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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 5 

77 WEST JACKSON BOULEVARD 
CHICAGO, IL 606063590 3707 

REPLY TO THE Al lENTDN OF: 

M r .  Jack R. Craig 
United States Department o f  Energy 
Feed Mater ia ls  Production Center 
P.O. Box 398705 
Cinc innat i ,  Ohio 45239-8705 

HRE-8J 

RE: Comment/Responses on t h e  
F ina l  Risk Assessment Work 
P1 an Addendum 

Dear M r .  Craig: 

On May 15, 1992, the  United States Environmental P ro tec t i on  Agency (U.S. EPA) 
approved t h e  rev ised Risk Assessment Work Plan Addendum pending t h e  United 
States Depzrtment c f  Energy's DOE) i nco rpo ra t i on  of the comments. On 
June 19, 1992 U.S DOE t ransmi t ted a F i n a l  Risk Assessment Work Plan Addendum 
t o  U.S. EPA. 

U.S. EPA has comp 
t h a t  two comments 
can consider t h i s  

eted i t s  review o f  t h e  F i n a l  Work Plan and has determined 
need t o  be f u r t h e r  addressed by U.S. DOE, before U.S. EPA 
document f i n a l  . The comments a re  enclosed. 

Please contact me a t  (312/FTS) 886-0992 i f  you have any questions. 

Enclosure 

. .. - .  . -.. cc: Graham Mi.t.ch.el1 , OEPA-SWDO .,. . .. . .- .~~ - . . 

Pat Wh i t f i e ld ,  U.S. DOE-HDQ 
Dennis Carr, WMCO 
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UNITED STATES ENVIRONMENTAL 
REGION V 

DATE: July 30, 1992 

PROTECTION AGENCY 

6.. t 

.. . ?. ' 

. .  . 

SUBJECT: Review of Responses on the Revised Risk Assessment Work 
Plan Addendum, Fernald Environmental Management Project 
(FEMP), Fernald, OH, February 1992 

FROM: Pat Van Leeuwen, Toxicologist qw 
Technical Support Unit 

TO: Jim Saric 
Project Manager 

I have examined the comment responses prepared in 
response to the comments I submitted on the Draft Final Risk 
Assessment Work Plan Addendum for the Fernald Environmental 
Management Project (FEMP) on April 30, 1992. These comments 
addressed lingering issues or problems created by revision. 

As you recall, I only had problems with four 
remaining issues, which included comments # 18, 20, 21 and 22. I 
hope we are now in agreement on these issues as I believe that it 
is important to achieve agreement on all issues if Region V is to 
approve the risk assessment and other documents for the FEMP site. 

New guidance continues to be issued by headquarters 
and generally affects risk assessments in draft or under 
development. I have two new pieces of guidance which should be 
submitted to the contractors with the next set of comments. The 
first is the Supplemental Guidance to RAGS: Calculatins the 
Concentration Term, issued in May 1992. This guidance should not 
require any changes in the Work Plan Addendum. The second is a 
memorandum from Henry Longest refering to Habicht's memorandum of 
February 26, 1992 on risk characterization. The critical issue 
here is that the latter memo has called for incorporation of an 
analysis of uncertainty in all new risk assessments; draft risk 
assessments are included in this category. The uncertainty 
analysis is to be achieved by a calculation of the Central Tendency 
in addition to the - W E .  These two documents are enclosed,--along- 
w-ith some addit-iorial-- information on calcuIatlng ris%s- -from-- 
radionuclides. 

. - _ -  

., . *. 

Comment #18/0riainal Comment 5120 The response to 
the comment is acceptable as along as it is mutually agreed that 

C. -. e 
r i -  3 



the accident and fatality rates for hazardous material transporters 
' .  Will be used for off-site scenarios. Also please note that the 

correction to Section 10.2.3.2 is on page 22, not page 23 as 
stated. 

Comments #2 O/Oriainal Comments # 14 6 / 15 6 I 273 The 
response presented here does not reflect that DOE has, in fact, 
received additional comments from Paul White, Statistician, 
U.S.EPA, Exposure Assessment Group, Washington, D.C., and has 
agreed to changes with respect to the treatment of background which 
affect the selection of Chemicals of Concern as well as the 
calculation of :"Le exposure point concentration (discusssd in 
comment # 22). : : is also understood that EPA guidance will be 
followed in all statistical analyses and that may be applicable to 
the analysis of hot spots as outlined in the Guidance for Data 
Useabilitv in Risk Assessment. Part A. 9285.7-09A. Arm11 1 992 
Based on these notations, the response to this comment is accepted. 

R- to . .  C-mt dt21lOri~al C w t  #l84 
4 comment is acceptable. 

Comments #22/0riqinal Coments #215/220/65 Response 
to comment is acceptable. 

Comment #23/0riqinal Comments #233/72 Response 
to Comment is acceptable. EPA should be informed of the values to 
be used for the Central Tendency and the M E  for all exposure 
pathways. Also please note that the table of Human Phvsioloa ical 
Parameters, section 7.0, page 17, still references the now outdated 
draft dermal guidance. The proper reference should be Dermal 
ExDosure Assessment: Principles and Applications, EPA/600/8- 
91/011B It should be further noted that the Values 
1 .  - L  this table are for the Crntral Tendency, not the RME 

Tanuary 1992. 

If you or the contractors have any questions on these 
comments or any section of the risk assessment, please contact me 
at 886-4904. 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
WASHINGTON, D.C. 20460 

gtT!gT 

OFFICE OF 
SOLID W A S T E  A N 0  EMERGENCY R E S  

SUBJECT: Implementing the Depu 

FROM: Henry L. Longest 11, Dir 

Characterization Memorandum 

Office of Emergency and 

Bruce Diamond, Direct 
office of Waste Progr 

TO: Directors, Waste Managememt Division 

Director, Emergency and Remedial Response Division 

Directors, Hazardous Waste Management Division 

Director, Hazardous Waste Division 

Directors, Environmental Services Division 

Regions I, IV, V, and V I 1  

Region I1 

_ _  Regions 111, VI, VIII, and IX 

Region X 

Regions I, VI, and VI1 

Puruose 

Superfund program the recommendations of the Deputy Administrator 
in his memorandum of February 26, 1992, "Guidance on Risk 
Characterization for Risk Managers and Risk Assessors.1' 

The purpose of this memorandum is to implement in the 

Backcrround 

On February 26, 1992, in a memorandum to Assistant 
Administrators and Regional Administrators, the Deputy 
Administrator issued new guidance for Agency managers and risk 
assessors on describing risk assessment results in EPA reports, 
presentations, and decision packages (The '#Risk Characterization 
Guidancen). The Risk Characterization Guidance is designed to 
ensure a full and complete analysis of risk in the decision- 
making process and to promote greater consistency and It is 
the-culmination-ofamultizyear praject- of the- EBAls-R&Sk------ -- 
Assessment Council to improve the Agency's risk assessment 
process. 
Guidance and its accompanying appendix. A similar copy was 
provided to Regional Superfund risk assessors early in March. 

_ _  - coq-arability in risk assessments across Agency programs. 

Attached is a copy of the Risk Characterization 
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The Risk Characterization Guidance is relevant to all 
Superfund risk assessments since it discusses not only risk 
assessments performed for national regulations but also site- 
specific risk assessments, e . g . ,  Superfund baseline risk 
assessments. 

After studying the Risk Characterization Guidance and 
current Superfund policy, we are pleased to report that Superfund 
policy already addresses most of the points raised in the Risk 
Characterization Guidance. Implementation of current policy with 
minor supplementation should bring Superfund risk assessment and 
risk management fully in line w i t h  recommendations in the Risk 
Characterization Guidance. 

Specifically, the R i s k  Characterization Guidance lists the 
following three principles for presentingxrisk assessment 
information in new Agency reports, presentations, and decision 
packages : 

1) Risk assessment information should be clearly presented 
separate from any non-scientific risk management 
considerations. 

2 )  Key scientific data and methods and their uncertainties 
should be identified in the risk characterization and a 
statement of confidence should be included that 
identifies all major uncertainties along with comment 
on their influence on the.assessment. 

Information on the range of exposures derived from 
exposure scenarios and on the use of multiple risk 
descriptors should be presented. 

Risk Characterization Guidance in the following ways: 

3 )  

Our current policies address the principles set out in the 

1) The Superfund remedy evaluation and selection process 
is designed to keep risk assessment and risk management 
separate. 
are just one of the tools used by risk managers for 
making cleanup decisions. 

The results of the baseline risk assessment 

2) The Risk Assessment Council's (RAC's) guidance states 
that uncertainties should be presented for each step of 
the risk assessnent process. 

_ _  - - -  - Guidanc~-for~:~:-l.rfundi- Par-t 4 is- a-lready-in-kise- w l t h  
this guidance. Sach chapter of- Part A hasasection 
specifically devoted to presentation of risk 
assessment-related uncertainties to aid risk manaqers. 
Further, we deal with uncertainty and variability i n  
site sampling data through our Guidance on Data 
Useabilitv and use of the 95  percent upper confidecLc 

The Risk Assessment 

ci 
. ,a r-- f -  P 

,/. - P 

-W 

f b p .  
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limit ( 9 5  UCL) on the arithmetic mean of site sampling 
data. In addition, information on the level of 
uncertainty in the toxicity criteria we use in our 
assessments is provided by the Office of Research and 
Development in the Integrated Risk Information System 
(IRIS) and the Health Effects Assessment Summary Tables 
(HEAST) they prepare for the Superfund program. 

