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Administrator
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401 M Street, SW

Washington, D.C. 20460
Dear Mr. ﬁuckelsﬁaus:

We are pleased to transmit to you the final "Report on the Scientific

— Basis of EPA's Proposed National Emission Srandards for Hazardous Air

Foliutants for Radiomuclides.” This report was prepared, in response to
your request of December 6, 1983, by a Subcommittee of the Science Advisory
Board (SAB). The report was reviewed and approved by the Board's Executive
Committee.

The Subcommittee concluded that the Office of Radiation Programs
(ORP) has generally gathered the appropriate scientific information in a
technically proficient manner for individual elements of an assessment of
the risk of airborne radionuclides. However, the Subconmittee concluded
that ORP has not assembled and integrated this information in the format
of a risk assessment that provides a gsclentifically adequate basis for
regulatory decisions on airborne radiomuclides. On the other hand, the
Subcommittee recognizes that the factors EPA must conglder in the rulemaking
process go beyond the scope of this review. Neither EPA nor the public
should interpret these conclusions as representing a Subcommittee position
1n favor of or against the proposed radiomielide standards. The charge
to the Subcommittee did not include consideration of the appropriateness
of the standard. It strived to avold such a congideration and focused, as
you requested, on the scientific bases and procedures underlylng the standard.

The report contains six recommendations which axe directed toward
enhancing the Agency's handling of radiation issues; two of them are
highlighted here. It recommended preparation of an integrated risk
assessment for airborne radioactivity as a basis for making any further
risk management decisions on the airborne radiomiclide emissions standard,
including promulgation of a final standard. It also recommended the
formation of a standing committee on radiation within the SAB, an action
you endorsed at the last 5AB Fxecutive Committee meeting.

Preparation of this report om a very complex issue in a short time
period required substantial effort and cooperation from many individuals.
We take this opportunity to acknowledge the input of the many Agency
persomnel who contributed to the review process. It was a2 pleasure to
Interact with a mmber of individuals who demonstrated a high level of
professional competence on radiation issues.







. The Board and Subcommittee will be pleased to carry oult any further
review of this issue that you may request. We would appreciate receiving
a formal response from the Agency on the recommendations and advice

contained in the report.

Sincerely,
Norton Nelson, Chairman
Executive Commlttee

B & 7)ot

Roger 0. McClellan, Chairman
Suhcommitttee on Risk Assessment
for Radiomuclides
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NOTICE

This report has been written as part of the activities of the Envirommental
Protection Agency's Congressionally established Science Advisory Board, a
public group providing advice on scientific issuwes. The Board is structured
to provide 2 balanced, independent, expert assessment of sclentifie Issues
ir reviews, and hence, the contents of this report do not necessarily
represent the views and policies of the Envirommental Protection Agency nor
of other agencies In the Executive Branch of the Federal govermment.
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I. EXECUTIVE SUMMARY

At the request of Administrator William D. Ruckelshaus, the EPA's Science
Advisory Board (5AB) formed a Subcommittee on Risk Assessment for Radlonuclides which
hasz ravi%ée& the methodology used by the 0ffice of Radiation Programs (ORP) in
assessing human health risks from alrborne releases of radionuclides. In a dizstilled
form, the Subcommittee’s activities can be viewed as addressing two iInterrelated ques—
tiong. First, did the Agency's staff colleect the selentifically relevant data and
use scientifically defensible approaches Iin modeling the trangport of radiommelides
through the enviroomment from airborne releases, iIn calculating the doses recedved
by persons inhaling or Ingesting this radicactivity, and in estimating the potential
cancer and genetle risks of the calculated doses? Second, are the individual faets,
calculational operations, scientific judgments and estimates of uncertainty
documented and integrated in a clear and leogical manner to provide a risk assessment
that can be used as a scientific basis for risk management purposes, f.e. standards
setting? -

