according to ecosystem type. On the left is the approach used
by the ecological work group of EPA%s Unﬁnubed Business project (EPA 1987); the
approach on the right is the approach used by EPA’s Environmental Monltormg and
Analysxs Program (EMAP). : -

f

Exhibit 2.3. 5
Federal Approaches to Classifying Ecosystems
Ecosystems Defined by EPA's Resource Classes Defined by EPA’s
National Comparative Risk Project - EMAP Office
Freshwater Ecosystems - Inland S urface Waten, ‘
Buffered lakes . . Lakes
Unbuffered lakes : . ! Streams |
Buffered streams . N o
Near Coastal Waters .
Unbuffered st i . Large, continuously distributed estuaries
Marine and Estuarine Ecosystems Large, continuously distributed tidal rivers
Coastal ecosystems . i Small, discretely distributed estoanes, bays.
" Open ocean ecosystems | inlets, tidal creeks, and rivers
Eswaries | Wetlands
Wetland Ecosystems =~ = - | Lacuswrine - ‘
Buffered freshwater isolated wetlands | - Palustrine o
 Unbuffered freshwater isolated wetlands | | Riverine o
Freshwater flowing wetlands Forests , |
Saltwater wedands | 22 forest types
‘ Terresmal Ecosystems N Arid Lands .
Coniferous forests ’ e ‘ Grasslands Savanna
Decéiduous forests ) ’ i Chaparral . Shrublands
Grassland-ecosystems : ' ! Woodlands Tundra
" Desert and semiarid ecosystems w ‘Riparian . ;
Alpine and windra ecosystems - L
e A - Agroecosystem b
' Field, vegetable, and forage crops =
| | Fruit and nut crops
| Managed pasture and non-confined
) : animal operations ‘
! Confined ammal-feedmg' operanons ‘
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Task 3: Select Evaluative Crztena

The information upon which ranking decisions are based can simultaneously be over-
whelming and inadequae. This can lead to a feeling of comparing apples and oranges.
However, a set of evaluarive criteria can “translate” the risk characterizations for different
problem aress into a common la.nguagc so that decision makers can comparc and rank
them. Evaluative criteria also help in limiting the scope of data collection and analysis
efforts to informarion that is pcmncnt to the types of decisions that will ultimately need
to be made. .

To be useful in evaluating and comparing problem areas, criteria should:

¢ Beé explicitly defined to be mutually exclusive. This prevents double counting ccrtam
aspects of the impacts, such as the “severity” and “reversibility” of effects. ‘

* Be common to all problem areas, whxch vary considerably, to facilitate consistent
analysis across problem areas. : « ‘

* Vary from one problem area to 'the next, even though they are common to all prob-
lem areas, such as the area or severity of impact.

¢ Be measurable and, if possible, quantifiable. Any subjective judgments used to e\)alu-
ate problem areas should be peer reviewed and documented for the benefit of any
future reference or outside review. ¥

Classifying or “scoring” ecological effects for most evaluative criteria often involves
using some professional judgment. Thus, the risk ranking will reflect the experience and
knowledge of the individuals working on the project. Depending upon the resources avail-
able and the objectives of the project, the ecological analysis can range from simple non-
quantitative statements based upon the knowledge of the project participants to more
data-intensive approaches that quantify multiple aspects of the effects. For example, trend
analyses might simply involve the work group agreeing that the impacts of a given prob- .
lem area are increasing, remaining stable, or decreasing. It may also use a more quantita-
tive approach of modeling various economic, technological, and demographic trends.
However, the ccologial analysis does not have to be a labor- and data-intensive undertak-
ing. In fact, the analysis should be no more detailed and resource-intensive than is neces-
sary to rank problem areas relative to one another and identify the ccosysterns or geo-
graphic areas ar greatest risk.

During the past several years, a number of evaluative criteria havc consxstcntly been
used in regional and state comparative ecological risk projects. Some of these criteria are
described below. : ’ -

Area of Impact

The area of potential impact in comparative risk projects is based on thc extent of the
¢ffect, rather than the area of overlap between stressors and ecological receptors. This is
because the effects of a given stressor, on a receptor can extend far beyond the immediate
area of their co-occurrence. For instance, the effects of eliminating a critical habitat for
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mlgraung waterfow! or a.nad.romous hsh can cxtcnd far beyond that area to the cnnrc
migratory flyway or aquatic life-cycle habitat of that “species. '

- The first step, which can be difficult, is to estimate the proportion of impacted area
within each ecosystem or geographic area. Then it is a simple matter to sum these esti-
mates across ecosystems or geographic areas to determine the entire area affected within
the study area. This step differs among problem areas. For example, in the case-of air pol-
lutants, the entire ecosystem may be assumed to be affected. However, the most severe
impacts may be limited to urban areas, with less severe effects experienced in rural parts of
the ecosystem. The area of i impact for waste sites has been estimared by using an average

- estimate for each site and then multiplying that by the number of sites within the ecosys-
tem. Information on the number of stream miles or coastline affected or the number and
location of violations of water permits may be used to estimate the area of impactin
aquatic environments. , ' o
Severity of Impact .

Effects from both physunl and chemical strcssors can be’ analyzed and evaluated in.
terms of their “severity” on ecosysterns or geological areas. This is a function of the toxicity

.of d chemical stressor, the exposure to the stressor, and the vulnerablhty of the ecosystem
or geographic area. For phys:ml stressors, the degree or kind of i impact is estimated and
characterized, rather than the stressor’s toxxcxty For instance, the building of a road
through a migration corridor is likely to cause habltat loss and fragmentation a.nd may dis-
rupt reproductive activities. ' ‘ :

Defining terms carefully.and cla.rly is prob..ibly most critical fo: the severity criterion.
It is important to keep criterion mutually.exclusive in order to avond double-counting
effects under two separate criteria. By its very nature, the concept of severity tends to
encompass other criteria, such as vulnerability or reversibility. For instance, when evaluat-
ing the severity of a chemical stressor on an ecosystem, it is difficult to separate the toxici-
i of the stressor from the ecosystem’s vulnerability to it. Similarly, the severity of an effect '
can easily be stated in terms of its reversibility. For example, if a problem area is ranked
high in terms of severity because it causes permancnt or irreversible damage to the ecosys-
" tem,” then double counting of effects is occurring if there is a separate “reversibility” crite-
rion. It is preferable to retain the distinction of reversibility as a separate criterion from
severity in order to be able to distinguish one stressor that causes severe and long-term
effects from another stressor that may be equa.lly severe but has short-hved eﬁ'ects

i

Reversibility of Impact S :
The reversibility criterion is used to account for the resilience of dlﬂercnt ecosystems
and the persistence of physical or chemical stressors. It is an estimate of the time required

for an ecosystem to regain its normal structural and functional properties after the stress
has ceased. Reversibility can be: mmsured in terms of very short time p-nods (e.g. days, ,
weeks, or months) to much longer time periods (e.g., years, décades, or: irreversible .
effects). Whatever time periods ate used should be suﬂiacntly broad to indicate very la.rgc
dxfferencs in the rcvetsxbxhty of impacts. For i mstancc, ifa ﬁvc-pomt interval scale is used,
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then a value of one might indicate the ecosyster’s return to normalcy in less than one
year, whereas a score of five might indicate an irreversible effect. Intermediare scores would '
be assigned to periods ranging from several years to decades to centuries. -

There is an important distinction to keep in mind berween the reversibility of impacts
and the vulnerability of different ecosystems, which is'sometimes confusing. While the
reversibility of an impact is clearly a component of an ecosystem’s vulnerability, the two
terms can be distinguished in terms of the timing of the stress. The vulnerability of an
ecosystem to stress indicates the ecosystem’s response to a stressor, whereas the reversibility
of an effect indicares the ecosystem’s ability to bounce back from a stress following the ces-
sation of that stress. These are simply different ways of analyzing the same phenomenon.
However, it is useful to maintain this distinction.

Uncertainty ‘ :
The degree of uncertainty associated with each of the evaluarive criteria should be

noted to decision makers. The uncertainty surrounding estimates may be attributed to a ‘ .

number of sources: lack of data and knowledge about stress-response relationships, infer- ~

ential judgments of community- or ecosystem-level effects based on data at lower biologi- - |

cal levels of organization, extrapolating information from a small sample size or another

section of the country where condirions might differ, or interpolating i mformanon from

regional or national studies. ( ( - '
Uncertainty can also be used as a quahﬁer rather tha.n as an explicit evaluative criterion. '

Options include using uncertainty to increase the risk estimate (i.e., higher uncertainty

would result in a higher risk estimate), to decrease the risk estimate (i.e., higher uncerrain-

ty would result in a lower risk estimate), oras a communication tool (.., the level of

uncertainty would not affect the risk estimate but would be communicated to decision o
makers). Uncertainty can be used as an indication of the “cost” of being wrong; in this

case, uncerrainty surrounding the catastrophic potential of a problem area (e.g., global

warming) would raise the risk estimate. From a pracrical standpoint, high uncertainty can ' :

be used to identify areas where new research and data collection efforts are particularly

important versus other problem areas where uncertainty is minimal and response activities

can be implemented immediately. Moreover, sensitivity analyses can be very valuable in

bounding uncertainty estimares.

“Value” of Ecosystems

This criterion is used to represent the different values attached to different ecosystems .
due to their scarcity, ecological value, uniqueness, human valuation, or any number of -
other factors. creating value. The advantage of this criterion is that it can hlghllght the.
importance of certain ecosystems in order to focus artention on the problem areas affect-
ing them. Conversely, not including an ecosystem’s value or 1mportancc in a ranking
process implies thar all ecosystems are equally valuable. :

To illustrate this point, a project’s participants may decide that the rank.mg of a prob-
lem area, such as outdoor air pollition affecting an important national park, is too low
based solely upon the area and severity of i impact and its reversibility. It may be that due to
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‘'other “values” the park provides to man and nature, the problem area should be ranked
higher. Or decision makers might believe that ranking a 10 percent loss of the few remain-
ing wetlands in a state should be higher than a 10 percent loss of rangeland acreage

“because of the scarcity of wetlands and the critical habitat it provides t0-a complex com-
munity of animal and plant species, even though the area, severify, and reversibility of
impact are roughly equal to the rangeland loss, A value criterion can prowde a way to

. reflect this difference in the relative value of ecosystcms

Only a small minority of pro;ects to date have added a “value” criterion to their evalua— K
- _tive criteria. Some project participants believe that the value of ecologlml areas to people,
in terms of recreational, spiritual, or aesthetic benefits, should be addressed in the quahty-
‘of-life analysis of a comparative risk project. Other participants think that all ecosystems

are equally important and valuable and that these evaluations are 100 subjective to be sci- -
entifically credible. The decision to include value as an evaluative criterion is a choxce thar
must be made on a pro;ect—by—pro;ect basxs ' X '

‘ PHASE 2: ANALYSIS

' The analysis phase of a comparanve ecologlca.l rlsk analysxs consists of three main

tasks: identifying the physical or chemical stressors assocxated with each problem area,
estimating the exposure or co-occurrence of these stressors with ecological receptors of
concern, and characterizing the resulting ecological effects. Ideally, it would be possible to -
establish a causal relationship betWeen stressors and their ecologxcal effects. However, this

is rarely achieved because of gaps in knowledge or data, uncertainties, or information thar
must be interpolated from larger studies (e.g., national studies) or extrapolated from

" smaller studies (e.g., site-specific studls) Often, the ecological effects of i interest in a
comparative ecological risk analysis are at higher levels of biological organization, such as

often based on-studies at lower levels of biological organization, such as field or laborato-
ry studies of a smgle species population. This mtroduces uncertamty and requxres apply—
ing professxonal )udgment wefully ‘ :

Task 1: Identify Stressors o ' ! ST
- A stressor” is defined as any physical or che :mical agent that. can mduce an adverse eco-
logical effect."Examples of physical stressors include draining wetlands or channeling
rivers. The ecologlml effects they might cause- include the loss of natmnl resources, filter-
ing and detoxification functions, and wildlife habitat. Chémical stressors iniclude organic -
_ and inorganic substances such as lead, asbestos, heavy metals, and volatile organic com-
- pounds. They can affect any level of biological organization from an mdmdual ofa
species to an entire ecosystem or landscape ‘

Stressors should be 1dent1ﬁed for every probiem area analyzcd For I:omc: problem areas,
the stressors are obvious, such as environmental lead and asbestos. In these cases, the risk
associated with each problem area is determined by a single stressor. However, for many.
problem areas with multiple stressors it is not practical to conduct an ecological analysis : .
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for each one. In these cases, it is necessary to select 2 manageable number of the most
important stressors and assess their cumulative impact. There are also problem areas where
the secondary stressors are very important to analyze, such as stratospheric ozone deple- =~
tion caused by chlorofluorocarbons (CFCs) which can result in increased exposure to
ultravioler radiation. An example of a secondary physical stressor is removal of riparian
(streamside) vegetation thart not only alters habitar structure and favors shade-intolerant

tree species directly, but also can have secondary i impacts such as increased sdtatxon of |
stream bottoms and higher warter temperarures. '

Analysts knowledgeable about a particular environmenral problem should be able to use
their best professional judgment and experience to identify the most important stressors for
each problem area in terms of its prevalence, persistence, and/or toxicity. The group of
stressors selected for each problem area should be representative. This will ensure that the . |
analysis will encompass the most serious risks, rather than risks from inconsequential stres-
sors. Data availability and quality may also be a consideration in selecting stressors. © -

Table 2.3.1 shows some of the more commonly used stressors and hkely sources for the
ecological problem-area list that EPA has used for a number of regional and state projects.
This table merely suggests a number of candidate stressors and is not meant to be compre-
hensive or definitive. Each pro;ect must sort through its own unique set of stressors to
identify the most important ones.’

Task 2: Estimate Exposures/Co-occurrence | , ‘ - S

To characterize ecological risk, there must be a stressor prscnt with the ability to cause ' o
an adverse effect to an ecological receptor. The magnitude and length of exposure is
important in calcularing risk, but the timing of the exposure is also important, For
instance, if the stressor is episodic (e.g., pesticide use), then different species and life stages
may be affectéd. Likewise, the location of contact can also be critical to the magnitude of
stress experienced by receptors, such as important habitats or breeding areas along a
transcontinental flyway or aspawning area for anadromous fish species. Stressors are also
affected by the environment which in turn can modify the exposure of ecological recep-
tors. For instance, siltation and sedimentation depend not only on sediment volume; but
also on water flow and the stream’s physical characteristics. Sxmllarly, chemical stressors-
can be modified through biotransformation by microbial communities or other environ-
mental-fate processes, such as phomlyms and hydrolysis.

The most common way of estimating exposure is to analyze measured concentrations
or amounts of a stressor in terms of assumptions about its co-occurrence, contact, or
uptake by ecological receprors most likely to be affected by it. For example, the exposure
of aquatic organisms to chemical stressors is often expressed as the stressor’s concentration
in the aquaric environment; the aquatic organisms (receptors) are assumed to comein - - - .
contact with the stressor. In the case of physical stressors, such as physical alteration of
communities and ecosystems, exposure by ecological organisms that normally use the
habitat is assumed and is expressed in terms of the area of co-occurrence.

t
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Table 2 3. 1 ' v
Ecologxcal Problem Areas, Stressors, and Sources '
Problem Areas Stressors ' Sources
L Total suspended solids, biological oxygen - Metal finishing, pulp and paper pro-
Industrial Waste-Water | germand (BOD), toxic organics and inorganics, cessing, and iron and steel produc-
 Discharges phalates and phenols, and thermal pollution | tion (all NPDES permitted sites)
Municipal Waste-Water |  Industrial waste-water discharges, plus Di mm gcm p;bhcul:;;d "
Discharges ammonia, chlorination products, nutrients | Frvor-D OWned water teatme
: L ) P . plants, and sewer overflows
Aggrgaed Drinking No sigrificant ecological risks Notapplicable
ﬁon-poim Source Dirt and debris, toxic substances, lea;:haze,” ﬁﬁtﬁmﬁﬁ;ﬂm
* Discharges - stormwater and urban/agricultural runoff lands' i » .

) . - : . Channclizstio levess, imrigation
Physical Degradation of | Physical changes to water-flow quantityand | e P o B0
Water/Wetland Habitats | Pattems, and impadts to aquatic habitats control, and urban development

— . : , " Wasic sites and landflls, UST"s and}
‘ > Nutrients, toxic inorganics and organics, salts, " 7
Aggregated Ground Water| .- . . : UIC’s, roa salts, leachate from
‘ oil and petroleum products, mj microbes septic systems, and ranoff
N Releases of oil and non- petrcleum products, | Farm fuel tanks and grain silos, .
Undaground?:isurfacc such as motor fuels, heating oil, solvents, |. home fuel tanks, gasolme stations,
Storage and toxic organic lubricants and other storage
- Open sed
Active Hazardous ‘TCE/TCA, toluene, and lo)uc organics, mpml;im:mc:;u ::;::il;iuk:f a::d
Waste Sites (RCRA) | suchas heavy metals and PCBs waste from incinerators . :
AbandonedHazardous . | Similar pollutants and mixtures to RCRA siteq, .7 20andoned site that is a candi-

X e . date or listed NPL site, or state
Waste Sites (Superfund) | plus radiation from "mixed waste” priority list site
* Municipal Solid Nutrients, BOD, microbes, toxic chemicals; | Open and ciosed municipal landfills,

‘gvn:tp:lsno air stressors include air toxics und pamculalc sludge and refuse incinerators, and
oS matter surface impoundments
. , Similar stressors 10 mumcxpﬂl solid waste Industrial waste sites, openand
Indystrial SOhd sites, but the concentrations, volumes, and | closed industrial landfills, siurface
Waste Sites mixtures differ markedly impoundments, and incinerators
" Stressars released during transport or while Explosions at industrial plants, and
Amd:“;l Chemical - |- ¢red include petroleum products, acids,and | releases during air, land, or sea
cases other toxic chemicals transport |
" . . Agricultural, suburban, and urban
R All types of herbicides, insecticides, o ]
Pesticides fungicides, nematicides, and rodenticides application, runoff, and oversprays;
: : ’ * food-chain impacts
Physical Degradation Physical alteration or destruction of natural | Urban/suburban sprawl, conversion
of Texrestrial Ecosystems |  terrestrial ecosystems, habitat fragmentation, | to other uses, highway construction,
and Habitats- migration path blockage, and litter . and building resorts
; Leaded gasoline, landfills, surface
Environs 1icad :;bon-:::;andlead dcposmlmm soxland i iments, other rinated
o ace sites; food-chain impacts
" Noise Pollution No significant eeological tisks Not applicable
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Table 2.3.1 (continued): : ’
Ecologxcal Problem Areas, Stressors, and Sources
Problem Areas Stresor,s Sources
Sulfur Oxides and Acid deposition, which results from the Wide variety of industrial, commer-
N . chemical transformation of sulfur and nnmgm cial, and residential fuel, and related
Nitrogen Oxides
oxides combustion sources .
- and . » ] : Both mobile (e.g., antos) and sbanon-
c Monox: de Ozone and carbon monoxide ary sources similar to those for suifur
arbon ‘ ) . ' and nitrogen oxides
. . . Similar to those for sulfur/nitrogen
. Fine particulates (PM-10) and X X s >
Particulate Matter total suspended particulatds oxides plu§ strip or open mines in
some locations :
Asbestos, various toxic metals, organic gases, L
Toxic Air Pollutants | gasoline vapors, incomplete combustion Same as those mentioned above
products, polycyclic aromatic hydrocarbons ) -
Indoor Air Pollutants .. T : .
Other Than Radon No sxgmﬁcam ecological risks Not applicable
. Radioff.'v frequendies, power lines,
Radiation Other Tonizing and non-ionizing radiation radar, microwave transmitters, high-
Than Radon e : and low-level radioactive wastes
Indoor Radon * No significant ecological risks Not applicable
Global Warming and | Carbon monoxide, carbon dxoxxde, methane, ﬁM&bﬂe and s:‘n;or:x;yo sources“iac:’f fossil
Climate Change nitrous oxides, and chlorofluorocarbons (CFCs) lan df! ills, and agricaltural practices
Stratospheric . . ' | Industrial processes, coal; oil, and
Ozone Depletion | Nitrous oxides and chlorofluorocazbons (CFCs)| o o Pricessoss coali 01 and 838

Estimates of exposure should be based on the most likely scenarios, rather than on
worst-case scenarios. The analysis should emphasize the most.important, or “dominant,”
pathways of exposure. For example, pesticide use can harm terrestrial organisms that enter
fields following application or because of overspray on adjoining lands. However, the
dominant pathway of exposure for pesticide use may be runoff into aquatic habitats.
While potential impacts to terrestrial animals anid plants should be mentioned; the analy-
sis should focus on impacts to aquatic organisms and habitats in this instance.

Finally, an analysis of uncertainty is an integral part of the analysis. In the majonry of
analyses, either data will not be available, or the data that are available may be of question-
able or unknown quality. Typically, the analyst will have to rely on a2 number of assump-
tions to characterize exposure based on a combination of professional judgment, inferences
based on similar instances of exposure, and estimating techniques—all of which contribute
to the overall uncertainty of the estimare. It is crucial that the various sources and kinds of
uncertainty are carried forward and noted in the'third (risk charactcnzauon) phase

¥ -
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Task 3: Cbaracterzze Ecologmzl Eﬁ'ects ’

The next task is to combine informarion about the magmtude, tumng, and locauon of

. exposure by ecological receptors of concern to various stressors. The data used to character-
ize ecological effects depend largely upon the nature of the stressor and the ecological recep--
tor of concern. Ecological effects range from mortahty of an individual species to disrup-
tions in the structure and function of entire ecosystems. If possible, th::se ecological effects -
should be quantlﬁed but often the relationship can only be described non—quanutanvely

Ecologlm.l effects can be analyzed at any level of biological organization (i.c., individ-
ual, population, community, and ecosystem). In facr, using data about ecological effects.

* among different biological levels is recommended since each level is likely to provide.only

part of the overall “picture” of Fisks posed to-an ecosystem and. communmes For example,

ecological effects might be measured in terms of the reproductive impairment of a given

population; the changing structure of a community of plant and animal species; or the

" functions provided by ecosystems, such as nutrient and energy cycles

Sources of ecological effects data include field observations (e. g., fish or bird kxlls) field
tests (e.g., microcosm or mesocosm tests), controlled laboratory tests (e.g., single species),
and chemical structure-activity relationships. For «chemical stressors, a combination of
modeling and monitoring data is often used; for non-chemical or physical stressors, data
provided through ground reconnaissance, aerial photography, or satellite imagery can be
used. In either case, it is often necessary to use professxonal ;udgment 1o supplement exist- v
mg dara. o ; . j .

 Ecological risks can be described quanntanvely (e.g., there isa bettd'r than 50 percent
chance of 20-30 percent mortality in a given populatxon) or non-quangitatively (e.g:, there .
- is a high likelihood of mortality occurring in this population). Information on the types
and magnitude of uncertainty can provide risk managers and decision makers with greater.
insight into the strengths.and weaknesses of the analysis. This knowledge can also indicate
problem areas where further research to reduce - uncertainty may be worth the investment,
as opposed to other environmental problems with relatively lirtle uncertainty where

response actions can be lmplemented immediately. - o

PHASE 3; RISK Q{ARACI'ERIZATION ‘ : S
| The third phase of a comparative ecological rxsk analysis involves using the results of

the analysis phase t6 characterize the environmental risks posed by problem areas. Risks
are characterized by pulling together all the information gathered and analyzed about
stressors, receptors, and ecological effects. This information is typically described in terms
 of the number of acres or stream miles at risk, measured concentrations of stressors found ‘
in the environment, the magmtude and seventy of effects, their spatial and temporal dis-
* tribution, and the ecosystem’s recovery potenml and rate. Risk charactenzanon also -

includes a summary of assumptlons and scienti ific uncertainties. ’

"For most problem areas, ptofemona.l judgment will have to supplement exlstmg datain
 terms of extrapolatmg or mterpolatmg mformanon from other studxes All of these ;udg-
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ments introduce uncertainty and i imprecision to the analysxs, but they also help analysts
more fully and clearly describe the extent and severity of the impacts and potential risks to
the environment. For example, an observed ecological effect might be the decreased repro-
duction of peregrine falcon hatchlings in areas of high pesticide use. In addition, lab tests
may indicate that pesticides are also lethal to many other organisms, such as field mice and
microbial organisms, that occupy the same habitat and that may be indispensable for that
particular ecosystem to function normally. Therefore, the work group might determine -
thar pesticides pose serious threats not only to highly visible and endangered species like ,
the peregrine falcon, but also to the entire ecosystem.

While these latter effects may not caprure the general puBlic’s attention, they may be
far more important ecologically. This exemplifies the divergence that can sometimes
occur between the social or political significance of an ecological receptor and its biologi-
cal significance. Creating a risk communication dialogue between the scxenuﬁc commu-
nity and the public can make the risk analysis process an educational opportumry for all
parties involved. : '

Tusk 1: Summarize Each Problem Area Usz'ng Evaluative Cn‘terid

The first task of the risk characterization phase is to characterize each problcrn area in
terms of the evaluative criteria. This should be done for each ecosystem or geographlc area.
If the project is partitioned into ecosystems, then the ecological risks to each ecosystem
would be scored or described; if the project is partitioned by geographic area, then each
geographic area would be scored or described. Table 2.3.2 provides a hypothetical example

of this to describe the impact of pesticides in different geographical areas of California. This -

would be done for each problem area and, preferably, during work group meetings.

Table 2.3.2:
Hypothetical Pesticide Example

Geographic Area of Impact | Severity of Impact | Reversibility ‘Uncertainty

Coastal - Low Medium 1 Medium Medium
Range

Sacraroento L.
Valley High.  High High Low

Southeastern ; : g
Calif. Desert Low Medium High Low

Sierra Nevada Low " Low : ‘High - Low

Los Angeles . - , , 1
Bight Habitat Medium Low Low - Medium

San Joaquin — )
Van*g High High . High - Low

Criteria can be described narratively or scored numerically. There are advantages and
disadvantages to each approach. The advantage of the narrative description approach is its
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, | R : ,
sxmphcxty and ﬂexxblhty It does not tie work group members 1o a rigid formula. For less
quantitative members, it is likely to be more comfortable and intuitive to discuss risks and -
impacts in common terms. The disadvantage of this approach is that because project par-
ticipants may not weigh evaluarive criteria consistently, the final ranking may not be

 replicable if done by another group of people using the same information. It is also diffi-
~cult to backtrack through the rationale for the rankmg if the only reason given for deci-
sions is that it was the “sense of the group. " Table 2.3.3 provxdcs another example of how
_ this narrative approach mlght be assembled to describe the ecological i impacts of pestl-
- : \ cides. The descriprions in the table are purely con)ectural

‘ " Table 2.3. 3
Hypothetical Narrative Descrlpnon for Pesticides
Geographic . . .
Areas Total Risk “Comments ‘ Uncertainty
Coastal - |  wped: Potentially large area "at risk," but o ;
Range Medium | 03 serious threat to ecosystem. Medium
Sacramento High Almost entire area affected at high ‘Low ,
-Valley ‘ _ dosages; serious, widespread impacts. -
Southeastern . Small area "at risk,” but potential . .
_Calif, Desert Medium threat is serious; fragile ecosystem. Eow
Qe : Low probability of impact; not con-

Sierra Nevada . Low '| sidered a serinus threat to ecosystem. Low
Los Angeles | ., . Impacts unknown, but large area "at - - |  y .1
Bight habitat | MeditmLow | jaen diverse, fragile ecosystem. : Medium
San Joaquin - ..~ | Entire area affected at high dosages; .

Valley High | serious, widespread impacts. | Low
; . . . | Serious, but reversible damages. .
_TotalRisk | Medium * | Agrects ’Iarge area, but not entire state. Low

_ Alternatively, the ecological work group might feel more comforrable attaching numer-
ic values or “scores” to each criterion. In contrast to narrative descriptors, numeric values
. can be ma.mpulated mathemanmlly and rsolve:d to a single number. Thus, ecological risk
can be e.xprssed as a mathematical formula that is designed to increase as the size of the = T
area a&'ected increases, the severity ‘of the effect increases, and/or as the, length of recovery | '
by the ecosystem increases. Various weights can be attached to each criterion by placing
~ coefficients in front of the variables to reflect their relative i 1mportance “The results can
then be compared for different problem areas. The disadvantage of this type of formulaic
approach is that it can convey a false sense of certainty and precision. In addition, the
public may not telate to a complex formulaic approach, and this could discourage public
participation and interest. Exhibit 23. 6 shows how numeric values can be used mstad of

I
. narrative descnptors. : ! i

The apptoach selected will depend upon the preferences and obJectlves of those design- -
ing the project. Numeric or narrative scoring systems can both effectively organize and
~ sufnmarize large volumes of information, and they force people to evaluate the impacts of
- problem areas more systématically and consistently. However, they only reflect the collec-
‘tive judgments of those assigning values to ther, and they are only as sound as the uqder-
, :

e
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lying analyses. Scoring systcrns should nor, obscure this fact or become so elaboratc as to
be unintelligible to the pubhc

Exhibit 23.6:"
Narrative and Numeric Scales for Evaluative Cnterla

Narrative
Descriptor

Very High | Ecosystem structure and function are severely damagéd and 4
fundamentally changed by stressor(s). Ecosystem is rendered '}
v1rtually lifeless.

Mcipﬁon of Severity : N{n,:;ﬁzic

High Ecosystem structure and function are senouély damaged by 3
stressor(s). Species populations decline and communities change
Habitats and abiotic resources are lost.