Thus we can meet the second principle by inclusion in 
the Record of Decision of appropriate highlights from a 
well-done baseline risk assessment completed as part of 
the Remedial Investigation. 

listed in the RAC guidance. 
Exposurefin (RME) estimate is designed to be a measure of 
l%igh-endln exposure. 
assessments of risk for sensitive subpopulations (e.g., 
childhood exposure to lead, recreational and 
subsistence fishers). 

3) Currently, we address two of the four risk-descriptors 
Our "Reasonable Maximum 

Our guidance also advocates 

We do not, however, in our current assessments typically 
include an estimate of central tendency (or average) exposure or 
an estimate of population risk. 
exposures are estimated, findings are often presented in the 
uncertainty section of the risk assessment. Thus, in order to be 
fuiiy in line with t h e  t h i r d  prilieiple,  the Superfunc! p m ~ a m  
should develop additional guidance on estimating central tendency 
exposures and on addressing population risk, recognizing, however 
that due to the lack of sufficient exposure data at most 
Superfund sites, it generally is not possible to estimate 
population risks. 

Objective 

must continue to make risk management decisions during the time 
in which changes in policy are made to reflect the principles of 
the Risk Characterization Guidance. Specifically he states that 
Ifwe do not expect risk assessment documents that are close to 
completion to be rewritten." Our objective is speedy, effective 
updating of Superfund policies on risk assessment and risk 
management, while continuing to meet all remedial program 
objectives. 

In Regions where average 

The Deputy Administrator recognized that program offices 

. .  . ..:. ?i--YL.-:.--. .- . .. 
. _ _  ~ ..... . .- -. . --  . . . . . 6 ~ ~ . ~ e f t t a t i o ~ - - - - . -  ----._-._--:T. -~ . . -. 

To implement in the Superfund program the recommendations in 
the Risk Characterization.Guidartce,  the following steps should be 
taken: 

0 No modifications based on the Risk Characterization 
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Guidance need to be made for Records of Decision (RODs) 
already signed or the risk assessments supporting them. 

o RODs to be signed in FY 93 should consider theRisk 
Characterization Guidance in developing and drafting 
their risk management decisions. 
additional limited risk assessment work, particularly 
to provide an estimate of central tendency exposure. 

This may require some 

0 For risk assessments completed or close to completion 
in Support of FY 92 RODS: 

I 

A risk assessment for a site for which the 
Proposed Plan has been developed generally need 
not be revised to reflect the principles in the 
Risk Characterization Guidance; 

Risk assessatents in draft or under deve- 
should generally include data to reflect the 
principles in the Risk Characterization Guidance. 
A supplemental discussion of average exposure as 
part of the uncertainty discussion, either in the 
risk assessment or the ROD, should generally be 
sufficient. 

0 Risk assessment guidance on performing Ifcentral 
tendency" exposure assessments should be developed: 

A group of Headquarters and Regional Superfund 
risk assessors is already working to provide 
guidance to be in line with the third principle 
and generally aid in interpreting the Risk 
Characterization Guidance. 
develop guidelines for evaluating central 
tendency. Any further recommendations on 
addressing population risk will come later, after 
the group has completed its work on central 
tendency and any other descriptors. 

The group will first 

Regarding risk management, we will continue to use the RME 
scenario, as described in the preamble of the National 
Contingency Plan, in the remedial decision in evaluating what 1s 
necessary to achieve protection against risk to human health. 
The central tendenc;; sstimate will be used for informational 
purposes in discussl.ig uncertainties. 

cc: Regional Branch Chiefs 
HQ Division Directors 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

W A S H I N C T C N .  0 C 20460  

FEB 2 6  1992 

SUBJECT: Guidance on Risk Characterization for Risk Managers 

Deputy Administrato 

and Risk Assessors 

?RWt F. Henry Habicht I 

TO: Assistant Administrators 
Regional Administrators 

IHTRODUCTIOB 

This memorandum provides guidance for managers and assessors 
on describing risk assessment results in EPA reports, 
presentations, and decision packages. The guidance addresses a 
problem that affects public perception regarding the reliability 
of EPA's scientific assessments and related regulatory decisions. 
EPA has talented scientists, and public confidence in the quality 
of our scientific output will be enhanced by our visible 
interaction with peer scientists and thorough presentation of 
risk assessments and underlying scientific data. 

scientific judgment goes into the development of EPA risk 
assessments, significant infoxmation is often omitted as the 
results of the assessment are passed along in the decision-makrnq 
process. 
ultimate decision-maker and to the public, the results have been 

approacherr to risk assessment do not fully convey the range o f  
information considered and used in developing the assessment. In 
short, informative risk characterization clarifies the scientific 
basis for EPA decisions, while numbers alone do not give a true 
picture of the assessment. 

industry, environmental groups, and other participants in the 
overall regulatory process use similar "short hand" approaches. 

Specifically, although a great deal of careful analysis and 

Often, when risk information is presented to the 

- boiled down to a point estimate of risk. Such "short hand" 

This problem is not EPA's alone. Agency contractors, 

We must do everything we can to ensure that critical 
information from each stage of the risk assessment is 
communicated from risk assessors to their managers, from middle 
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to upper management, from EPA to the public, and from others to 
EPA. The Risk Assessment Council considered this problem over 
many months and reachsd several conclusions: . 
present a full and complete picture of risk, including a 
statement of confidence about data and methods used to develop 
the assessment; 2) w e  need to provide a basis for greater 
consistency and comparability in risk assessments across Agency 
programs; and 3) professional scientific judgment plays an 
important role in the overall statement of risk. 
also concluded that Agency-wide guidance would be useful. 

1) We need to 

The Council 

BACXGROUWD 

Principles emphasized during Risk Assessment Council 
discussions are summarized below and detailed in the attached 
Appendix. 

Full Characterization of Rirk 

EPA decisions are based in part on risk assessment, a 
technical analysis of scientific information on existing and 
projected risks t o  human health and the environment, As 
practiced at EPA, the risk assessment process depends on many 
different kind8 of scientific data (a.s., exposure, toxicity, 
epidemiology), all of which are used to "characterize" the 
expected risk to human health or the envhonment. 
of reliable scientific data from many different sources is a 
central feature of the risk assessment process. 

Highly reliable data are available for many aspects of an 
assessment. However, scientific uncertainty is a fact of life . 

for the risk assessment process as a whole. 
managers make decisions using scientific assessments that are 
less certain than the ideal. ,The issues, then, become when is 
scientific confidence sufficient to use the assessment for 
decision-making, and hoar should the assessment be used? In order 
to make these decisions, managers need to understand the 
strengths and the limitations of the assessment. 

risk assessors and managers need to be completely candid about 
confidence and uncertainties in describing risks and in 
explaining regulatory decisions. 
assessment guidelines call for full and open discussion of I 

uncertainties in the body of each EPA risk assessment, including 
prominent display of critical uncertainties in the risk 
characterization. Numerical risk estimates should always be 
accompanied by descriptive information carefully selected to 
ensure an objective and balanced characterization of risk in risk 
assessment reports and regulatory documents. 

Informed use 

As a result, agency 

On t u 8  point, the guidance emphasizes that informed EPA 

Specifically, the Agency's r i s k  

. .  
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Scientists call for fully characterizing risk not to 
question the validity of the assessment, but to fully inform 
others about critical information in-the assessment. The 
emphasis on "full" and "complete" characterization does not refer 
to an ideal assessment in which risk is completely defined by 
fully satisfactory scientific data. Rather, the concept of 
complete risk characterization means that information that is 
needed for informed evaluation and use of the assessment is 
carefully highlighted. Thus, even though risk characterization 
details limitations in an assessment, a balanced discussion of 
reliable conclusions and related uncertainties enhances, rather 
than detracta, from the overall credibility of each aasessment. 

This guidance is not now. Rather, it re-states, clarifies, 
and expands upon current risk assessment concepts and practices, 
and emphasizes aspects of the process that are often incompletely 
developed. It articulate8 principles that have long guided 
experienced risk assessors and well-informed risk managers, who 
recognize that risk is best described not a8 a clasaification or 
single number, but as a composite of information from many 
different sources, each with varying degrees of scientific 
certainty . 

Commarabilftv and C o n a i r t o n q  

The Council's second finding, on the need for greater 
W 

-------L: 1 :&.I ----- b w U p c b & W L & & b I ,  Q&UJCI for severs: L'8830IiS. m e  VSS esrifiraisa -- 
for example, many people did not understand that a risk estimate 
of lo'$ for an "average" individual should not be compared to 
another IOo6 risk estimate for the "most exposed individual" . 
Use of such apparently similar estimates without further 
explanation leads to n&sunderstandinga about the relative 
significance of risks and the protectiveness of risk reduction 
actions. 
Reducina Risk: Settino Priorities and Sttatedes fox 
Environmental Protectioq. In order to implement the SAB's 
recommendation that we target our efforts to achieve the greatest 
risk reduction, we need common measures of risk. 

Another catalyst for change was the SAB's report, 

EPA's newly revised Exposure Assessment Guidelines provide 
standard descriptors of exposure and risk. 
all Agency risk assessments will promote consistency and 
comparability. Use of several descriptors, rather than a sinqle 
descriptor, will enable us to present a more complete picture of 
risk that corresponds to the range of different expoaure 
conditions encountered by various populations exposed to most 
environmental chemicals. 

Use of these terms in 

3 

Proferrfonal Judqment 

The call for more extensive characterization of risk has 
obvious limits. For example, the risk Characterization includes 
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only the most significant data and uncertainties from the 
assessment ($hose that define and explain the main risk 
conclusions) so that decision-makers and the public are not 
overwhelmed by valid but secondary infonnation. 