With regard to the first question, the Subcommittee concludes that ORP hasg

generally gathered the appropriate scientific information in a technically proficient

manner for individual elements of a risk assessment. With regard to the second

quastion, the Subcommittee concludas that ORP has not assembled and integrated this

Information in the format of a risk assessment that provides a seientifically

adegquate basis for repulatory decizions on airborne radionuelides. Neither EFPA nor

the public should interpret these concluslons as representing a Subcommittee position
in favor of or against the proposed radionuclides standards. The charge to the
Subcommittee did not include consideration of the appropriateness of the proposed
levels in EPA's radionuclides emission standards, presumably because the standards
embody not only risk assessment considerations but also risk management factors such as

the leglislative mandate and the cost of control technology to reduce emissions.






The document which most nearly represents such a risk assessment, but still
stops far short, is the proposed rule for "National Emission Standards for Hazardous

Alr Pollutants: Standards for Radionuclides, "Federal Register Vol. 48, Wo. 67,

April 6, 1983, pp. 15076-15091. _The proposed rule is enclosed as Appendix C. By

its very nature as a proposed standard, this document includes an interweaving of
scientific facts and Iinterpretation, economic considerations, and social and political
value judgments. A second document, entitled the "Backgroﬁnd Imformation Document;
Proposed Standards for Radiomiclides,™ EPA 520/1-83-001 is a useful supplement to

the Federal Register notice. However, even when the proposed standards and the

background document are considered together, they are not sufficiently complete nor
organized to serve as a sclentifically adequate statement of the health riske from

emlssions of radionuclides. Because of this defieciency, public debate on the

o

sclentific underpinnings of the standard has been blurred with discussion of social,
economic and political considerations. Unfortunately, this blurring makes 1t
difficult to reach agreement or effect changes even when they exclusively involve
scientific issues.

For comparison with other scientific activities of the Agencv, it is useful to
consider the process used in developing National Ambient Air Quality Standards (NAAQS).
In that process, it has been found appropriate to include preparation and Science
Advisory Board (specifically, the Clean Air Scilentific Advisory Committee) review
of both a criteria document and a staff position paper. The position papear sarves
an Intermediate step between the criteria document and‘the risk management functions
of serting NAAQS. The staff paper has served to sharpen the analysis and presentation

of the scientific basis of the standards.






The concept of a staff positlon paper is readily tranasferable to assessing
radiation risks and to defining the use of scientific concepts and data for purposes
of develgpiﬁg enission standards for radionuclides. Such a staff position paper
should include the conceptual framework for agsessing radiation risks starting with
identifying saurces of radiunuclﬁge emisslions, analyzing the movement of radionuclides
from a source through envirommental pathways, calenlating doses recelved by Iindividuvals
or populations, estimating genetic and somatic health effects, and presenting a2
statement of uncertainty in the risk estimates. This uncertainty should be expressed
as central estimates with lower and upper bounds for cancer and genetic endpoints.
Thege estimates should then be compared to available informaztion on Incidence of
cancer and genetie risks in the population that EPA attributes from other well-recognized
envirenmental , social and occupational factors. It might also be appropriate for
this position paper or a compleméntary document to identify various potential
levels of a standard(s), noting for each level 1f complizance could ﬁe established
by direct measurements or only indirectly by modeling. A presentation of this type
would provide the sclentific input needed by the risk manager to arrive at a reagonable
and scientifically defensible standard(s).

In the case of the current proposed emissions standards for alirborne radionu-

clides, a staff position paper was not prepared and the Subcommittee Is uncertain

a2s to how and to what extent the scientific data base was used to set the standard.

It is also apparent that neither the scientific community In general nor the Science

Advisory Board was asked to review thoroughly ORP's use of scientific data in early

stages of the radionuclide standards development process.

To improve the scientific basis for regulatory decisions on radiation issues,

the Subcommittee recommends a number of actions. These include:






1) that procedures be established to delineate more clearly the risk
assessment and risk management aspects of the total radiation standards
development process.