Medium ] Ecosystem structure and funcuon are adversely affected by . ' )
stressor(s). Impact is infrequent or intermittent; individuals may v
die, but populations are not at risk; habitat is intact.

Low Ecosystem structure and function are exposed to stress, but the 1
structural and functional integrity are intact.” Temporary and mild}] -
impacts to species individuals or habitats occur.

None Ecosystem structure and function are not exposed to stress, or ' 0
expression of stress 1s not measurable or adverse.

Task 2: Summarize the Risk to Each Ecosystem or Geographic Area

The second task is to summarize the overall risk to each ecosystem or geographic area
in terms of all the evaluative criteria. This value represents the “total” risk to each ecosys-. -
tem or geographic area. Building upon the previous information on pesticides only,
Exhibit 2.3.7 provides an example of how this information can be mtegrated intoa larger
matrix that mclud&s all the problem areas. : ‘

Task 3: Agg'regate Risks Across Ecosystems or Geogrdpbic Areas
The third task is to aggregate the risks for each problem area across all the ecosystems

or geographic areas within the study area. The bottom row of Exhibit 2.3.7 depicts the
total hypotherical risks associated with pesticides.

There is no “correct” way of aggregating the values across ecosystems or geographu, areas.
However, 2 number of methods and approaches, such as group discussion and consensus
building, have already been discussed. ‘Given the broad mandate to set general environmen-
1al priorities on the basis of risk, participants in past comparative risk projects have been
able to reach agreement on rankings and make these distinctions with some confidence.

As was stated at the outser of this discussion of the risk characterization phase, it is not
important where the distinction is drawn between risk characterization and comparing
and ranking problem areas. It is a single process that must be coriducted in a sequential
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order of steps. The Steps descnbed in thrs sectlon prov1de the raw materlal for comparing
and rankmg problem areas. :

i ’ ' I
‘ .

, Exhibit Z 3.7
Summary Table of Ecological Risks Across All Problem Areas
. o ¢ @ ' a” :
Sample % @ %% ' . ¢ ‘ '«Q’ ‘ o‘%
Geographic ——————» @ %\% Q%"’ 9_ 7 N ‘%%
Areas- = ) . 2. % .
%0%% X% % % %% e

Sample Environmental
Problem Lead .
Areas  Hazardous Waste
Sites
Non-point Source
Pollution

Pesticides | Medium | High Medium| Low |Medium | High Me!gigu;n/

Suifur Oxides and
Nitrogen Oxides §- .
Physical Degradation of . |
Aquatic Habitats : g
Total Risk by , S
Geographic Area :

i
] . K . R PN

PHASE 4: COMPARISON AND RANKII\

The final phase of a comparative ecological risk analysns mvolves ‘comparing and rank-
"ing the ecological risks posed by different problem areas. This is done by considering the
ecological impacts and risks for each problem area in terms of all the evaluative criteria
taken together and comparing them to the other problem areas. Problem areas are then
grouped into several broad categories of relative risk using a consensus-building process.
Professional judgment plays a critical role, but the level of precision required is only
_€nouigh to make rough relative comparisons; nther than absolute estirates, of risk.

" During the comparison and ranking phase, the total risk values for each problem area
that have been described are assembled into a marrix. At this point, with all the informa-
tion in the problem area risk characterizations and evaluative-criteria summary tablesat
. their dxsposal the ecological work group, steering committee, or public advisory board can
rank problem areas. The methods and ranking approaches discussed in Section 2.1 can be
used and adapted to each pro;ect A matrix can also be used to identify those ecosystems .
or geographlc areas at greatest risk.

The resultmg ecologlcal ranking is used as an 1mportant input to thc risk management
process, which takes into consideration rélevant non-risk factors in addmon to the risk
ranking results to help set envrronmental pnorms

i
i
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END NOTE

! The term “receptor” is used here for ease of understanding. However, in other technical
documents it has been replaced by the term “ecological component™ because some believe
that this term communicates the tact that ecological risk assessments focus on components
of ecosystems at higher levels of biological organization than the mdmdual orgamsm As '
used here, the two-terms are synonymous. | :
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 pristine narural resources far from their daily existence. Among the damage categories,
health-care costs can have a larger impact on a low-income community if the costs consume
a greater portion of the population’s income. Many low-income families have no health-
" care insurance, 1eadmg to an even greater economic burden and added social stress. -

The Seartle Envxronmental Priorities Project illustrated the i xmportance and complexity
of addr&ssmg commumty va.lua in comparative nsk assessment:

Transportation sources of air pollution, wood burning, and environmentl tobacco smoke
are driven largcly by individual choices that, curnulatively, pose significant risks te public
health, the environment, and the overall quality of life in the city. What is the appropriate

" balance berween individual values (such as perscmal mobxhty, convenience, and individual ‘
preferences) and communiry values (such as public health and environmental quality)? What
is the city’s role in 1dcnufymg and achieving thv. balance? ‘

The informarion on quality-of-life risks is sparse at. best. Many of these i unpacrs are not
- measurable, at least not in a way that most people find meaningful; consequently, the

Technical Advisory Commitree’s consideradon of quality-of-life risks is ennrely non—qua.\;l-

drative. The committee noted the type or types. of qualxty—of life concerns associated with

each issue, and made ;udgmenrs about the sca.le, sevem:y, and rcvcrsxbdxry of. r.hosc concerns

(Seattle 1991) ) oo . : :

The process for assessing social and economic Vi(mpactsA is still béing developed. _

Neverthexss, Exhibit 2.4.1 indicates a logical progression of 1nformanon gathermg and e )
analysis. The following sections dlscuss these steps in derail.

: Exhibit 2 4.1'
Steps in Quallty-of-foe Analysns

Step 1: Idennfy unpacts and del‘emune the values of the
commumty P

Step 2: Idennfy and define evaluanve criteria.
| Ste‘p.3: Collect and analyze data on unpacts.
Step 4: Characterize impacts fo;r' all problem areas. .

Step 5: Present ﬁndmgs and rank problem areas for -
quality-of-life unpacts ‘

Step 6: Analyze future envuonmental conditions and
_risk management consideratons

"
"
|

STEP 1: IDENTIFY IMPACTS AND DETERMINE COMMUNITY’S VALUES
" The values of a community. re the basis for an analysis of the impacts of environmental
problems on the quality of life. This step is important to ensuring that the procss has

i
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- \ -

ernment and the environmentally concerned community. This information can -

underscore the role of environmental ‘quality with regard to sustained ecoromic
development and quality of life. In addition to the economic benefits of more traditionally.
recognized natural resources, such as oil, gas, minerals, and wood, ecosystems provide
numerous services that would be extremely costly or impossible to replace. These include
punfymg polluted water (wetlands), producing oxygen (green plants), and protectmg thc
earth against harmful ultravioler radiation (the stratospheric ozone layer).:

C : omputing the costs to society of continued pollution is in the interest of the gov- -

Comparative risk projects usually include an evaluation of the impacts of ¢ environmen-
tal problcms on the quality of life. Historically, these evaluations have concentrated on
economic impacts that can be readily quantified in dollars, such as hmlth—mre costs, crop
losses, and damage to materials. These evaluations are pamcula:ly 1mportant to decision
makers who must justify the expense of environmental protection measures to groups who.
are concerned with losing jobs or profitable business opportunities. In some cases, the
information gathered can demonstrate that environmental protection may actually save
money and maintain or create jobs.

Participants in the qua.hty—of -life rankxng usually mcludc lcglslators and other govcm—
ment officials, educators at all levels, environmental _groups, local industries a.nd utilities,
members of the general public, and spiritual, ethnic, and cultural leaders who repusent

the community’s values.

This chapter encourages expanding quahty—of life analyses to mclude the values and
social concerns of the community affected by the environmental problems, commonly
missed in studies limited to health, ecological, and economic concerns. These values
include spiritual, cultural, and aesthetic values, concern ‘with the fairness of an environ-
mental problem’s impact on specific populations or - future generations, and the value of
one’s sense of community. Relevant social impacts should be discussed explicitly, and deci-.
sions should be made regarding how best to describe, evaluate, and communicate the least
quantitative elements of environmental effects on the qualn:y of life.

Environmental equity should be considered throughout the assessment process. If the
area under study includes a diversity of people and life styles, it may be necessary to pay .
particular attention to potentially serious.impacts on particular groups of people. This topic
is covered in more depth in Section 2.1 of this document, but is mentioned here to empha-
size aspects of the quality of life thar differ among cultural and economic groups. For exam- ,
ple, the loss of animal habitats or sacred lands may adversely affect Native Americans’ tradi-
tional life styles and, hence, their quality of life. Also, communities that depend on a single
natural-resource-intensive industry, such as fishing or logging, are at risk if non-sustainable’
practices jeopardize their livelihood. Cultural and income differences may affect the base- -
line values used to evaluate impacts on quality of life. Willingness-to-pay models may have
to bé adjusted in light of different social norms. For example, residents of stressed urban
communities may be more interested in enhancing their immediate environment (e.g.;
urban parks and cleanup of abandoned industrial plants) than in preserving biodiversity or
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Exhibit 2.4.3:

Dqséripﬁons of Vermont's Quality-of-Life Criteria

Criteria .

Descriptions of Criteria

» 'Imp.acts on Aesthetics

‘Economic Well-being

Fairness

-

Future Generations
Peace of Mind
Recreation

Sense of :Cbmmugn't'y

* Reduced visibility, noise, odors, dust, and other unpleasant

sensations, and visual i

pact from degradatior! of natural or.
agriculturat landscapes. S :

Higher out-of-pocket expenses fix, replace, or buy items or
services (e.g., higher waste disposal fees, cost of replacing a
well, higher housing costs), lower income or higher taxes paid

because of environmental problems, net jobs last because of

3 environmental problems, and health-care costs and lost

productivity caused by environmental problems.

Unequal distribution of costs and benefits (e.g:, costs and
benefits may be economic, hlealth, asethetic).

Shifting the costs (e.g., economic, health risks, environmental |
damage) of today's activities to people not yet able to vote or not

yetborn. -

Fééling threatened by possible hazards in éiror dnnkmg water,

- or potentially risky structures or facilities (e.g., waste sites,
. power lines, nuclear plants), and heightened stress caused by _

urbanization, traffic, etc,

A ,,

Loss of access to rccrc:iitionalvlandsﬁ (public and';brivatc_), and
degraded quality of recreation experience (e.g., spoiled
wildemess, fished-out streams).

Rapid growth in population or number of structures, or
‘development that changes the appearance and fezl of a town; loss
of mutual respect, cooperation, ability, or willingness to solve
problems together; individual liberty exercised at the expense of
the individual; and loss of Vermont's landscape and the
connection between the people and the land. - - . -

¢
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2.4 Quality-of-Life Assessments

broad support and represents public concerns accurately. Surveys, questionnaires, and pub-
lic meetings are among the tools sometimes used to help reveal impacts and define commu-
nity values. Major differences of opinion within values should be noted. Once the werk
group has gained a sense of the range of impacts and the communiry's values, the'extent to
which those values are degraded by impacts to environmental quality must be evaluated.
Determining the values of the community involves: “working with community members to
define “quality of life,” then asking: whar social values are most important in the communi-
ty, which can be affected by environmental problems, and which will be i important consid-
erations when the community evaluates management strategies?”(NCCR: 1992)

The Strategy for Vermont’s Third Century (Vermont 1991) used public mectmgs,
survey, and research to determine shared values among Vermonters: .

After holding 11 public forums, conducting an informal public survey, and reviewing sevcral
statewide opinion polls, the Advisory Committee concluded that most Vermonters share a ‘
similar set of values relating to their environment. The committee adopted these as its seven
quality-of-life criteria. [They are listed and defined in Step 2 of this secdon.]

Because most of these seven criteria are intangible, they are exaremely difficult to'measure or
quantify. The Quality-of: :Life Work Group described how.each problem area affects each crite-
rion and how widespread or intense the effects are. Although thesz non-quanutmvc descrip- |
tions of risk often lack precision and scientific objectivity, they focus attention on spedific criti--
cal issues and thus are useful tools for comparing the problems systcmaucally and consxstr.ntly

STEP 2: IDENTIFY AND DEFINE EVALUATIVE CRITF.RIA

Criteria can be derived from broadly shared pubhc values and applled to each problem
area to determine how quality of life is affected. Comiparative risk projects have varied in the .
criteria considered for quahty-of life impacts—from studies limited to the economic impacts

of environmental problems, to those that included several social issues as well. Exhibits 2.4.2 -

and 2.4.3 and Table 2.4.1 list the criteria used by three comiparative risk projects.

Exhibit 2.4.2:
Criteria Used to Assess Quality-of-Life Impacts

Louisiana . Seattle

(Qualitative Aspects of Losses) (Categories of Quality-of'-'Lz"fe Impacts)
« Number of People Affected » Reduced Recreational Oppomihities

« Severity of Effects on . » Reduced Aesthetic Value
Specific Populations K ' , o

* Reduced Economic Opportunities

+ Availability of Substitutes p

‘ . Loss of the Intrinsic Value of Future .

« Reversibility of Effects - Use of the Resource Affectcd ’

» Unaccounted Damages

September 1993 » S 3 2.4-5




4
']

A Guidebook to Comparing Ricks and Seiting Environmental Priorities

- STEP 3: COLLECT AND ANALYZE DATA ON IMPACTS o
Once criteria have been selected, the challenge is to find a way to measure the damage
~ from each problem area. Projects may include both quantitative and non-quantitative
analyses. The point is to have a well-defined analytic framework and a consistent set of .
. criteria to apply to each problem area: The analytic methodology should be agreed upon
in advance and documented as it is used for each problem area. Chapter 2 1 of this docu- -

~ment provides more derail on general analytic structure. -

Sources of Data

The dara used to measure the criteria reﬂect thl. values of r.he a.ffected community. The :
_darta usua.lly fall into one of several categories: : ! : ‘

Survey Re:pomes The range of data and units of measure in a survey are defined by the
 questions asked. For example, if a survey asks xespondents to describe how air pollution
affects the quality of life, a broad range of responses could be anticipated, including prob- -
lems related to health, visibility, soiling, and psych«alogxml well-being. Units of measure for
the responses might include the number of people reporting health problems, days of work
missed, days with limited v1s1b1hty, or days between visits to the mrwash Alternatively, if a
survey asks how much money the respondent spent last year on health mm related to air
pollunon, the only likely unit in the responses will be dollars. o

Public Opinion Polls and Census Data. Information from these sources can help to mdx-. |
cate trends for the future of the area and can supplement other more dxrert data i in deter- -
‘mining community values. - ‘: i

Anecdotal Infbrmatzon. Responses from pubhc meetmgs, surveys, etc., can be used in
descriptive discussion of problem areas and in determining the values of the populatxon

Wz[lmgnm—ta—]’ay Studses. For i 1mpacts on aesthetic and recreational values, wxllmgness-
to-pay studies have been used to provide a measure of da.mages in dollars.. ' :

-Direct-Cost Data. This category includes mformatxon on health-care costs, crop loss,
and structural damages that may be gathered ﬁ'om local sources or extrapclated from stud- ;
ies done elsewhere. . g ‘ .

Non-market Data. This mtegory mdudes measures of reduced v1s1b1hty, noise levels,

dust, u.nplensant landscapes, and stress and related social disturbance. Vermont used inno- -

vative units of measure, such as “number of boil-water days,” to measure losses due to tur-
bidity of surface water, and photographs to indicate visibility loss due to air pollutxon
Days with public health advisories for air quality and bans on recratlonal and commercxal
ﬁshmg are other potenua.l units of measurement. - o 1 :
- S . l

 Analytic Methods' S L
" Analytic methods should include as comprehen';lve a pxcture as posmble' of the nature
and extent of present and anticipated economic and social i impacts caused by environmen-
tal degradation. HOWever, models to predict future i unpact.s are often unava.llable or are

ik
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2.4 Quality-of-Life Assesments

Table 2.4, 1:

Vermont's Problem Areas and Quahty-of-foe Cnteria

Problem Areas

Vermont Quahty-of-Llfe Criteria

Aesthelics  weli being  FAMESS  Generations  Mind

Economi

ure Peace of

Recreati

Sense of
Commurnity

Alteraticn of Ver-
mont's Ecosystems

Global Climate
Change

Indoor Air Pollution

Air Pollution,
Including Acid Rain

Depletion of the
Ozone Layer

Drinking Water
atthe Tap

Pollution of Lakes
Ponds, and Streams

Toxics in the
Household

Toxics in the
Work Place

Hazardousand
Radiocactive Waste

Solid Waste

Visual and Cultural
Degradation of
Vermont's Built and
Natural Landscapes
Food Safety

Ground-Water
Pollution

Loss of Accessto
Outdoor Recreation

Pesticides & Pests

X

X

X | X

X

R A

P4

>4
o

o

3 I I I I B P B B
>
o

o

-
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* region, or country (EPA 1986). Several EPA economic damagc studies Vha‘vc’ usedr the fol- .
lowing equation to estimate damages for total suspended parnculars (TSP): -
" (Average TSP Level in ug/m3 - Background T‘SP Level in u.g/m-") x Number off Household.s -
x Damages per Household per ug Change in Anaual Mean TSP = Dama.ga
The average TSP level can be derived by taking the mean of recorded TSP at all moni-

toring stations in the given state, region, or country.? Damage per microgram change in the
‘annual geometric mean of TSP has been calcu.lated to be roughly $1 per capita (1990 $).

This approach has only been applied with respect to particulate matter. Another
approach that has been used to quantify damages to' materials from a number of pollurants
involves combiningnational estimates of per-capita damages with the populanon of the
relevant state or region in the following fashion: ‘

" Annual National Per-Capxta Damages x Popu.lauon of Reglon/Stau - Annunl Dama.ges

t
1
- i
1
}

. Table 2.4.2: i
Quality-of-Llfe Effects Measured In EPA Reglonal Projects -
; Health-Care Commercial | Materials Aesthetic '| Property Resource
_Problem Areas Costs Recreation Losses | Damages Damages | Damages | Restoration

Discharges o 13,46 |1,23,46 | 1,234 ,1 3 | 1

) glfcﬁpgfsww Wam ] L3346 | 12,3,46 | 1,2,3,4.6 L3 1
Aggregated Drinking Water | 1,3,4,6 3 ) 4,6
Aggregated Ground Water 1.2,3,4,6 - o . 1,2,6
Non-point Source Polludon 1,3,4,6 1,2,3,4,6 1,2,3,4,6 ! 1,3 4 1
Physical Degradation of i S
Water/Wetland Habitats - 3.4 3.4 ! 3 4 1.6
Municipal Solid Waste 1,3,4 | ©1,2,4 1,2
Industrial Solid Waste 1.3,4 ! 4 ‘
Underground Storage Tanks 3,4,6 o 12,6
Active Hazardous Waste ‘ .
Sites (RCRA Program) 1,2,3,4,6 g 12,4 2
Abandoned Hazardous | .

{ Waste Sites (Superfund) 123,46 { 12,4 1,2,6
Accidental Chcm.lcal 14 R
Releases ' . 6 1, . .
Pesticides. 1,2,3,4,6 4,6 4 T4, 2,6
SOx, NOx, and Acid Rain 3,47 1,2,3 1,3 ' 1,2,3,4,6 '1,3,4,6 ;
Environmental Lead 1,4,6 ' 4 1
Ozone and Carbon Oxides 4,6 o .
Particulate Matter . - . 4,6 4 4,6
Hazardous Air Pollutants 1,3,4,6 4,6 ‘
Indoor Air (Except Radon) | 1,2,3,4,6 .4 4 1,3,4,6
Indoor Radon 1,2,3,4,6 1,3,4,6
Criteria'Air Pollutants 1,23 1,23 1,23 2 '
Strat. Ozone Depletion 2,4,6 4 4 6

-4 CO2 and Global Warming i _ 4 4 2,6
Physical Degradation of ‘ A
Terrestrial Habitats 3 3.4 | 4 6
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24 Quality-of-Life Assesments ‘

difficult to fit to existing data. Also, certain economic and social impacts, such as those
from lost ecosystem services, may clearly exist, but may be very difficult to measure. Other
impacs, like ozoné-related crop damage or damage to materials from acid depositiorr, are
relatively clear and measurable. Additionally, some analytical methods (e.g., willingness-
to-pay studies) may be controversial, especially when results are presented to people with-
our an extensive knowledge of economics. : :

Which economic and social impacts to assess, which analync methods.to use, and
whether to explore future impacts are among the carly decisions of a qualiry-of-life work
group. In addition to the traditional measures ‘of economic and social damages discussed
in this chapter, the work group may want to consider other aspects of the extent and sever-
ity of impacts on human communities, including:

¢ Lost benefits from ecosystems and other natural resources damaged by environ-
mental degradarion. : -

* The impacr of social and economic trends on the cnvnronment

Seven categories of economic damages have been applied in past studies: (1) damages to
marerials; (2) commercial harvest losses; (3) health-care costs; (4) recranonal losses; (5)

-

aesthetic damages; (6) property-value losses; and (7) remediation costs. The first five cate- ’

gories measure economic losses relatively directly . The last two categories—economic
losses due to decreased property values and the economic costs of restoring contaminated
resources—must be used carefully because they (1) may capture many of the same eco-
nomic damages estimated by the direct methods and (2) may poorly reflect actual eco-
nomic damages. Property-value losses and remediation (resource restoration) costs can bc
used as an alternative or a complement to the more direct damage measures.

Table 2.4.2 lists the categories of economic damages used by several of EPAs 10 regions in
their assessment of environmental problem areas. (Numbers in the cells refer to the EPA region.)

Damages to Materials

In the context of economic damage assessment, this mtegory mcludcs the soiling, dis-
coloration, erosion, peeling, and cracking of a variety of materials and structures. The eco-
nomic impacts are the costs of repairing or replacing these items. Past comparative risk
studies have identified criteria air pollutants and acid deposition as the pnmary destroyers.
of materials. Specifically, most studies have mlculated

Soiling from suspended pamculats

Dye fading from nitrogen dioxide
o Damage to rubber tires from ozone
+ Damage to painted surfaces, metals, monuments, etc., from acid deposition

This is only a limired set of possible damages. The work group should attempt to iden- .
tify other materials and structures susceptible to damage from pollution. '

One approach to estimating economic impacts from damagm to materials has the
advantage of dxrcctly incorporating the pollutant concentration in the specific state,
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often rely on preexisting studies. One approach xs to scale narional da.ma‘ge“cstimates
according to the harvest share of the particular state or region. When using this approach, it

s important to exphcxtly state the type of economic damage being discussed in the given

study. Comprehensive economic studies will address both consumer and producer surplus
losses caused by yield reductions. Other studies may only address producer losses attribut-
able to decreased profits or consumer losses attributable to hxgher prices and/or decmsed
supply. Care should be taken to properly account for bor.h types of damages

Variations of the gencral “scaling” method, as well as alternarive methods for assessing
commercial harvest damages, are considered in the followmg subsections on losses to com-
" mercial agriculture, fishing, and forestry ” ‘

| Agricultural Losses ' ,
Agricultural yields for some crops have been adverscly affected by dlffcrcnt types of air
pollution. Past comparative risk studies have focused on the agricultural effects of tropos: .
pherxc ozone (i.e., smog). One approach for calculating harvest losses.due o ozone is to use_
preexisting estimates of the percentage reduction in crop yield that follows from a percent- =~ -
age increase in the ozone concentration. Such statistical relanonshlps have been calculated
for a variery of crops and can be located in a number of economic benefits studies (Adams:

etal. 1989, Heck et al. 1983). This relanonshxp can be used in the followmg fashlon

Percentage Yield Reduction Per One Pex'ccnt Increase in Ozone Level ((..rop Z)x
Percentage Increment of Ozone from Background Level (EPA 1989a)¢ x
State/Region/Country Value for Q'op z Harvect = Producer Losses

This method ssermally estimates the decrease i crop production and multiplies it by '
the per-unit value of the crop. Harvest values are radlly available from the U:S..
Department of Agriculture (or the equivalent agency for foreign countries). Data on ozone
concentrations are available from state or national air-monitoring programs. -

- It should be noted that this method only partly captures the economic damages, since it~
addr&sss only producer losses, not consumer losses. Also, it does not incorporate the -
potential for price changes when agricultural yields are reduced; for example, a decreased
corn yield may raise the price of corn, mitigating the economic losses experienced by pro-
ducers. As such, it is an upper bound on producer losses.

. This method is useful because it employs reglonal ozone data in combmauon with crop |
sensitivity. An alternarive, simplified approach that does not rely on ozone data involves
smlmg national damage estimares, using the followmg general formula: -

ReglonISmte’s Percent of the National Harvest of Crop x National Damage Esmmzte for Crop
. = Total Annual Damages for Crop

Nanonal crop da.magc estimates are generally developed on a crop—by-‘crop basxs so that
the state or region’s share of total production can be obtained by dividing state/regional
production by national production of a given crop. These statistics can be easily obtained
from the Department of Agriculture (or the equiv a.lent in forelgn counmes) or even from
the U.S. Statistical Abstract | ‘
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For instance; past studies have calculated dye-fading damages due to nitrogen dioxide
by taking the nationwide damage estimate found in EPA’s 1982 Criteria Document and
dividing it by the U.S. population to get per—caprta damages. The per-capita figure is then
multiplied by the population of the state or region. Specifically, the followmg per-capita
damage estimates have been used:

+ In the 1982 Criteria Document, EPA estimated the per-capita damages from dye
fading due ro nitrogen dioxide to be roughly $1.76 (1988 dollars).

+ A 1983 EPA study reported that annual damage to tires from ozone was $1. 77 per ‘
vehicle (1990 dollars). . ,

*» A 1986 EPA study estimated thar soiling and dlscoloranon damage to mdustry from
suspended particulates amounted to roughly $14.98 per-capita (1988 dollars).

A study by Horst et al. estimated per-capita damages from acxd rain to be roughly
$11 (1988 dollars) (EPA 1986b).

The per-capita approach has a number of problems. Obvxously, it does not mcorporate
information on regional pollutant levels. In addition, the studies are often highly uncer-
tain. For example, the National Acid Precipitation Assessment Program contends that the
function relating acid precipitation to paint and mortar damage in the Horst study overes-
timates the actual physical damage. These estimates are provided here only as a rough
guide to the potential magnitude of damages. Rather than rely on these point estimates of
per—caplta damage, the analyst should attemprt to bracket the damage ¢stimate by either
( 1) varying assumptions in the above studies or (2) locating alternatxve estimates of per-
capita damages. :

Using these methods, past comparative risk studies have frequently estimated large eco-
nomic impacts for damages to materials, particularly for criteria air pollutants and particu-
late matter. Some work groups have viewed the results with skepncxsm especially when
the calcularions are not based on locally monitored coricentrations of pollutants.

Commercial Harvest Losses

* A number of air and water pollution problems can cause economic damages by reduc-
ing the yield of commercially produced crops, seafood, and forests For instance, tropos-
pheric ozone (smog) may impede the growth of certain crop s_ ecies and reduce farm
yields. This damages the welfare of both producers and consumers of the commercial
products—producers because of lost profits and consumers because of decreased availabili-
ty of goods and consequent higher prices. Therefore, the most appropriate measure of eco-
nomic damage attributable to decreased harvests is the loss in consumer and producer sur-
plus. In simple terms, consumer surplus is the extra value consumers get from a purchase
beyond what is actually paid.3 Producer surplus represents the revenue that a producer
receives for a good, beyond what it costs to produce the good. In general it can be
thought of as the profit earned by producers. ‘

Since measuring lost producer and consumer surplus requires relatively complex research
into market supply-and-demand conditions, comparative risk economic damage estimates
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Thxs method is likely to overestimare producer losses because of a number of 51mphﬁca-
tions. First, it measures only producer losses and not potential consumer surplus losses.
~ Second, it measures lost producer revenue, not lost producer surplus. Furthermore, i it
~ assumes that the amount of shellfish brought to market i increases and decreases in’ propor-
_ tion to the acreage open to shellfishing; this may not be the case if, for eéxample, shellfish-
ing can be intensified in non-polluted beds without )eopardxzmg long-term sustainability.
Fmally, like theagricultural estimates, this methc»d does not account for price effects; a
decreased catch may raise the pnce of shellﬁsh thereby mitigaring ptoducer losses.

Estimating economic. dama.ges due to lost con‘lmercm.l fishing for fin fish is more dxfﬁ—
cult than estimating those due to shellﬁshmg Desngnated fishing areas are not as well
defined, making regulation of fishing habits more difficult. Furthermore, the existence of
- commercial hatcheries makes marker effects less chrectly dependent on water quality. Most
comparative risk studies, therefore, tend to rely on preexxsnng studies that assess economic
costs associated with the polluuon of major water bodies in the area.