The degree to which confidence and uncertainty are addressed 
depends largely on the scope of the assessment and available 
resources. When special circumstances (=.go, lack of data, 
extremely complex situations, resource limitations, statutory . 
deadlines) preclude a full assessment, such circumstances should 
be explained. For example, an emergency telephone inquiry does 
not require a full written risk assessment, but the caller must 
be told that EPA comments are based on a “back-of-the-envelopen 
calculation and, like other preliminary or s-le calculations, 
cannot be regarded as a risk assessment. 

- 

WIDAHCI PRIlOCIPUS 

Guidance principles for developing, describing, and using 
EPA risk arsessments are set forth in the Appendix. 
these principles focus on differences between riak assessment and 
risk management, with emphasis on difference8 in the information 
content of each process. 
expected in EPA risk assessments to the extent practicable, 
emphasizing that discussion of both data and confidence in the 
data are essential features of a complete risk assessment. 
Comments on each principle appear in the Appendix; more detailed 
guidance is available in BPA’s risk assessment guidelines (g.g. ,  
51 Federal Recristel; 33992-34054, 24 September 1986) .  

to the d~VelODment, evaluation, and description of Agency risk 
assessments for use in regulatory decision-making. This 
memorandum does not give guidance on the of completed risk 
assessments for risk management decisions, nor does it addres8 
the use of non-scientific considerations (a.g:, economic or 
societal factors) that are considered along with the-risk 
assessment in risk management and decision-making. While some 
aspects o f  this guidance focus on cancer risk assessment, the 
guidance applies generally to human health effects (a.g.! 
neurotoxicity, developmental toxicity) and, with approprrate 
modifications, should be used in all health risk assessments. 
Guidance specifically for ecological risk aseessment is under 
development. 

Some of 

Other principles describe information 

Like EPA’ B risk asressment guideliner, this guidance applies 

I 

Effective immediately, it will be Agency policy for each EPA 
office to provide several kinds of risk assessment information in 
connection with new Agency reports, presentations, and decision 
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packages. 
carefully selected highlights from the overall assessment. 
this regard, common sense regarding-information needed to fully 
info= Agency decision-makers is the best guide for determining 
the information to be highlighted in decision packages and 
briefings. 

In general, such information should be presented as 
In 

1. 

2. 

3 .  

This 

Regarding the interface between risk assessment and 
risk management, risk assessment information must be 
clearly presented, separate from any non-scientific 
risk management considerations. Discussion of risk 
management options should follow, based on 
consideration of all relevant factors, scientific and 
non-scientific. 

Regarding risk characterization, key scientific 
information on data and methods (i.g., use of animal or 
human data for extrapolating from hrgh to low doses, 
use of pharmacokinetics data) must be highlighted. 
also expect a statement of confidence in the assessment 
that identifies all major uncertainties along with 
comment on their influence on the aasessment, 
consistent with guidance in the attached Appendix. 

Regarding exposure and risk characterization, it is 
Agency policy to present information on the range of 
e x p s u ~ e s  dsrivcd from exposure scenarios and on the 
use of multiple risk-descriptors (i.~., central 
tendency, high end of individual risk, population r i s k ,  
important subgroups, if known) consistent with 
terminology in the attached Appendix and Agency 
guidelines. 

'de 

guidance applies to all Agency offices. 
assessments generated by EPA.staff and to those generated by 
contractors for EPA's use. 
wide guidance will improve understanding of Agency risk 
assessments, lead to more informed decisions, and heighten the 
credibility of both assessments and decisions. 

It applies to 

I believe adherence to this Agency- 

From this time foward, presentations, repofts, and decision 
packages from all Agency offices should characterize risk and 
related uncertainties as described here. Please be prepared to 
identify and discuss with me any program-specific modifications 
that may be appropriate. However, we do not expect risk 
assessment documents that are close to completion to be 
rewritten. Although this is internal guidance that applies 
directly to assessments developed under EPA auspices, I also 
encourage Agency staff to use these principles as guidance in 
evaluating assessments submitted to EPA from other sources, and 
in discussing these submissions with me and with the 
Administrator. 

1 2  . .- 
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This @dance is intended for both management ana technical 
staff. 
review assessments and to your managers who use them to implement 
Agency programs. Also, I encourage you to discuss the principles 
outlined here with your stcff, particularly in briefings on 
particular assessments. 

Please distribute this document to those who develop o r  

In addition, I expect that the Risk Assessment Council w i l l  
endorse new guidance on Agency-wide approaches to risk 
Characterization now being developed an the Risk Assessment Forum 
for EPA'8 risk assessment guidelines, and that the Agency and the 
Council will augment that guidance as needed. 

important. It furthers our goals of rigor and candor in the 
preparation, presentation, and use of EPA risk assessments. The 
tasks outlined above may require extra effort from you, your 
managers, and your technical staff, but they are critical to full 
implementation of these principles. We are most grateful for the 
hard work of your representatives on the RAC and other staff in 
pulling this document together. I appreciate your cooperation in 
this important area of science policy, and look forward to our 
discussions. 

The Administrator and I believe that this effo,-t is very 

Attachment 

cc: The Administrator 
Risk Assessment Council 



3707 

GUIDANCE FOR RISK ASSISS)IEwT 

Section 1. Risk Asse8sment-Risk Management 
Interface 

Section 2. Risk Characterization 

Section 3. Exposure and Risk Descriptors 

U.S. Environmental Protection Agency 
Risk Assessment Council 

November, 1991 



sgCTXOS 1. RISK ASSESSMMT - RISK HANAGEXEFII INTERFACE 

Recognizing that f o r  many people the term risk assessment 
4 

has wide meaning, the National Research Council's 1983 report on 

risk assessment in the federal government (hereafter ''NRC 

report") distinguished between risk assessment and risk 

management. 

Broader uses of the term [risk assessment] than ours 
also embrace analysis of perceived risks, 
comparisons of risks arrociated with different 
regulatory strategies, and occasionally analysis 
of the economic and social implications of 
regulatory deciaions 0- fun ctions that we asaiup 
to r i s k  manauement (emphasis added). (1) 

In 1984, EPA endorsed these distinctions between risk assessment 

and risk management for Agency use ( 2 ) ,  and later'relied on them 

in developing risk as~sesament guidelines (3). 

This distinction suggests that EPA participants in the 

process can be grouped into two main categories, each with 

somewhat different responsibilities, based on their roles with 

respect to risk assessment and risk management. 

. Risk Assessment 

One group uenera tcs the risk assessment by collectinq, 
analyzing, and synthesizing scientific data to produce 
the hazard identification, dose-response, and exposure 
assessment portion of the risk assessment and to 
characterize risk. 
risk assessment guidelines to address science policy 
isaues and scientific uncertainties. 

This group relies in part on Agency 

Generally, this group includes scientists and 
statistician8 in the Office of Research and 
Development, the Office of Pesticides and Toxic 
Substances and other program offices, the Carcinogen 
Risk Asseasment Verification Endeavor (CRAVE), and the 
RfD/RfC Workgroups. 

2 
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Others use analyses produced by the first group to 
generate site- or media-specific exposure assessments 
and risk Characterizations for cse in regulation 
development. 
databases (g.q., IRIS, ORD Health Assessment Documents, 
CRAVE and AfD/RfC Workgroup documents) to develop 
regulations and evaluate alternatives. 

- 
These assessors rely on existing 

Generally, this group includes scientists and analysts 
in program offices, regional offices, and the Office of 
Research and Development. 

. Risk Manauement 

A third group inteuratea the risk characterization with 
other non-scientific cansiderations specified in 
applicable statutes to make and justify regulatory 
decisions. 

Generally, this group include8 Agency managers and 
decision-makers. 

Each group has different responsibilities for observing the 

distinction between risk assessment and risk management. 

same time, the risk assessment process involves requlaz 

interaction between each of the groups, with overlapping 

A t  the 

responsibilities it various stages in the overall process. . , 

The guidance to follow outlines principles specific f o r  

those who generate, review, use, and integrate risk assessments 

for decision-making. 

3 



1. 3frk arsoamorm and riak managorr should bo sensitiv. to 
d i s t f n c t i m 8  botmon rirk asaor8mont and risk managomont. 

The najor participants in the risk assessment process have 

many shared responsibilities. Where-responsibilities differ, it 

is important that participants confine themselves to tasks i n .  

their areas of responsibility and not inadvertently obscure 

differences between risk assessment and risk management. 

Shared responsibilities of assessors and managers include 

initial decisions regarding the planning and. conduct of an 

assessment, discussions as the assessment develops, decisions 

regarding new data needed to complete an assessment and to 

address significant uncertainties. At critical junctures in the 

assessment, such consultations shape the nature of, and schedule 

for,  the assessment. 
m 

For the uenerators of the assessment, distinguishing between 

risk assessment and risk management means that scientific 

information is selected, evaluated, and presented without 

considering non-scientific factors including how the scientific 

analysis might influence the regulatory decision. 

charged with (1) generating a. credible, objective, realistic, and 

balanced analysis; (2) presenting information on hazard, dose- 

responeer exposure and risk; and (3) explaining confidence in 

each assessment by clearly delineating uncertainties and 

assumptions along with the impacts of these factors (e.g., 

confidence limits, use of conservative/non-conservative 

assumptions) on the overall assesement. 

decisions on the acceptability of any risk level f o r  protecting 

Assessors are 

They do not make 
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public health or selecting procedures for reducing risks. 

For users of the assessment and for decision-makers who 

integrate these assessments into regulatory decisions , the 
distinction between risk assessment and risk management means 

refraining from influencing the risk description through 

consideration of nowscientific factors -- e.g., the regulatory 

outcome 0- and from attempting to shape the risk assessment to 

avoid statutory constraints, meet regulatory objectives, or seme 

political purposes. Such management considerations are often 

legitimate considerations for the overall regulatory decision 

(see next principle), but they have no role in estimating or 

describing risk. 