2) that for each regulatory action considered, the risk assessment process
Includes development of a risk assessment document which makes reference,
as approprlate, to more detajiled analyses found in the sclentific literature.

3) that such a risk assessment document be prepared for airborne radicactivity
a2 a basis for making any further risk management decisions on the alrborne
radlonuelides emission standards, Iincluding promulgation of final standard(s).

4) that a standing committee be created as a part of the EPA Science Advisory
Board to review risk assessments for radiation standards and to provide advice
on the full range of sclentific activities of the Office of Radiation Programs.

5) that procedures be developed for soliciting and receiving public comment
and SAB review on radiation risk assessments before proposed standards
are developed.

6) that steps be taken to enhance communication between the 0ffice of Radiation
Programs and other staff offices of the Agency and the scilentific community
on 1ssuss related to risk assessment.

The first five recommendatlions are consistent with procedures used by a number
of offices within the Agency for assessing risks from other types of pollution and
soliciting SAB and public input. The sixth recommendation is designed to ensure that
maximum advantage 1s taken of the diverse kinds of expertise and experience that
exist in the Agency and the sclentific community which can be brought to bear on
ORP activities. This recommendation is also developed to ensure that the expertise

of ORF parsonnel can have 2 favorable impact on other offices within the Agency

that prepare risk assessments in support of regulatory decisions.






IT. INTRODUCTION

This is the final report of the EPA Scieuce Advisory Board's Subcommittee on
Rizk Asséssment for Radionuelides. The Subcommittee was established by the SAB
Executive Committee on December 9, 1983, in response to an official request from
Administrator William D. Ruckelshauws on December 6, 1983. The membership of the
Subcommittee 1is presented in A;pendix As

The charge to the Subcommittee, as stated by Administrator Ruckelshaus, is
to 1) "review the sclentific basis of the risk assessments used to develop stan—
dards for protection from radiomiuelides in the envitronment.” The Subecemnmittse
Interprets this activity as applying specifically to those source categories
subject to EPA's rulemaking carried out under the authority of Section 112 of the
Clean Air Act. 2) The Administrator also requested the Subcommittee to "critically
review the process by which the Agency estimates human cancer and genetic risk
due to radionuclides in the environment ... [including] examination of the methods
uged to estimate the transport of radiomuclides in the environment due to emissions
into air, the organ doses received by persons inhaling or Ingesting this radicactivity,
and finally, the cancer and genetic risks due to these organ doses.” The objective
of the review Ils to determine whether EPA "has proceeded in a reasonable and
gclentifically sound way™ In developing rigk estimates Ffor radiomuelides. A set
of ten questions prepared by the Office of Radiation Programs accompanied the
Adninistrator's request. A list of the questions and Mr. Ruckelshaus' letter are
included in Appendixz B.

A. Risk Assessment as a Basis for Regulatory Decision Making
The compilation and assessment of sclentific data by regulatory agencies fort

the purpose of developing standards for the control of emissions from various source
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categories to reduce human and envirommental risk is a subject that has generated
a great deal of discussion. Many propesals have evolved on how to present sclen-
tific data for use by policymakers in carrylng out statutory mandates. Two re—
cent ﬁttempts to define a framework for compiling and assessing scientific dara
in thé rulemaking process were those articulated by the National Research Council

in its March 1983 report entitled Risk Assessment in the Federal Covernment:

£
Managing the Pracess,l* and by EPA Administrator Ruckelshaus in speeches to the