Com mercial Forestry Losses ‘1
- The comparative risk study conducted by EPA’s Reglon IV used two sources to estxmate, L
damagcs to commercial forestry. Expert opiniion summanzed in a 1989 EPA staff paper
'suggested, reductions i in the rate of forest growsh of berween 10 and 20 percent (EPA
1989a). These percentage reductions in timber harvcst were applied in simulations of the )
~ U.S. Forest Service’s Timber Assessment Market Model which generated estimates of the I
" change in consumer and producer surpluses. For. example, at a growth reduction of 15 ’ )
percent, national consumer surplus was reduced by $516 million, while producer surplus
increased by $302 million for softwood and hardwood lumber and by $118 million for
~ softwood and hardwood stumpage (1984 dollars). These natlonal figures were sca.led 10
Region IV baséd on forest production statistics. f'

As with agnculture and fishing, national damage data can also be smled when calculaung
economic damages from reduced growth in commercial forests. As with agricultural crops,
such damages are usually associated with increased ozone concentrations, although acid pre-

cipitation may affect forest productivity in relevant areas (e.g., the northeastem United
States). Past comparative risk studies have scaled the estimates in large regi ional studies. For ~
instance, Calloway et al. (1986) calculated consurher and producer losses attributable to
reduced forest producnvuy in the eastern United 5 States (EPA 1986a). The Region I and III

“economic damage studies used these results in conjunction with production information

. from state or nanonal forest bulletins to arrive at region-specific dama.ge figures.

s unportant to note that estimates of forest: damages hinge on estimates of the yleld v
reductions caused by ozone and acid precipitation. The range of expert opinion on this
subject is sigxiiﬁant, reflecting the fact that thé translation from laboratory impacts to

- field i impacts is not well understood. Therefore, the need foran analysxs of the range of
possible outcomes should be stressed : R :

" Health-Care Costs . { .
~ Health-care costs in a comparanve risk project are costs ‘assocxated wuh the 1nc1dence of
envxronmentally mdueed lllnesses beyond illnesses that might occur in the absence of the
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In the United States, national crop damage estimates have been developed by a number
of researchers, with the most recent figures available from a 1989 EPA study. This study
developed a range of national damage estimates, recognizing the importance of varying
assumptions about the supply/demand framework in agricultural markets. Specifically,
one set of assumptions assumed no agricultural markert distortions due to the structiire of
subsidies. Another set of assumptions incorporated subsidies, but allowed for no supply
responses in the form of acreage increases or other adjustments in agriculrural policies. A
final set of assumptions calculated the cost savings after accounting for subsidies, but alse
allowed for agricultural policy changes. These three different methods provided three
widely varying estimates of national damage for each crop in the staff paper, leading to .
equally wide-ranging regional damage estimates. When possible, the analyst is encouraged .
to apply this type of sensitivity analysis to bracket the range of posstble economic impacts.:

Past comparative risk studies have also consxdcred crop losses from sulfur dioxide and .
stratospheric ozone depletion using methods similar to those reviewed above, Losses from .
these environmental problems have been found to be minor relative to ground-level ozone
damages, and in the case of ozone depletion, are sub]ect to a greater degree of uncertainty’
due to limited scientific data on yield reductions. However, ozone depletion may cause
significant future harvest damages (the merits of estimating future damages and. calculat- -
ing a present value are discussed in Step 4 of this section). Other environmental problem
areas should be considered for possible contribution to crop loss and should be quarmﬁed
where studies are available, or discussed where they are not.

Commercial Fishing and Shellfishing Losses

Discharges into water bodies from non-point sources of pollution, mdusmal point
sources, and POTWs (point-of-transfer waste sites) can close 6ff shellfishing in contami-
nated areas, The ideal method for estimating economic damages associated with such -
problems would be to evaluate consumer and producer surplus- losses. Consumer surplus o
would be reduced because a smaller shellfish carch would raise the price of shellfish; pro-
ducer surplus could be reduced because of reduced sales and/or the increased costs of
shellfishing (e.g., boats may have to travel to more distant shellfish beds). However, given
thar the resources for such an assessment are beyond the scope of many comparative risk
projects, producer losses can be approximated using the followmg cquauon for the value
of a shellfish carch in a particular area: . - :

Value of the shellfish,catch m_:hmmd:mnmimm x
Area Closed to Shellfishing = Producer Losses
Area Open to Shellfishing o

This method essentially derives a value per unit of shcllﬁshmg area (typxmlly acres) and
multiplies-it by the number of closed acres. Statistics on the status of local shellfish beds
and the value of shellfish harvests are readily available from the National Marine Fisheries
Service in the U.S. Department of the Interior or from the National Oceanic and -
Al:mosphenc Administration, In foreign countries, data should be available from equxva—
lent agencies. Once total damages are developed, they must then be appomoned to the
various water pollunon problem areas.
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treating the illness, such as medicine, medical appliances, and nursing care. Indirect costs ‘
reflect the reduced productivity of individuals with the illness—most significantly, fore-
gone earnings because of time taken off of work. A “human capital” approach is rypically .
used to develop per-incident estimates of this foregone productivity. For fatal illnesses,

such as cancer, the human capital approach first calculates whar the individual would have -
earned over his lifetime using a discounted prsem value of estimated mean earnings. This
is contrasted to the expected liferime earnings of an individual with the illness, and the

" difference (in present-value terms) represents indirect costs. For less serious illnesses, indi-
rect costs are typically measured in terms of restricted-activity days based on mean daily
earnings. In most cases, indirect costs outweigh direct costs and should, therefore, always
be considered when determining the costs of 1llness B

‘ Incorporatmg health-care costs into the economic da.mage assessment may be perceived
as double-counting the health impacts already covered in'the human health section of the

. comparative risk study. However, it is important to recognize the distinction between
physically enduring an illness and paying for health care. The rationale behind con51der1ng

health-care costs.is that the economic burden is one that is borne in addmon to the pain .

and suffering of 1llness |

Recreational Losses.
Since the theoretical nature of recreational damages (ancl many other damages) makes -

i
[ ; |
i .

them more difficult to evaluate, comparative risk economic damage studies frequently rely -
on existing economic studies performed by acadeinic researchers. These studies ryplca.lly o )
follow one of two types of valuation methodologxes o : '

Revealed- -preference studies measure the behavioral relanonshnp berw«-en xrnprovemem

" in the quality ofa recreational (or other) resource and the xncreased recreational use

 of that resource. This behavxoral relatxonshlp reflects the use value of the recreauonal
resource. : ‘ ;

. Contzngmt—ualuatwn ( @Y, studies measure w1ll1ngness to pay for a resource by askmg
respondents to place a dollar value on improvements in the quality of the resource.
Dependmg on how the question is framed, this approach can measure both use and
‘non-use value’ - 1 :

The CV method uses surveys of experimental settmgs to elicit mdmduals wdlmgness o
to pay for changes in the availability of non-market goods, such as environmental quality. =~ L
Typically, respondents are presented with a contingent, or hypotherical, market where they
are given information on a particular good and are asked to bid on increases or decreases
in the supply of the good. Although CV can measure use value; it is used most frequently :
1o idéntify non-use {intrinsic) values for goods. For instance, we may be'confident that »
 people have an intrinsic value for the water quality of Lake Huron, even though many of .
them do not intend to ever use it; simply knowing the lake is clean is of some value to
them. CV artempts to translate this “existence value” and other non-use values into con-
crete terms. These non-use values are closely related o many of the societal and non- ‘
quantitative issues currently consu:lerecl in comparative risk studxcs. L N o ‘ )

i
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2.4 Qualisy-of-Lift Asesmens

environmental problem. Health-care cost assessments in comparative risk projects have
typically concentrated on medical costs and the cost of lost work time. Indirect costs, pri-
marily reduced productivity due to lost work time, are estimated on the basis of expected
earnings for the time lost from work. The level of analysis can vary from rudxmema.ry o
more sophisticated estimates, depending on project goals and resources.

Calculation of health-care cost damages relies directly on the estimates of health inci-
dents generated by the health risk portion of the comparative risk study. The basic method
for calculating damages involves multiplying the number of health incidents by the total
health-care costs applicable to that particular illness. For instance, if the health analysis
estimates that indoor radon exposure causes 500 lung cancers per year, this figure is multi-
plied by the medical-care costs for lung cancer ($64,220) to arrive at health-care cost dam-
ages for radon ($32.1 million). High and low estimates of cancer and non-cancer mses can
be used as upper and lowcr bounds of the economic damage estimate.. ’

Table 2.4.3:
Health Effects and Associated Health-Care Costs (1990 $)

: Direct |}’ Indirect Total
Health Effect Costs Costs Costs

Cancer (1, . '
Non-specific $16424 | $ 48,316 { $ 64,740
Respiratory 12,949 51271 64,220
Digestive 13,377 28,868 42,245
Urinary 15,144 24,405 39,549
Reproductive 16,262 23,534 1, 39,796
Nervous systen v 21,093 118,113 139,206
Buccal cavity 19,050 34,273 53,323
Leukemias 15,867 60,353 76,220
Lymphomas - - 18,439 64,202 82,641
Other sites i ‘15,609 29,824 45,433

Non-cance! - o

Giardia (digestive systcm) (2) 1.947 627 2,574
Restricted-activity days (2) 6 38 - 4
Asthma (2) - 6 - 43 49
Hypertension (3) - 7220 * 220%*
Non-fatal heart attack (3)’ : * L * ~ 60,000%*
Non-fatal stroke (3) * * 44,000%*
Lead exposure, screening (3) * * 3,000%*
Compensatory education o * 2,600%*

© _(Byears)(3) 1
Headache (4) ) * - 7.50 7.50%*
Eye irritation (5) - * I 9.00**

SOURCFS.: ; . * Specific costs are not svailable

(1) Hartunian 1981 ** Casts shown in 1985 dollars

(2) Rice 1985 :

(3) EPA 19852

(4) Hall 1989

(5) Chestnut 1987

Table 2.4.3 summarizes the annual health-care costs associated ;vith a variety of cancer
and non-cancer illnesses. As shown, toral health-care costs include both direct and indirect
costs. Direct costs represent the value of goods and services involved in diagnosing and
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multxphed by estimates of consumer surplus assoaated w1th a ﬁshmg day, (as shown in the :
formula below). ‘ ’

The decrease in consumer surplus due to lost ﬁshmg days is the pnma.ly componcnt of o
economic damages due to reduced recteational fishing opportunities. Other components '
are possible, but are more difficult to measure. For  example, people who choose to contin-
ue fishing may seek out new areas to fish. If these areas are more distant than the option _
that has been polluted the additional travel costs also may be a part of economic damages:

~Since the methods reviewed here do not capture such damages, they may undervalue the

“total economic impact. If resources are not available to pursue the method outlined in the

' paragraph above, the analyst may wish to consider a less rigorous approach One'alterna-
tive uses the followmg equation to calculate damages from a loss in recreat 1onal ﬁshmg

% of Water Fishable x Annual Numnber of Fuhmg Days x
_ W‘dlmgneu to Pay Per Fishing Day = Damages )
' Like the more derailed method presented above, this equation sumates the increase in - - -
recreational fishing days that would result in the absence of water pollution, and then
- multiplies it by the per-day value of these increased fishing trips (willingness to pay).
Here, however, fishing days are assumed to increase proportionally to available fishing
waters. State 305b reports (or equivalent documents in foreign countries) classify surface
water according to whether it is boarable, fishable, or swimmable (swimmable being the
cleanest level). It is suggested thar the analyst divide the calculations according to surface
water type, specifically fresh water and salt water. P ast economic damage studies have used
the National Survey of Fishing, Hunting, and Wildlife Associated Recr&tlon for data on
fishing days per state. A number of academic studies have performed surveys that derer- -
mine the consumer surplus associated with a day of recteational fishing. Although these
willingness-to-pay figures are highly dcpendent upon the geographical area and the type of
fish, figures in Table 2.4. 4 are representatwe of the average consumer surplus per ﬁshmg
day in 1990 dollars. - . ; '
: |

" Table 2.4.4:
Wlllmgness to Pay for Recreational Flshmg

Type of Fishing | Low lEstxmate High Estimate ‘

FreshwaterFishing o823 $33
Saltwater Fishmg SRR E

_ Offshore | 93 | 113
Pier ’ 20, : 29

- F'Source: Walsh 1088

The estimates in Tablc 2.4.4 are provided hcre only to suggest thc potcn nal magnitude
of damages. Analysts should artempt to locate wﬂhngnss-to-pay figures thar are specifical-
ly geared to the types of ﬁslung done in the state, reglon, or country (e.g., l'ly-ﬁshmg, surf-
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2.4 Quality-of Life Ascesmenss .

Contingent valuation has been used increasingly by EPA and other orga.mzanons to .
characterize the more elusive economic benefits of environmental quality. For i instance,
EPA is currently sponsoring a CV survey to evaluate non-use values associated with ~
ground-water quality. Although CV has played a limited role in past comparative risk
studies (e.g., to value willingness to pay for visibility), methodological improvements and, -
increased availability of studies make it more pertinent in future risk-ranking efforts.
However, the method is subject to many criticisms and should, Lhercforc, be used cau-
‘tiously in policy-making procedures.

Willingness-to-pay studies based on CV mcthods are influenced by the knowledge and
values of the respondents. For this reason, some economists  and social scientists believe
they may not accurately estimate the true value of a resource. Where other studies are not
available, however, this method for valuing environmental goods may be useful. It should
be noted thar explanarions will be necessary during presentations, and some participants
may not be convinced of the validity of the findings. When studies are available, most
analysts prefer to rely on travel costs or other measures of revealed preference to derive .
economic damages for non-market goods. '

In general, the results of revealed-preference and CV studm can be combmed with
information from state water quality reports (305b reports) to arrive at recreational dam-
age estimares for surface water. Specific approaches are described below for valuing lost
recreational ﬁshmg and switnming opportunities. Many other forms of outdoor recreation
exist, and an attempr should be made to find local studies of recreational activities. In one
case, very significant losses were estimated in an evaluation of lost revenues from beach
closures due to pollution (EPA 1991a). Cost estimates were based on decreases in beach-
use fees and estimates of other expenditures typically associated with beach visits. Where
studies do not exist, 2 non-quantitative description of poss1blc damages is better than leav-
ing the issue unaddressed.

Damages to Recreational Fishing

The Louisiana economic damage assessment presented a relatively complex but theoret-
ically correct approach for valuing damages to recreational fishing. Only a summary,
description is provided here; for detailed guidance, the reader should refer to the Lomsxana
comparative risk document (1990).

In general, the method draws on a study by Vaughan and Russell that modeled recre-
ational fishing as a three-step process involving the choices of (1) whether to fish, (2) what
fish species to seek, and (3) how many days to spend fishing. In the first step, Vaughan
and Russell developed a regression equation estimating the probability that a person will
go fishing, given a change in the number of fishable acres in the state or region. This pro-
vides an approach for determining the increase in fishing participation resulting from
improved water quality. In the next step, a second set of regression equations were used to
estimate how this increased participation will be divided between rough (e.g., catfish) and
game (e.g, bass) fishing. A final set of equations allows the user to translate increased par-
ticipation into actual days spent domg each type of ﬁshmg The increase in days can be
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(12262 (VR2 - VR1)) - go.osmvniz v1§i2>)] x CPI = Annual Damages per Household -

where: v . v |
YRz . annual average visual ﬂ.nge after SO reduction (km) ‘jr |
VR = inual average visual range before SO reduction (km)
CPI - coh.‘minerAprice' index, all iﬂem_s, wage en.mcrs and clerical workgn

‘The coefficients in this model were developed by incorporating the results of five sepa-
rate contingent-valuation studies of visibility. It may be useful to vary the assumprions on
-which the coefficients are based (e.g., vary the mix of contingent-valuation studies) to

develop a range of damages per household (EPA 1988a, 1988¢).7: N
The baseline visual ranges in the visibility benefits equation can be obtained using
‘models in the sulfur oxide RIA that relate emissions to Visibﬂit)z or from other sources,
such as state air office data. The average annual visual ranges after SO reduction can be
calculated by using the emission reduction r'nodelsf in the RIA or by assuming lower- and
upper-bound visibility improvemenits (e.g.,;a lower bound of 5 ‘p'erceht improvement and
~ ‘an upper bound of 20 percent improvement over baseline).8 o

Once the visibility damages per household have been estihiated; the tét;al damages can
be obtained by simply multiplying the.per-household damages by the number of house-
holds in the state, region, or country. Due to the natural ‘variation in visibility from one -
geographic area to the next, it may be best to perform the calculations on a state-by-state
basis and sum the results to the regional level, if a regional study is being'perfonﬁed. ‘
Similarly, if a national study is being performed, calculations should be done on regional

" levels, and the effects summed to the national level. v L
- The model described above is appropriate for véluing visibility in r'n_os;' geographic
areas. However, certain states, regions, and countries may contain areas that inspire a -
greater willingness to pay for visibility. Visibility benefits for these areas can be calculated
using the willingness-to-pay equation per vehicle trip per year provided below: -
Willingness to Pay for Visibility Per Vehicle-Trip Per Year x (VR2 - VRI) Vehicle Trips
. - Per Year = Annual Visibility Damages - P ‘

where: l
VR2 = . background visual range (km)
VR1 = ° annual average current vuua.lrange (km)

A number of willingness-to-pay studies have been conducted for national parks. These .

~ studies provide estimates of willingness to pay per vehicle mile per kilometer of visibility
improvement. One study used in previous economic damage assessments estimates that
willingness to pay for improved visibility at Mesa Verde National Park ranges from $0.02:

10 $0.04 (1990 dollars) per kilometer of visibility improvement (EPA 1990b). Vehicle
trips per year can be calculited as the number of people visiting the Class I areas divided v
by the average number of people per vehicle (roughly 2.5). Data on numbers of people
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casting), as well as to the type of fish being sought and the geographical surroundings that
affect the fishing experience. It is best to identify a range of wdlmgness—to—pay estimates to
bracket the overall damage estimate. ‘

Damages to Recreasional Swimming ~

Methods for estimating economic damages assocxated with lost swimming opportuni-
ties are very similar to those used for recreational fishing. In theory, the pnrnary compo-
nent of damages is the reduced number of days that will be spent swimming and the asso-
ciated loss in consumer surplus.® The second method discussed above (the unit day value
method) can also be used in the following fashion to estimate sw1mm1ng losses:

- 9% of Water Swimmable x Annual Number ofSwunmmg Days x
Willingness-to-Pay Per Smmmm.g Day = Damages ‘
The following sources can be used in these calculations and can be combmed 1o deter-
mine damages due to reduced swimming opportunities.

* Saltwater swimming days may be estimated using the followmg equanon (EPA -
1985b): : S

Population Within Coastal Area x Proportion of Popnlauon That Participates in Swumning
x Number of Trips Per Perfon Per Year = Swimming Days

* Based on several studies, Walsh er al. (1988) estimated average consumer surplus per
swimming day to be roughly $25 (1990 dollars). Estimates vary, however, and the
analyst should attempt to locate studies gwed to the state, reglon, or country in
question.

¢ In thc United States, state 305(b) reports can be used to determme the percent of
water not swimmable.

Aesthetic and Visibility Damages -

Acsthetic damages typically include odors, noise, reduced v151b1hty, and unpleasant
visual elements, such as litter. Willingness-to-pay studies and travel costs may be used to
estimate losses. Among the costs factored in are losses to the tourism industry and sup- -
porting industries, such as hotels, restaurants, and car rental companies. Decreases in
property values due to dcgraded aesthetic conditions may also be consndered.

Visibility Damages

Economic damages from reduced visibility are typlmlly assoc:ated with sulfur oxide
(SO) emissions. Several EPA studies (Regions I, IV, and V) have applied a model devel-
oped by EPA’s Office of Air and Radiation to estimate these damages. The model esti-
mates the annual visibility benefits associated with achieving various air qua.lu:y standards
for sulfur oxide emissions. These benefits are equal to the damages thar are present due to
existing sulfur oxide levels. Visibility benefits per household are emmated using the fol-
lowing equation: : '
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applied in these analyses typically involves using academic studies of homieowners’ willing-
ness to. pay to increase the distance between their homcs and the waste sites. Three studies
" have been used to bracket damage estimates: ‘

* Michaels et al. (1990) found that homeowners were wrlhng to pay '686 10 ) $838
(198€ dollars) per mile from uncontrolled hazardous waste sites in Boston.

+ Smith and Desvouges (1986) found a willingness to pay of 3330 1) $495 (1984 dol-
lars) for each mile from a hazardous waste lamdﬁll

. McClella.nd et al. (1989) found average homc prices to be $4, 800 (1988 dollars)

lower when residents exprssed concern about a nearby Supérfund s site.,
These estimates of damage per home are used in the followmg equanon

' Number of Sites (e.gs Superﬁmd, municipal solid waste) x Average Reudences \Withm One Mile
x Willingness to Pay to Avoid Living Within One Mxle = Annual Damages

Past comparative risk studies have varied in their approach to estimating the number

of residences within one mile of Superfund sites, RCRA facilities, municipal landfills,
. and other waste management sites.? One simple method is to calculate the average popu-
" lation density per square mile in the state, region, or country (populauon divided by land.
area in miles) and divide it by the average number of people per home; this provides a
rough estimate of the number of homes within one mile of each site. Smce the popula-
tion density around waste sites may be significantly different from the averagc (e.g,
Superfund sites may be in urban areas, municipal landfills in rural ar&s) a more deralled

approach may be beneficial. l

The analyst should bear in mind two sxgmﬁcarlt uncertainties when using th&se proper-
ty damage methods. First, the willingness-to-pay s ‘.tudlos thar are available apply to either
Superfund or RCRA waste sites. It may not be aplproprxate to use these wdlmgness—to—pay o
figures to estimate damag&s from municipal solid waste sites; however, studies specifically
geared to municipal landfills, are not currenty available. Second, the willingness-to-pay
studies actually estimated damages for each mile added to the distance from the site. The
studies do not provide concrete guidance on how this effect decreases with successive miles
from the site—e, .g.» residents 10 miles from the site should not be willing to pay 10 times
what they would pay to be one mile from the site. The method described above may
underestimate damages, since it only calculates damagts based on homes less than one
mile from the site. | - . - ‘

R&source-Rstoratxon Costs

Society incurs economic costs when actions must be taken to restore a resource that has
been contaminated due to residual polluuon For example, 1f a householcls drmkmg-warer
supply is contaminated, the homeowner may have to pay to diga new well. Resource-
restoration Costs are discussed separately from the direct-damage estimation methods -
because their use.raises a number of potential probléms. First, resource-restoration costs’
have the potential to doublc-count direct damages. For example, expendltur&s to reduce
radon concentrations will prevcnt adverse health effects. Asa rmult, the comparative nsk :

l
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visiting most Class I areas are available from the National Park Service (or the equxvalent
in foreign countries). ’

Osher Aesthetic Effects

Aside from damages associated with rcduced visibility, very few other aesthetic dama.ges
have been directly addressed in past economic damage studies. These damages area not
necessarily excluded form the economic effects analysis, however, since property damage
estimates are likely to reflect the aesthetic conditions near the house.

-

Some comparative risk studies have estimated aesthetic damages by drawing on a num-
ber of EPA benefits studies that have found aesthetic damages ro be equal to some fixed
percentage of recreational damages when considering surface-water pollution. For exam- -
ple, the Region I economic damage study estimated aesthetic damiages for surface-water -
pollution problems to be berween 40 and 70 percent of the recreational damages; howev-
er, this approach is very simplistic. Analyzing reducrions in property value is a theoretically
sound method for capturing the economic effects of aesthetic degradation (see below), but
it also tends to capture other damages as-well. As demonstrated in the Vermont compara-
tive risk study, 2 non-quantitative treatment of the social damage posed by aesthetic degra-
dation may represent a more cﬁ‘ecnve alternanve

Property-Value Losses

One alternative measure of economic damage is the reduction in the value of property
located near areas of potential environmental risk. For example, a house located neara
hazardous waste landfill may experience a reduction in value that may or may not be real-
ized in the market, depending upon whether the house is sold. Economxc damage still
occurs, however, even if the damage is unrealized.

In gencral property-value losses may reflect health, aestheric, rccr&nonal or other
damages thar are already addressed in othér components of the economic effects study.
Because of the pou:ntml for double counting damages covered elsewhere in the economic '
cffects assessment, it is important to be aware of what damages are actually bemg captured
by a reduction in property values. A nearby hazardous waste landfill may cause home val-
ues to drop because of the threat of ground-water contamination and subsequent drink-
ing-water exposure. Property values also may drop because of aesthetic impacts, such as
odors or the unpleasant appearance of the facility. The facility may pollute a nearby pond,
reducing recreational opportunities, such as fishing or swimming. Therefore, while prop-
erty-damage estimates may add valuable information to the overall characterization of éco-
nomic impacts, they should be used carcfully. In particular, two uses are appropriate-'

1. Calculating property damages for environimental problems where no alternative l
methods exist for measuring damages. :

2. Properly coordinating property—damagc estimates wu:h other types of damage esti- -
mates (e.g., using them as an upper bound for damages attnbutable to a particular
environmental problem). ‘

In past comparative risk studies, property damages have been sumated for Superfund
sites, RCRA hazardous waste ma.nagement sntes, and mumcxpal landfills. The method
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Past .comparative risk studies have used a vanety of snmata of the cost of remedxatmg

contamination of private and public (mumc1pal) water supplies. Prxvate wells can be reme-

~ diated in the following ways:. 3, IR

* Each affected household can apply point-of‘:use treatment to purify contaminated
water and make it suitable for consumption. Total capital costs range from $1,000 to
$5, 000, and annual operating and maintenance costs are berween about $500 and
$1,000 per year, depending on the degree of contamination (EPA 1991b).

* Supplies can be replaced by extending a hocxkup from'a mumcxpa.l system, costing

" between $2,300 and $17,500 (capital costs); per household, depending on the dis-
tance from the nearest existing municipal su pply and the number of wells bemg
replaced. S o S f . ,

o Private wells can also be replaced by digging a new well. The cost“&)r a new well

 varies greatly, depending on the depth to ground water and other géological factors.

Past comparative risk studies have used capiral cost estimates of berween $3,500 and
$7,500. This is consistent with models developed by EPA, which indicate that capi-
tal costs for a new private well are roughly $5 000, with annual operatmg costs of °
about $200 (EPA 1988b). ‘ :

The analyst will need to take into account the ~.pecxﬁc conditions in the area-to deter-
mine the rémediation approach most appropnatc for estimating damages to private wells. -

..,i

Because of their size, municipal wells are much more costly 1o remedxate than private
wells. The following approaches are possible: :

L ‘
* Treatment of municipal wells is one option. Toral capital and operanng costs range

widely, depending on the treatment method, the type of contamination, and the size

of the water supply system. Existing EPA models estimate that for a system serving

2,000 people, total capital and operating costs are between about $: }60 000 and $1.2.
- million, respectively (EPA 1989b, 1989¢).!!, ’

« The cost of replacing a mumcxpal drmkmg—water supply is also subject to uncertain-
ty. Existing EPA models estimate that a full municipal system serving 2,000 people
has a capital cost of about $6 million, plus annual operating costs of about $41,000:

" (EPA 1988c). However, if the distribuition main (or other cquxpmcnt) from the orig-
inal system is used, costs will be much lowcr, prevxous studls used the range
$150,000 to $315,000. : 1 ‘

Total damages can be estimarted by combining hgutts such as these w1th the number of
~ wells contaminated for each problem area.. N .

Mitigation of Radon in Homes o i v
~ Most economic damage studies have estimated the cost of preventing exposure to ele-
vated levels of radon in homes. The followmg equation can be used for radon abate-
. ment costs: a . : 1; ' : ’
A Avera.ge Cost of Remednnon x Number of Homu With Elevated Radbn x
% of Homes Remedxmd - Da.magu

— E
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analyst must ensure that the assessment counts either health effects or resource restoration
costs, but not both.

A sccond more fundamental problem with resource-restoration costs rclatcs to thc
uncertain relationship between such costs and actual economic damages. In the past,
*comparative risk work groups have been tempted to use potential total remediarion costs
as 2 measure of the damages artributable to an environmental problem. However, this .
approach is incorrect because there is no simple association berween the costs of cleanmg v o I
up a problem and the societal benefits that are realized by eliminating the pollution. o

They often reflect the requirements of envxronmental legislation, rather than actual dam-

ages. For instance, it may cost $1 million to remediate a contaminated aquifer through

pump-and-treat methods. If this is a remote, non-potable aquifer, the current'economic

benefits realized after the cleanup may be minimal. In this instance, the cleanup costs are

a poor measure of the porential benefits that would be realized (i.e., the currenty

incurred damages).

The following section presents methods for estimating two types of resource restoration
costs: (1) the costs of rastoring drinking-water supplies in cases of well contamination and
(2) the costs of rmtlgatmg radon exposure in homes

Restoration of. Dnnkmg—Wa:er Supplies ‘ ‘ I ‘ N
Other restoration costs that have been estimated in past economic damage studies ' ‘

include remediating drinking-water supplies and removing asbestos and lead paint. The

basic formula for estimating the costs of replacing contaminated drinking-water supphs is:

" Number of Wells Remediated Annually x Cost of Replacing or Treating Each Well =
Capital Cost of Replacing Contaminated Water Supply

The assessment should focus on the number of wells remediated each year, as opposed -
to the number of wells contaminated. For example, in the Region VI economic damage
assessment, the numbers of wells remediated were only a small fraction of those actually
contaminated. '

Because data on the number of wells remedlated sometimes are difficult to find, past
studies have relied on the expert opinion of regional personnel In some cases, the number
of contaminated wells has been used to compute an upper-bound cost. The number of
contaminated wells associated with each problem area may be available from regional
reports or dara bases.!? For instance, a darta base: supplied by the Region I Water Supply -
Office provided information on the types of water supplies contaminated and the source
of the contamination (underground storage tanks, municipal landfills, and other sources).
For Superfund sites, Region I’s Site Information Tracking Effort data base was used. In
Region IV, a survey of 34 Superfund sites found that roughly 2 percent of the sites conta-
minated drinking wells each year; this figure was used to extrapolate to the universe of
Superfund sites in the region. In general, each state, region, or country will individually
need to research the number of wells remediated and/or contaminated, since data sources
will vary. ' l
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materials (PVC Plastic), increase health-care cOS‘Es;-'an&:reducé cbm.mercl'ial harvests. The

“snapshot” method that analyzes only present damages would place ozone depletion at'or -
near the bottom of the economic damages ranking, This approach would mask the impor-

tance of the ozone depletion issue. -

. . - i . t ‘
. There are two solutions to the problem of increasing risk over time. One solution .
" would be to extend the time horizon when assessing damages for all the problems on the
comparative risk list. For example, damages could be discounted over 100 years to obrtain

a present value for damages for each issue. This approach has been avoided because of the -

complexity involved in forecasting damages far into the future, which would require ana-

~ lytic approaches well beyond the means of the comparative risk studies. 5
A second approach provides a less rigorous but more practical solution by considering
-annual damages occurring in different future years and discounting them to the present.
This discounting places the annual damage estimates back on a par with the other annual
- estimates in the study, providing a consistent basis for the ranking process. Since this ,
approach need only be taken with the limited number of environmental problems thar -
 have increasing long-term effects, it does not require substantial additional resources.