However, decision-makers establish policy directions that 

determine the overall nature and tone of Agency risk assessments 

and, as appropriate, provide policy guidance an difficclt and 

controversial risk assessme:!t issues. Matters such as risk 

assessment priorities, degree of conservatism, and acceptability 

of particular-risk levels are reserved for decision-makers who 

are-charged with making decisions regarding protection of public 

health. 

5 
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2. Tho rirk arromrwat product, that La, tho t i a k  
characterization, is only on. of sovoral kinds o f  i n f o a t i o n  
U8.d for rogulatozy docirion-!niakiag. 

Risk characterization, the last step in risk assessment,. is 

the starting point for risk management considerations and the 

foundation for regulatory decision-making,.but it is only one of 

several important components in such decisions. 

environmental laws administered by EPA calls for consideration of 

non-scientific factors at various stagerr in the regulatory 

Each of the 

process. 

evaluate technical feasibility (e.g., treatability, detection 

limits), economic, social, political, and legal factors as part 

As authorized by different statute@, decision-makers 

of the analysis of whether or not to regulate and,-if so, to what 

extent. Thus, regulatory decisions are usually based on a 

combination of the technical analysis used to develop the risk 

assessment and information from other fields. 

Ftr this reason, risk assessors and managers should 

understqnd that the regulatory decision is usually not determined 

solely by the outcome of the risk assessment. That is, the 

analysis of the overall regulatory problem may not be the same as 

the picture presented by the risk analysis alone. For example, a 

pesticide risk assesament may describe moderate risk to some 

populations but, if the agricultural benefits of its use are 

important for the nation's food supply, the product may be 

allowed to remain on the market with certain restrictions on use 

to reduce possible exposure. Similarly, assessment efforts may 

produce an RfD for a paeicular chemical, but other 
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considerations may result in a regulatory level that is more or 

less protective than the RfD itself. 
I 

For decision-makers, this means that societal considerations 

(e.g., costs, benefits) that, along with the risk assessment, 

shape the regulatory decision should be described as fully as the 

scientific information set forth in the risk characterization. 

Information on data sources and analyses, their strengths and 

limitations, confidence in the assessment, uncertainties, and 

alternative analyses are as important here as they are for the 

scientific components of the regulatory decision. 

makers should be able to expect, for example, the same level of 

rigor from the economic analysis as they receive from the risk 

analysis. 

Decision- 

Decision-makers are not "captives of the numbers." On the 

G u r r L r s u y ,  ---&---e the quantitative ana quaiitative risk characterization 

is only one of many important factor3 that must be considered in 

reachirg the final decision -- a difficult and distinctly 
different task from risk assessment per sa. 

decisions involve numerous assumptions and uncertainties 

regarding technology, economics and social factors, which need to 

be explicitly identified for the decision-makers and the public. 

Risk management 

7 
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SECTIOH 2. RISK CBARACTERIZATION 

EPA risk assessment principles and practices draw on many 
I 

sources. The environmental laws administered by EPA, the ' 

National Research Council's 1983 report on risk assessment (I), 

the Agency's Risk Assessment Guidelines ( 3 ) ,  and various program- 

specific guidance (e.g., the Risk Assessment Guidance for 

Superfund) are obvious sources. Twenty years of EPA experience 

i n  developing, defending, and enforcing risk assessment-based 

regulation is another. 

importance of a clear explanation of Agency processes for 

Together these various sources stress the 

evaluating hazard, dose-response, exposure, and other data that 

provide the scientific foundation for characterizing risk. 

Thfs section focuses on two requirements for full 

characterization of risk. First, the Characterization must 

address qualitative and quantitative features of the assessment. 

Second, it must identify any important uncertainties in the 

assessment as part of a discussion on confidence in the 

assessment . 
- 
This emphasis on a fu1l.description of all elements of the 

assessment draws attention-to the importance of the qualitative 

as well as the quantitative dhnenaions of the assessment. The 

1983 NRC report carefully distinguished qualitative risk 

assessment from quantitative assesaments, preferring risk 

statements that are not strictly numerical. 

The term risk assessment is often given 
narrower and broader meanings than we 
have adopted here. For some obsetvers, 
the term is synonymous with uuantitative 

8 



risk assessment and emphasizes reliance 
on numerical results. 
includes quantification, but also includes 
qualitative expressions of risk. Quantitative 
estimates of risk are not_always feasible, and 
they may be eschewed by agencies for policy 
reasons. (Emphasis in original) (1) 

Our broader definition 

More recently, an Ad Eoc Study Group (with represenatives 

from EPA, HHS, and the private sector) on Risk Presentation 

reinforced and expanded upon these principles by specifying 

several "attributes" for risk characterization. 

1. The major components of risk (hazard 
identification, dose-response, and 
exposure asaessment) are presented in 
summary statements, along with quantitative 
estimates of risk, to give a combined 
and integrated view of the evidence. 

2. The report clearly identifies key 
assumptions, their rationale, and the 
extent o f  scientific consensus; the 
uncertainties thus accepted; and the 
effect of reasonable alternative 
aS$U!PtiQllS  03 CQEClUSFQES 2nd e S t h t = S .  

3. The report outlines specific cigoing or 
potential research projects that would 
probably clarify significantly the extent 
of uncortaintp in the risk estimation. . . . ( 4 )  

Particularly critical to full characterization of risk is a 

frank and open discussion o f  the uncertainty in the overall 

assessment and in each of its components. The uncertainty 

statement is important f os several reasons 
. Information from different sources carries different 

kinds of uncertainty and knowledge of these differences 
is important when uncertainties are combined for. 
characterizing risk. 

Decisions must be made on expending resources to 
acquire additional information to reduce the 
uncertainties. 

9 



A clear and explicit statement of the implications and 
limitations of a risk assessment requires a clear and 
explicit statement of related uncertainties. 

Uncertainty analysis gives the decision-maker a better 
understanding of the implications and limitations of 
the assessments. 

A discussion of uncertainty requires.comment on such issues 

as the quality and quantity of available data, gaps in the data 

base for specific chemicals, incomplete understanding o f  general 

biological phenomena, and scientific judgments or science policy 

positions that were employed to bridge inforkation gaps. 

In short, broad agreement exists on the importance of a full 

picture of risk, particularly including a statement of confidence 

in the aasessment and that the uncertainties are within reason. 

This section discus8e8 information content and uncertainty 

ampects of risk characterization, while Section 3 discusses 

various descriptors used in risk characterization. 
? 
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1. The risk aamessmont prOces8 C a l l 8  for characterizing 
risk as a combination of qualitativm infornration, quantitative 
ipfomtion, and information regarding uncertainties. 

I 

Risk assessment is based on a series of questions that the 

assessor asks about the data and the implications of the data for 

human risk. 

of the available studies, selection of the data that are'most 

Each question calls for analysis and interpretation 

scientifically reliable and most relevant to the problem a t  hand, 

and scientific conclusion8 regarding the que8tion presented, As 

suggested below, because the questions and analyses' are complex, 

a complete characterization includes several different kinds of 

information, carefully selected for reliability and relevance. 

a. Hazard Identification -- What do we know about the 
capacity of an environmental agent for causing cancer 
(or other adverse effects) in laboratory animals and in 
humans? 

Hazard identification is a qualitative description based on 

factors such as the kind and quality of data on humanre or 

laboratory animals, the availability of ancillary information 

(e.g., structure-activity analysis, genetic toxicity, pharmaco- 

kinetics) from other studies, and the weight-of-the evidence from 

all of these data sources. For example, to develop this 

description, the issues addressed include: 

1. the nature, reliability, and consistency of the 

2. the available information on the mechanistic basis for 

particular studies in humans and in laboratory animals; 

activity; and 

3 .  experimental animal responses and their relevance to 
human outcomes. 

These issues make clear that the task of hazard 

11 



3707 
identification is characterized by describing the full range of 

available 

for human 

b o  

information and the implications of that information 

health. 

Dose-Resuonse Assessment -- What do we know about the 
biological mechanisms and dose-response relationships 
underlying any effects observed in the laboratory or 
epidemiology studies providing data for the assessment? 

The dose-response aaaesament examine8 quantitative 

relation8hip8 between expoaure (or doae) and effects in the 

studies used to identify and define effects of concern. 

information is later used along with "real world" exposure 

This 

information (see below) to develop estimates of the likelihood of' 

adverse effects in populations potentially at risk. 

Methods for establishing doae-response relationships often 

depend on various assumptions used in lieu of a complete data 

base and the method chosen can strongly influence the overall 

assessment. This relationship means that careful attention to 

the choice of a high-to-low dose extrapolation procedure is very 

importaht. As a result, an assessor who is characterizing a 

dose-response relationship considers several key issues: 

1. relationship between extrapolation models selected and 
available infoxmation on biological mechanisms; 

2. how appropriate data sets were selected from those that 
show the range of possible potenciea both in laboratory 
animala and humana; 

3. basis for selecting interspecies doae scaling factors 
to 
to humans; and 

account for scaling doses from experimental.animals 

4. correspondence between the expected route(s) of 
exposure and the exposure routa(s) utilized in the 
hazard studies, as well as the interrelationships of 
potential effects from different expoaure routes. 

12 



EPA's Integrated Risk Information System (IRIS) is a primary 

source ofsthis information. 

representing Agency consensus on specific chemicals, based on a 

careful review of the scientific issues listed above. 

specific risk assessments based on data in IRIS and on other 

sources, risk assessors should carefully review the information 

presented, emphasizing confidence in the database and 

uncertainties (see subsection d below). The IRIS statement of 

confidence should be included as part of the risk 

characterization for hazard and dose-response iaformation. 