National Academy of Sciences in June 19832 and to the Alumni Society of Princeton
University in March 19843
A common theme of these efforts is the need to separate issues related to
the assessment of risk from those associated with the expregsion of social, eco-
nomic, and political values which determine strategies for managing risk. A4n
example.of this distinetion is the following: a technical assessment of the
human health risk from radionmuclides would address such issues as the relationships
lnvolving movement of radionuclides from a source through envirohmental pathways
to a dose received by human populations to an estimation of the probability of a
health effect occurring. This part of the process would also include a comparison
of the calculated risks from other envirommental, oceupational and societal factors.
A policy decision on how to manage the calculated risk would use the findings of
this assessment effort in connection with a definition of acceptable risk (as
established by the statute or by other means), consider the available methods of
reducing exposures through, for example, control technologles and economic incentives,
and compute the costs to soclety of regulating at various levels of residual risk.
As 2 general framework, the Subcommittee endorses the distinction between

the scientific practice of assessing risk and the socio—political task of

*References in this report can be found in Appendix E.






choosing among regulatory optlons to manage risk. However, as the Subcommittee
proceeded through its veview of the ORP's documentation for assessing risks from
radlonuclide sources, it was obvious that the risk assessment/risk maﬁagement
framework is more of a continuum than a dichotomy.

This continuum exists for the airborne radiomclides rulemaking for at least
five reasons. One is that the .risk assessment phase of the regulatory process is
not value free. This is5 the case because the facts required to develop a risk
assessment are rarely Incontrovertible. Thus, value judgments, albeit scientific,
must be rnade as to which facts should be used In the risk assessment. Second,

EPA does not currently have a program—specific, operational definition of the
distinction between risk assessment and risk management. As a result, it is not
¢lear that standardized terns of reference have been applied or that consistency
of approach has been realized. Third, in the process of risk assessment, many
assunptions must be made. Scientists may be swayed in their choiqe of assumptions
by their underlying regulatory philosophy. The choice of a line;; non-threshold
dose-response relationship compared to a linear quadratic or other relationships
is a good case in point. As evidenced by the Nationmal Academy of Science's third
report on Blologlcal Effects of Ionizing Radiation (BEIR IIL), knowledgeable
scientists disagree on which dose-response relationship is best. Some of them
favor the linear non—threshold relationship primarily because, In an area of
uncertainty, they would prefer to choose the approach which vielded the higher
calculations of risk. Others hold the opposite view, % Fourth, and most importantly,
the format in which the Subcommittee was asked to evaluate radionuclide risks
commingled the risk assessment and risk management phases. At the time the
Subcommittee was asked to begin its review of of the scientific data base, the

formal rule had already been proposzed in the Federal Register on April 6, 1983,







This meant that the Agency had already completed its evaluation of human health
risks from airborne radionuclides and had reached a tentative social/poliey
Judgment on the amount of risk that was publicly acceptable. The Subéommittee
was asked to separate and then evaluate, ex post facto, the technical basis and
adequacy of risk assessment without commenting on the appropriateness of the
social/policy decision. For réasons that are discussed in the body of the
report, this Is not an effective way to Iinvolve the Science Advisory Board nor
the seientific community in EPA's rulemaking process. Finally, 1t should be
noted that individual scientists arve also citizens. Some scientists seek to
express themselves not only on the objectives of science policy but alse on
public policy goals. When formulating judgments In regard to policy lssues these
sclentists are frequently assisted by thelr knowledge of technical facts such as
atmospherie emissions znd their transport and the relative significance of radio-
nuclide effects within the entire complex of environmental influ?pces on the
public health. The Subcommittee ags a whole chose not to express an opinion on
the policy objectives for this rulemaking activity. Individual Subcomnittee
members are, of course, free to provide theilr opinions on this issue and may
choose to do so by other means.