- Estimaring damages to commercial harvests from ozorie depletion illustrates the general

method for discounting future damages. The scientific literature does not provide defini-
tive information on the impact of UV:B radiation on plants, so past economic damages .
studies have relied on a large range of potential yield reductions (EPA/UN 1986) A lower
bound of no effect on yield has been combined with an upper bound of s 20 percent
reduction in yield in past studies. This yield reduction can be multiplied by the current
annual value of the crop in the state or region to determine actual crop damages.

- To’show that current risks from UV-B radiarion are limited but will -increase over time,

it has been assumed that the 20 percent yield reduction will occur 100 years from now (in
the year 2093). Present damage ‘can be set to 1 percent of this future level and can be
- increased linearly over time by 1 percentage point each year.!? For example, if the 20 per-
cent yield reduction is expected to cause $300 million in damages in year 100, the damage
in year one would be $3 million (1 percent of $300 million), the damage in year two
would be $6 million (2 percent of $300 million); and so on. This calculation provides
estimates of the annual harvest damages thar will occur in various years in the future.
‘These figures can simply be discounted back to the present and used as an estimate of cur-
 rént annual damages. The following equation summarizes this present-value calculation
for this example: ' o ) N : ! S
) (1) (L@ o
where # is the interest rate used to discount fisture effects. If desired, this present value can
- then be placed on a rough annual basis by dividing by 100 years or by some other annual-
ization approach (e.g., multiplying by an interest rate). B S ’
, A i

o
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2.4 Quality-of-Life Assessments ‘

When applying this method, the: assurnption is that different remediation techniques
will be used at different radon concentrations. Past studies have divided radon concentra-
tions into three ranges—less than 4 pCi/L, 4 to 20 pCi/L, and greater than 20 pCi/L.
Concentrations over 4 pCi/L are generally considered to be of concern. In the United
States, state-by-state dara on the distribution of homes into these categories are available

from surveys conducted by EPA’s Office of Air and Radiation.

Once the distribution of radon concentrations in homes'is known, the number of
homes that remediate for radon must be estimated. While information on remediation
rates is greatly lacking, studies have considered the percentage of homes tested in combi- -
nation with the percentage of homes that remediate once elevated levels are detected. One
source estimates that less than 5 percent of U.S. homeowners have tested for radon (Oge
1990). Contacts with radon testing and mitigation firms indicate that less than 10 percent
of homes with elevared radon (greater than 4 pCi/L) are remediated. This suggests an |
overall remediation rate of 0.5 percent for homes with elevated radon. :

As mentioned, the cost of remediation is assumed to vary with the radon concentra-
tion. The following cost figures, drawn from the EPA document Radon Reduction
Meshods: A Homeowner’s Guide (EPA 1987) have been applied in'past studies: -

¢ For homes with radon concentrations between 4 and 20 pCi/L, remediation typical-
ly consists of sealing cracks and holes in the walls and floors of basements, ar a cost
‘of approximately $100 per home (1988 dollars). :

 For homes with radon concentrations above 20 pCi/ L remediation may involveslab

suction, air-to-hear exchange, or other ventilation systems that have an average cost -
of approxxmately $2,500 per home (1988 dollars). ‘

STEP 4: CHARACI'ERIZE IMPACI‘S FOR ALL PROBLEM AREAS

The data are analyzed quantitarively to provide an estimate of the relative severity of
impacts from each problem area and the number of people affected. Wherever possible,
non-quantitative information is added to the description of the problem area. Consistent use
of criteria and analytic techniques is imporrant to the credibility of the assessment process.

To fully characterize economic damages, it is sometimes necessary to consider effects
well beyond the immediate time frame and outside the traditional arena of econprmic valu-
ation. Exainples include long-term/increasing-risk problems, such as the effects of global
warming, ozone depletion, and diminishing species diversity, and the economic valuation
of complex ecosystems. Applymg a defensible dxscount rate is a- problem assocxatecl with
assessing risks over a long time frame.

Long-Term Damages

The need for temporal adjustments to the economic damage assessment is best illustrat-
ed by an example. Although ozone depletion does not currently pose large economic dam-
ages, the problem is expected to escalate over time as the ozone layer is further damaged
and as increased UV-B radiation reaches the earth.. This radiation is likely to damage
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STEP 5: PRESENT FINDINGS AND RANK PROBLEM AREAS

Quanntauve and non—qua.nntauve information is presented in written dscnpuons of
mch problem area and in charts, matrices, and other tools for comparison. A group of- -
project participants, usually the quality-of- life work group or a policy-level commirtee *
advised by the work group, uses the information prsented to develop, a n-latlve ra.nkmg of
environmental problem areas for quahty-of life issues. ’

It is important to document the process and methods used ina cornparanvc risk project.

This is particularly true for quahty—of life issues, which may require controversial analytic

. methods or may involve values that are not universally shared. A clear statement of sources,
quality, and extent of data, methods used, assumptions made, and degree of uncertainty in
results will add to the credibility of assessments. Differing views and core values need to be
clarified, respected, and addressed. Where expert opinion is used in the ‘abfsence of dara, it.
should be clearly stated. These elements should be explained briefly in an ovcmew that can
'be understood by non-economists. Decisions should be made regarding how to explain the-
oﬁen controversxal r:sulr.s and analytic methods of thc quality-of-life assssrment

, Egtablzsbmgan Integrated Ranking j . -‘ A T s

Quarmtanvc elements of qualxty—of “life imphcts can be presented side IJy side thh non-

' quantitative descriptions of impacts that are less amenable to unit measurement. In fact,

scoring methods like those described in this section have been developed | to combme non-
quantitative factors with dollar damage estimates (EPA 1990c). 13 ’

o —

One approach in establishing an integrated rankmg is to translate the non-quantltanve
information into a numerical form more consistent with the dollar dama;re estimates.
Table 2.4.5 shows how one EPA region accomplished this. In the first step, a “high,”
“medium,” or “low” label is established for each factor across problem areas. Next, a score

-is attached to these labels; for instance, the “highs” can be given a score of 10, the “medi-
ums” a score of 5, and the “lows” a score of 1. Then, these scores can be added to obtain a
total score, or each factor may be weighted according to the importance attached to it by

 the work group (as seen in Exhibit 2.4.4). This refinement allows certain factors to influ-
ence the final score more than less i important ones. . . o

The final step in this approach is to merge the non—quantxtattve score with the dollar
damage estimiates. Since the objective is simply an ordinal ranking of issu¢s, this can be
accomphshed in a variety of ways. One approach would be to convert the dollar damage

- estimates into scores on a scale (e.g., a scale from one to ﬁve) or into "hxg‘h ” “medium,”
and “low” labels: Another approach would be to adjust the dollar damiages upward when
there are non-quantitative impacts for the problem area (EPA 1988c). A third approach -
would be to evaluate and rank problem areas in terms that best suit that problem rather

than trying to convert all the information into a common metric. Each quality-of-life
~"work group must decxde for itself which approach it is most comfortable with. Exhibit
2.4.4 provides a synopsis of the quality-of-life prolblcm-arca ana.lys;s and rankmg process
: used in the Louisiana Compa.rauve Risk Evaluation (1991 b) ]

K
N o ‘ . . . s
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2.4 Quality-of-Life Assesments

Discount Rate

The discount rate used in this sort of present-value caleularion reflects | 1mportant policy -
assumptions. ngher discount rates (G to 10 percent) suggest that future effects are signifi-
cantly less important than current effects. Lower discount rates ( 1 to 5 percent) imply that
damagm imposed on future generations are only slightly less important than those occut-
ring now. A discount rate of zero would eliminate devaluation of future effects. The eco-
nomic damages work group should carefully determine whar discount rate is appropriate.
Analysts should review the literature on the use of discount rates in natural resource eco-
nomics and consider performing sensxtmty analyses that i mcorporate different discount

rates (JEEM 1990). ,
Methods of this type can be used to calculate a number of categories of damage, includ- -

ing materials damage due to ozone depletion, and harvest damages, aesthetic damages,
and damages from sea level rise due to global warming. This approach is very simplistic,
since it ignores important factors, such as changes in the value of resources as they become
more scarce. One alternative method is to explain the factors involved in future values and
use an innovative presentation format to convey the importance of temporal issues. For
example, one report has suggested arrangmg all economic effects in a matrix that non-
quanmanvcly describes the recovery time for the resource m quesnon (EPA 1990a).

Services From Ecosystems

The services provided by complex ecosystems include a range of imporrant functions
thar, while extremely valuable to humans, frequently go unrecognized in the economic
damage assessment. Recent studies performed for EPA have compiled existing analyses
and have begun 1o establish methods for valuing certain sensitive ecosystems. One study
presents an overview of services provided by wetlands and summarizes the economic
methods used to value wetlands (EPA 1991d). While no one method yields an estimate of
the value of all the services provided by wetlands, the :epon=sugg&sts‘ that the total value of
an acre of wetlands is in the range of $5,000 to $15,000. Another study prepared for EPA-
considers the value of forest ecosystems m the southeastern United States (EPA 19910). In
addition to market-based services considered in this section (e. g., récreation, timber pro-
duction), the study examines the value of forest services, such as erosion control and flood
control. For example, to estimate the damages caused by soil erosion, the report considers
the costs associated with increased sedimentation of surface watet (e.g., dredging costs).

Valuation methods such as thesé may be useful in future comparaiive risk studies,
where economic damages attributable to physical degradation of terrestrial and aquatic
habitats could be projected based on estimates of lost acreage and estimates of value per .
acre for the habitar. Where economic valuation is not feasible, damages to complex ecosys-
tems can be incorporated in the consideration of social costs (as in the Vermont compara-
tive risk analysis), or in terms of non-quantitative adjustments to the dollar-based ranking;
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Exhibit 2.4 4
Lomsnana s Quahty-of-Llfe Ranking Process -

El

,Orlenmﬂon . )

The work group was introduced to the EPA method of quality of hfe unpact assessment clunng atwo- day
orientation for the Technical Committee in March 1990, Before ranking the problem areas, , the gmup met
nine umes between April : and December 1990

Full List of Issues Chosen '
The group began, as did all three work groups, by mennfymg the hst of issues that the enm'e Techmcal
) Commmee would examine.

Familiarlutlon with Economic Analysis
In the Quality of Life work group, members did not assume sole responsbﬂny for mdwulual issue

+ analysis, as was done in the Health and Ecology Work groups. Instead, the group met regularly with a
consuitant to become familiar with each of the damage categories for which he prepared an econormc
assessment. ‘ :

- Supplementing The Economic Conslderations ’ i '
In addition to the quantitative analysis performed, the Quality of Life work group decided to mclude
several o!.her kinds of losses in its xanhng of i issues. } . .

: Werghtjng Economic Analyses and Qualitative Work | )

The work group members considered at some length how to reconcile the quantitative inf ormamon ,

- compiled by Dr. Farber with their qualitative assessment. The group was very uncomfortable withthe
quantitative information, because it was so incomplete for 50 many issues in wh:ch linle or no data exist to
associate costs to the losses soclety incurs as a result oi these i issues.

Thereisa significant amount of daxa in some areas. For emmple many studies have beeu done estimating
_the cost of fishing and boating losses when water bodies have been closed because they do not meet the

" standard for these uses. However, no pamllel studies have been conducted to determine the cost of lost
oppomzmnes 10 exercise when the air is 50 unhealxhy Lhax people cannot exercise.

- It-may not éven be possxble to associate costs with such los»ses For example. does Louisiana suffer losses
in tourism and new businesses locating here as a result of the publicity the sta!e receives from its high
rankmg on the toxxcs discharge to the envu'onmem hst? 3

The work group agreed to treat the overall value of the econormc analyses as equivalent to the qualnahve
work. Therefore, the group decided to organize economic analyses into five levels, high to low, based on
dollar values. The work group was then able o rate each issue according to six factors, It established .
weights for the different ratings (ow=1, high=5), and the support ¢ staff then calculaxed nmkmgs ‘

¥
Alternative Rnnklng Schemes. "
The support staff provided four alternative ways to ca.lculale rankmgs by varying the wei, ghls attributed to
the qualitative aspects. The work gmup examined the resulls produced by the four altem‘mve ranhng ’
schemes. - : . i )
Preliminary Ranklng v
The group decided to have four levels of priority in its ranl:mg Any issue that eonsnstenﬂy remained in the
same pnonty rmhng across the four aiternative schemes was ranked in that category.

'
!

- Flnal Ranklng '
- The work group 's d15wssrons focused on issues that reeerved a d1fferem mnkmg, depend:mg onthe scheme

used. “1
' i |

f

13
|
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2.4 Quajiiy:oflbﬁ Assessments

'

Table 2:4.5:
. EPA Region I Presentation of Results

# ofllh’eopl Subpopula | Availability | Reversibilit | Actual/Theo Ulncer- Wéighted Midpoint K
. Problem Area Affected | tion Effect| of Substitute | of Effects | retical Cost:| tainty |Total Scor Dam‘;ges
Criteria Air Pollutants High High High . Low | Low Low . 4.6 $538.489
Acid Deposition High . Low Medium Medum |- Low | Low 1.9 .| $403.851
Hazardous Air Pollutants Low High High - Low High Medium 7.1 $8.190
Indoor Radon ’ Medium High Medium Low High Medium|{ - 7.1° "] $132.813
Indoor Air Pollutants’ Medium High Medium Low . - High High 9.1 $3.4715
Indusmal Point Sources . i i
(Rivers and Streams) Medium Low Low ‘Low F°W Low, 1.2 $10.930
e g ™ | Medium | Medium High Medium: Low  |Medum| - 4.7 $0
énoginns? é’:gsS%surSca:i es| High Medium Medium ' Medium | Medium High 7.3 $4.378
?&’:“;";g g‘;:asrggms High Low Low . Low - Low | Low 1.5 | $24.185
NSO | g | Moom | g | Medum | Low |wem| 49 |
Mumapal Pomnt Sourcese]  High | Medum | Medium Mediom | Medium | High 7.3 $39.4
Non-point Sources . i ) T "
(Rivers and Sreams) High Low . Low - Low Law | Low 1.5 $81.089
o bondg, | wen | Medum | migh  Medium Low | Low | 33 |sts2d2| =,
DOt ] Ton | Wem | Metn | vesn | wewn | mg | 3 | s
Wetlands Medium Medium High  High Low High 6.9 $20.405
‘ Drinking Water Low High Medium | Low High . | Medium 6.9 .| 512.610
RCRA Waste Sites . Medium High Medium Medium- | =~ Low High | 7.9 $2.942
Superfund Waste Sites Low High High Medium Medium | High 8.6 ' $6.104
Municipal Waste Sites Low High - Medium Medium Low . High 1.7 $15.852"
Industrial Waste Sites - Low High Medium Medium Medium - | High 8.3 . $0.246
Accidental Chem. Releases|  Low High High Low .| _ High High | 9.1 | $27.863
Storage Tank Releases Low High Medium Medium . High “High | .~ 91 . $0.6
Ground-Water Releases Low High Medium Medium High Medium 7.1 $2.275
i‘;s:h%g; ol}xm e and Low High High . Low High Medium| - 7.1 .$34.750 _
Environmental Lead Mexdiurm High " High " Low High .| High 9.3 | $102.650
Asbestos Medium -High High . . High : "High | Medium 7.8 ‘$38.275
' ’ e Dollar damage estimates in millions.
KEY TO RANKING CRITERIA
Weighting Factors: '
Number of People = 0.05 : ¥
Effectson Subgop 0.30 ’ Scoring Factors: Example of how to calculate weighted total score
Substimtas = 0.05 High =10 for Criteria Air Pollutants:
Reversibili = 0.05 ium = .
horehecretical Medium =5 (10x.0.05) + (10x 030) + (10x.0.05) + (1 x 003
Costs = 0.15 » +(1x0. 15)+(1x040) = 4.6 '
Uncenainty/Bias = 0.40 S : |
Sum of Weights: = 1.00 R ' ' |
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4’,

—- ‘ 3 " Table 2.4.7:

L4

) Louisiana Quallty-of-Llfe Damages Matrix
: : N“mb‘“.' of | Severity Availa- Reversi- Unaccounted| Fimancia)
N Paople ‘| bitity of bility of ’ P
7 | ; Problem™ Areas | Aﬂe:ud of Effacts ;ub"’““m “Effects 'Damajjes | Lossas
" "] Indust Waste-Water Discharge High - High | Medum | Medium | MedLow |Med/High
Mubic. Waste-Water Discharge High High | Low - Low Med/Low { Med/High
Drinking Water Supplies - Medivm High Medium | Low MedLow "§ Low
Non-point Sources . High | High Medinm | Medium | MedLow High
Loss of Coastal Wetlands High High .| Medum High High - | Med/Low
Loss of Iniand Wetlands | Medium ©| High | Medum Low Medium Low
Grmmd-WuaConumimu’on i Low . High Medium | High "Low | Low
Storage Facilities Low Medium Low | Low Low Low
.RCRA Hazardous Wasté Sites Low Low Low | Medium | Medium | Medum
Superfund Haz. Waste Sites Medium | High -| Medaum Low, Med/High | Medium
Munic. Solid Waste Sites Low High Medium Low | MedLlow | MedlLow
Indust. Solid Waste Sites - Low Medium Medium Low .| Medlow | Medlow
Accidental Chernical Releases Low High Medium | Low Medfow | Medfow
Pesticides . High High = | ‘Medium | Low | Medfow |Med/High
Sulfur Oxides Low Low Medium Low - Low —
Ozone, Nifric Oxides, and. High' High | Medium Low Mediim | . —
Carbon Monoxide : ‘ : N ‘
Airborne Lead ) Low | High | . High High Low o
Particulate Matter ‘ Low- . Low Low | Low ‘Mediow | High
Aif Toxics High High Medium Low Mediam | Med/Low
- Indoor Air Pollution . . High Medium | Medam Low Mediim High
Naturaily Occurring Radon  Low Low | ELow © Low Low Low
Radiation High Mediup -} ~ Low Low Low Medium
Terrestrial Habitat Loss = | Medium High Medium High MedAow Low
Aesthetics , High High Medium | Medivm | Med/High | Medium
Strat. Ozone Depletion - - High | Medium | Medium | High Medizm' | Med/Low *
. Global Warming/COz " "High Low- Medam ‘High | Med/High High ’
Deep-Well Injection : Low - Medium ] Medium | High Med/High Low ’ . oo
Floodplain Development High High - Low . Medium | Med/High | Med/High - 4
Natural Resources High | Medium | Medum | Medium | Medimm Low : . ) v
R ‘Oil & Gas Wastes Medium High | Medium Medium | Med/Fligh | Med/Low ’
. Worker Exposure Medium High Mediim | ‘Medium Medium | Medlow-
Seafood Contamination - High : High Low Meditm | Medlow | Medum
Consumer Exposure .| High | Medium " Low Low Mediom | Med/Low

Based on the information available from an economist and the work group 's best profcssnona] }udg—

o S ment, each problcm area was rated as high, mcdxum, or low, as it related to the following factors:

Number of People Affected — This parameter accoums for the perccnt of the state’s populatxon affect-
ed by the damages. associated with the problem area—for examplc, people who can no longer swim in

water posted by the state as unsafe. The following gmdclmcs were applled to rank the problcm areas:

" High . More t.han I million people aﬂ'ected (23% of LA populauon) . ', . o
Medium 10,000 to 1,000,000 affected (0.2% - 23%) . 1 “
Low ~ Less than 10,000 affected (o.z%) .

Severity of Effects on Subpopulanons - This pamneter is a measure of the extent to wl'uch the issue
imposes damages on subpopulations. For examplc, if oyster beds are closed duc 10 contamination, then
those who makc their lmng mtdung oystcxs would bea subpopulauon that dxspmpomonar.cly suffers

from this problcm ‘

High . , Significant i meact on subpopulation ‘
Medium ~'Moderate impact on subpopulation : ‘ ]
Low Low orno mpact on subpopuhuon : -
: ;
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Summary Tables

2.4 Quality-of-Life Assessments

Another basic presentation tool is a summary table that gathers together relevant infor-
mation on economic damages. Table 2.4.6 provides the midpoint of the range of estimated
dollar damages, as well as the weighrted toral scores, Adding a comments column would
allow the analyst to communicate the major uncertainties in the estimates and the biases -
these uncertainties may introduce. ‘

Table 2.4.6:

Sample Summary Table
Midpoint | Upper- Lower-
Problem Area | Damage Bound Bound Comments
Estimate | Estimate | Estimate ¥

. . |Primarily cost to remediate’
) ) drinking water; upward bias

Storage Tanks. | $850,000 |$2,000,000 [ $300,000 |due to uncertainty about #

o ' o of wells requiring replace-

ment. o
Indoor Radon  |$9,000,000 {$19,000,000| $1,000,000 | Primarily health-care costs.

The Louisiana Comparative Risk Project (1991a) was conducted as the basis for the
Louisiana Environmental Action Plan, LEAP to 2000. It included a quality-of-life damage
category for “unmonetized damages” to supplement quantitative assessments of monetized
damages. Some of the non-quantitative damage categories could theoretlcally be quanti-
fied, but little or no data were available. Table 2.4.7 illustrates categories of economic and
social impacts evaluated by pamcxpants in the Louisiana pro;ect ‘
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"o Taxes and user fees.’To a certain extent, taxes and user fees determine the behavior of -

individuals and industries in an area. For example, a relatively high fee for water may

dxscourage excessive use, and a significant tax on gas guzzlers may encourage people '

to buy more cfficient automobiles. Surface-water, ground-water, and air pollution

are among the problemi areas that could be affected. A future-oriented assessment of -

environmental problcm areas should consider the consequences mccntwa of this. , : ‘
kind might have for the quality of life. b : - - y

o Judicial and enforcement systems. Enforcement systems currently in place may also Y
affect the level to which a problem is presently controlled. If those systems were
removed, certain environmental problem areas mxght degrade a.nd could have nega-

 tive impacts on the quality of life. 'g o - =

* Regional needs for energy, waser, and s sewer services. Populatlon and economic trends
affect the future needs of a community for water treatment, energy generation, and
sewerage. Salinization of soils and water bodxcs, combmed sewer overflows, and )
~ power plant emissions are among the problem areas that might have increased

impacts on the quality of life. v |

“Several comparative risk projects have discussed the qustlon of how toincludea o
longer-term viewpoint in their assessment of environmental problem areas to capture
increases or decreases in risk over time. For example, EPA Region IV mcorporated esti- ‘ ,
mates of future demographic, transportation, and industrial trends in its comparative risk ‘ ’ )
analysis (EPA 1992). Issues likely to change over time are often discussed generally in non- S
quantitative descriptions of the problem areas. While a more rigorous analysis can add an
important dimension to the assessment, quantitasive models designed t0.add a temporal
dimension to the analysis may involve many assumptions, some of which may be contro-
versial. Section 2.1 of this document discusses general analytical issues mclud.mg problem
- area changes ¢ over time. : i S
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Availability of Substituzes — This parameter measures the extent © which substitutes are available wo |
replace the quality-of-life losses associated with che issue. For example, if 2 waser body is closed w0
swimming, is another water body available nearby that people would use as a substitute? :

High No substitutes are available
Medium Some substitutes are available '
Low Substitutes are readily available

Reversibility of Effects — This parameter is a measure of the degree to which the damage caused by an “
issue is reversible over a short period of time. For example, runncis might decide not to runona day
when ozone levels are high, but could run again as soon as the ozone returned to a healthy level. In con- .

trast, wetland loss is irreversible. Louisianans will never again be able to birdwatch in the lost wedands.

High ‘ Irreversible -
Medium Fully reversible after 10 years
Low . Reversible within 10 years

Unaccounted Damages — The work group developed this atc%ory to captureany losses that were not
considered under the economist’s analysis. This category also includes the impacts for which the econo-
mist could not dcvclop an estimate. The work group brainstormed dunng the entirc first day of their
ranking retreat and fisted outall aspects they belicved relevant. The work group'did not identify objec-
tive criteria to determine a score for unaccounted damags Insmd. they rcvxcwed the hst of problem

areas and assigned scores on a case-by-case basis.

STEP 6: EVALUATE RISK MANAGEMENT ISSUES

While risk management considerations should be kept separate from risk assessment, it
is still important to anticipate and discuss future changes in environmental risk. For the
findings of a comparative risk project to remain relevant on a long-term basis, populauon
growth and the values of the community regarding development choices need to be con-
sidered. For example, land-development choices to build housing, roads, and factories or
to protect natural habitats and tourist attractions will be affected by demographic trends
and will influence the future risks posed by environmental problems. Cleaner industrial -
processes, substitute chemicals, efficient agricultural processes, and other technologxcal
innovations may also affect the future risks associated with problem areas.

Examples of how population and trend information can affect analysis of environmen-
tal problem areas include: :

o Industrial viability. Trends in international prices, taxes, incorporation laws, etc., will
affect the ability of certain industries to produce goods competitively. The future of
many environmental problems will be affected by the survival and level of activity of
specific industries in an area. If, for example, a drop in the price of oil or in the pro-
ductivity of wells were to stop production in a given locale, oil spills, coastal habitac
destruction, and other forms of air, water, and land polluuon might be eliminated. It
is important to know whether 2 given industry will survive economically when
assessing its long-term impacts on the quality of life.
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2.4 Quality-of-Life Assessments

END NOTES

! The dollar figures given in the remainder of this chaprer are from dlﬂ'erent years. .
Analysts using the formulas presented should adjust values to a consistent dollar year. To
do so, a price-deflator index, such as the Consumer Price Index, or more specific price
indices for agricultural products, medical services, etc.; may be used. Two sources of price-
deflator tables are The [annual] Economic Report of the President, compiled by the Council
of Economic Advisors, and The Survey of Current Business (July issues). »

2 1fthere are large variations in pollutant concentranons across the region, it ma be
€g y
preferable to estimate damages on a state—by—state basis and add the results. '

3 Consumer surplus and w1lhngness to pay are synonymous in those instances whcre the
“good” is free—e.g., the willingness to pay fora day of recreational fishing is the same as

the consumer surplus (assuming there is no charge for fishing). ‘ . v

4 EPA has estimated the background ozone level to be berween 0.02 and 0.03 ppm. .

5 Non-use value describes a willingness to pay to improve a resource that the individual

may not immediately plan to use. Several types of non-use value exist, including “option

value” (willingness to pay to preserve the option of using the rsource), existence value”. .

(willingness to pay to simply know that the‘quality of a resource is being preserved),

“aleruism” (knowing the resource is preserved for others’ current use), and beques,t value

(knowing the resource is preserved for future generations’ use). '

¢ Orther damages are possible (e.g., increased travel costs).

7 The model used in the document (RIA) from which this equanon is drawn has been

reestimated to correct for a minor calculation error. This was done by EPA Region [V ina

welfare effects study as a part of its comparative risk evaluation (EPA 1990¢).

8 The above model is not appropriate for measuring damages in areas with hlgh-baselmc

visual ranges (i.e., greater than 90 km). The available models. and contingent-valuation -

studies used to estimate this equation address visual ranges of up to only.about 50 km. As

a result, if existing visibility figures of over approximarely 90 km are used in the equation,

the estimated willingness to pay will be negative—an. dloglca.l result.

? The one-mile radius is typically apphed because two of the three studies c1ted above

frame the willingness-to-pay question in terms of miles from the site.

10 Frequently, dara are available on the total number of comammated wells in a state or

- region. This figure must be divided by an estimate of the time frame over which the wells -

were contaminated to arrive at an estimate of the number of wells contaminated per year.
11 The estimates of treatment costs in the documents from which these figures are drawn

have been called into qumxon and are under review.

12 This is a very rough approximation of the potential change in UV-B radxanon over time;

the analyst should attempt to locate more precise information as it becomes available.