IRIS includes data summaries 

For 

c. Exbosure Assessment -- What do we know about the paths,  
patterns, and magnitudes of human exposure and numbers 
of persons likely to be exposed? 

The exposure assessment examines a wide range of exposure 

parameters pertaining to the "real worid" environmental scenarios 

of people who may be exposed to the agent under study. 

considered for the exposure assessment range from monitoring 

The d a u  

studies of chemical concentrations in environmental media, food, 

and other materials to information on activity patterns of 

different population subgroups. An assessor who Characterizes 

exposure should address several issues. 

1. The basis for the values and input parameters used for 
each exposure scenario. If based on data, information 
on the quality, purpose, and representativeness of the 
database is needed. If based on assumptions, the 
source and general logic used to develop the ass'umption 
(e.g., monitoring, modeling, analogy, professional 
judgment) should be described. 

1 3  
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3 .  

The major factcr or factors (e.qoI concentration, body 
uptake, durationlfrequency of exposure) thought to 
account for the greatest uncertainty in the exposure 
estimate, due either to sensitivity or lack of data. 

The link of the exposure information to the risk 
descriptors discussed in Section 3 of this Appendix. 
This issue includes the conservatism or non- . 
conservatism of the scenarios, as indicated by the 
choice of descriptors. 

In summary, confidence in the information used to 

characterize risk is variable, with the result that risk 

characterization requirea a statement regarding the assessor’s 

confidence in each aspect of the asressment. 

d. Risk Character izatioq -- What do other assessors, 
decision-makers, and the public need to know about the 
primary conclusions and assumptions, and about the 
balance between confidence and uncertainty in the 
assessment? 

In the risk zharacterization, conclusiona about hazard and 

dose response are integrated with those from the exposure 

assessment. In addition, confidence aboul- these conclusions, 

including information about the uncertainties aaeociated with the 

final risk summary, is highlighted. As summarized below, the 

characterization integrates all of the preceding information to 

communicate the overall meaning of, and confidence in, the 

hazard, exposure, and risk conclusions. 

Generally, risk assessments carry two categories of 

uncertainty, and each merits consideration. Measurement 

uncertainty refers to the usual variance that accompanies 

scientific measurements (such as the range around an exposure 

estimate) and reflects the accumulated variances around the 

individual measured values used to develop the estimate. A 
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different kind of uncertainty stems from data gaps -- that is, 
infomatioh needed to complete the data base for the assessment. 

Often, the data gap is broad, such as the absence of information 

on the effects of exposure to d chemical on humans or on the 

biological mechanism of action of an agent. 

The degree to which confidence and uncertainty in each of 

these areas is addressed depends largely on the scope of the 

assessment and the resources available. 

does not expect an assessment to evaluate and assess every 

For example, the Agency 

conceivable exposure scenario for every possible pollutant, to 

examine all susceptible populations potentially at risk, or to 

characterize every possible environmental scenario to determine 

the cause and effect relationships between exposure to pollutants 

and adverse health effects. 

should reflect the type and complexity of the risk assessment, 

with the level of effort for analysis and discussion of 

uncertainty corresponding to the level of effort for the 

assessment. 

described below. 

Rather, the uncertainty analysis 

Some sources of confidence and of uncertainty are - 

Often risk a~tse~sors and managers simplify discussion of 

risk issues by speaking only of the numerical components of an 

assessment. That is, they refer. to the weight-of-evidence, unit 

risk, the risk-specific dose or the ql* for cancer risk, and the 

RfD/RfC f o r  health effects other than cancer, to the exclusion of 

other information bearing on the risk case. However, since every 

assessment carries uncertainties, a simplified numerical 

1s 



presentation of risk is always incomplete and often misleading. 

For this reason, the NRC (1) and EPA risk assessment quidelines 

( 2 ) call for "characterizing" risk to include qualitative 

information, a related numerical risk estimate and a discussion 

of uncertainties, limitations, and assumptions. 

Qualitative information on methodology, alternative 

interpretations , and working assumptions is an important 
component of risk characterization. For example, specifying that 

animal studies rather than human studies were used in an 

assesemant tells others that the risk estimate is based on 

assumptions about human response to a particular chemical rather 

than human data. Information that human exposure estimates are 

based on the subjects' presence in the vicinity of a chemical 

accident rather than tissue measurements defines known and 

unknown aspects of the exposure component of the stqidy. 

Qualitative descriptions of this kind provide crucial 

information that augments understanding of numerical risk 

estimates. Uncertainties such as these are expected in 

scientific studies and in any risk assessment based on these 

studies. Such uncertainties do not reduce the validity of the 

assessment. Rather, they are highlighted along with other 

important risk assessment conclusions to inform others fully on 

the results of the assessment. 

16 
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2. Woll-balancod r i a k  characterization present8 info-t ion 
for othor risk a~somsors, EPA decision-makers, and thm public 
togarding tho rtrengths and limitation8 of tho assoaament. 

The risk assessment process calls for identifying and 

highlighting significant risk conclusions and related 

uncertainties partly to assure full communication among risk 

assessors and partly to assure that decision-makers are fully 

informed. 

qualitative and quantitative factors that make a difference in 

Issues are identified by acknowledging noteworthy 

the overall assessment of hazard and risk, and hence in the 

ultimate regulatory decision. 

The key word is "noteworthy": information that 

significantly influences the analysis is retained -- that is, 
noted -- in all future presentations of the risk assessment and 
in the related decision. 

strongly influence confidence in the risk estimate require 

Uncertainties and assumptions that 

special attention. 

As discussed earlier, two major sources of uncertainty are 

variability in the factors upon which estimates are based and the 

existence of fundamental data gaps. This distinction is relevant 

for some aspects of the risk characterization. For example, the 

central tendency and high end individual exposure estimates are 

intended to capture the variabilitv in exposure, lifestyles, and 

other factors that lead to a distribution of risk across .a 

population. Key considerations underlying these risk estimates 

should be fully described. In contrast, scientific assumtioris 

are used to bridge knowledge gaps such as the use of scaling or 

17 
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extrapolation factors and the use of a particular upper 

confidence l i m i t  around a dose-response estimate. Such 

assumptions need to be discussed separately, along with the 

implications of using alternative assumptions. 

For users of the assessment and others who rely on.the 

assessment, numerical estimates should never be separated from 

the descriptive information that is integral to risk 

characterization. All documents and presentations should include 

both; in short reports, this information is abbreviated but never 

omitted. 

For decision-makers, a complete characterization (key 

descriptive elements along with numerical estimates) should be 

retained in all discussions and papers relating to an assessment 

used in decision-making. Fully visible information assures that 

important features of the assessment are immediately available at 

each level of decision-making for evaluating whether risks are 

acceptable or unreasonable. In short, differences in assumptions 

and uncertainties, coupled with non-scientific considerations 

called for in various environmental statutes, can clearly lead t=, 

different risk management decisions in cases with ostensibly 

identical quantitative risks; i.e., the “number’* alone does not 

determine the decision. 

Consideration of alternative approaches involves examininq 

selected plausible options for addressing a given uncertainty. 

The key words are “selected” and “plausible;” listing all 

options, regardless of their merits would be superfluous. 

10 



Generators of the assessment should outline the strengths and 

weaknesse8 of each alternative approach and as appropriate, 

estimates of' central tendency and variability (e.g., mean, 

percentiles, range, variance.) 

Describing the option chosen involves several statements-. 

1. A rationale for the choice. 

2. Effects of optiun selected on the assessment. 

3. Comparison with other plausible options. 

4.  Potential impacts of new research (on-going, 
potenzial near-term and/or long-term studies). 

For users of the assessment, giving attention to uncertainties in 

all decisions and discussions involving the assessment, and 

presenring the statement of confidence in all presentations is 

important. 

uncertainties on the overall assessment and explaining the 

influence of the uncertainties on the regulatory 

For decision-makers, understanding the effect of the 

. decision. 
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SECTIOR 3.  EXPOSURE ASSESSXEHT AM) R I S K  DESCRIPTORS 

the risk manager in the risk characterization portion of the. 

assessment. 

risk descriDtors which convey information and answer questions 

This communication is often accomplished through 

about risk, each descriptor providing different information and 

insights. 

these. risk descriptors, since each descriptor is based in part on 

the exposure distribution within the population of interest . The 
Risk Assessment Council (RAC) has been discussing the use of risk 

descriptors from time to time over the past two years. 

Exposure asseesinent plays a key role in developing 

The recent RAC efforts have laid the foundation for the 

discuseion to follow. 

on the comparability of risk assessments acrbss the Agency 

programs, the RAC discussed how the program presentations of risk 

led to ambiguity when risk assessments were compared across 

First, as a raeult of a discussion paper 

programs. 

descriptors of risk without always making clear what was being 

described, the RAC discussed the advisability of using separate 

descriptoxs for population risk, individual risk, and 

identification of sensitive or highly exposed population 

segments. 

programs and the advisability of requiring risk assessments to 

provide roughly comparable information to risk managers and the 

public through the use of a consistent set of risk descriptors. 

Because different assessments presented different 

The RAC also discussed the need for consistency across 

20 



The following guidance outlines the different descriptors in 

a convenient order that should not be construed as a hierarchy of 

importance. These descriptors should be used to describe risk in 

a variety of ways for a given assessment, consistent with the 

assessment's purpose, the data available, and the information the 

risk manager needs. Use of a range of descriptors instead of a 

single de8criptor enables Agency programs to present a picture of 

risk that corresponds to the range of different exposure 

conditions encountered' for most environmental chemicals. This 

analysis, in turn, allows risk managers to identify populations 

at greater and lesser risk and to shape regulatory solutions 

accordingly. 