B. Subcommittee Review Procedure

The Subcommittee held four m;etings, three of them public, for a rotal of
seven days. The fourth meeting congisted of a writing session which included
Subcommittes members and no EPA staff except the Director of the Science Advisory
Board. The Subcommittee evaluated past studies on radionuclides, and ir reviewed
a number of documents submitted by both the ORP and representatives of the public.
Extensive briefings were provided by Agency staff on a numbar of issues Including
the mathematical procedures utilized for calculating envirommental concentrations

and dose to humans from airborne releases of radlomuclides, the sclentific






literature reviewed and/or developed by ORP staff, estimates of cancer deaths and
genetie riske from radionuclide exposures, technical briefings provided to senior
EPA decision-makers, and case studies of two source categories——the eiemental
phosphiorus plant in Pocﬁtello, Idaho, and the ¥-12 facility at Qak Ridge Natiomal
Laboratory——to illustrate the application of the methodology. The bLriefings were
extrenely helpful in enabling the Subcommittee to understand the technical issues
under considevation and ORP's approach toward risk assessment. Agency staff were
particularly cooperative in responding to the Subcommittee's questions and its
requests for information. A list of Subcomnittee neetings, briefingz and public
- presentations is included in Appendix D.

C. Major Issues Addressed ﬂy the Subcommittée

As noted previously, the Office of Radiation.Programs submitted ten questions
for the Subcommittea's review. In general, the questions capture many of the com—
ponents of the scientific 'anaiysis needed in a risk assessment, 1‘.‘%511: they alone do
not constitute a risk assessment. Tﬁérefore, this report includes not only the
Subcommittee's response to ORP's gquestions, but it also presents the panel's
judgment on rhe adequacy of the overall process utilized by ORP in evaluating
sclentific data and developlng a risk assessment for this rulemaking activity.

A key assumption made by the Subcommittee throughout its review was the belief
that EPA's risk management decisions should be based on the sclentific evaluation
by the ORP staff of the probable risk that would result from exposure to ailrborne

radionuclides. Difficult as this assessment may be, it is belleved to be
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preferable to alternatives such as use of an ALARA* approach where the recommended
standard is determined by the minimum exposure that may be reasonably achieved. It
ig the 6pinion of some, but not the majority of Subcommittes members that the ALARA
conceapt éhﬂuld be vigorously applied as part of a strategy to minimlze exposure and
risk. However, the use of such a strategy must not be substituted for development
of an integrated risk assessment™that can be used as the cornerstone of davalopment
of the standards.

D. Outline of this Report

The body of this report consists of two major sectionms. Section III evaluates
the approach employed by the Office of Radiation Programs in assessing human health
risks from airborne radionuclides. The Subconmittee identifies the individual ele-
ments of a risk assessment for radionuclides, discusses the gtrengths and weakneszgzes
of the ORP approach, evaluates the process for preparing health risk assessments
for hazardous air pollutants within ORP compared with other EPA staff offices, and
presents {ts key findings. The major conclusions and recommendations of the Subcom-
mittee are presented in Section IV. These address the need for a scientific issues
staff paper to identify and synthesize the scientific data basalfor an Integrared
health risk assessment used for standards development: establishment of a continuing
sclentific oversight mechanism to review ORP scientific activities, including the

development of risk assessments for radiation standards; enhanced coordination

*ALARA 1s an acronym for A2 Low As Reasonahly Achievable. It is a concept that is
an outgrowth of the hypothesis that there is no threshold for the carcinogenic or
genetic effects of fonlzing radiation and that any dose, however small, increases
the probability of such effects, which becomes small as the dose approaches the
natural radiation background. An inherent problem with the ALARA concept lies in
the subjectivity of the word "reasonably." No EPA policy has been formulated to
define the word "reasonably” in this context. In this conmnection, the panel noted
early in its deliberations, that the health impacts from radicactive emissions
currently being discharged from all the U.S. facilities (other than coal-fired
boilers) covered in the Background Information Document EPA 520/1-83-001 were
calculated to be much less than one cancer per year for the entire country. This
estimate should assist policy makers to judge whether ALARA is currently being

achieved, and may also assist in deciding the relative priority that concerns
about radicactive emissions should receive, relative to other matters that must be

dealt with by EPA.
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of risk assessment efforts between ORP and other offices within EPA, and some major
reseatrch needs. An Executive Summary of the Subcommittes's major conclusions and
reconmendations 1s provided in Section I.