13 The option illustrated here is based on the work done by Region I; a more dctaxlcd

description can be found in Unfinished Business in New England; A Comparative Assessment
of Environmental Problems—Societal Costs Work Group Report, Apnl 1990 ‘
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certain exposures to l&d in the environment. Therefore, in order to develop appropnate
risk-reduction or -prevention strategies, it is unportant to understand which source seems
to be contributing the most to the problem and wha.t actions are currendy being taken'to
addrtss it. : : . : R

Evaluarmg the effectiveness of exxstmg prograrris is important in order 1o get a sense of
whether a new program is needed or if the current Pprogram can meet the envxronmental
“goal. When considering shifting resources among programs, the et risk reduction of any
actions that might be taken should be considered. This entails selectmg the risk manage-
ment approach that most effectively reduces or prevents risk. It is important to remember
that sorne problems may pose lower risk because: (1) there is an effective rontrol program

in place that keeps the risks low, or (2) the problem area does not pose mherently high’

risks. To make this determination, it is necessary to know how well the control program is’

currently addressing risks, at what cost, and what «.hangs in risk reduction and cost are
likely to occur in the future. In the case of risks that are being effectively managed and

. would hkely increase in the absence of such efforts, dlsmvesnng resources. from thart pro-
gram might result in a net gain of risk. However, in the case of a problem area posing rela-
tively lower risks, there could be a case for deferrin, g further investments until more sericus

risks are addressed. o .« S )

In addition, if a comparanve risk project is intended to 1dermfy emerging environmen-
tal thredts in addition to existing risks, then the analysis must encompass anticipated
' changs or trends in risk. Risks can increase or decrease because of changes in technology,
_economic conditions, and/or demographlc factors. Some of these issues mayhave been
_‘accounted for in the risk rankings. If they have not been accounted for, then a trend
“analysis can be accomplished ina relatively non-quantitative fashxon using work group
members’ best professional judgment, or using a more rigorous quantitative approach
involving modeling and other forecasting techniques. For example, agricultural forecasts
may shed light on the need for certain non-point source water pollution controls and how
quickly they will be needed to meet certain environmental goals. :

Uncertainty is often very prominent in comparamve risk projects. In some cases, the
uncertainty surroundmg a specific problem area is relatively small. However, in other v
' cases, uncertainty can be quite large and have a profound effect upon the risk-ranking and
' priority-setting processes. When the uncertainty is large, it may be appropriate to focus on
research strategles in order to berter articulate and eventually berter solve the problem. If -
significant risks are not likely to occur while research is bemg conducted on the problem,
-and the cost of the research is affordable, then research may be the most appropriate .

course of action to take. However, if the cost of the risk-reduction or -prevention strategies

is low compared to the costs of research and possible adverse effects which might occur
during this period, then it'may be advantageous to take immediate action rather than
_spending the time and resources to gather better data. In many instances, it may be most
"appropriate to consider low-cost nsk—reductxon and -prevention strategles concurrently
thh research eﬂ'orrs

I c ‘
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3.1 Risk Mamgeﬁfnt

isk management is a decision-making process in which the ranking results from

the risk assessment process are integrated with economic; technical, social, and

political considerations to generate a prioritized set of risk-reduction or -preven-
tion strategies that will achieve environmental goals. Whereas risk assessment asks how
bad is the problem, risk management asks what can and should be done about it. The
effectiveness of risk management strategies can be monitored and evaluated in terms of the
progress made toward goals using environmental indicators, such as a reduction in the
ambient concentration of a certain pollutant or an increase in the biological diversity of a
given ecosystem.

Translating analysis into action represents the culmmatlon or payoff" of the compara— ‘
tive risk process. Despite the brevity of this chapter, it is important to note that as much
thought and analysis should be given to selecting the most appropriate risk- reduction or -
prevention strategies during the risk management process as is devoted to assessing and
ranking problem areas during the risk assessment process. Idw.lly, the end result of this

risk management process is a set of sound, long-term risk-reduction: or -prevention strate-
gies that will achieve broadly supported environmental goals in a cost-effective manner.

One of the most important aspects of risk ma.nagement is the i mtegranon of the con-
cerns and values of the public, other agencies, public interest groups, and the regulated
community to set clear goals for the environment, specific criteria for evaluating strategles,
and an open process for selecting risk management priorities to 1mplement

PREREQUISITES TO RISK MANAGEMENT .

Before launching the risk management phase of a comparative risk project, it is impor-
tant to have séveral things in order. First, it is necessary to have a ranking of human
health, ccologwal and quality-of-life risks. Second, it is important to review the goals of
the comparative risk project to ensure thart the risk management phase is structured to -
meer the goals and to account for additional goals that may have developed since the pro-
ject was started. Third, the risk management process should include participants from the
risk analysis phase of the project and participants who can help to promote the implemen-
tation of selected risk management strategies. ‘

The risk rankings are an imporrant component of the risk management process. thle
the risk rankings do not in themselves represent an organization’s pnorms, they are an
appropriate starting point for considering risk-reduction or -prevention strategies. To
determine which strategies may work best, members of the risk management work group
must understand the “anatomy of risk.” That is, not only identifying which problems pose
the highest risks, but understanding why they pose the highest risks and who is bearing
those risks. It is important to understand which stressors are creating the most significant
risks and which human populations and ecological receptors are at greatest risk, as well as
the effectiveness of existing programs designed to address these risks. For example, high
blood-lead levels in children can result from contaminated drinking water, lead paint, or
lead dust deposited in soils. However, there may be programs already in place to address
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Exhibit 3 1 2
Momtormg Progress Toward Goals

7

GOAL SETTING l: ",

. 2000 ' N 2000
m— |

Step 2 Idenn_[y Crzterza for Evaluatmg Risk Management é»trategzes

Once a set of specific, measurable goals has becn established, then it is necessary to
establish risk reduction or prevention strategxes to achieve these goals Before selecting risk
_Mmanagement strategies, it is necessary to first decide what criteria will be uscd to evaluate
possible risk ‘management strategies. Then, each proposed strategy can be evaluated
against a common set of criteria to determine its feasibility and relarive advantage com-
pared to other strategies that might be employed. For instance, almost any risk manage-
ment strategy will need to be technologically and economically feasible. Several criteria
that have been consistently selected in past projects to evaluate these strategies are listed in
_Exhibit 3.1.3. The criteria presented here are mierely guidelines; other criteria may be
' added or substitured, dependmg of the specific ob)ectxv&s of the project. |

Exhlblt 3 1.3: o
Examples of Crlterla for Evaluating Risk Management Stlrategles A

» Risk reducuon/prevenuon potenual Techmcal feas1b111ty
. Statutory and regulatory authonty . Speed/ease of unplementauon I

* Cost and cost—effecnveness e ‘Envuo\nmental equny

Rxsk Reducnon/ Prevenﬂon Potent:al ; l

" Risk reduction refers to the amount of risk posed by an env1ronmem:al problem that is
estimated will be reduced by implementing a proposed strategy. Risk reduction presumes
thar an existing environmental problem poses risks. However, for some environmental
strategies, it is the amount of risk prevented, as opposed to the amount or risk reduced, -
that is important to estimate in evaluating a proposed strategy. In terms of eva.luatmg pro-
posed strategies, risk reduction and risk prevention are equivalent. :

|

~ Statutory and Regulatory Authority . - :
There must be a legal basis for any risk management strategy that is 1mplemented. This
requires determining if the authority exists to implement proposed strategies. If authority
exists, then it must be determined where it is located (e.g., with another agency or level of
government) and how it can be most appropriately exercised. When statutory authorities
impede risk reduction actions that an agency Woulcl like to take, project participants must

4oa
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3.1 Risk Managemens

RisKk MANAGEMENT STEPS

Risk management can be done in a variety of ways, but there are a number of steps that
have been consistently used in past and current comparative risk projects. The four’ steps
outlined in Exhibit 3.1.1 represent one way to approach this process. These steps are not -
meant to be prescriptive, but they can be used as a general guide to the process. They are

.described in more derail later on in this section.

Exhibit 3.1.1:
Risk Management Steps

Step 1: Set Environmental Goals ‘
Step 2: Identify Criteria for Evaluating
Risk Management Strategies

Step 3: Propose and Analyze Strategies
"~ to Achieve Goals

Step 4: Select Strategies for Implement- ' o
ation and Monitor Results

Step 1: SetEnvzronmental Goals

The development and use of rnmsurable environmental goals can provxde strategic
direction for the long-term efforts needed to  address environmental problems. The goal-
development procéss—if it includes participation across a broad range of government
agencies with environmental responsibilities, private stakeholders in environmental policy, -
and the public—is an opportunity to build consensus on environmental priorities. Once -
goals are set, they can provide some perspective on the kinds of strategies that are needed
to address some of the high risks that have been articulated in the risk assessment phase of -
the project. Additionally, goals are a good starting point for thinking about ways that one
can measure progress after management strategies have been selected. For example, if
nutrient runoff from agricultural fertilizer use is a significant risk, then one possxble goal
might be to reduce nutrient levels by 50 percent within 10 years.

-Exhibir 3.1.2 depxcts wwo different scenarios of how monitoring goals can help man-
agers determine whether they are successfully accomplishing their objectives. On the left--
hand side of Exhibit 3.1.2, it appears that current efforts to meet the hypothetical goal are
making satisfactory progress toward that goal. This goal might represent an increase in the
number of stream miles which meer all federal and state standards/designated uses by the
year 2000. The graphic on the right-hand side depicts a situation where progress toward
the goal does not appear to be satisfactory. In fact, it appears that the trend is away from
the goal that has been set. This may alert managers to the need for a review and possible
change in the current strategy. As a general rule, goals should be important, memurable,
understandable, and set within a certain time horizon.
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deveioped now to improve our understanding of the sources, routes of exposure, and
health effects on specific popularions at higheér risk, such as ethnic minorities or individu-

als in high-risk occupations or neighborhoods. . ' o -

Step 3: Analyze Strategies to Achieve Environmental Goals ;
The purpose of this step.is to generate and analyze risk management strategies through
an iterative process that gradually focuses on the most effective means of achieving envi- -

- ronmental goals. To start the process, work group members may propose risk reduction or
prevention strategies from a “tool box” of risk management approaches. Proposed strate-°
gies can then be analyzed in terms of the criteria that have been selecred by the work
group to evaluate the merits of various strategies. ‘The more promising strategies can then

. be subjected to more xjigorous analysis until consensus is reached. By focusing the analysis -

 of strategies on environmental goals, it is more likely that common links between different

problems will be identified and simul;anebﬂsly addressed.

It may be very helpful to begin this process by introducing work group members wa
round-table discussion of various risk management approaches and how they work. For
instance, managers have increasingly recognized that preventing pollution from occurring

- - E . . B ! > s e e .

- in the first place is generally preferable to control and abatement activities after the fact.
Thus, pollution prevention has become a powerful risk management approach. Other
examples of risk management approaches include:’ * ‘ ’

* Scientific and technological measures B Lo
* Provision of information to the public™ - |
* Marker incentives and disincentives P
¢ Conventional regulations i

* Effective and innovative enforcement =~ L S .
: . : : oo A ‘
' Interagency and international cooperation : i

‘ Po!lution Prevention v A o : S
' One of the recommendations of the Science Advisory Board’s (SAB’s) Strategic Oprions -
-Subcommittee was that pollution prevention “should consistently be the most important -
approach for 'feducing environmental risks over the‘long term” (EPA 1990). The subcom-
‘mittee defined pollution prevention as: R R L

changes in raw materials, products or technologies of production which reduce the use of
hazardous materials, energy, water, or other resources and/or the crutioni‘gf pollutants or
destructive results, without creating new risks'bjfcdnccrxi} o o ‘
Pollution prevention can be implemented in a number of ways, such as market incen-
tives, expanded community right-to-know.programs, conventional regulations, and gov-
'+ ernment procurement policies that promote pollution prevention. Many of the most . v
faromising pollution-prevention initiatives focus on strategies that address several problems
simultaneously, such as toxics-use reduction, increased energy efficiency and conservation,
or a comprehensive agricultural policy. o ' S '
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3.1 Risk Management

assess the possibility of changing them. This may rcquu"c working cooperatively with other .
agencies, working with other levels of government, seeking new authoriries or changes in
existing authority from a state legislatire, or encouraging the private sector to take volin-
tary actions to reduce or prevent risks. The state of Washington passed sevéral new pieces

of legislation as a result of conducting a comparative risk project. ' \

Cost and Cost-Effectiveness :

In evaluating risk management strategies, it is 1mportant to consider both the cost and.
cost-effectiveness of the option. The cost of an option can be analyzed in a number of-
ways. It might include the cost of the strategy to the state govetnment, the cost to the pri-
vare sector, and/or the cost to the general public either in terms of taxes or in substmmon
costs associated with behavioral changes.

Cost-cffectiveness refers to the cost of implementing a nsk reducnon or prevention strat-
egy rélarive to the amounit of expected environmental improvement or risk reduction. In
looking at both cost and cost-effectiveness, it is important to determine a time frame for .
calculating cost-eﬁ'ecnveness that is consistent with the goals assocxated with the strategy.

Technical Feasibility ,
The technical feasibility of risk ma.nagement strategies must bc considered and evaluat-
ed. Effective “off-the-shelf” technoélogies may be readily avaxlable for some environmental
problems, but may riot exist'or may be prohibitively experisive for other environmental ' ,
problems. In some cases, technological “fixes” may not be satisfactory or even possible. For
instance, it is far more effective technically and financially to prevent ground-water conta-
mination than to remediate contaminated ground-water supplies.

Speed/Ease of Implementation :

There may be some strategies that are cost-effective and technically feasible, but which
cannot be easily or quickly implemented. Some may require a multiyear effort before
results can be seen. For example, an education program targeted toward public schools
may take 2 long time to show results if the goal is to permanently change the public school -
curriculum. This doesn’t mean that the strategy should not be pursued; racher, it means
that expectations should be realistic when making public commitments of this nature. It
may also be advisable to combine some strategies offering short-term results with other -
strategies with longer time frames before results can r&sonably be expected. Enforceability
is another aspect of implementation that is very important, relaring to the feasibility and -
case of obtaining private firms' compliance with the strategy.

Environmental Equity

Specific populations can be at hxgher risk because they are systemarically exposed 0
higher levels of harmful materials (e.g., migrant farm workers) or because they are more
susceptible to developing health effects (c.g., poor urban women who have limited access
to health care services). Risk management strategies can be designed to explicitly address
environmental-equity concerns. The ability to select risk management strategies that
address equity concerns is greatly enhanced by analyzing the risk burden on specific popu-
larions during the risk analysis phase of a comparanve risk project. Methods arq being

\
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thc ‘most efficient means of rcducmg polhmon in cndcr to rcducc thcu' costs. It is increas-

ingly accepted that market-oriented risk management approaches are necdcd in the future |

to achieve the socially optxmal level of enwmnmenta] protectxon in a cost-¢ H"ccnve way. .
Economic incentives can be divided into five mtcgons . They are:

_Creation of . Markets—The creation of tradable government-issued marketable per-
mits to discharge or emit pollutants or use scarce environmental resources. An
“ amount of pollution caused by an activity is cstablxshcd by legislation and then the
, rxght to conduct that activity is.allotted among firms in the form of permits. A
- prominent example of this’is the “bubble” policy for certain air pollutants (i.e., sul-
furic and nitric precursors to acid rain) in specific areas. Firms that can more easily
reduce the amount of pollutants they emit below the allowable level have the right to
~ sell ortrade their surplus “shares” to other firms. They may also bank” the extra
" “shares” for use in future years. On the other hand, firms with high pollunon control
costs will have an incentive to buy permits rather than invest in more expcnsxvc con-
. ol technologies. Over time, the level of pollutxon or “ceiling” is lowered to achieve
healduer levels of environmental protccnon Govemment pohcxes can also be used
to reduce barriers to market entry. - “ ‘ - _ ‘ '
‘o Monetary Incentives—“Pollution charges de;igned to cha.ngc market incentfvcs, such
as providing or eliminating environmentally damaging government subsidies. These .
can take the form of user fees that have the principal motivation of revenue genera- .
tion, or taxes that are viewed as transitional instruments and revenue-neutral. In the- -
ory, fees and taxes will reduce pollution up to the point where the marginal costs of
control equals the amount of the fee or tax. I'hey may also be used in con;uncuon
with other regulatory controls. o ‘

o Deposit-Refund Systems—Government pohcx:s to dxscouragc the disposal of natura.l
resources by encouraging central collection efforts for their reuse. A surcharge is .
levied on an item (e.g., a beverage contamcr) at the time of purchas«. ‘The surcharge .-
is refunded when the-item is returned after use. ‘

o Procurement Pal:cm—The public sector uses its own buymg power to stimulate the
- 'development of markets, such as-policies designed to encourage recyclmg and dis-
courage preferential treatment of products made from virgin matenals Such pohcxs
can be apphed to a broad range of products :

. ® Revision of Legal Standard;——Ptscnbmg liability for damags from pollutmg activi- -
ties can provide a very powerful incentive to change current practices. Liability can
be joint, strict, several, and retroactive. Numerous other astributes of liability can be
adjusted in support of environmental goals, such as changing the burden of proof
limiting da.magc awards, standing to sue, and allocating tsponsxbdlty among the
responsible parties. However, this tool should be used cautiously as huganon carries

very hlgh, socxa.lly u.nproductlvc transaction costs. -

[
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Scientific and Technologlca.l Measures :

Scientific and technological measures can be dxvxded into two categories: (1) research
and dcvclopmcnt activities to improve the scientific undcrsta.ndmg of problems, and ()
innovations in pollution-prevention approaches and pollutlon—control technologles

Research and development (R&D) studies are undertaken to increase our understand-
ing and knowledge of environmental problems and the effectiveness of remedial and pol-~
Jution-control techniques. The facts, insighrs, principles, and technological advances -
gained from such activities are very useful to those considering ways to control, reduce, of
prevent risks. However, risk managers and decision makers mustbe informed of the latest
developments in a wide range of fields so that this information can be incorporated into
the decision-making process. One of the major findings of the Report of the Expert Panel .
on the Role of Science at EPA, Safeguarding the Future: Crediblz Science, Credible Decisions,
is thar “appropriate science advice and information is not considered early or often enough
in the decision-making process” (EPA 1992c). Thus, it is very-important that risk manage- -
ment team members who are familiar with the latest scientific and technologlml advances
share this information with the other work group members. ‘

Public Education/Outreach

Information can be provided to consumefs and producers of products and services that.
can affect personal choices and consumer preferences. “Green labeling” and consumer
guides can help consumers reduce their own risks (e.g., information about radon), reduce -
damages to their community or to society (e.g., community right-to-know and informa-
tion on toxic waste disposal). Technical training and technology transfer can be used to
inform people and firms of cost-effective means of preventing or controllmg pollution.
Environmental audits can be used to observe operations at plants and suggest ways of pre-
venting or controlling emissions. These means of providing information to the public can )
and should be used in a coordinated fashion to achieve environmental goals. o

Maxdket Incentives
The most direct way to convey information to consumers and producers' about the

adverse impacts of certain activities or products is to include the externalized costs of those
impacts in the prices of their activities or products. Because effecrive markets do not exist.
for many natural resources, such as br&thablc air or clean rivers, there exists no financial
incentive for firms or individuals who pollute the environment to change their behavior.
Society ends up paying for these “negative externalities” in terms of increased health care
costs or environmental cleanup programs. The SAB noted in its report, Reducing Risk, that

“government policies should be designed to encourage the socially optimal amount of
environmental protection by ensuring that consumers and producers face the full costs of -
their decisions - not just their private costs, but thc full social costs and consequences of

their actions” (EPA 1990).

Market mechanisms can alter the behavior of polluters by changing the costs they face of
continuing their present practices or behaviors. Unlike regulations, incentive-based policies
influence rather than dictate the actions of individuals and firms, and allow them to find

September 1993 . ‘ » ] ‘ 3.1-9




A
. i . .
N
al . . : ‘ .

!

A Guidzbook 10 Comparing Risks arid Sesting Environmental Priorities

-

e A pubhc pohc:y study sponsored by ex-senators Tim Wirth and Johm Heinz. Projea'
88: Harnessing Market Forces to Protect Our Enwmnmmt Washmgton, D.C: October
Coess - | - o
Stép 4 Select Implanentation Strategier and Monitor Results
In this step of the process, risk management strategls are evaluated using the criteria
that have been developed. Implementauon strategies are devcloped for selected strategies -

that include goals and ways to measure progress toward those goals. Following an initial - ,

analysis of proposed risk management strategies, the work group will probably have nar-
rowed the field of strategies down to0 a managable number of the most promlsmg to coni-
sider for 1rnplcmentauon ! - .

* More refined analytic approach&s can be used as the eva.luatxon proces:; moves closer to
the decision-making point, such as assigning numerical values (e. g- four- or five-point
"scals) semi-quantitative values (e.g., high, medium, or low scores), or non-quantitative -
- descriptions to proposed strategies. In addition, weights can be added to different criteria
to account for their importance relative to one another. However, extremely detailed ‘
- weighting schemes and mechanistic formulas are not recommended since they are unlikely
to prove satisfactory to work group members and may not be easily communicated to a
- broader audience. On the other hand, non-quantitative approaches tend to be less struc-
tured and rigid, allowing participants to bring more of their values and )mdgmcnrs to bear
on the selection decisions through a process of gmup debate and discussion.

Srmcturmg the decxsxon-makmg process in a way that maximizes its integrity and rele-
vance s crucial to the likelihood thar the work group’s decisions will actually be carried

7 out A vigorous and open discussion of the relative advantages and disadvantages of strate- *

gies among a diverse and knowledg&ble work group will lend integrity to the process. The
process will more likely be relevant and credible to those who have the ultimate authority
to implement the straregies if it has included the nght people, used appropnate criteria,
and been reported clearly and persuasively. } ¥ '

Once risk management strategies are selected, then they must be hnple’menred and
monitored over time to ensure that environmental conditions are changing in the direc-
tion of the environmental goals that have been established. The risk management work -

“group should be prepared to present well-defined and credible strategies that will achieve
broadly supported goals in a way, that meets the public’s interests and needs. :
Implementation is more likely to succeed if the strategies are part of an overall stratchc v
plan that firmly ties environmental policies to budgets and meaningful, measurable

results. Monitoring the actual results of the strategies will help environmental managers
and the pubhc know if their efforts are working or if they need to be ad;u.';red and revised.

_The risk managemcnt process can help environmental managers identify the most
promiising risk-reduction or -prevention opportunities, develop clear environmental goals
" and strategies to achieve them, build public and political support for their programs and
policies, and focus on those measures of environmental quality that are most relevant to -
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Conventional “Command-and-Control” Regulations ‘ ‘
Over the past two decades, substantial resources at all levels of government have been '

spent developing, administering, and enforcing traditional “command-and-control” zegu-
lations that typically require large pollution sources to install engineering systems to ‘

- reduce pollutant discharges or emissions to the énvironment. This approach has resulted
in significant environmental gains, such as improved water quality due to massive invest-
ments in waste-water treatment plants. In contrast, the nature of many of the most signifi-
cant remaining problems makes them less amenable to command-and-control manage-
ment approaches. However, that does not mean that these kinds of requirements are never
appropriate. For example, standards can be very effective in forcing technology develop- ‘
ment for pollution-prevention processes in new or retrofitted facilities. e .

Effective and Innovative Enforcement

If a firm or an individual perceives that the expected value of criminal penalties is less -
than the additional cost of installing pollution-control equipment 6r.ch5.nging production
processes, then they may decide that it is in their best economic interests to violate their
permir. The disincentives to violating the permit are the amount of the penalty andthe
likelihood of gerting caught as well as possible negative public reaction. Innovative
enforcement strategies include citizen suits, multimedia approaches to site inspections,
and environmental audits. For instance, by cross-referencing poor corporate behavior
across media, state and federal environmental enforcement officers have been able to build
stronger cases against corporate “bad actors.” ) :

Interagency and International Cooperation ,
The interdisciplinary nature of comparative risk projects makes them ideal forums for
developing and implementing risk management strategies beyond the scope of any single
agency or level of government. In many cases, the policies and activities of other govern-
mental and private organizations in the energy, transportation, housing, development, agri-
culture, and taxation fields have contributed significantly to many environmental problems.
Therefore, the cooperation and participation of agencies from a number of different sectors

is important in finding lasting and comprehensive solutions to these problems.

In addition, many environmental threats are now on a global scale, such as climate
change, ozone depletion, habitat destruction and degradation, and loss of species and bio- -
diversity. These kinds of transboundary threats cannot be adequately addressed by any :
nation’s individual efforts; they must be addressed within a multinational context. A more -
full treatment of all of these risk management approaches can be found in the following
documents: ' . n

¢ U.S. EPA. Office of Policy, Planning, and Evaluation. Economic Incensives: Options

for Environmental Protection. (21P-2001) Ma.rch 1991. D :

o U.S. EPA. Science Advisory Board. Relative Risk Reduction Project, Appendix C:

Report of the Strategic Options Subcommitsee. (EPA SAB-EC-90-021C) September
1990. BRI ' - ‘ . :
e OECD. Economic Instrumenss for Environmental Protection. Paris, France. 1989.
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- Narional Commission on the Envu'onment Cboomxga Su:tamable Fumre Island Prss,
Washmgton, D.C. January 1993. ‘

‘U.S. Agcncy for International Dcvelopmcnt Bm eau for Latm Amena .md the
Caribbean. Environmens Strategy for Lasin Amenm :md the anbean Washmgton, D.C.
‘ ,Ianuary 1993. ‘ ‘ ‘

* U.S. Environmental Protection Agency (U.S. EPA) Oﬁicc of Policy, Plannmg and
- Evaluation. An Overview of Risk-Based Priority SetzmgatEPA Washmgton, D.C.
November 1992a.

- U.S. EPA. Office of Policy, Planmng and Eva.luatxon Pmermng Our Future deay
- Strasegies and Framework. Washmgton, D.C. Septembcr 1992b.. ‘

U.S. EPA. Science Advxsory Board. Safz guam’zng the Fusure: Credzble Sczem'e Credzble
Decisions. Report of the Expert Panel on the Role of Science at EPA. Washmgton, D C
March 1992c. : .

U.S. EPA. Science Advxsory Board. Reducmg Rmi Setrmg Przarztm and ‘::rategm Sfor
Environmental Protecrion. Report of the Strategic Options Subcommitree: Relative Rxsk
Reduction Project. Washmgton, D.C. Septembcr 1990
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3.1 Risk Managemen:

monitoring the impact of those programs and policies on the environment. Due to the fact
that there are more environmental problems to be addressed than resources allow, the risk
management process can help environmental managers make choices and ser priorities.
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* In the risk analysis phase, risks to human health, damages 10 ecosystems, and adverse
economic and social impacts are assessed and their relative risks are ra;.nked. , -
"+ ¢ In the risk management phase, cnvironmer:ntal priorities are established based o risk
* and non-risk factors. Environmental priorities can differ from the risk ranking due
to such non-risk factors as cost-effectiveness, technical feasibility, public perception,
and available resources. : | a » o

- MAJOR DIFFERENCES FOR INTERNATIONAL COMPARATIVE RISK
PROJECTS o P | S
The general concepts presented in this document are appropriate to ail applications of
comparative risk analysis. Some important differences may exist in studies conducted in
other countries that could influence the design and implementation of the study, such as:

* Different problem areas—For example, desertification and microbial dis&se.

‘¢ Different criteria for prbblcni areas—For ex‘zxmplé,“ impacts on traditional life styles

and economies. ' ‘ ,
« e Varied range and type of data sources, with international sources perhaps playing a
greater role. - o ~, o ) = L
e Diﬂ’e;ent analytical methods because of djﬂierencs in problem areas, available data,
and available technical expertise, ; L T '
- » Different audiences, such as intéfnational development agencis.

* Different participating drganiz_a;ions beuu,s(; of the institutional setting.

Because of all these porential differences, this section addresses Qrgaﬁizati,onal, design,
and methodological issues that are specific to comparative risk studies outside the United
States. Countries similar to the United States in both function and type of environmental
problems can follow the main text of this guidebook; those nations that are different can ‘
use this section as a rough guide (see Exhibit'4.1.1). The section is aimed at an audience
_ of potential project coordinators in both industrialized and non-industrialized nations, as
© well as senior environmental policy makers with some interest in the details of compara- -
tive risk analysis. Given the focus on differencaes, this section should not substitute for a
careful reading of other sections of the document. | :

Comparative risk represents a set of tools that can be used to address different environ--
mental problems, but not all the tools are needed for every application, and new tools may
needed for specific studies. Resolution of these issues is an iterative process, requiring
adjustment throughout the study. As discussed in Section 1.2, a successful comparative -
risk project will coordinate the original project design and objectives with the resources
and time available to complete the effort. This requires careful attention in the early stages
of a project to the consistency berween objectives and resources, process and structure, and
responsibilities and tasks. During the risk analysis phase of a project, the focus is on the
systematic analysis and ranking of a number of environmental problem areas. ' :
Subsequently, the risk managemerit phase of 2 comparative risk project is the process by
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4.1 Intzrnational Application of the Comparative Risk Methodology

B

n many countries, poor environmental conditions pose human health risks, damage
ecological systems, and have adverse economic and social impacts. These countries
often have liritited resources to address these problems. In such situations, it is cssen-
tial that governments establish environmental prioriries and wisely invest available
resources by seeking the grearest risk reduction or prevention opportunities possible. To
make such decisions, information on the relative human health, ecological, and quality-of- . ‘
life impacts posed by various environmental problems is necessary. ' =
Comparative risk helps organizations evaluate environmental problems for a given geo-
graphic area and determine their relative risks. Subsequently, environmental priorities can
be set and integrated with social arid economic policies. This process may be of particular
incerest to countries undergoing substantial economic development or change. -
Comparative risk may enhance environmental decisions that many countries are fac-
ing by: " ' A
¢ Building technical capabilities to collect and analyze environmental data and apply
analyrical results to addressing environmental concerns. o '
* Building managerial capabilities, within and among environmental organizations, to
better address environmental problems. ‘

o Educating the public about environmental issues. )

» Building capacirty for public participatioh in the environmental de:;isiqn;making :
process. ’ 7 . '

o Identifying environmental research and dara-collection priorities.

¢ Justifying requests for international environmental a.ssistance."‘

¢ Determinirig risk management priorities for individual pollutant sources.

o Allocating human and financial resources to effectively manage eavironmental
problems. -

+ Building institutional capabilities for environmental protection.
¢ Designing legislative and regularory frameworks for controlling environmental
pollution. A : ‘ o

* Serving as the critical component of a Country Envifonmenta.l Study 'l:inking the
profiling function of environmental problems to an Environmental ActiénﬂPlan.