EPA risk assessments will be expected to addre88 or provide 

descriptions of (1) individual risk to include the central 

tendency and high end portions of the risk distribution, 

(2) important subgroups of the population such am highly expoacd 

or highly susceptible groups or individuals, if known, and 

(3) population risk. A8888SOrS may also use additional 

descriptors of risk as needeii when these add to the clarity of 

the presentation. With the exception of assessments where 

particular descriptors clearly do not apply, some form of these 

three type8 of descriptors should be routinely developed and 

presented for EPA risk assessments. Furthennore, presenters of 

risk assessment infomation should be prepared to routinely 

answer questions by risk managers concerning these descriptors. . 

2 1  
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It is essential that 

results of the assessment 

presenters not Only communicate the 

by addressing each of the descriptors 

where appropriate, but they also communicate their confidence 

that these results portray a reasonable picture of the actual or 

projected exposures. 

highlighting the key assumptions and parameters that have.the 

greatest impact on the results, the basis or rationale for 

choosing these assumptions/parameters, and the consequences of 

choosing other assumptions. 

This task will usually be accomplished by 

In order for the risk assessor to successfully develop and 

present the various risk descriptors, the exposure assessment 

must provide exposure and dose information in a form that can be 

combined with exposure-response or dose-response relaticnships to 

estimate risk. Although there will be differences among 

-..u. i n d i v i d n r l u  ------ w i t h i n  -------e nrrm. r tq la t inn  r u r - & Y - & u a a  Y O  =o t= &s=,~ti=n, ifit&= r a t e s ,  

susceptibility, and other variables such that a high exposure 

does not necessarily result in a high dose or risk, a moderate or 

highly positive correlation among exposure, dose, and risk is 

assumed in the following discussion. 

descriptors is not appropriate in all risk assessments and the 

type of descriptor translates fairly directly into the type of 

analysis that the exposure assessor must perform, the exposure 

assessor needs to be aware of the ultimate goals o f  the 

assessment. 

information is necessary. 

Since the generation of all 

The following sections discuss what type of 
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1. Infomation about individual  oxporuro and rf8k i 8  
w o r k a n t  t o  c-imicating tho roault8 of a rf8k ammoearnoat. 

Individual risk descriptors are intended to address 

questions dealing with risks borne by individuals within a 

population. These questions can take the form of: 
. Who =e the people at the highest risk? 

What risk levels are they subjected to? . 
. .  What are they doing, where do they live, etc., that 

might be putting them at this higher risk? 

. What is the average risk for individuals in the 

population of interest? 

The "high end" of the risk distribution is, conceptually, 

above the 90th percentile of the actual (either measured or 

estimated) distribution. This conceptual range is not meant to 

precisely define the limits of this descriptor, but should be 

used by the assessor as a target range for characterizing "high 

end risk". Bounding estimates and worst case scenariosf should 

not be temed high end risk estimates. 

The high end risk descriptor is a plausible 
estimate of the individual risk for those 
persons at the upper end of the ri8k 
distribution. 
is to convey CUI estimate of risk in the 
upper range of the distribution, but to 
avoid estimates which are beyond the 

The intent of this descriptor 

High end estimates focus on estimates of the exposure or 
dore in the actual populations. "Bounding estimates," on the 
other hand, purposely overestimate the exposure or dose in an 
actual population for the purpose of developing a statement that 
the risk is "not greater than...." A "worst case scenario" 
refers to a combination of events and conditions such that, taken 
together, produces the highest conceivable risk. Although it is 
possible that such an exposure, dose, or sensitivity combination 
might occur in a given population of interest, the probability of 
an individual receiving this combination of events and conditions 
ia usually small, and often so small that such a combination will 
not o c c u  in a particular, actual population. 

?6 - . r  
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true distribution. Conceptually, high 
end risk means risks above about the 
90th percentile of the population 
distribution, but not higher than the 
individual in the population who has 
the highest risk. 

This descriptor is intended to esthate the risks that are 

expected to occur in small but definable "high end" segments of 

the subject population. 

members of a special population segment or individuals in the 

The individuals with these risks may be 

general population who are highly exposed because of the inherent 

stochastic nature of the factors which give rise to exposure. 

Where no particular difference in sensitivity can be identified 

within the population, the high end risk will be related to the 

high end exposure or dose. 

exposure or dose estimates can be represented by reporting 

exposures or doses at selected percentiles of the distributions, 

such as the 90th, 95th, or 98th percentile. High end exposures 

or doses, as appropriate, can then be used to calculate high end 

risk estimates. 

In the majority of cases where the complete distributions 

are not available, several methods help estimate a high end . 

exposure or dose. If sufficient information about the 

variability in lifestyles and other factors are available to 

simulate the distribution through the use of appropriate 

modeling, s.g., Monte Carlo simulation, the estimate from the 

simulated distribution may be used. 

risk manager should be told where in the high end range the 

As in the method above, the 

-. . . 
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esthr;e is being made by stating the percentile or the number of 

persons above this estimate. The assessor and risk tiranager 

should be aware, however, that unless a great deal is known about 

exposures and doses at the high end of the distribution, these 

estimates will involve considerable uncertainty which the 

exposure assessor will need to describe. 

If only limited information on the distribution of the 

exposure or dose factors is available, the assessor should 

approach estimating the high end by identifying the most 

sensitive parameters and using maximum or near-maximum values for 

one or a few of these variables, leaving others at their mean 

values2. In doing this, the exposure assessor needs to avoid 

combinations of parameter values that are inconsistent, e.g., low 

body weight used in combination with high intake rates, and must 

keep in mind the ultimate objective of being within the 

distribution of actual expected exposures and doses, and not 

beyond it. 

If almost no data are available on the ranges for the 

various parameters, it will be difficult to estimate exposures or 

doses in the high end with much confidence, and to develop the 

high end risk estimate. One method that has been used in these 

cases is to start with a bounding estimate and "back off" the 

limits used until the combination of parameter values is,' in the 

Maximizing all variables will in virtually all cases 
result in an estimate that is above the actual values seen in the 
population. 
( e . g O I  concentration, intake rate, duration) are broken out into 
subcomponents, it may be necessary to use maximum values for more 
than two of these subcomponent parameters, depending on a 
sensitivity analysis. 

When the principal parameters of the dose equation 
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judgment of the assessor, clearly within the distribution of 

expected exposure, and still lies within the upper 10% of persons 

exposed. Obviously, this method results in a large uncertainty 

and requires explanation. 

The risk descriptor addressing central 
tendency may be either the arithmetic 
mean risk (Average Estimate) or the 
median risk (Median Estimate), either 
of which should be clearly labeled. 
Where both the arithmetic mean and 
the median are available but they 
differ substantially, it is helpful 
to present both. 

The Average Estimate, used to approximate the arithmetic 

mean, can be derived by using average values for a l l  the exposure 

factors. 

individual on the distribution. 

meaningful when exposure across a population varies by several 

It does not necessarily represent a particular 

The Average Estimate is not very 

orders of magnitude 2r when the population has been truncated, 

at some prescribed distance from a point source . 
Because of the skewness of typical exposure profiles, the 

arithmetic mean is not neceaearily a good indicator of the 

midpoint (median, 50th percentile) of a distribution. A Median 

Estimate, e.g., geometric mean, is usually a valuable descriptor 

for this type of distribution, since half the population will be 

above and half below thi8 value. 
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2. Information about population oxporuro load. t o  another 

population risk refers to an assessment of the extent of. 

h p o t t a n t  uay to dorcribe r i r k .  

harm for the population as a whole. In theory, it can be 

calculated by summing the individual risks for all individuals 

within the subject population. This task, of course, requires's 

great deal more infonnation.than is normally, if ever, available. 

Some questions addressed by descriptors.of population risk 

include t 

. How many case6 of a particular health effect might be 
probabilistically estimated in this population for a 
specific time period? 

. For noncarcinogens, what portion of the population are 
within a specified range of some benchmark level, e.g., 
axceedance of the RfD (a dose), thCpRfC (a 
Concentration), or other health concern level? 

. For carcinogens, how many persons are above a certain 
risk level such as loo6 or a series of risk levels such 
as io+ , .  IO-', etc? 

Answering these questions requires some knowledge of the 

exposure frequency distribution in the population. 

particular, addressing the aecond and third questions may require 

graphing the risk distribution. 

I n  - 

These questions can' lead to two 

different descriptors of population risk. 

Tha first descriptor is the probabilistic 
number of health effect cases estimated 
in the population of interest over a 
specified time period. 

This descriptor can be obtained either by (a) s d n q  the 

individual riaks over all the individuals in the population when 

auch information is available, or (b) through the use of a risk 

model such as carcinogenic models or proceduzes which assume a 
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linear non-thresSold response to exposure. 

linearly with exposure, knowing the mean risk and the population 

If risk varies 

size can lead to an estimate of the extent of harm for the 

population as a whole, excluding sensitive subgroups for which a 

different dose-response cumm needs to be used. 

Obviously, the more information one has, the more certain 

the estimate of this risk descriptor, but inherent uncertainties 

in risk assessment methodology place limitations on the accuracy 

of the estimate. With the current state of the science, explicit 

steps should be taken to assure that this descriptor is not 

confused with an actuarial prediction of cases in the population 

(which is a statistical 

empirical data). 