IIT. EVALUATION OF OFFICE OF RADIATION PROGRAMS APPROACH TO RISK ASSESSMENT FOR
RADIONUCLIDES

A scientifically defensible risk assessment for radiomuclides should address at
least five najor elements. Thesd Iinclude 1) identification of the significant man—made
or technologically enhanced sources of radionuclides; 2) a description of the
novenent of radionuclides from a source through envirommentazl pathways te people;
3) ealeculation of the doses received by people; 4) estimation of genetic or somatie
health effects; and 5) incorporation of estimates of uncertainty into elements 1-4
thereby enabling development of upper, central and lower estimates of health risks,
for releases of small quantitiesz of radlonuelides. It is Important that the uncertainty
associated with the risk estimates consider all elements of the relationship from sources——>
transport —-7 dose ~-—7 effects and not concentrate excessively ogﬂthe relationship
between dose and effects. Tt is quite likely that the scientific uncertalnty associated
with the relationship of sources --- transport —- dose are greater than those assoclated
with the relationship between dose and effect.

The Subcommittes has evaluated the ORP approach to risk assessment for radiomu-
clides using this conceptual framewotk presented above. Within each element of this
framework, a statement of the strengths and weakness of ORP's effeorts are presented.
In addition, responses to the ten ORP questiouns listed in Appendix B are glven in
the following section of the report.

A. SUBCOMMITTEE EVALUATIOR OF INDIVIDUAL ELEMENTS OF A RISK ASSESSMENT FOR
RADTONOCLIDES

l. Source term assessment
The identification of sources that are significant emitters of airborne radionu-=
clides, and an estimation of the quantities of such emissions, is a major Input para—

meter in the process of calculating probable human health effects.
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To understand better how ORP assessed radionuclide emission sources and the relationship
between airborne releases and human exposures, the Subcommittee requested briefings
on specific source categories. Two briefings were presented. The first was for
the Y-12 nuclear weapons facility at Oak Ridge National Laboratory and the other
was for'an elemental phosphorus plant in Pocatello, Idaho. The briefings aided the
Subcommittee In understanding how ORP applied its ATRDOS-EPA air dispersion model
to estimate radionuclide concentzations in the neighborhood of a source and dose
rates fto a population within a larger region. The release values for the ¥-12
facility were provided to the EPA by the Department of Enmergy. Detailed informatien
was not submitted as to how the release values were established nor their validity
for projecting future releases. For the Pocatello site both Qite—$pecific monitoring
data and ca2lculated release values were available. Although the measured and
estimated values were not in perfect agreement, the fact that they were within a
factor of two to three did provide for greater confidence in the values than the
cage where only estimates were available. The Subcommittee cuncluﬁed that ORP
presented 2 clear statement of this element of the risk assessment chain. However,
the Subcommittee felt there was a continuing need to further validate estimates
when site specific data are not available and to establish the utility of data on
past releases as predictors of future releases.
2. Dispersion and envirommental transport models : source to individuals
ORP Question 9: Are the air dispérsion models reasonable to estimate
radionuclides concentrations 1) in the neishborhood of a
source, and 2) to regional populations?
The basic model used by EPA for calculating the air dispersion of radionu—
clides is AIRDOS-EPA. This computer code includes-a conventional, state-of-the art

alr dispersion model, developed for ORP by the Oak Ridge National Laboratory. It
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incorporates standard meteorological observatlons together with parameters derived
from the existing body of experimental atmospheric diffusion data by means of the
widely accepted Gaussian plume assumption. It is a flexible, modular, and highly
parameterized model, capable of addressing a wide range of air dispersioﬁ problems,
from radidnuclide concentrations In the neighborhood of a source to regiomal population
exposures at greater distances. Details of the modeling methodology can be found
in the handbooks by Turner> Hanna,-et al.,6 and in a brief summary by Gifford.’