For example, industrialized nations in Central Europe may derive significant insights
into the merits of investing in environmental improvements during industrial restructur-
ing and the shift to a marker economy. On the other hand, many non-industrial nations '
are facing the question of how environmental protection fits into economic-development
initiatives. Comparative risk studies can help nations integrate economic-development and,
environmental-protection considerations. ’ ‘ '

In a broad sense, the comparative risk process is composed of two steps:

+
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" 4.1 International Applicasion. of the Comparative Risk Methodology |
which the risk rankings are consxdered along wnth othcr non-rxsk criteria, such as cost-
effectiveness, technical feasibility, and statutory authority, to develop risk reduction or pre-
vention strategies to achxeve environmental goads and set pnorms for actxon '

o ‘ Exh|b|t411
- _ , Sections of International Chapter

The remainder of this section includes five <»ubsectxons that paralle] the other
sections of this document:

J .
Section4 . | Section in Document

Project Planning & Start-up _.__..- '1.2: Creatinga Svtrong‘Foundation'! )

G_eneral‘Analy[ica] Issues _"-.> 2.1: Geqeral Analyﬁ,cal Isstes .
. R ‘{ ‘ . N E V .
Risk Analyses Methods .' 2.2: Human Health

1 Data Sources & Collection 1 %2 gcuc;ll?tgyl%aflmfe

"Risk Management ———'.' 3.1: Risk Management

PROJECT PLANNING AND START-UP |~ - | =~ L
Once the objectives for a project are identified, then a work plan outhmng roles,
responsibilities, activities; and milestones should be developed to describe the projectto
~ potential clients or stakeholders. Suggested steps in the pro;ect planning and start-up
: phase include: , |
* Selecting a project director and support staﬁ"

. Assemblmg a project public advisory and : steenng cornmxttee ' :
. Secu.nng the support of key stakeholders { |
* Defining project goals and ob)ecnves |
o Determining the role of public pamapatmn '
. Dctermxmng the project’s orgamzanonal structure
* Selecting technical work group members }‘ o R
* Identifying the list of problem areas to analyzed :
* Setming time frame, milestones, and  key technical work group tasks

Four major areas where studies in other countries differ from U. S studies durmg the
project plamung and start-up phase are: (1) objectives and resourcss, (2) process design -
and organization, (3) participant selection and nesponsxbllmes, and (4) major tasks.

~ : |
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Objectives and Resoirces

Two of the first steps in the comparative risk process are to clearly define the goals and
objectives of the study and to evaluare the consistency between the goals for the project and -
the resources allocared for it. The key question in defining the goals and objectives for the
project is: How will the results be used? Thar is, will the study be designed primarilyto
allocare cnvironmegta.l resources within the country, to restructure environmental regularo-
ry or legal authorities, to justify loans or grants from international or bilateral donor organi-
zations, to train environmental managers in risk assessment techniques, to mobilize public
support for environmental programs, to foster cooperation among different agencies or
institurions responsible for environmental management, or to achieve some other purpose?

Defining objectives is an iterative process. Revising the fundamental objectives may be
necessary if the data, resources, or rime available are not sufficient to support the objec-
tives as originally defined. Any part of a study could exhaust a substantial portion of the
budger without significant benefits. In some cases, funds may be spent on consultants. ‘
External use of funds should be directed toward areas where technical analytical capabili-
ties are weak, or where the contribution will ‘make a significant impact on the resitlts of ,
the analysis. For example, a comprehensive study may not be needed if the primary study
objective is to roughly reallocate environmentad management resources based on risk or
risk-reduction opportunities, while 2 more extensive study may be needed if the intent is
to leverage investment from one or more aid agencies. ' -

Some of these considerations, which could be substantially different from concerns in
U.S. studies, are: ' - '

* Major Goal. Wha is supposed to happen as a result of the project? ’

* Audience. Does the primary audience for the study include local, regional, or nation-

al environmental officials; the general public; economic development interests;
and/or international donor organizations? . ‘

¢ Level of Analysis Required. Given the proposed use of the study results, is a rapid, rel-

atively low-cost screening assessment adequate, or is a more comprehensive analytical
effort needed? : ’

* Data Availability. Are the data available to adequately analyze problem areas given

the proposed objectives and goals of the project? E . N

* Resources Available. Are there sufficient financial and human resources, and time

available to complete the proposed study? _ ‘

* Time Sensitivisy. Are there time-sensitive decisions that can use the results of the

analysis? , R ' .

* Scope of Environmental Problems. Does the project address both modern and ‘tradi-

tional environmental problems? Both “brown” and “green” problems?
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B

o Linkages to Other Social and Emnamzc Jssues. Env1ronmcntal problems cannot be suc-
cessfully managed if their solutions are sought in a vacuum from the other social and
economic conditions and policies which affect how people live and use the environ- -
ment; Are these links addressed and are the right people pamcxpatmg in the pro;ect
who can affect or mﬂuence those other pohcy areas? ‘(

!

Process Design and Orgamzatzan L
i I
. Once the objectives are defined, project organizers must structure the comparanve risk .

process and the responsibilities and functions of participants. This involves a variety of
different considerations. The actual organization of functions should be linked closely” -
with the project’s overall objectives, and organizational structures should not be adopted
without careful consideration of thelr usefulness for achxevmg specific project goals. The.
project’s design and institutional structure should reflect generally accepted practices with-
in'the nation or the region. The lead agency coordmatlng the project must have the
bureaucratic skill, technical expemse, and pres tige to manage the pro;ect andactasan .
advocate for implementation. |

In some cases, project organizets should add other funcnons to thc pro;ccts structure.
For example, a key objective of a comparative risk study currcntly being conducted in the
northern Silesia region of Czechoslovakia and Poland is to identify not only the opportu- .
nities for greatest risk reduction, but also methods to pay for these reclucnons As aresult,
along with the ecological, human health, and quality-of-life work groups, a financing -
work group has been established to identify and evaluate various revertue-raising mecha-

- nisms for funding environmental improvements. Another objective in the Silesia projéct is

to institutionalize environmental discussions berween Czechs and Poles. To accomplish
this, a transboundary council was established to coordinare the actxvmes of the steering
committees and work groups in both countries.

In other cases, functions considered necessary in U S. pro;cc:s may not be as 1mportant
in other countries. For example, if the major project objective is to foxward requests to
 international organizarions for loans or grants to pay for envn'onmental improvements or
to build the institutional strength of local environmental organizations, then it may not be
as important to analyze the ﬁnancxal costs of thc pto;ect and the avaﬂ lblhty of publlc
funds to pay for it. :

Participant Selection and Re.pomzbzlmes

As depicted in Table 4.1.1, the project can be organized around four functional groups:
. the project manager, the steering committee, the public advisory committee, and the tech-
mcal work groups Their rsponsxbllltles can mcludc some of the followmg areas:

[
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Table 4.1.1: . ' “
Pro,ject Participants and Responsibilities.
Organizational Units | - Responsibilities
Project Manager - .| Supervises all aspects of the project
Steering Committee - | Provides overall direction of the project
. Public Advisory Ensures public part1c1pauon in the process, and

ensures the project's work remains understandable,

Commities | relevant, and credible to the public

Technical Work Groups Perfm;m dau; :ollecuon, data analy51s, and prelim-

Thc project manager and support staff are charged with the day—to—day management of
the effort. They are typically responsible for maintaining the overall intellectual consisten-
¢y and quality of the technical analysis, motivating committees and clarifying their choices
and responsibilities, and selecting and directing consulrants. They are also responsible for
ensuring that any necessary training is provided for project participants, including risk
assessment, risk communication, and introduction to comparative risk training. They are
heavily involved in “spreading the word” about the project. This may involve talking to
the press and local civic and community groups, giving speeches, and writing articles. The
project manager typically needs a variety of skills, such as good written and oral communi-
carion skills, a thorough understanding of the political envxronment, and a hxgh level of
enthusiasm dnd energy for the project.

The steering committee provides guldancé on major project policies and ground rules,
and represents the interests of the broader public. It may also be involved in setting the -
goals and objectives for the pro;ect, and approving the final rankings and prierity actions. '
The public advisory committes is the key liaison between the government participants and .
the general public and major interest groups. It provides a forum for the essential two-way
communication about risk and pubhc values between these groups. In some pro;ects, these
wo comrmttcs and their rsponsxbxlms are merged into one committee.

During the risk analysis phase of comparative risk, the technical work groups collect
data; analyze the risks to health, ecology, and quality of life; and typically perform a pre-
liminary risk ranking. In the risk management phase of the process, the work groups may
work with members from other committees 1o develop and analyze a broad variety of
strategies to prevent or reduce risks from these environmental problems. '

Participants involved in international comparative risk projects are likely to bc dlffercnt
from those described for U.S. projects in Section 1.2, espedially if different objccuves, or’
functions have been defined. A recent study in Poland identified"a wide spectrum of-
national and local agencies that had an integral role in the region’s environmental pmtec-
tion, as depicted in Exhibit 4.1.2 (UNDP 1991)
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Exhibit 4d2 i

Key Environmental PamcmpantS' Katowxce, Poland ,
5 AY
Ministry of Environmental Protection, ' .. - Department of Ecology
. Natural Resources and Forestry 1"+ Department of Regional Policy
' Ministry of Health and Social Welfare - ' Department of Public Ventures
Ministry of Land Economy and Building ‘ Department of Health
Ministry of Industry : i . Department of Architecture -
1 Ministry of Agriculture and Food Economy . - and Scenic Views ~
Ministry of Transportation and Marine Economy - ‘Department of Geodesy
Ministry of Ownership Transformations ‘ ) o
Ministry of Labor and Social Policy - . . . - m&ummm
" -Central Planning Office R -
State Agency for Coal L Health and Envxmnment ‘
Agency for Agricultural Markeung ' 'Local Ventures :
Agency for Foreign Investments o . * Municipal and chusmg Economy
. : , o Architecture, City Planning and
Nop:goverpmental " Building Supervision .
‘ , ‘ - . . Geodesyand Land Management
Nearly 2,000 registered organizations . j Economic Activity :
that deal with the environment . .~ Communications and Transportation
Source: Borkiewicz, Jerzy et al. ‘Environmental Profile ‘of Katowice;; Draft.
UNDP/UNCHS/IBRD Urbsn Management Program. August 1991.

Project organizers should identify and reciuiit represenitatives from public interest and -
policy advisory groups. If achieving a national consensus on the need for environmental
1mprovements is one gbjective of the study, then the stecnng committee should mclude key
opinion leaders from the community, non-governmental orgamzanons, universities, politi-
cal figures, and the business community. Local or regional studies should rely heavily on
people from the affected municipality, as they are likely to have the data, understandmg,
and ability to address the problems. If mobilizing international assistarice is the goal, then ’
including representatives of international orgammons would be helpful to obrain their .

support of the study results. Furthermore, it is particularly important to have consistent and

committed political and public support for the effort and to involve all potential stakehold-
ers in the process. In the past, some environmental plans have failed because they neglected -
to consider the broader scope of stakcholdexs affected by environmental policy decisions.

- From a technical perspective, the project almost certainly will require support from’
organizations and agencies that have not partmpated in environmental studies before.  ~ ' \
Selection of technical staff should be driven by the set of environmental problems under o
considération and knowledge of the institutions and experts familiar with these problems.
Such experts may be affiliated with government institutes or agencies, university research

- programs, non—govemmcntal organizations, or industry. For example, if basic sanitation is

defined as an environmental problem, a health effects work group might include experts -

_ on communicable diseases. Similarly, experts on the economics of rain forest harvesting
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might participate in a social and economic damagcs work group if rain forest damage isan '
important environmental problem. ~

Major Tasks

Project planning and start-up also requires defining the rnaJor tasks to be accomplxshed
Such tasks might include defining the risk analyses for human health, ecological, and =~ =
quality-of-life impacts; the risk management process; and the risk communication strategy.
A procedural task thar project organizers might designate in the project start-up phase is -
the establishment of an institutional mechanism for coordinating data-collection efforts.
For example, other agencies inside the government, non-governmental organizations, and . .
foreign or international orgamzatlons, such as the U.S.‘EPA or the World Bank, collect . '
information that can be of use to a project. Early 1dent1ﬁcanon and coordmatxon of data
collection can save a great deal of time and effort.

An example of the type of legitimare technical task that has not been pamcularly rele-
vant in the risk management phase of U.S. studies is found in Central Europe. A key issue
is whether enterprises that are large polluters will survive privatization and restructuring of
- the economy. To avoid recommending environmental investments in firms that may close
as a result of economic changes, a key task of rtsk management might be an economic-via-
bility analysis of ﬁnancxally troubled enterprises.

GENERAL ANALYTICAL ISSUES : " EE )

This section highlights important differences between the analytical methods used in
comparative risk studies in the United States and those used in other countries. The ana-
lytical methods used in projects in the United States are discussed in Sections 2.2 through
2.4 of this document. Other overarching analytical issues, such as the time frame and geo-
graphic scope of comparative risk projects, are a.ddressed below. Further mformanon on
thsc analytical issues can be found in Section 2.1. ' -
Time Frame Used for the Analysis

As discussed in Section 2.1 (General Analytical Issues), the time frame for the analysns
should depend on the study’s objectives. In certain applications, project organizers should
place increased emphasis on future risks. Trends in rates of population, land use, and nat-
ural-resource depletion may be so severe that the scale and impact of a given environmen-
tal problcm will be vastly different from the current risk it poses. This may be particularly
important in countries where problems are rapidly getting worse. An analysis of future
conditions may be necessary because the lack of environmental controls and: resources hm—
its current actions that might be taken to remedy the problem.

Projects that employ pollunon—prcvcnnon techniques may wish to estimate future risks
so that strategies can be developed to offset them For cxa.mple, land-use trends thar
destroy valuable habitats, such as rain forests or agricultural land, may have mcrcasmgly
serious and irreversible future i impacts on ecosystems and the global environment. Such
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impacts will have ‘s‘ubsequent human health, economic, a.hd social ramiﬁqtiéns thar can -
_be factored into the analysis by projecting futu] e éffects. ‘

Geogmpbu: Scope of the Analy.m o , ,

One of the first issues to address in a comparative risk pro;ect is to dcﬁne thc geograph—' '
_ic scope of the study. While most studies are national, regional, or local in scope, the pro-
ject area can focus on coastal zones, watcrsheds and axrshcds nanonal parks, or even spe-

" cific population groups.

Defining the geographic boundaries of the study area also includes determining how to

- account for pollution entering the project area’s boundaries from external sources as well as
- pollution generated within the project area thar causes risk to other people and ecosystems -
- outside the project area. It is useful t0 analyze and document these.types of transboundary

effects because this informartion can assist in selectmg the most effective and equitable risk

management strategies. If such issues are anticipated by project organizers, they can design

the comparative risk process to include a transboundary a‘nalyéis with representation from
~ all affected countries or regions within a single country. ' : o

- It may be worthwhile to consider global envnronmental issues, such as acid precipita-
tion, global warming, and stratospheric ozohe deplenon Spatially, such problems are
global'in terms of their sources and impacts. Some regions may be only minor contribu-
tors to these problems and may not wish to spend their resources on analyzing the prob-
lem. Others may face severe.impacts from these problems; but may be unable to address
them because the sources are not within their spherc of influence. However; it may be
worthwhile to consider these issues because of the reality of global mterdependencc, and
the need to l'ughhght the magnitude of the thrc‘:at

Underlying Drzmng Forces v o
‘In many undeveloped and developmg countrm, critical environmental problems can-

- not be solved without also addressing other economic and social i issues, such'as rapid pop- -
ulation growth; unsustainable patterns of natural-resource consumption, and inequitable
social and economic conditions. Environmental degradatxon is a'significant and growing
threat to devélopment throughour the world, and the nexus between deteriorating eco- -
nomic and environmental conditions is experienced most acutely by poor families in
developing countries. Underlying many environmental problems are human activities that
are the ultxmate source of pollution a.nd natural-rsource degradation.

Because of its broad underlying scope, the impact of populauon growth should be con-
sidered in the analysis in a general fashion and notasa speaﬁc problem area. Rapid popu-
* lation growth creates ever-increasing 'demands on the environment in terms of the need

for food, shelter, warmth, and medical, educational, and waste treatment services. For
example, the linkage between projected economic and population growth and the already
limited supply of energy produces a complex matrix of dependency, use, and impact.’
- Project pamcxpanr.s are lxkcly to wahzc, if they do not alrmdy, that all I.hexr efforts to

[

September1993 =~ b S 4111

i
|
I
|-




A Guidebook to Comparing Risks and Seb‘ing Environmental Priorities

- : ¢

address specific environmental problems will be overwhelmed by th&se underlying dnvmg o
forces unless actions are taken to addr&ss them simultaneously. :

Developing a List of Problem Areas and Dqﬁnitibm |

An important substantive difference among comparative risk studies in different coun-
tries is likely to be the need to emphasize different problem areas and use different criteria
from U.S. projects to evaluate the impacts of these problems. -

Section 2.1 (General Analytical Issues) provides information on alternative approaches
for defining problem areas, including by source type, media, pollutant, and the organiza-
tional structure of existing environmental programs, among others. Section 2.1 also speci-
fies general criteria to apply in developing a problem area list. However, this problem list
was developed to reflect environmental concerns in the United States and should be care-
fully considered for its relevance to international studies.

The various approaches to dcﬁnmg problem areas are not mutually exclusive. To hlghhght '
particularly imporrant issues, it may be appropriate to define some problem areas according
to media and control programs and others according to specific pollutants or health effects.

For cxamplc, a study conducted in Bangkok, Thailand, generally preferred defining problem. '

areas in ways related to existing environmental control programs, but found that a few pollu-
tants (e.g., lead) involved sufficient health risks to warrant separate consideration (AID
1990). The Silesia project’s list is reflective of the environmental problems that have devel-
oped in that region as an outgrowrh of expansive industrial economic policies (EPA 1)92)
Both the Bangkok and Silesia projects’ lists are included in Exhibit 4.1.3.

In defining problem areas, the range of effects (i.e., risks to human health, the environ-
ment, and society’s quality of life) posed by different problem areas should be carefully
reviewed. Along with the typical effects analyzed, project organizers may wish to consider a
broader range of social and cultural effects not commonly considered in U.S. studies. For
example, dcvcloplng nations face a broad range of public health problems directly linked to’
inadequate sanitary conditions. As a result, traditional environmental problems may need
10 be included in the analysis. It is also important to consider impacts’ caused by the under-
ground economy: Illegal mining, poaching, and squatters, for example, have been shown to
pose great risks to ecosystems. If these activities are linked to a specific problem area, then
they should be included in the problem area definition and risk estimates.

The remainder of this section highlights four broad categories of problem areas and |
. effects that have not received much artention in U.S. studies, but which may be very
imporrant in other countries. These categories should not be considered exhaustive, as
some important problems are excluded. They are simply used as an organizatiovnal aid.‘
Agricultural Impacts ‘
The environmental impacts of agriculture may be v very important in countries thax are
. highly dependent on this sector of the economy. In these countties, the consequences of
environmental degradation may be extreme, and specific agricultural problems may merit
special consideration. These problems include monoculture, desertification, salinization,
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deplenon of soil resotirces or numems, ovcrapphmtxon of pesticides, or loss of arable land
to urbanization. ‘ :

‘ Exhibit 4 1 3 ‘
, Problem-Area Lists for Bangkok and Silesia Projects

Bangkok Study R C Silesia Study
* Airpolluion : N K Drmkmg-waxex contammauon
- Criteria air pollutants: pamcu]ate f
matter, carbon monoxide, sulfur .| + Foodi contamination
. dioxide, ozone, nitrogen oxides o ' ,,
(lead covered separately, in all media) | » Communal and hazardous waste
- Toxic chemcals )

¢ Surface water pollution .
» Water pollution i ‘ : o o :
- Contamination of surface water ; * . Air pollution
- Effects on drinking water. : R
. --Effects via direct contact, fish . - | ¢ Occupational exposure
consumption, ifrrigation . N o ‘
- Contamination of ground water - : - |
- Drinking-water treatment - ok
» Food contaminaxion (pesticides and metals)

»-Solid and hazardous waste dlsposal e .
. Lead and other metals o '

« Microbial disease (can relaxe to .watér' ' )
- supply, human and solid waste disposal, etc.)
. * r’

-Source: U.S. Agency of International Development. Ofﬁel‘ of
] Hounng and Urban Programs. Ranking Environmental Risks
in Bangkak. Thailand. December 1990. i

Addnssing these problems may require using a variety of additional direct measures of
effects, such as measuring species lost due to monoculture, area desertified, hectares lost to.
salinization, or soil/nutrient depletion. These measures, in turn, may need to be translated
into estimates of health, ecological, economic, and social impacts. An example of this is
the effect of urban migration on tradmona] cultures due to unsustamable a.gncultural
: practxca . c ;' ‘ :
Extraction of Natural Rmu.tca . !

Similar to agriculture, countries thar are hxghly dependent on natunl resources xmght

* develop a problem area list emphasizing the i impacts of extracting specific natural

- .resources. Issues that might merit consideration include the overharvesting of fuel wood,

depletion of fisheries, destruction of rain forests, mining eﬂ'ects such as subsidence, and
. poachmg of rare or threatened a.mmals or plants _
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Direct measures of these. problems would need to be established, as wel| as an approach
for determining their effects on human health, the environment, and society’s quality of .
life. For example, overharvesting of fuel wood might be described in terms of hectares
damaged per year. This damage estimate could then be translated into economic losses by
determining the incremental cost of replacement fuel, loss of sustainable harvestable crops,
and lost recreational opportunities. The social impacts could be estimated by determining
the resulting increase in urban migration and the loss of sacred lands and traditional prac-
tices. The ecological effects from the overharvesting of fuel wood might include increased

soil erosion, sedimentation of streams, decreased biodiversity, and the loss of aquaticand . -

terrestrial habitats.

Urbanization Issues : ‘ '
Environmental problems associared with stresses from urbanization on both urban and -
rural sertlements vary greatly, depending on geographic and economic conditions. ‘
Pressures imposed on the environment by population growth in urban or rural areas
include the impacts of human waste disposal, as well as the degradation of ecosystems or -
loss of natural habirats from outward sprawl of population centers. Urban areas are of
grear concern because of the coexistence and scale of impact of both traditional and mod-
ern environmental problems. Urban migratioxl places stress on infrastructure, depletes the ‘
natural resource base, and increases social stress. . . o
In U.S. studies, problem areas associated with waste disposal are typically well defined,
such as municipal landfills and sewage trearment plants. However, this approach may not
be appropriate in some countries, and it may be necessary to consider alternative problem
definitions, such as human waste, food wastes, or pollution of drinking water supplies. '
Direct measures for assessing the impacts of such problem areas would also be needed. For
example, if inadequate human waste disposal is a major cause of microbial diseases, then
the incidence of related diseases should be estimated. Similarly, infant mortality from
waterborne disease (e.g., diarrhea and subsequent dehydration) might be a major consider-
ation, if human waste disposal directly affects water supplies. In some cases, it may be nec-
essary to start with incidence data and work backwards toward the sources. S

Industrial Pollution :

 The degree and types of industrialization in a study area will be an important consider-
ation in determining how industrial problems.will be included in the problem area list.
Industrial activity consists of the practices and processes used for manufacturing goods-
and services, including energy use. In some instances, project organizers may define specif-
ic industrial sectors as separate problem areas, particularly if only a few significant indus-
tries exist. For example, if production of coke from coal is a major polluting industry, a
problem area defined as “air toxics from coke ovens” might be considered. In nations
where cortage industries are a significant part of the industrial base, they might be assessed
as small sources of pollution. : . L

Project organizers might also focus on particular industrial pollutants of concern, such

as contributions of atmospheric sulfates from neighboring countries. In addition, a lack of

4.1-14 - . ' September 1993




N
1
1

4.1 Insernational Applicasion of the Comparative Risk Meshodology

environmental standa:ds in the work place mxght require dcta.l.led dcﬁruuons of occupa— ’
tional exposures and risks associated with specific occupations. Dcvelopmcnr of problem
area lists for industrial pollition may also require alternative approaches to measurinj
effects. For example, high levels of occupational disease might call for g greater emphasis on
r.he costs of absenteeism mused by crmronmemcal dlnws and lost producnvxty

Risk ANALYSIS Mr-:moos : o Lo v
 This section dscrxbes the analyrtical mcthod.. that are used to compare and ran.k differ- -
" ent environmental problems within a common framework. Similar, bur slighily dxﬁ'ercnt,r '
methods are used to analyze human health, ecological, and quality-of-life risks. The crite- -
ria used to evaluate information and translate it into a common language for different
_environmental problems are also similar, with some important differences. And the data
sources used for each varies as well. The three different analyses are discussed separately,
but the discussion is based on the spcaal aspects of international projects that distinguish
them from U.S. studies. Therefore, the following dlscussmn does not substitute for a care-
ful reading of that subject in the rclcva.nt section in thxs docu.ment for those who will be
conductmg the analysis. : o ‘

Analyzmg Risks to Human Health '

The human health methodology for comparatxve fisk projects uses the standard nsk
assessment methods to estimate the magnitude of the health impacts that may occur asa
“result of exposure to pollutants. Section 2.2 (Assessing Environmental Risks to Human
Health) focuses on chemical contamination in industrialized settings. In non-industrial-

' 'ized countries where other environmental health problems are of grear concern, other
" approaches may need to be developed to assess cnvuonmcnta.l hnlth risks, such as those
 involving microbial disease and malnutrition.

In general, the methods presented in Section 2.2 are directly apphmble to any country.
The basic steps of assessing risks to human health are presented below. The first three
steps require some adjustments in their application if life styles and environmental prob- ~
* lems are markedly different from the domestic context prescnted in Settxon 2.2.

Step 1: Hazard Identification S :

. This step involves evaluaring available dara on the presence of, and hamd posed by, sub- -
stances likely to cause adverse effects. Typically, in comparative risk projects, the most impor-
~ tantand reprcscntanve “stressor” or stressors for <:ach problem area are sc}lected for analysxs '
Step 2: ose-Raponse Assessment ' 1 ' ’

This step helps determine the degree of the eﬁ'ect or effects ar different doss orlevels
of exposure to the substance. This relationship between the dose:and response is often
" referred to as the potency or toxicity of the substance. EPA typically makes an important
distinction in the “threshold” of dlffcrent harmful substances. It is assumed that there is no
threshold or safe level of exposure for m.rcmogcmc substanca, whx.le there is assumed to

: [ o e
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be a level at which exposure to a substance with the potential to cause non-wcmogvmc
effects is considered to be below threshold or “safe.”

These first two steps can be bypassed if incidence data are avaxlable As advocated in
Section 2.2, incidence dara are preferable because they simplify the process, as long asthe
causes of disease can be identified with enough certainty. Additionally, they give a more
realistic estimate of actual effects than risk estimation. Underreporting, however, i isa
major concern, especially with non-terminal dlnass :

Step 3: Exposure Assessment : :

This step in the process traces the most important pathways by which human beings
come into contact with or are exposed to a given substance. Having knowledge of the life
styles and occupational patterns of people is necessary in order to effectively identify and
estimate the magnitude, duration, and frequency of their exposure to harmful substances.
Life styles and occupational patterns can be markedly different from country to country.
For example, indoor air pollution may require not only a knowledge of the typés of fuels -
used in the home, but also of cooking and heating practices, building materials and struc-
tures, and ventilation techniques. Where possible, the exposures of different socioeconom-
ic groups should be taken into account. - : J

The values used for dose-response and exposu:c paramctcrs should be carefully consid-
ered in each instance, since assumptions made for application to U.S. populations may
not be appropriate for other countries. Cultural and physiological differences should be
considered in determining consumption and exposure patterns. For.example, in the
United States, the average adult consumes approximately two liters of water per day and-
weighs 70 kilograms; it would not be appropriate to apply these values to other countries
without justification. In some places, people may use bottled water for drinking purposes.
Genetic differences have also been known to alter dose-response relationships. Such differ- -
ences, in general, are minor compared to the magnitude and type of exposure. Therefore,
it is recommended that efforts be centered on identifying the magmtude and typc of expo-
sure more than possible genétic dose-rsponsc dxﬂ"crcncs

)

In the Bangkok study, microbiological diseases were a major human health threat.
Therefore, they were analyzed as a separate problem (see Exhibit 4.1.4). In analyzing data’
on the incidence of such disease, analysts may also encounter several problems that were of
concern in the Bangkok study. One problem is that many ‘of these diseases are not treared
and are not reported. As a result, analysts may need to mdlcate to decision makers that
their risk estimates (based on incidence dara) probably represent underestimares of the
actual magnitude of the risk, although there is no way for them to know how much they
are underestimating the actual risks. Other adjustments may be necessary if microbial dis-
eases cannot be attributed solely to environmental causes. For example, poor personal
hygiene and food preparation or inadequate medical care may be of equal or greater
importance than environmental factors. Thus, in comparing the health risks from differ-
ent environmental problems, not all the estimared cases of rmcroblal disease shou.ld be

attributed 1o cnvuonmcntal causes.
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Exlnbxt 4l 1 4: :
Mlcroblal Diseases Adldressed in Bangkok Study
Key mxcroblologlcal diseases Acite diarrhea
that are environmentally related ' Dysentery
(pamal list): ‘ Enteric fever (typhoid, paxatyphoxd)
.- Encephalitis
Tetanus ‘
Acute poliomyelitis: =~
‘ T‘yphus and other rickettsioses
These diseases are S , 6% of deaxhs in Bangkok
responsible for: o 8‘»0 000-1 700,000 estimared cases/year
- Primary routesof - " Human fecal to oral
transmussion: = - — , Vectoxs (mosquitos, rats, f| lxes)
Envxmnmemal factors : Lde of water
" indisease . : Lack of sewage conveyance -
" transmission: . , Contaminated water
S . S Lack of sewage treatment
- Uncollected solid waste . i
, Flooding o - .
Non-environmental ~ *Poor personal hyglene v
factors in disease ‘ Inadequate health care and’ educanon
transmission: . Lackof toilets. -
: ) Overcrowding and poor hcmsmg
Pocr nutrition and food pmparanon
Source: U.S. Agmcy of International Development. Oﬂﬁcc ofHounng and Urbm Progranmis. Ranking of
Environmental Risks in Bangkok, Thailand. December 1990.