Although est imatinq 

prediction based 

population risk 

on a great deal of 

calculating a mean 

individual risk and multiplying by the population size is 

sometimes appropriate for carc.nogen assessments using linear, 

non-threshold models3, this is not appropriate for non- 

carcinogenic effects or for other type8 of cancer models. For 

non-linear cancer models, an'estbate of population risk must be 

calculated by srlmminq individual risks. For non-cancer effects, 

we generally have not developed the risk assessment techniques to 

the point of knowing how to add risk probabilities, so a second 

descriptor, below, is mora appropriate. 

Another descriptor of population risk 
is an estimate of the percentage of 
the population, or the number of 
persons, above a specified level of 

Certain important cautions apply. These cautions are more 
explicitly spelled out in the Agency's Guidelines for Exposure 
Assessment, tentatively scheduled to be published in late 1991. 
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risk or within a specified range of 
some benchmark level, e.g., exceedance 
o f  the RfD or the RfC, LOAEL, or other 
specific level of interest.. 

This descriptor must be obtained through measuring or simulating 

the population distribution. 

29 



3. Information about tho diatribution of expoauro and r i r k  
for  difforont ruburouo8 of tho population aro bportant 
componont8 O f  a ri8k a88088mOnt. 

A risk manager might also ask questions about the 

distribution of the risk burden among various segments of the' 

subject population such as the following: 

How do exposure and risk impact various subgroups? 

What is the population risk of a particular subgroup? 

Questions about the distribution of exposure and risk among such 

population segments require additional risk descriptors . 
Highly exposed subgroups can be 
identified, and where possible, characterized 
and the magnitude of risk quantified. 
This descriptor is useful when there 
is (or is expected to be) a subgroup 
experiencing significantly different 
exposures or doses from that of the 
larger population.  

These subpopulations may be identified by age, sex, life- 
style, economic factors, or other demographic variables. For 
example, toddlers who play in contaminated soil and certain high  
fish consumers represent subpopulations that may have greater 
exposures to certain agents. 

Highly suaccptible subgroups can also 
be identified, and if possible, 
characterized and the magnitude of 
risk quantified. This descriptor is 
ureful when the sensitivity or 
susceptibility to the effect for 
rpecific subgroups is (or is 
expected to be) significantly 
different from that of the larger 
population. I n  order to calculate 
risk for these subgroups, it will 
sometimes be necessary to use a 
different dose-response relationship. 

113 C. r ., 
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For example, upon exposure to a chemical, pregnant women, elderly 

people, children, and people with certain illnesses may each be 

more sensitive than the population as a whole. 

Generally, selection of the population Segments is a matter 

of either a p r i o r i  interest in the subgroup, in which case the 

risk assessor and risk manager can jointly agree on which 

subgroupa to highlight, or a matter of discovery of a sensitive 

or highly exposed subgroup during the assessment process. In 

either case, once identified, the subgroup c k  be treated as a 

population in itself, and characterized the same way as the 

larger population using the descriptors for population and 

individual risk. 
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4. Situation-specific information adds porspoctiv~ 00 
poasiblo futuro ovonts or ragulatory options. 

These postulated questions are normally designed to answer 

"what if" questions, which are either directed at low probability 

but possibly high consequence events or are intended to examine 

candidate risk management options, 

following form: 

Such questions might take the 

0 What if a pesticide applicator applies 
this pesticide without using protective. 
equipment? 

. What if this site becomes residential 
in the future? 

. What risk level will occur if we set 
the standard at 100 ppb? 

The assumptions made in answering these postulated questions 
W 

should not be confused with the assumptions made in developing a 

baseline estimate of exposure or with the adjustnents in 

parameter values made in performing a sensitivity analysis. 

answers to these postulated questions do not give infomation 

about how likely the combination of values might be in the actual 

population or about h w  many'(if any) persons might be subjected 

to the calculated exposure or risk in the real world, 

The 

The 

A calculation of risk based on specific 
hmothetical or actual combinations 
of factors postulated within the 
exposure assessment can also be 
useful.as a risk descriptor. It 
is often valuable to ask and answer 
specific questions of the "what if" 
nature to add perspective to the 
risk assessment. 

only information the answers to these questions convey 

is that if conditions A, B, and C are assumed, then the resulting 

exposure or risk will be X, Y, or 2 ,  respectively. The values 
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for X ,  Y, and Z are usually fairly straightforward to calculate 

and can be expressed as point estimates or ranges. 

Each assessment may have none, one, or several of these types of 

descriptors. The answers do not directly give information about 

how likely that combination of values might be in the actual 

population, so there are some limits to the applicability of 

these descriptors. 
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ABSTRACT 

When the Environmental Protection Agency (EPA) calculates 
the risk of developing cancer from radiation exposure at 
Superfund sites containing radioactive material, it must consider 
the risks from ingestion and inhalation of radioactivity as well 
as from external irradiation. 
derivation and application of slope factors for estimating the 
age-averaged lifetime excess cancer incidence (including fatal 
and nonfatal radiogenic cancers) per unit intake or exposure to 
the radionuclides of concern from these three exposure pathways. 

This paper will focus on the 

m i  2 
A ~ I A S  paper ~ E S  beer; r=vi=sed f:: accord=sc~ ~ F t h  the U . S .  

Environmental Protection Agency's peer and administrative review 
policies and approved for presentation and publication. 

INTRODUCTION 

A s  part of the National Oil and Hazardous Substances 
Pollution Contingency Elan OL NCP [ 4 0  m Part 3001 (I), the U . S .  
Environmental Protection Agency (EPA) must ensure that Superfund 
sites are protective of human health and the environment before 
they can be released for unrestricted use by the public. 
Protective of human health is generally defined in the NCP as 
presenting a lifetime excess cancer risk of i o 4  to l o d  due to 
exposures to all hazardous materials OR a site. 

EPA provides guidance for risk assessment to those parties 
responsible for remediation at Superfund sites. 
reviews the Superfund risk assessment approach for quantifying 
radiation risks,- It .will- conEider the _derivat_ion- and -agpLication - _ _  
of slope factors which are the basis of this method of risk--- 
estimation. 

This paper 

1 



. .  ... . 
' I  

To determine the lifetime risk from a radionuclide present 
in the environment, such as at a Superfund National Priorities 
List (NPL) site, several things must be determined. To determine 
how a radionuclide might reach a potentially exposed individual, 
measurements and models are used to estimate the amount of a 
particular radionuclide present at the site; its chemical form; 
its physical form (i.e., in what matrix it exists) ; and its 
movement within the environment (i.e., "fate and transportI1 or 
pathway modeling). 
ingestion, inhalation, and external irradiation from 
radioactivity in soil. Once the amount of external irradiation 
and the quantity of a radionuclide inhaled and ingested is 
determined, complex dosimetry models are used to calculate the 
radiation dose to individual organs from each o f  these three 
pathways. 
lifetime cancer incidence risk. For any radionuclide, the total 
lifetime cancer incidence risks per unit of radioactivity 
inhaled, per unit ingested, and per unit of annual external 
exposure are presented as the three pathway-specific Slope 
factors. 

Three exposure pathways are considered - 

Knowing the organ dose rates allows the calculatiOn of 

RADIONUCLIDE SLOPE FACTORS 

EPA classifies all ionizing radiation and therefore all 
radionuclides as human carcinogens. Ingestion and inhalation 
slope factors for radionuclides are best estimates of the age- 
averaged, lifetime excess cancer incidence risk per unit of 
activity inhaled or ingested, expressed as risk/becquerel 
(risk/Bq) or risk/picocurie.(risk/pCi). Cancer incidence 
includes occurrences of cancers, both fatal and nonfatal. 
External exposure slope factors are best estimates of the average 
lifetime excess cancer incidence risk for exposure to external 
radiation from photon-emitting radionuclides distributed 
uniformly in a thick layer of soil, and are expressed as risk/yr 
per Bq (or pCi)/gram of soil. When combined with site-specific 
media concentration data and appropriate exposure assumptions, 
slope factors can be used to estimate lifetime cancer risks to 
members of the general population due to radionuclide exposures. 
Agency standardized default exposure scenarios and assumptions 
for use in baseline risk assessment are provided in EPA guidance 
( 2 )  

Derivation of Slope Factors 

EPA's Office of Radiation Programs ( O W )  calculates 
radionuclide slope factor values using health effects data and 
dose and risk models from a number of national and international 
scientif-k_ advisory commissio~,amd organizations, including- the- 
Natihal Academy--of Sciences (NAS) , the National Council- on 
Radiation Protection and Measurement (NCRP), the United Nations 
Scientific Committee on the Effects of Atomic Radiation 
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(UNSCEAR), and the International Commission on Radiological 
Protection (ICRP). A detailed discussion of ORP's approach and 
assumptions is provided in "Risk Assessment Methodology, 
Environmental Impact Statement, NESHAPS for Radionuclides, 
Background Information Document - Volume I" ( 3 ) ,  referred to 
hereafter as the BID for NESHAPS or just the BID. 

Radionuclide slope factors are calculated for each 
radionuclide individually, based on its unique chemical, 
metabolic and radioactive properties. The calculation uses EPA's 
computer code RADRISX ( 4 ) ,  life table analyses, and cancer risk 
estimates based largely on the results of the NAS BEIR I11 report 
(5). 
account for: 

Ingestion and inhalation slope factors for radionuclides 

0 the amount of radionuclide transported into the 
bloodstream from either the gastrointestinal (GI) tract 
following oral ingestion, or from the lungs following 
inhalation; 

0 the ingrowth and decay of radioactive progeny 
produced within the body subsequent to intake; 

0 the distribution and retention of each radionuclide 
(and its associated progeny, if appropriate) in body 
tissues and organs;-. 

organs from the radionuclide (and its associated 
progeny, if appropriatej; and 

0 the radiation dose rates delivered to body tissues 

0 the sex, age, and organ-specific risk factors over 
lifetime of exposure. 