The performance of AIRD&S-EFA in estimating alr concentration levels has been
found to compare well with that df other diffusion models of the Gausgsian plume
typa. The level of uncertainty associated with this clazs of radionuclide transport
and dispersion models was summarized by Crawford® and Litrle and Miller.?
In the case of long-term average concentrations {a month or more) over flat terrain,
and where stromg plume buoyancy is not a significant influence, it ranges from a
factor of about two for nearby receptors to a factor of four for more distant
receptors. These factors canm increase to an order of magnituvde or mgre for short—-temm
averages (an hour) and for strongly buoyant plumes such as those from a power-plant
stack. Corresponding factors over rough terrain are esgentially unknown but are
certalnly aven largerg

How well AIRDOS-EPA performs in a particular modeling application——whether its
actual performance level falls, for instance, within the above 1imits——depends
primarily on the quality of the many data and parameter Inputs that are required to
operate the model, as well as on the correct resolution of various modeling details.
For example, are the Input meteorological data, which are often available only for a
somewhat remote alrporr sgite, adequately representative of source area meteorologieal
conditions? Is the AIRDOS~EPA plume-rise model, and related zssumptions concerning
mixing depth, correctly applied? How are calm winds to be dealt with, since wind

speed occurs In the denominator of the air-concentration formula? Have conservative

assunmptions been cascaded to the point of unrealism?
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These, and other, similar questions have formed the basis for criticisms of
some of ORP's applications of AIRDOS-EPA. The Subcommittee believes that AIRDOS-EPA
is a good, useful model, capable of addressing a wide range of alr dispersion
problem;. .It seems Inevitable, however, that honest differences of opinion with
the ORP staff related to various modeling details will continue to arise as the
model 1s applied In regulatory QEOceedings. This natural tendency ls exacerbated
by the complicated structure of models like AIRDOS-EPA. The Subcommittee cannot, of
course, resolve sueh differances during its current, limited review. The Subcommittee
encourages ORP to present such models in as simple a documented format as possible
with a view to their being understandable to those who would desire to critique the
caleulations made with the codes. The Subcommittee also seesz the need for some
form of continuing, techrical review of modeling applications, on a case-by-case
bagis, until a better scilentific consensus 1s reached.

ORF Question 10: Iz the selaction of transfer factors and other

parameters in the food chain analysié reasonable?

The EPA methods in this area are appropriate and probably do not overestimate
or underestimate the doses received beyond the inherent limits Imposed by the
current state of our knowledge of this complex ares.

The portion of AIRDOS-EPA reviewed that addresses this question begins with a
calculation of the deposition rate to the agricultural ecosystem from a computed
ground-level air concentration and ends with a predicted ingestion kate for radionuclides
by human receptors. These calculations are primarily embodied in the subroutine
DOSEN. DOSEN is not a computationally large fraction of AIRDOS~EPA, but the rather
gignificant inherent upcertainties within it accouqt for a major portion of the

overall uncertainty in the total risk assessment equation.
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‘The mathematical routines within DOSEN are designed to yleld steady-state,
time averaged, detemministic predictions of radionuclide concentrations Iin animal
forage and certain human foodstuffs per unit of deposition rare. The concentrations in
foodé ére multiplied by food consumption rates to yleld radionuclide ingestion
rates b& food type. These rates are summed over all food types to yield estimates
of total ingestion rate for individual radionuclides. Corrections for the sources
of the foods and radicactive de;;y during storage are included. The formulations
were developed from those used in earlier models, especially the HERMES computer
codel0, They are essentially the same as those used in U. §S. Nuclear Regulatory
Guide 1.109.11 The only readily apparent differences between AIRDOS-EPA and

these earlier codes are in the choice of certain parameter values.

a. Apparent strengths of the environmental transport
nethodology

The deposition through ingestion sectious of ATRDOS—EPA are baged on relatively
simple and straightforward formulae which are well documented. Wiqh some exceptions
noted later, the formulations embodied in the relevant subroutine;laccount for the
major processes which normally affect the trangport of radionuclides through terres—
trial foodchains. They are generally accepted and used routinely by many groups
throughout the world. They are designed to utilize a large body of experimental
data which nay be found in the open literature. The cholces of parameter values
generally appear to be reasonable and based on the relevant scieatific literature.
The model 1is generic in time and space, and thus, it should have broad applicabilicy.