. Step 4 Risk Characterization |

The final step of the health risk assessment process is risk charactenzanon, which com-
bines the information obtained from the hazard identificarion, dose-rcsponse, and expo-
. .sure assessments to allow decision makers to evaluate and compare the relative risks posed
by various environmental problems. Risk characterization synthesizes mformauon on the -
severity, reversibility, individual or populauon exposures, equity, and uncertainty of .
adverse health effects estimates by using the same criteria to evaluate all problem areas. By
bringing this information to bear on the decision-making process, risk characterization
forms an essential link between risk assessment and risk management, providing a frame-
work to compare and rank different problem areas in a consistent and credible way. Once
 the problems are ranked, then decisions can be made about what to do about them in the
next phase of a comparauve risk project: risk ma.nagcment o .

- Analyzing Ecalogu'al Risks g
~ The ecological componcnt of the compaxatwe risk process systemati a.lly apphs ecolog- '

|
ical risk assessment principles to assess, evaluate, and rank the ecological risks associated
with dlﬂ'ercnt cnvuonmcntal problcms Ecological r:sk analysm evaluates the likelihood of

- : L
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adverse ecological effects occurring as a result of exposure by ecologxal receptors (e.g., 3
group of white-tailed deer, or a community of interacting animal and plant species) to
stressors (e.g., lead, benzene, or road construction), and artempts to characterize the mag-
nitude of these impacts. Section 2.3 (Comparing and Assessing Ecologxml Risks) provides
informarion on these methods.

The ecological methodology is conceptually similar to the human health methodology,
but differs in two distinct ways. First, ecological risk assessment evaluates adverse effects
on 2 myriad of species’ interactions and ecological processes, instead of assessing impacts
on only a single species (i.e., human beings). Second, ecological risk analyses assess non-
chemical or physical impacts, such as rivers that are dammed, wetlands that are drained,
forests that are cut, and wildlife habitats that are eliminated. Whereas human health
assessments focus on chcmxml stressors, ecosystems are often adverscly affected by chemi- -
cal and physical stressors. :

Ecological risk analyses generally consist of four phass, which are dscnbed in the fol-
lowing sections. :

Phase 1: Problem Formulation
The first phase of a comparative ecologlml risk assessment mvolvs a systematic plan-
ning process to review the list of environmental problem areas, to partition the project
area (e.g., a state) into 2 number of distinct ecological areas, and to select a set of criteria
to evaluate ecological risks and rank problem areas. In addition, a preliminary examina- oy
tion of dara needs and limitations may be necessary.

Phase 2: Analysis

In the second phase, the goal is to establish a ausal link between the problem areas and
their ecological effects. Therefore, each problem area is broken down into a set of its most
important stressors. The fate and transport of each stressor are then tracked through the
environment to determine its ecological effects. This requires knowledge about the toxici-
ty of stressors (for chemical stressors), the exposure or co-occurrence of ecological recep- -
tors 1o stressors, and the response of ecological receptors to stressors.

Where dara are lacking or inadequate, professional judgment and consensus bmldmg
are needed to supplement gaps in data, sources of uncertainty, and a lack of knowledge
about complex ecological processes and interactions. For example, non-point source pollu-
tion poses risks to many surface-water bodies and coastal areas. One of the major stressors
associated with non-point source pollution is the use of nitrogen-based fertilizers-in agri-
culture. The runoff of fertilizers from fields into streams, rivers, and coastal areas is an
important exposure pathway. The increases in turbidity and nutrient levels in streams and
rivers pose ecological risks to fish habitats and breeding areas, shellfish beds, and to the
structure and function of plant communities. Existing data about these ecological effects
are gathered and supplemented with judgment and dxscusswn during the analysis phase of.
a comparative ecological risk assessment.

~
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Phase 3: Risk Characterization | ‘1 |

" The third phase of a comparative ecological risk assessment involves using the analyses
to characterize the risks posed to the environment by different problern areas. Risks.are
characterized in terms of the evaluative criteria that are developed in the problem formula-
tion phase. Evaluative criteria include such factors as the area, severity, and reversibility of . -
impacts. Values can be assigned to each evaluative criterion using numerical scales or short
' narrative descriptions. The raw information that provides the basis for assigning values to
the various evaluative criteria is often in the form of acres altered or stream miles degrad-
ed, changes in plant and animal community structure (i.c., biodiversity), and damag& 0
or declines in the populations of some species. Risk characterization also includes a sum-
mary of the assumptions and scientific unccrtamns embedded in the a.nalysw, and their
antu:lpated 1mphcanons o '

Phase 4: Comparison and Ranking of Rnsks
The final phase of a comparative ecological tisk assessment involves comparing the eco- .
logical risks posed by different problem areas and ranking them. For e:umple, habitat
alteration may pose greater ecological risks than solid waste, which might be placed with
other problem areas in a lower risk category. This is accomplished by considering the risks
to the environment in terms of all the evaluarive criteria for each problem area. Thus, the
area, severity, and reversibility of impacts as well as the uncertainty of these estimates are .
considered and compared to other problem areas. Problem areas are then grouped into
_several caregories of risk using a consensus—bmld.mg process. Professxonal judgment plays a
critical role, but the level of precision required is only as great as that needed to make very
rough relative compa.nsons, rather than absolute estimates, of nsk. ‘ :

S

Ecological assessment methods are directly applicable worldwndc Data will often be

" limited to a few ecosystems and must be supplemented with best professional judgment. |
While the assessment methods used in the United States are transferable, dara may not be -
- because species, ecosystems, and classification schemes are likely to be different. ‘Analysts
should use local data first, then regional or nati ional data,’and finally, data from other

~ countries where conditions are as similar as posmble Altemauvely, analysts can establish
systems for collecting ecological data, although use of existing data saves considerable time
and money. In the absence of complete data sets, ecological analyses can rely on more

. hypothetical assessments of dama.gs, knowledge of the physical and chemical stressors,

and thexr potential to cause adverse eﬁm using available data. o ' : :

Analyzmg Quality-of- Ltfe Impacts X ‘

The quality-of-life analysis is composed of rwo pa.rt.s social i impacts and economic

- damages. These represent impacts to society t that are not captured in the human health or
ecological analyses of a comparative risk study Economic damages include the losses -
resulting from diminished recreational opportunities, a drop in tourisra due to environ- - *
miental degradation or the loss of wildlife, lost productivity and hospitalization costs to-
people affected by pollution, and damages to crops or forest yields as a result of pollution.
Because the monetary values for the parameters were developed to reflect U.S. economic

] . " . -
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conditions and values, analysts should carefully cénsid;r potential diﬁ'erencs and reestab- .
lish the estimates for parameters based on costs and values specific to the study region.

Social damages can involve an array of concerns, such as negative impacts to people’s
sense of communiry, the aesthetic loss of beauriful places, the loss of cultural values due to
the disturbance of traditional practices or sacred places, and concern for the well-being of |
future gencrations as well as the inequity of impacts on different groups in sociery. Many
social concerns fundamental to the quality of life are difficult to monetize. But this is not
10 say thart they do not exist or are not important. In fac, it is wxdcly recognized thar thsc
issues are crucial to a comprehensive study’ of environmental risks. ‘

Issues surrounding social impacts are so country— and cu.lture-specxﬁc that the methods
used in the U.S. studies can only serve as a model of American society. Thus, of all the
analytical methods used, the social impact analysis will require the most adjustment. Some
nations or cultures may wish to derive a whole new methodology. Studies in Africa could
use criteria that reflect family and tribal issues. In parts of Central Europe, the environ-
ment is in such a poor state that people’s concern is to improve the environment so that
their children may enjoy it. A study of eastern Africa’s Masai might develop criteria that
. include valuations for cows and eland, two species held in high regard in their culture. In
the Hawaii study, cultural criteria included disruption of native Hawaiian life styles, popu-
lation growth and density, relaxing neighborhoods, access to mountains and the sea, and
shared community values and vision (Matsuoka et al. 1992).

While there is no set procedure for conducting a quality-of-life analysxs, the followmg
steps provide a framework from which a process can be established and used to measure -
these types of social and economic impactssA more full trearment of each step can be
found in Section 2.4 of this document. :

Step 1: Identify Impacts and Determine the Values of the Community

The values of 2 community are the basis for an analysis of the impacts of cnvxronrncnral
problems on the quality of life. This step is important to assuring that the process has
broad support and represents public concerns accurately. Surveys, questionnaires, and
public meetings are among the tools sometimes used to help rcval impacts and deﬁne g
community values.

Step 2: Identify and Define Evaluative Criteria - ) E

Criteria can be derived from broadly shared public values and applied to each problem .
area to determine how peoples’ lives are adversely affected by environmental degradatxon
These criteria can include both economic and social impacts, such as economic losses due
to lost tourism or recreational use, hospitalization costs and lost productivity, lost peace of
mind or sense of community caused by a development project or change in land use, and
concerns about the legacy of environmental damages left for future gcncrauons

Step 3: Collect and Analyze Data on Impacts
Once criteria have been selected, the challenge is to ﬁnd a way to measure the da.rnage

from cach problem area. Projects may include both quantitative and non-quantitative
analysis. The point is to have a well-defined analyric framework and a consistent set of cri-
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teria to apply to each problem area Sourc& ofdata can include s survey r&sponses, pubhc—
-opinion poils and census dara, anecdotal mformanon wxllmgness -to-pay studxes, direct-
" cost data, and non-market data. ' . L

- An assessment of economic impacts should include as comprchensxvc a picture as possi- .
ble of the nature and extent of present and am:n:xpated economic impacts caused by envi-

- ronmental degradation. However, models to pn-dxct future impacts are often unavailable -

or are difficult to fit to existing data. Addxtxonally, some aspects of economic impacts
assessment (e.g., willingness-to-pay studies) are controversial, especially when results are
presented to people who don't have an extensive knowledge of economics. Therefore,

~ . deciding which economic impacts to assess and' methods to use, and whether to explore

future impacts, are among the ca.rly decisions that a quahry-of life work group will proba—
: bly make. : ' :

Step 4: Characterize Impacts for All Problem Areas :

- The data are analyzed quantitatively to provide an estimate of the relative severity of
" impacts from each problem area and the number of people affected- Wherever possible, -
non~quant1tat1ve information is added to the descrlpnon of the problern area. Consistent
use of criteria and analytic techniques is 1mportant to the credibiliry of the assessment
process. o B

Step 5: Present Fmdm.gs and Rank Problem Areas for Qualxty-of Life Impacts S
Quantitative and non-quantitative information is ptovxded for each problem area: It "

can be presented in charts, matrices, or other devices for purposes of comparing problem

areas. The quality-of-life work group, or a polxcy—level committee advising the work

group, uses the information presented to ‘develc»p a relative ranking of 4-nv1ronmcntal

problem areas for qualiry-of-life issues. j L | ‘

~Itis important to document the process and methods used in a compa:atxve risk pro-
~ ject. This is particularly true for quality-of-life i issues, which may require controversial ana- .
. lytic methods or may involve values that are not umvcrsally shared. A clear statement of
‘sources, quality, and extent of data; methods used; assumptions made; and degree of -
_uncertainty in results will add to the credibility of assessments. Dxﬂ'ctmg views and core
values need to be clarified, respected, and addressed. Where expert opmxon is used in the .
, abscncc of data, it should be clearly stated. -

' Step 6: Analyze Future Environmental Condmons and Risk Managun:nt Conmdmuons '
While risk management considerations should be kept separate from risk assessment, it . .

is still important to anticipate and discuss ﬁ.lturc changes in environmental risk. Forthe '
findings of a comparative risk project to remain relevant on a long-term basis, population
“growth and the values of the communiry regarding development choicss need to be con-

sidered. For example, land-development choices to build housing, roads, and factories or

to protect natural habitats and tourist attractions, will be affected by demographic trends S
‘and will influence the future risks posed by environmental problems. Cleaner industrial =

processes, substitute chemicals, efficient agricultural processes, and other technologxcal

innovartions may also affect the futurc risks associated wn:h problem areas.

|
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Assessing Other Damages

Besides assessing the categories of economic and social effects described in Section
2.4.6, analysts may want to develop simple measures and methods to assess other cate-
gories-of damages not covered in that section. For example, the economic and social costs

-of relocating people who migrate from the countryside to the city is 2 major problem in.
some countries. In addition to the obvious relocation costs and the burden that urban
migration is purting on the infrastructure and social services of many large cities, analysts
might develop surveys or other means of determining the perceived loss in the quality of
life for those people. To avoid confusion and achieve the best result, the quality-of- “life
rankings could be presented as two rankings: one covering economic effects and the other,

social damages. This is beneficial if an attempt is being made to mﬂuencc risk manage- -

Y

ment policies or strategies. - ,

Analyzing the exposures of certain socioeconomic groups to contamination can be a
good indicator of the level of pollution, and its effects on people. Wherever. possible, ana-
lyzing highly exposed or highly vulnerable socioeconomic groups separately can be
extremely helpful as an early warning of larger problems and in designing risk manage-
ment strategies to address the greatest risk reduction opportunities. By examining the
demographics of the affected populations, managers can determine whether low-income
or minority groups may be inequitably subjected to excessive environmental stresses. For
example, a native culture that revolves around fishing can be adversely affected economi-
cally and medically by damage to a fishery resource because of their reliance on thc
resource to supplement their diets.

The methods presented in Section 2. 4are dwgned to estimate the quality-of- hfc
impacts of environmental problems by examining each problcm individually. The same
approach could be applied to different economic sectors of a country if one goal of a pro-
ject is to identify the types and amounts of pollution released to the environment by dif-
ferent economic sectors. This approach is discussed in Section 2.1. National income
accounts, which are economic bookkeeping systems that track national outputs of goods
and services, can provide information at a broader level and may be useful in characreriz-
ing the impacts of environmental problems on specific industries. It may be difficult to
artribute the impacts of or damages to particular environmental problcms, but national
accounts can be used as a screening tool to identify the types of effects thar warrant more
detailed analysis. Some countries are considering including measures of natural resource
depletion and other environmental externalities in their national accounting systems

(World Bank 1990).

DATA SOURCES AND COLLECTION

Identifying appropriate information sources, collecting data, and purting them in
usable form comprise one of the more important tasks of a comparative risk study. Early
and effective identificition of information and collection of high-quality data will save
time and money. In addition to developing the necessary data, data collection and man-
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agement wdl benefit environmental managers by hlghllghtmg data gaps, 1dentifying fufu;e :
daca-collectlon priorities, and suppomng futurc cnv1ronrnen:al efforts. '
‘ Mzmmum Data Reqmrements . , :

Two qusnons asked in the carly stages of thc project are: what kind of darta does.one ‘
need, and how much? Some may hesitate to undertake a comparative risk project because .
they believe that data are not sufficient. Compa.ranvc risk uses available data, and, where
dara are inadequate or unavailable, best profcssuana.l judgment. The overall objective is o
rank the relative risks posed by a comprehensive list of environmental problems, a.nd rela-
tive risk rankmg——non pinpoint accuracy—is all that is required.

Ideally, the data would provide complete and accurate information on the human
health, ecological, and qualu:y—of life impacts of different problem areas. In reality, dara are
often incomplete, inaccurate or out-of-date, tangential to one’s needs, or'in a difficult
form to use. Thus, the analysis is usually a blend of data and judgment

Data needs should reflect the project’s objecnvs For example, a- study in a rural area
may focus data-collection and analysis efforts on information on agricultural production,
pesticide use, natural-resource extraction rates, and rural-living practices. An analysis -
focused on industrial activity in a metropolitan area may focus on the size, scale, and typc ‘
of manufacturing, energy use, effluent dlscha.rgcs, local chrnate condxtmns, and urban L
“popularion risks. - . N

Data Sources

Sources of data for any comparative risk ana.lys is are hlghly dcpcndcnt on thc study area.
With the exceptions of toxicity data and possibly dara on the release of industrial pollutants,
other countries will need to modify U.S. data, if U.S. data are used, as they are site-specific
and developed from environmental monitoring for regulatory comphancv Therefore, they
reflect conditions for that particular area and are not transferable to other lom]s

Relatively basic informarion can be asscmblecl from a variery of sources to provxde suffi-
cient information. Where dara are absent or inadequate, then secondary or surrogate data- -
and best profssxonal judgment can be used to fill in the gaps. These indirect sources of
data should be evaluated in light of other exnstmg information. For exarnple, ; nsk estimates
of the impacts of non-point source pollution on human health can include investigating
exposure to pesticides through drinking water and bioaccumulation of pstxcxdcs in ﬁsh
Data needs and sources for this problem are deplcted in Exhxbxt 4.1.5.

3 B . ) . i - o e -
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Exhibit 4 1.5
Potential Data Needs and Sourc&s

Human health concerns associated wiih non-point source pollution include pesticides
in drinking water and residues in fish. A variery of data are needed for risk estimates.

Data Needs R L. Possible Data Source

Area under cultivation | o .

Types of pesticides used . " Ministry of Agriculture .

Pesticide used per acre : .

Ambient concentration in water : : '

# of surface-water supplies ©. . Ministry of Public Works

# of users - .

Fish consumptidn levels Ministry of Marine and Fisheries . .
Fish tissue Ievels ‘ .
Dose-Response Integrated Risk Irxformatian&s,tgm

In some cases, alternarive data may providessupplemental information that can support
the risk analysis. In the Bangkok study, analysts approached membérs of the municipality .
with a list of ideal data: Subsequent discussions revealed that such data dxd not exist, bur
alternative informarion describing the outcome or driving force for a given health condi-
tion was available. While the new information led to a modification of the analysis, it still
provided the best available estimate of risk. :

The quality of the dara is an important dctcrmma.nt of the quahty of the analysns The

more spccxﬁc the data are to the problém being analyzed, the better the analysis. A hierar-

chy of data sources should be used to determine the best available information. The most
appropriate data will most likely be at the local and regional government levels. Where
such speciﬁc data are not available, national sources could be used, representing the sec-
ond tier in the hierarchy. International sources, which often consist of compilations of
national dara, could be used in the abscncc of direct local, rcglonal or national sources.

Local and Regxonal Sources

Data sources available at the local and regional levels may be the most va.luable sources
of information, particularly if the study area encompasses only a portion of a country. ~
Local and regional sources might consist of municipal'or district government organiza-
tions and research institutes, non-government organizations, industries, universities, and
hospitals. These sources should have the most reliable data on human health and ecologi-
cal exposures, natural-resource uses and damages, and disease mcxdenee. In addition, local
organizations probably have specxﬁc dara on pollutant emissions and ambxent concentra-
tions for different media (e.g., air, water).

Data come in many forms, mcludmg unpublished dara files, computer dara bases and
models, industrial activity reports, university and industry studies, and scientific literature.
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The most useful resources for identifying these data will be project participants at  the loca.l
‘and reglonal levels, who should be familiar w1th the specxﬁc data available for problem

areas or should be able to 1dent1fy those who are : Lo

National Sources: ' $ ‘
Sources of information at the national level can include statistical yearbooks environ-

-

mental plans, national _publicarions, economic studies, data bases, computer models, and .-

: mdustnal—acuvxty reports. Such national sources can be particularly useful if the study area
involves the whole country, rather than just a portion of it. Federal governments, includ-
ing environmental and economic ministries, agencies, institutes, and departments, are typ-

~ ical repositories of such sources of information. The United Nations Eavironment

Programme has identified National Focal Points (NFPs), which are national institutions
willing and able to provide environmental information upon request; these may be a use- -
ful starting point at the national level (UNEP 1993). Non-govemmem organizations may

also be useful sources of information with a nanonal focus.'

International Sources ‘\

‘Although international agencies and orgamzanons collect data that have a global per—
spective, this can include data from different countries or for specific ecologlml regions.
Technical staff may have knowledgc of applicable international data sourcs Coordinarors
- for the NFP’s U.N. mission officers and other international representanvs will also know
* what data are available and how to access the da]ta. o '

In some cases, proxy data will have to be used as a surrogate for data specific to the
‘area. Using proxy environmental data may require revising the estimate on the basis of fac-
tors specific to the study area. International data or generic loadings data; siich as the
"World Health Organization’s Management and Consrol of the Environment, can fill ma.ny
- data gaps that occur at the local or national level (WHO 1989): However, using proxy
- dara increase uncertainty and the chances for ma.kmg erroneous assumpnons about the
* area of study. S S i

The U.N. Advisory Committee for the Coondmanon of Informmon Systems Guide
to U.N. Information Sources on the Environment provides a brief review of the statistical
holdings of each U.N. agency and major prxvate orgamzanons (ACCIE) 1990). A.lso of

-primary importance: : 4 ] .

*. U.N: Environment Programme—UNEPs Intcrnanonal Envxronm<-ntal Informanon
Systcm (INFOTERRA) is an internarional information exchange on all aspects of
the environment (UNEP 1992). UNEP also compdcs statistical data in its Global
Environment Monitoring System (GEMS). This information is published pcnodx-
cally in UNEP’s Environmental Data Report (UNEP 1991). Covering a wide range
of topics, it has meticulously noted sources, definitions, and data qualifications. All
related GEMS information is being entered into the Global Resource Information
Database, which compiles georeferenced environmental data for use on Geographxc ’
Information Systems. Using both INFOTERRA and GEMS, the respective contact
can be identified through the U.N. Development Programme Mission Officer. :

[
(-
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o U.S. Agency of Internasional Developmens—U.S. AID is working with mr.ostvof its
bilateral partners in assessing their environmental problems. Environmental assess-
ments and action plans developed as pan: of these programs can prov:dc useful back-
ground information.

* World Bank—In addition to a wide range of studies assessing environmental
impacts, the Urban Environmental Indicators work of the World Bank has 1dcnt1ﬁed
a key set of indicators related to impacts, causes, and policy responses. ‘

o . The World Healsh Organizasion—In addition to collecting data and compifing health
statistics indicating disease incidence by country, WHO has u.scﬁ.d mformatlon on -
food-consumption patterns for different countries. ’

o The Food and Agriculture Organization—In its annual Producnon Ycarbook FAO

compiles statistics for different countries on agricultural, silviculture, and fisheries
production and prices; food consumption; and land use (FAO. 1992)

o New on-line compuser networks, such as INTERNET, provxde access to data bases,
publicarions, experts, and other environmental data sources.

-~

Data Collection Issues .

The availability of data for problem areas is likely to be highly variable. Somcuma.,
good data may be readily available in a usable form. In other cases, substantial effort will
be required to obtain relevant data and to convert it into a usable form. Analysts may -
encounter obstacles in collecting the dara, such as the availability and accessibility of infor-
mation, the cost of acquiring datz, the consistency and accuracy ‘of data, and the time
needed to devote to the effort.

U.S. comparative risk analyses are conducted using existing data. In the process, some
of the areas identified may warrant additional data collection efforts for future projects
However, if substantial data gaps are identified early that will clearly affect the results of
the study dramatically, then collecting new data may be necessary. This section focuses on
collecting existing data, as this will be the approach used in most comparative risk studies

Availability and Accessibility

Because of a lack of reporting requirements in some countries, rclevant data are often
not collected. Where dara are collected, they may be privately held or restricted for use.
For example, industrial enterprises in countries with limited environmental rcgulanons
may be unwilling to share information on processss and prodiiction for fear of pollution
control measures being imposed on them or that confidential information will be given to
a compctxtor A spirit of cooperation should be developed between those individuals and -
entities with information and knowledge useful to accomplish the project objectives. This
will facilitate dara collection and analysis, improve the completeness and accuracy of the
study, and lay the groundwork for furure activities.
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Cost of Data Acqmsmon _
In some instances, relevant data may bc held by pnvatc organizations that rcqmrc pay-
ment for the information. The costs of obtaining data in these situations may make it dif-
ficult 10 obtain it in a timely manner, pamcu]arly if resources are a constraining factor. For
example, some of the organizations with useﬁﬂ dara in Ccntral Europe are bemg priva-
tized and require paymcnt for information. ' o

Time . - , : o
Project planners should allocate sufficient time for data collection activities. The
~amount of time needed depends largely on the size of the study ares, the level of the over-
all effort, and the degree of coordination among organizations managing different types of
information. Data collection can be very txrrnc-consummg, particularly if muluplc orga.m-
zations have ovcrlappmg rsponsnblhtxa 5, : : '
Validity and Accuracy -
Analysts should be extremely-careful in checkmg the validity and accuracy of the data
’the} use. They should also thoroughly understand the origins of the data to ensure consis-
‘tency with assumptions used in the analysis. Understanding the source, the collection
" methods, and the original purpose of the datd will help determine whether the informa-
tion is useful and accurate. The sampling and analytical mcthods should be exa.mmed o s
determine whether their outputs are reliable and representative, especially if there are vari- o
ous conflicting sources of the same type of mformanon and to dctcrmme the best infor-
mation source to use. » !

Often, the hardst task for the technical Staﬁ is dalmg with limited data or old data. For
cxa.mple, though an area may have good population data, modifications may have to be
made to estimate the number of individuals éxposed, because the pollution is dxsmbuted
along natural boundaries, not polmml As data are modified or estimates are made, uncer-
tainty increases. It is important that uncertainty from estimates and data be documented 5
In the absence of dara, best pmfss:onal )udgmcnt can be used to arrive at risk stxmats.

Rxsx MANAGEMENT : , ; 7
Risk managcmcnt isa dccxsxon—makmg procss in whxch the rankmg rsult.s from the
risk assessment process are integrated with economic, technical, social, and political con-
siderations to generate a prioritized set of risk reduction or preventicn strategies that will
achieve environmental goals. Whereas risk assessment asks how bad the problem is, risk
. management asks what can and should be done about it. The effectiveness of risk manage-
‘ment strategies can be monitored and evaluated in terms of the progress made toward
goals. Tbse decisions rcprscnt the culmmanon of the compa:anve risk process.

Because the objectives of cornparanve risk studies can be so varied, it is dxfﬁcult to rec-
- ommend a single approach to risk management. To ensure success, risk managers must -
- pay careful attention to e risk analysis results and consider other relevant criteriain -
- order to identify the strategic options that will achieve the greatest risk reduction possible - - . .

o
v
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with the resources available. The discussion of the risk management phase of a compara- -
tive risk project, as presented in Section 3, is applicablé to international projects.

Setting Environmental Goals .

Environmental goals can serve a number of useful purposes. The process of setting
goals can help managers determine which environmental problems are the most serious
within the framework of a comprehensive strategy. The process of setting goals also helps
identify the types of environmental darta needed, thereby focusing data collection and
analysis activities. Goals can also provide a context for discussing joint, coordinated
actions with other public, non-profit, and private organizations that can help clarify vari-
ous roles that different parties can play. Finally, goals can also provide important bench-
marks against which to measure the costs and benefits of various environmental strategies:
and efforts. Environmental goals can then be adjusted if the public determines that they
are cither too low in-terms of the level of énvironmental protection sought or too high in
terms of the cost to sociery. Once the resource demands for all goals are placed within the
context of available resources, it may become necessary to decide which goals are most
important and which goals may have to be scaled down or implemented over a lohgéi
period of time. : : o o :

The overall objectives of the project will guide the risk management process: which par-
ticipants are selected, which analytical activities are performed, and which criteria are con-
sidered in making risk management decisions. The resulting priorities can be used to allo-
cate environmental resources within a country, restructure environmental regulatory or
legal authorities, justify environmental loans from international organizations, and mobi-
lize public and private support for environmental programs. Such ambitious and far-
reaching objectives emphasize the importance of having consistent and committed politi-
cal support for the effort, full participation by all stakeholders and decisions reached by

consensus, public involvement and consent, and sufficient resources and time to adequate-

ly conduct the process. Participation and cooperation of all major stakeholders is crucial to

successful risk management.

Establishing Risk Management Criteria '
Once a set of specific, measurable goals has been set, then it is nercasary to establish

risk reduction or prevention strategies to achieve these goals. In selecting risk management
strategies, it is necessary to first decide what criteria will be used to evaluate possible risk

management strategies. The criteria used 10 evaluate potential risk management strategies, -

their relative importance, and the analytical tools used to incorporate them in the process
will vary, depending on the objectives of the process. Each proposed strategy can then be.
evaluared against a common set of criteria to dctcrmjne)its feasibility and relative advan-
tage compared to other strategies thar might be implemented. ‘ :

There is no “correct” set of risk management criteria. Participants.can consider criteria -

thar have been used in previous projects, add or substitute other criteria, and find a set of
evaluative criteria thar work best for their project. For example, if one of the objectives of
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o

a project is to build cnvxronmen:al institutions by devclopmg and/or restructuring envi-

* ronmental research, environmental education, monitoring, and regulatory authorities,
then existing starutory and regulatory authorities, institutional capabilities, the 2amount of

 risk reduction, cost, and ease and speed of implementation would be the most important
and pertinent criteria to consider in this case. Some criteria that have been used in a num-

~ ber of comparative risk projects include cost and cost-effectiveness, technical feasibility,
 statutory authoriry, public supporr, equiry. consxderatlons. the ease and speed of imple-

mentation, and the likelihood of the strategry bemg successful. These criteria are discussed .

more fully in Section 3.1.