... .- 
and 

the . 

The slope factors are the average risk per unit intake or 
external exposure for an individual in a stationary population 
with vital statistics (mortality rates) of the United States in 
1970.- (The expected-lifetime- fer-.an-2nd-Mdua-l i-n this population 
is about 70 years.) EPA slope factors are published in EPA's on- 
line Integrated Risk Information System (IRIS) and in the Health 
Effects Assessment Summary Tables (HEAST) (6). 

EPA DOSIMETRIC MODELS AND BEIR 111 

Internal Dose Models 

As described in Volume 1 of the BID for NESHAPS, EPA 

a function of time to specified organs in the body. 
internal dosimetry models are primarily based on those of the 
International Commission on Radiation Protection (ICRP) in its 

- - -. implements- con-- - t C L e s ~  - ab-- -as _- 
These 
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Report NO. 30 (7). In order to calculate the doses for 
particular concentrations of radionuclides in environmental 
media, many pathway assumptions had to be made ( e . g . ,  occupancy 
factors and ingestion rates). These are also presented in the 
BID. Estimates of the doses resulting from the deposition and 
retention of inhaled particulates in the lung, in particular, and 
their subsequent absorption into the blood and clearance into the 
gastrointestinal (GI) tract, are made using the ICRP Task Group 
Lung Model (8) . 

The cancer types and body organs considered to date by the 
EPA are listed in Table I. The ratio of lifetime risk to 
lifetime dose for these organs and cancer types were based on 

TABLE I. Cancer sites and related organs and tissues considered 
in the EPA risk estimates. 

CANCER 

Leukemia 

Bone 

Thyroid 

Breast 

Lung 

Stomach 

Liver 

Urinary 

. .  Pancreas . - _ _  :- 
Bowel 

Other (includes esophagus 
and lymphoma) 

ORGAN/TISSUE 

Red. bone marrow 

Bone surface (Endosteum) 

Thyroid 

Breast 

Pulmonary region 

Stomach 

Liver 

Urinary (= 1/3 x kidney + 
2/3 x bladder) 

Pancreas% : 

Intestine (= 0.2 x small 
intestine + 0.4 x upper 
large intestine + 0.4 x 
lower large intestine) 

Pancreas * 

.-.- i .  E. 

. . .  . . . . .  ... -. - - .. -. -. -. - - - - ....... - - - . .  - __ ___ __ - . - - - 
~ * The pancre-as is used as a surrogate tissue, for-th-ese 
organs. 
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relationships (health effects models) presented by the National 
Academy-of Sciences in its report colloquially called BEIR 111 
(Biological Effects of Ionizing Radiation) (5). The EPA's use of 
the BEIR 111 models is described at length in the BID for 
NESHAPS. It is important to note that the NCP of 40 CFR Part 300 
addresses cancer incidence risk; hence, the EPA uses the BID 
incidence models only. Also, EPA included consideration of 
health effects infurmation that.became available after BEIR I11 
was published. 

External Dose Models 

Current external exposure slope factors are given for cancer 
to a source of uniform activity incidence risk per unit exposure 

per unit mass in soil (e.g., risk/year per Bq/gram of soil or 
risk Bq" y' g) The RADRISK (4) risk factors-that form the 
basis of EPA's estimates of risk for radionuclide intakes and 
exposures include factors for exposure to a uniform concentration 
on the ground surface, but 
concentration per unit volume in soil. 

for an exposure to a radionuclide 

It is possible, however, to convert the surface risk factor 
to 'a volume risk factor by means of a suitable scaling factor. 
Separate computer code, DFSOIL ( 9 ) ,  is used to estimate this 
scaling factor by calculating the dose to air at a fixed height 
(1 m) above the ground for both 1) a unit concentration of a 
radiopuclide on the surface, and 2) a unit concentration of that 
radionuclide in the soil volume. The quotient of the air dose 
per Bq/m3 in soil divided by the air dose per Bq/m2 on the surface 
approximates the ratio of the dose rates in an exposed individual 
from the volume and surface distributions of the contaminant, and 
serves as the necessary scaling factor. 
of length, the scaling factor is called the effective depth. 
This value is used to convert the RADRISK risk factors to volume 
risk factors as described. Finally, since soil concentrations 
are usually expressed in units of activity per unit mass, e.g. 
Bq/g, the volume risk factor is multiplied by the soil density 
(1.43 x 'lob g/m5) to obtakn the slope factor for an activity 
concentration per unit mass of soil. 

A 

Since it has the units 

LIFE TABLE ANALYSES 

A life table consists of data describing age-specific 
survival, based on mortality rates from all causes of death for a 
given population. This information is derived from data obtained 
on actual mortality rates in a real population. 
tables are used to account for the time dependence of the 
rzdiatbdnsrrlt $--and- sfse-t~~-ow--for-eonq3et-rng- risk* &-death- 
in the estimation of risk due to radiation exposure. 
table used by EPA/Superfund for the derivation of the 

Actuarial life 

The life 
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radiological slope factors is illustrated in Table I1 (10). This 
table records the expected (in 1970) number. of survivors and 
their expected lifetime remaining over time of an initial cohort 
of 100,000 persons liveborn in 1970. 

Table 11. Excerpt from 1970 Life Table for Initial Cohort of 
100,000 Persons Liveborn in 1970’. 

AmXYL 
0 

0 

2 

4 

16 

-20 
25 

35 

46 

5 0  

53 

. .  63 

7a 

Persons 
Survivinq 

100 , 000 
97 , 076 
97 , 724 
97 , 460 
97 , 181 
96 , 716 
96 , 000 
94 , 482 
91,144 

a8 , 972 
a6 , 038 
75 , 236- 

41,192 

Person-Years 
of Life 
Rema- 

70.756 X lo5 

68.787 x 10’ 

66.831 X lo’ 

60.976 X lo’ 

55.135 X lo5 

51.257 X l o 5  
46.439 X 10’ 

36.911 X lo5 

26.674 X l o 5  
23.070 X lo5 

20.432 X l o 5  
12.265 X lo5 

3.269 x i o 5  

Note that life expectancy at birth in 1970 was 70.756 yrs. 

Radionuclides that are ingested or inhaled today may still 
ba--irirrsdiating--an-hdividua-l seventy- or mare= p a r s  in. t-he-€-uturer- - 
In addition, damage from radiation received today may not express 
itself for many years. For these reasons and others, CalCUlatiOn 

6 
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of risk from internal 
age-averaged lifetime 
of 100,000 persons is 
over its entire life. 

contamination is complicated. To deterxine 
risk factors, a hypothetical newborn cohort 
assumed to be exposed at a constant rate 

For inhaled or ingested radionuclides, 
dose rates to each organ of concern are calculated as a function 
of age. For internal dosimetry, it is important to recognize 
that while we assume the rate of intake of a radionuclide to be 
Constant over time, the dose rate from that radionuclide in any 
particular organ will vary over time depending 
and its retention in the body. 
the result will generally be a steadily increasing dose rate. 
Once determined, the average annual organ dose for each year is 
used to calculate the incidence risk in all succeeding years of 
the cohort. This risk is the sum of the products of the excess 
cancer incidence rate (aalculated by the risk model) and the 
average number of surviving persons at each age of the cohort. 
Since the dose delivered in each year includes the contributions 
from the radionuclide intake in all previous years, the total 
risk for a lifetime intake is the same as the sum of the risks 
contributed by the dose in each ye=. 

on its half-life 
For longer half-life isotopes, 

This cancer incidence calculation accounts for age at 
exposure, and corrects for competing causes of death within the 
hypothetical exposed population. That is, through use of the 
1970 actuarial life table, the hypothetical population at risk is 
diminished each year by the number of deaths expected under 
baseline risk conditions in an "unexposed" population (i.e., one 
with no radiation exposure above normal background). Because the 
total number of excess cancers in the exposed cohort will be 
extremely small relative to the baseline cancer ~ n c L a e n c ; e ,  
1970 actuarial life table should look almost identical to one 
constructed for the exposed population. Summing all the excess 
cancer incidences for each organ group and dividing by the 
original size of the cohort (100,000) yields the overall excess 
risk of cancer incidence to an individual for a lifetime exposure 
from a particular radionuclide. 

Dividing the total risk by the total activity (becquerels Or 
picocuries) ingested or inhaled over the average individual's 
life gives the ingestion and inhalation slope factors in terms of 
age-averaged lifetime risk per B q  or pci. 
irradiation, a slope factor is calculated as risk per year per Bq 
(or pCi) per gram of soil, as previously described. 

I _ _ t  3 _ _ _ _  L L -  
LAIC 

This risk factor is calculated-separately for each pathway. 

For external 

FUTURE R I S K  METHODOLOGY 

- - .- - 
_- - . - - E E B x e c o g n i z ~ e  t_hat meth- =assessmenLneed+n _. - 

reflect up-to-date information regarding epidemiology, internal 
dosimetry, and fate and transport modeling. Currently, we are 
assessing new risk estimates such as those presented in B E I R  V 
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(11) which are based on revised dosimetry for the Japanese a t m i c  
bomb survivors. €PA also recognizes the need for adjusting 
external slope factors to account for small areas of 
contamination. EPA currently assumes the soil concentration to 
be constant for an infinite slab of infinite thickness. In 
addition, €PA will continue to revise the internal dosimetry 
models as improved dosimetric parameters become available. 
However, given our present understanding, mayor changes in cancer 
risks attributable to radiation are not expected. 
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