Selecting Strategies to Aclneve Enmronmem‘al Goals

The purpose of this step is to select risk management strategies 1.hrough an iterative

~ process that gradually focuses on the most effective means of achieving environmental

_goals. Risk management decisions in'international studies may hive broader economic -
and social implications than those in past U.S. studies. These implications may require

- analysis of the effects of risk management srategies on the economy and in the'broader

© social context. Frequently, countries link their environmental action plans to national pri-

. orities and economic policies. Within this large context, the risk management approach
becomes far more 1mportam and influential.

Oppommms and constraints are dlffen-nt and should be ma.xunmd to theu' fullest
potential. In many countries, risk management strategies that i impose costs on developmg
or struggling industries can be perceived as impeding economic growth. In such situa-
tions, an analysis of how economic development and environmental protection can be

- maximized is advisable; however, the analysis should.consider the full costs of economic
devclopmcnt, including negative externalities associated with industrial development. The
analysis may also include an estimate of the social costs and benefits to determine the net

- social-welfare impacts. Risk management strategies may also incorporate an analysis of
- projected land use, population, and economic trends. The developed strategy should be

compared to existing ermronmenta.l strategles to determlne if they are better approaches
to addressing the problem o R -

|
To start the process, work group mcmbelrs may proposc rxsk reducnon or pre\;ennon
 strategies from a “tool box” of risk management approaches. It may bevery: helpful to '
introduce work group members to a found- table discussion of various risk management
approaches and how they work. Different risk management approaches are depicted
“below, and a more full discussion of them can be found in Section 3. Proposed strategies
can then be analyzed in terms of the criteria that have been selected by the work group to.
evaluate the merits of various strategies. The more promising strategies can then be sub-
jected to more rigorous analysis until consensus is reached on which ones to select for ‘
implementation. By focusmg the analysis of strategies on environmental goals, it may.be
more likely that common links berween different problems will be ldentlﬁed and simulta-
neously addressed. , I
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Different risk management approaches include:

s Scientific and technological measures

¢ Provision of information to the public -

o Market incentives and disincentives

¢ Conventional regulations - o

o Effective and innovative enforcement

o Interagency and international cooperation } ,

Different strategies and approaches exist within risk management options. Pollution- -
prevention strategies are generally designed following the pollution-prevention hierarchy.
At the top of the hierarchy, the most preferential option is source reduction and substitu-
tion. The hierarchy then proceeds to the option of second choice, which is recycling, and
on to treatment and control, disposal, mitigation, and finally remediation as the option of
last choice. ’ D

Apart from the proposed risk management strategies, participants in this process may
wish to consider broader institutional/political issues, such as: .

+ Resources required

o Relationships with key Stak;holders

* Key orgax;iutiohal policies :

o Flexibility or adaptability of strategy .

o Effects on other organizations .

s Rule, policy, and statutory changes required

Implementing Strategies and Monitoring the Results .

The purpose of this final step in the risk management process'is to implement the risk
management strategics that are selected by the work group, and to monitor the results to
ascertain that progress is being made toward the environmental goals. While there are
some ideas or “lessons learned” from past projects that can be described, it would be unre-
alistic to assume that there are simple rules or advice that can-be offered about how to
select the best strategies. What seems most important is to acknowledge the complexity of
the task. L ' - ‘

The process of selecting the most promising risk management strategies is a difficult
process. Because so many criteria are involved and goals can range from reducing health’ '
risks to increasing environmental equity to spreading agency resources across-an increasing
number of environmental challenges, no single set of comparisons is possible. No scientif-
ic rule will ell work group members the relative importance of human health risks v. eco- -
logical risks. No weighting formula is likely to satisfy every member’s sense of the relative
importance of the different criteria. In fact, the relative importance of each criterion is
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probably not sorner.hmg that remains constant across all envzronmental problems, and is
likely to change depending on the problem under discussion.

Structurmg the decxsron-makmg process | ina way that maximizes its mtegnry and rele-
vance is crucial to the likelihood that the work group’s decisions will actually be carried
_ out. A vigorous and open-discussion of the relative advantages and drsadv:mags of strate-
gxes among a diverse and knowledgeable work group will lend integrity to the process. The
. process will more likely be relevant and credible to those who have the ultimate authority
to implement the strategies if it has xncluded the nght people, used approprrate criteria,
and been reported clwly and persuasively.

Once risk management strategies are sele"ted then they must be unplemented and

" monitored over time to ensure that environmental conditions are changmg in the direc-
tion of the environmental goals that have been established. The risk management work

- group should be prepared to present well-defined and credible stratagies that will achieve

' broadly supported goals in a way that-meets the public’s interests and needs.

_ Implementation is more likely to succeed if the strategies are part of an overall strateglc

o ~ plan that firmly ties environmental policies to budgets and meaningful, measurable

results. Monitoring the actual results of the strategies will help environmental managers
and the public know if their efforts are workmg orif they need to be adjusted and revxsed.

Alternative V'zews of Strategy Development

Risk management options need nor always be developed- within the sectoral, organiza-
tional, or media L categories used during the technical a.nalysrs At times, such categoriza-
tion can channel solutions along technical lines that ignore critical social, economic, and
institutional factors. An alternative approach is to classify problems along a spatial scale
where appropriate economies of scale, governmental levels, and social norms can be maxi-
mized to their fullest extent (see Tables 4.1.2 and 4.1.3). This approach benefits lesser- ‘
developed and newly industrialized narions that need to consider hc»w to focus risk man-
agement strategies activities at the appropriate level.

- This example, modified from the work of the UNDP/WorId Bank/UNCHS (Habxtat) ‘
Urban Management Program (forthcommg) presents characteristic problems of the urban
environment in lessér-developed nations. In Table 4.1.1 problem areas are spatially distin-
guished, as are key infrastructure and servxces :

In Table 4.1.2, selected problems for a glven spanal level are prese nted along with pos-
sible solutions. The options presented descend.in order of preferred risk management
options, fol]owxng the EPA’s Pollution Prevention Hierarchy. In gem'ral the most cost-
effective solutions are those at the top of the hierarchy. Administration and implementa-
tion for each activity best correspond to the associated government level. For example, in
the case of toxic dumps, municipalities are best equxpped to zone facilities in a common
area, license facilities, and monitor their compliance. Communities would find it difficule :
to achieve this goal, given therr more narrow focus and limited resources.

September 1993




(44

A Guidebook 1 Comparing Risks and ng"ng Environmental Priorisies,

In some cases, cross-spatial relationships can be identified, and joint activities can be
developed. Municipal waste collection is an example of this. Community governments
must oversee refuse collection, but municipalities are responsible for landfill management.
Transboundary issues (i.e., the import and export of pollution) must also be analyzed. For
example, the source of water pollution can occur at almost any level and can have a broad
range of impacrs. - ‘ ’

P

Table 4.1.2: .
Spatial Scale of Urban Environmental Problems

Spatial Scale of Impact Increasing

Home Community

Metropolitan Area Region Continent/Piane:
Shelter ' Piped water Industrial parks Highways
Key Water storage Sewerage Interceptors - Water sources
Infrastructure On-site sanitation Garbage coll. Treat.mcm plants Power plants
& Services Garbage storage | Drainage Outfalls
Stove ventilation | Streets/lanes Landfills _
Substandard Excreta-laden Traffic congestion Walter pollution * | Acid rain
housing water/soils Accidents Loss of wetlands, | Global warming -
Characteristic{ Lack of water Trash dumping | Ambient air pollution _ and aquatic and Stratospheric
Problems No sanitation Flooding Toxic wastes - terrestrial habitais |. ‘ozone depletion
Disease vectors | Noise/stress ‘ : : :
Indoor airpoll. | Narural disasters | .
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Table 4. 13
Exampl&s of Problems and Appropriate 1‘ypes of Solutions

Appropriate Level
of Action

Environmental
Problem Area

Solutlons following
Pollution Prevention
Hierarchy

Source
Reduction/
Substitution

Recycling

Treatment
and Control

Mitigation

Increasing Costs

Remediation

-4

Disposal

Home

—

Community

Metropollt:
. Area

2N\ o

Head of
Household

Community
Cmmcll

| Municipali

Fy Government

|RegionayProvincial

Indoor Alr

Exa’eu-hdeo

Water/Soll

Toxic Was

tes -

Loss of Wetlands

Alternative
fuels
Fuel-efficient
stoves

Ventilation

Methane gas

converters
Compost

Septic tanks

Night soil
collection
Sewage lines

Waste minimi
Efficient fuels

Industrial rec)

' Useofgreyw

Industml wast
facilifies

Licensed haza
waste facilit

Zoning

Hazardous waste

cleanup

zation | Greenways
Watershed
?cliog'
aer

e-water

: 'Wncr: treatment
facilities

rdous
s

protection areas

Alternative
fuels.
Low- sulfn:r
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. Appendix I

ENWRONWNM;, PROBLEM AREAS |

: INDUSTRIAL WASTE—WATER DISCHARGES TO OCEANS, LAKES,
AND RIVERS 1 : o

These are sources of pollution that discharge cfﬂucnts into surface waters through dxs-
crete conveyances such as pipes or outfalls. This problem area does not include publicly-
and privately owned municipal waste-water dxscha.rg& Pollutants of concern include total

suspended solids; BOD; toxic organics, mdudmg pthalates and phenols; toxic inorganics
such as heavy merals; and thermal pollution. Typ:cal sources of discharge include metal” .
finishing, pulp and paper processing, and iron and steel production. Facilities requiring
permits under the National Pollunon stcha.rgs Elimination System (NPDES) fall under

. this problcm area. ‘ '

 MUNICIPAL WASTE-WATER Dlsauacss TO OCEANS, Lums, L
AND RIVERS - : o

This problem area mcluds all constituents of :he outfalls of pubhcly a.nd pnvatdy
owned treatment facilities. Both municipal sewage rreatment outfalls and industrial dis-
charges that flow through publu:ly operated treatment works are included in this problem -
area. Major contaminants include all thosé found under Industrial VVastewater Discharges °

to Oceans, Lakes, and Rivers; plus ammonia, chlorination products, and nutrients.
. Combxned Sewcr Overflows (CSO’ s) are mcluded in this ptoblem area.

| AGGREGATED PUBLIC AND Pruvm DRmmG—WAIm SUPPLIES

As drinking water arrives at the tap, jt may contain a wide variety of contaminants from
both natural and- man-made sources, and point and non-point sources. Since many of the
contaminants can be traced to other problem areas, Drmkmg Water risk evaluation will
~ involve much double-counting with those other problcm areas (Industrial Waste-Water

Discharges; POTW Discharges, Non-point Source Discharges, Storage Tanks, hazardous
and non-hazardous waste problem areas, etc.). Drinking Water is included as a problem
area because remediation/treatment options can occur either at the source of contamina-
tion (the other problem areas) orat the delivery system of the d.nnkmg water (treatment or
-switch to alternative supplies). Drmkmg Water includes both delivery systems that serve
25 or more people and are therefore covered by the Safe Drinking Water Act, and those
which serve fewer than 25 people and are notso covcred Pollutants <of concern include
disinfection byproducts, pesticides, i inorganics (such as  heavy metals), radionudlides, toxic
organics, fluoride from natu:al sourcs, and rmcrobxolog:al conta.mxnanl:s

’ NON-POINI' Souncs DISCHARG]ZS 1 "0 OCEANS, LAKES AND Rmans

This category includes pollutants that reach surface waters through sources other than
~ discrete conveyances for efHuents. This includes runoff from agrxcultur:l urban. indus-
trial, sxlvnculmra] or undisturbed land. Possible poUutants are qmte vaned a]though they
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14
include most of the constituents of the point source discharges to surface waters. Storm
water carries a large amount of solids, nutrients, and toxics. Other sources ifjcludcd in
this problem area-are: surface discharge of septic tanks, contaminated in-place sediments,
air deposition of pollutants (except for acids), and mine drainage. Pollutants nor included
in this problem area‘are acid deposition, solid waste disposal, hazardous waste sites
(RCRA & CERCLA), pesticide runoff, and physical impacts from discharges of dredge
and fill marerial. ‘ =

PHYSICAL DEGRADATION OF WATER AND WETLAND HABITATS

Damages arising from alterations in the quantity and flow parterns of ground water and
surface water are included in this problem area. Such disturbances include channelization,
darmn construction and operation, surface and ground-water withdrawals, construction and -
flood control, irrigation distribution works, urban development, and the disposal and
runoff of dredge and fill materials. Physical changes to water flow and aquiatic habitats are
included in this problem area, as is chemical contamination resulting from physical . '
changes (e.g. dredging of contaminated sediments). o :

AGGREGATED GROUND-WATER CONTAMINATION

All forms of ground-water pollution, including sources not counted in other problem
areas, compose this problem area. These include ferilizer leaching, septic systems, road
salt, all injection wells, non-waste material stockpiles, pipelines, and irrigation practices. , e
The list of possible contaminants is extensive and includes nutrients, toxic inorganics and * |
organics, oil and petroleum products, and microbes. As with drinking water, there is much
double-counting in this problem area. Itis included as a separate “special” problem area g
like drinking water because a true understanding of the overall risks to this resource is par-
ticularly important, and because such an understanding s difficult if the risks are split
berween many different problem areas. : - S

STORAGE TANKS

Storage Tanks includes routine or chronic releases of petroleum products or other -
chemicals from tanks that are above, on, or underground; tanks owned by farmers; fuel oil
tanks of homeowners; or other storage units (such as barrels). Stored products include
motor fuels, heating oils, solvents, and lubricants thar have air emissions or can ‘contami-
nate soil and ground water with such toxics as benzene, toluene, and xylene. This category
excludes hazardous waste tanks. Acute releases (explosions, tank collapse) are examined
under Accidental releases. - ‘ ‘

RCRA HAZARDOUS WASTE -

This category generally includes the risks posed by active and inactive hazardous waste
sites regulated under the Resource Conservation and Recovery Act (RCRA). These sites
include RCRA open and closed landfills and surface impoundments, hazardous waste stor-

" age tanks, hazardous waste burned in boilers and furnaces, hazardous waste incinerators,
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and associated sohd Wwaste management units. Secpagc and routine rclnss ﬁom these
sources contamijnate soil, surface water, ground water, and pollute the air. Contamination
- resulting from waste transportation and current illegal disposal are also included. Radiation
~from hamrdous “mixed wasfc” from RCRA fa‘cilitics is included in this problem area. - o

} HAZARDOUS WASTE SITES — ABANDONED/SUPERFUND SITES .

: This category includes hazardous waste sites not covered by RCRA, but by Superﬁmd
- Most are inactive and abandoned. Sites can. be on the National Priority List (NPL), delet-
‘ed from the NPL, candidates for the NPL, or simply be noted by the Federal Government
or states as unmanaged locations containing hazardous waste. Sites may contaminate
ground or surface water, pollutc the air, or directly expose humans and wildlife. There are
many pollutants and mixtures of pollutants, mcludmg TCE, toluene, heavy metals, and
PCB's. Radiation from hazardous “mixed waste” in abmdoned/Supcrﬁmd sites is included
in this problem area. ‘ | . '
MUNICIPAL SOLID WASTE SITES |
Mumcxpa.l Solid Wiaste Sites includes opcn and closed mumcxpal landfills, mumcxpal
“sludge and refuse incinerators, and municipal surface impoundments. These sources can
 contaminate ground and surface water and pollute the air with- particulates, toxics, BOD,
microbes, PCDF’s, PBB’, and nutrients. Comamination may occur through routine
releases, soil migration, or runoff. Most sites are regulated under Subntle D. This category -
excludes active and inactive hazardou.s waste sites. ' -

AN ; .
i

INDUSTRIAL SOLID WASTE SITES i

Industrial Solid Waste Sites includes open ‘and closed mdustnal lzndﬁlls, industrial
sludge and refuse incinerators, and industrial surface xmpoundment_; Thsc sources can

R

" contaminate ground and surface water and pollute the air with particulates, toxics, BOD,

microbes, PCDF’s, PBB’, and nutrients. Contamination may occur through routine
releases, soil migration, or runoff. Most sites are regulated under Subtitle D. This category
excludes active and inactive hazardous waste sites. Although the list of potential contami-
nants is similar to municipal solid waste sites, the concentrations, velumes, and mixes of
pollutants found on rypeial sites are frequemly very different. '

ACCIDENTAL CHEMICAL RELEASES ro THE ENVIRONN[ENT

" Contaminants are accidentally released i ifito the environment in a vancty of ways dur-
ing transport or production. An industrial unit may explode and emit toxics into the air, a
railroad tank car may turn over and spill toxics into surface water or roads, or a ship may
run aground and spill oil or other cargo into the environment. Damages to property, pér-
sonnel, and wildlife tay occur from intense, short term releases of toxic or flammable
chemicals. Acids, PCB’s, ammonia, pst:cxdcs, sodium hydroxlde, and various petrolcu,m i

products have been accidentally relased [ : v
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PESTICIDES

This problem area addresses risks arising from the application, runoff, and residues of
pesticides to humans and the environment. It includes risks to people applying agricultur-
al pesticides, including farm workers who mix, load, and apply them. Also included are
risks to the public and non-target plants and wildlife as a result of short range drift, over-
spray, and misuse. Some of the more dangerous substances include ethyl parathion,
paraquat, dinoseb, EPN, aldicarb, and diazinon. Disposal of mixed pesticide wastes has. ‘
resulted in the generation of highly toxic, largely unknown byproducts that have entered
the air and caused serious health problems. Suburban spraying of property, often done
with high pressure systems, can result in contamination of neighboring property, residents,
pets, and livestock. Aside from direct exposure, additional pesticide risks stem from expo-
sure through ingestion of residues on foods eaten by humans and wildlife.
Bioaccumulation and food chain effects are also included in this category. Note that acci-’
dental releases, ground-water contamination, and indoor air pollution from pesticides are
respectively included in the Accidental Releases, Aggregated Ground Water, and Indoor .
Air problem areas. : : -

SULFUR OXIDES AND NITROGEN OXIDES |
(INCLUDING ACID DEPOSITION)

Sulfur Oxides and Nitrogen oxides cause a wide variety of primary and secondary |
effects. Primary effects include health, visibility, and welfare impacts. A major sccondvaryl
effect is acid deposition, which results from chemical transformation of oxides of sulfur . .
and nitrogen, producing acid rain, snow, and fog, as ﬂyv:éll as dry deposition. Acid deposi-
tion alters the chemistry of affected aquatic and terrestrial ecosystems, damaging plant and
animal life. Sources are a wide variety of industrial, commercial, and residential fuel and
related combustion sources. This problem also includes visibility effects resulting from the
long range transport of sulfates. ' ‘

OZONE AND CARBON MONOXIDE

Ozone and Carbon Monoxide are major air pollutants in many areas, arising from both
mobile and stationary sources. Damage to forests, crops, and human health can be severe.
Note that volatile organic compounds (VOC's) are critical precursors to ozone formation,
but the direct effects of VOC’s are included in the Air Toxics problem area. To the extent
that VOCs result in ozone, those ozone effects are captured by this'problem area.

AIRBORNE LEAD

Air emissions of lead result from many industrial and commercial processes. This prob-
lem area includes both direct exposure to airborne lead and exposure to deposited lead
from airborne sources. It does not include exposure to lead from drinking-watér delivery
systems, or lead found in homes and buildings from leaded paint.

-
\ ¥,
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Both total'shspc'ndcd‘pmicdats and ﬁh'cf pm}aﬂatcd PM 10 are included in this
problem area. Major sources include motor vchldcs, residential fuel bu:mng, mdust(xal
“and commercial processes, and in some cases smp or open pxt mining.

HAZARDOUS/TOXIC AIR POLLU'I'ANTS

This problem area covers outdoor :xposuxc to airborne hazzrdc;ous. air pollutanrs from
routine or continuous emissions from point and non-point sources. Pollutants include
asbestos, various toxic metals*(e.g., chrormum, bcrylhu.m), organic gases (bcnzenc, chlon-
nated solvents), polycychc aromatic hydroca: bons (PAHs, such as benzo(a)pyrene, pnmar- ,

ily in particulate form), gasoline vapors, mcomplcte combustion producrs, airborne

pathogens, coohng towers, and a variety of other volatile organic chemicals and toxics.

- The problem area covers.exposure through both inhalation and air dcposmon of these pol-

lutants to land areas. Runoff of deposited pollutants to surface waters is addressed in Non-

point Sources. Major sources include large mdusmal facilities, motor. veh:cls, chemical

- plants, commercial solvent users, and combusnon sources. This category excludes, to the

extent possible, risks from pesticides, airborne lead, radioactive substances, chloroflouro- -

" carbons, emissions from waste treatment, storage and d1sposal facdms, storage tanks, and
indoor air toxicants. : : :

. »‘
i
v
i

INDOOR AR POLLUTANTS OTHER [‘HAN RADON S
- This category applies to exposure to accurulated indoor air poU utants, cxccpt radon,
pnrnanly from sources inside buildings and homs These sources include unvented space
heaters and gas ranges, foam insulation, pstxcxdcs, tobacco smoke, wood. preservatives, -
fireplaces, clmmg solvents, and paints. The pollutants mclude tobacco smoke, asbstos,
.carbon dioxide, carbon monoxide, nitrogen dxides, lead, psncnds, and numerous volatile
organic chemicals such as benzene and formaldehyde. Occupational exposures are mclud- '
ed, as is mhalanon of comammants volanhzed from drinking water.

INDOORRADON . o
: Raden is a radzoacnvc gas produced by thc decay of radium, whxch occurs natura.lly in
“almost all soil and rock. Risks occur when radon migrares into buildings t.hrough cracks or
‘other opcmngs in the foundation, water, or fuel pipes. The gas is trapped by dense building
. materials and can accumulatc to very high levels. When inhaled, radon decay products can
cause lung cancer. Tl'us category includes radon volarilized from domustic water use, and
also includes occupational exposures. The problcm area dos not mcludc outdoor radon.
RADI.ATIOI\OTHERTHANRADON ; SR
.- Exposure to mnmng and non-ionizing radmnon (bcyond natural backgrou.nd) is
included here. Sources of radiation included in this category are: radio frequencies (also -
T.V. transmitters, power lines, radar, microwave transmissions, and radiation. from home |
appliances and wiring); radiation from nuclear power operations; high-level radioactive
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waste (including spent reactor fuel) and low-level waste (including radiopharmaceuticals ,
and laboratory clothing from hospitals involved in nuclear medicine, and tools used in ’ Ny
cleaning up contaminared areas, etc.); and residudl radioactivity (including the decommis-
sioning of facilities, such as laborarories and power plants that use radioactive materials).
Also included in this category are industrial processes, such as uranium mining and
milling, and the mining of phosphate. Radiation resulting from nuclear accidents where-
radioactivity is released is included under Accidental Releases. Medical cxposurm (X-rays,
radiation therapy) and exposure from ozone dcplenon are not included. .

PHYSICAL DEGRADATION OF TERRESTRIAL ECOSYSTEMS/HABITATS{

Sources affecting terrestrial ecosystems/habitats include both chemical and non-chemi-
cal stress agents. Because chemical sources of degradation are addressed in other categories, -
this category includes physical modifications (such as mining and highway construction)

. and other sources of degradation (such as dumping of plastics and other litter) that aﬂ"cct
terrestrial ecosystems/habitats. Effects on undisturbed lands/habitats that result from near-
by degradation (habitat fragmentation, migration path blockage) are also included in this
problem area. EPA often has no regulatory authority over sources of physical degradation,
while in other cases it may be able 1o mﬂucncc thcm through the NEPA/ EIS process.

OPTIONAL PROBLEM AREAS

: ODOR AND NOISE POLLUTION

Although this problem area was not considered by the three prcvxous rchonal projects, -
it was examined in Unfinished Business and covers a legitimare set of environmental con-
cerns. If examined, regions should exclude all effects associated with the sources of the
odors and noise, other than the odors and noise themselves. Noise from a construction
site, for example would fall under this.problem area, while habitar destruction would be
caprured by Non-chemical Degradation of Terrestrial Ecosystems/ Ha.bxtats, and chemxcal
runoff would fall under Non-pomt Sources ' . :

STRATOSPHERIC OZONE DF_PLETION

The stratospheric ozone layer shields the earth’s surface from harmful ultraviolet (UV -
B) radiation. Releases of chloroflourocarbons (CFC ’s) and nitrogen dioxide from industri-
al processes and solid waste sites could significandy reduce the ozone layer. Although this
is clearly a narional and international problem, regional projects may wish to estimate
their region’s contribution to the problem, and analyze the effects of ozone depletion on

their region.
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CO AND GLOBAL WARMING o

Appendis 1

Armosphcnc concentrations of carbon choxxdc (CO,) are pro;c('tcd to increase over thc
" next century-due to an increase in fossil fuel combustion and a decrease in tropical rain
forests and other CO, sinks. Higher levels of CO, may raise climatic temperatures global-
ly, raising the sea level and disrupting weather parterns. As with Stratospheric Ozone
Depletion, this is clearly a national and international problem, but regional projects may
wish to estimate their regxons contribution to the problem and the hkcly cﬁ'ects of the

. problem on their rcglons
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CONTACTS

chzonal and State Planmng Bra.nc:h (RSPB)
~ Debora Martin, Chief

U.S. Environmental Protection Agency

401 M Street, S.W. (PM-2224) -
Washingron, D.C.20024

(202) 260—2700

Northeast Ccntcr for Compa.ratlvc Risk: (NCCR)
'Rick Minard, Director

Ken Jones, Acting Director

Vermont Law School

PO. Box 96

Chelses Street

‘South Royalton, VT 05068

(802) 763 8303

W estern Center for Comparanve Rxsk (W’CCR)
te Kramer, Director”..

PO Box 7576

Boulder, CO 80306

(303) 499—8340

EPA chxon 1

Katrina Kipp ‘ ST
Planning Analysis and Grants Branch

John F Kennedy Federal Building

One Congress Street

Boston, MA 02203

(617) 565-3696

EPA Region'll

‘Alice Jenik

Policy and Program Integranon Branch
Jacob K. Javits Federal Building

26 Federal Plaza .

New York, NY 10278

(212) 2644296
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A Guidebook o Comparing Risks and Sersing Evvironmensal Prigricies

EPA Region 111 o

Lorna Rosenberg ‘ ' - : - A : )
841 Chestnut Building : o “ '
Philadelphia, PA 19107

(215) 597-9864

EPA Region IV

Thomas Nessmith

Policy, Planning and Evaluation Branch
345 Courtland Street, N.E.

Atlanta, GA 30365

(404) 347-7109

EPA Region V

Lee Gorsky

Planning and Assessment Branch
77 West Jac,kson: Boulevard
Chicago, IL 60604-3507

(312) 353-5598

EPA Region VI o _
Gerald Carney ’ o ' o - ' ' -
Planning and Analysis Branch : - . '

1445 Ross Avenue 12th Floor Suite 1200 -

Dallas, TX 75202-2733 o

(214 655-6525 -

EPA Region VII

Richard Sumpter

Program Integration Branch
726 Minnesota Avenue
Kansas City, KS 66101
(913) 551-7661

EPA Region VIII

Don Patton )
Strategic Integration Branch
Pelicy Office

999 18th Street Suite 500
Denver, CO 80202-2405
(303) 293-1603
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EPA Region IX

‘Michael Schulz-

Policy and Grants Branch’

75 Hawthorne Street

San Francisco, CA 94105 o
(415) 714-1623 e

EPA Region X
Joyce Crosson
~ . Policy, Plannmg and Eva.luanon Branch ’
1200 Sixth Avenue
Seattle, WA 98101
- {(206) 553-4029, :

| ‘REsciUiiCEs_ :

| Appendix 2

Leap 1o 2000: Loumanas Enwronmmtal Aman Plan Project Report Thc Negonated
Single Text of the Public Advisory and Steering Committess. Louxsla.na Dcpartmcnt of

" Environmental Qua.ht) Baron Rouge LA Novcmbcr 30, 1991.

Environment 1991 Risks to Vermant ad Vérmomer: A report by thc Public Adwsory :

' Committee, The Strategy for Vermont's Thu'd Century Vcrmont A;vcncy ofNatural
~ Resources. Wa terbury,VT]ul) 1991. - :

Reducing Risk: Sesting Priorities and sz:egm fbr Enwronmmml Prot:’man (SAB- EC-90-
:021). U.S. Environmental Protection Agencv Science Advxsory Board Washmgton, D C.

,Seprembcr 1990.

Toward 2010: An Envzronmental Action Agmda. Envxronmcnt 2010 A joint project of the
State of Washington and the U.S. EPA. Wa.shmgton Dcpartmcm of Ecology Olympla,

WA. July 1990.

~ Final Repore: Colorado Enviror:ment 2000. Govcmors sz:n Advxsc)ry Cornmmcc
Colorado Envu'onrncnt 2000. Denver, CO. Junc 1990 ' "

Unfinished Business: A Comparative Assessment of Environmental Problems. U.S.
Environmental Protection Agency. Washington, D.C. February 1987. '

The Comparative Risk Bulletin. A monthly ncwslcttcr published by thc Northeast Ccntcr

for Comparanvc Risk (NCCR) For subscnp nons, call (802) 763-8303

-
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