With the help of literature provided by Dr. Owen Hoffman of Oak Ridge National
Laboratory, the Subcommittee made a comparison of AIRDOS~EPA with other madels,
with some limited observed data, as well as with a model called PATHEWAY. This latter
model has been tested extensively against real observations (see Table 1) but has

not yet been published in the pear reviewed literature. However it has heen presented






Table 1. Radionuclides Concentrations in Pasture and Foods: A Comparison Betwsen

AIRDOS-EPA and PATHWAY. Units Are Ci-day/kg Per Ci/sq m Deposited.*

: pasture vegetables meat milk
Bagis ' Cs—-137 Sr=90 Cs-137 I-131 Cs=137 Sr-90
ATRDOS~-EPA(p) 37 17 8 1.0 3.2 2.8
PATHWAY (p:a) 30 11 4 0.1 1.7 0.3
PATHWAY (px5:b) 150 28(e) 20 0.5 8.5 1.5
UNSCEAR (o) 2.4 2=-16 1.4
PATHWAY (p/o) 0.93 0. 54 1.2 2.7 2.0
#data sets 2 3 7 10 8
#data points 196 46 160 737 527
PATHWAY (p*a/p) 161 37 0.4 3.1 0.8
CONCLUSION,
AIRDOS-EPA
Overpredicts =7 x2 n2-4
Underpredicts x4 x5
Note: —predierion of model )

P

@ —real obzervations

a —~time—averaged value

b —values multiplied by five to account for higher
vegetation interception of small particles

e —value multiplied by 0.5 to account for washing loss

*See Appandix F for a detailed explanation of this table.
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at sclentific conferences and been published in conference proceedings. Based on
these comparisons, it appears that concentrationz of important radionuclides in
basic fadds as predicted by AIRDOS-EPA are likely well-within order of magnirude
aCCuracf, and in most cases within a factor of two to five. This encourages the broad use
of the EPA methodology for general assessment applications. There appears neither
a general tendency for the foodchain portion of AIRDOS-EPA to be under—conservative
or over—conservative. |
b. Apparent weaknesses of the environmmental transport methodolosy
The Subcommittee raisesz geveral questions about the basic structure of the

food chain seetion of AIRDOS-EPA. For example, the processas of resuspension,
rainsplash, absorption of surficial deposits into foliar tissues, and soil ingestion
by beef and dairy cattle do not seem to be included in the code. Furthermore,
several basic human food types are not explicitly nodeled, such as figh, cheese,
poultry, eggs, and red meats other than beef. These omissions do not appear to be
offset by higher human consumption rates of similar foods modeled directly. The
effects of neglecting these processes and specific food items are not clear in the
abgsence of a sensitivity analysis designed to test for such effects. This raises
the questlon of geographlc and temporal differences wherein, for example, resuspen-
sion may only be important in arid or semi~arid regions'during dry, windy perieds.

ATRDOS-EFA appears to be structured to average acrogs seasons since process
parameters are held constant through time. This practice disregards the significant
seagonal fluctuvations in processes such as plant growth, cattle feeding, and sources
of human foods. This simplification lszads to wide fluctuations in the degree of
conservatism in dose estimates obtained from AIRDOS-EFA, depending on the season

of the year that releases might occur. This is potentially a greater problem for






short-1lived radionuclides such as I-131 than for longer~lived substances such ag
Sr~90 or Cs-137. A further limitation of this constant-parameter, steady-state
wodel becomes clear if it is applied to radionuclide releages which are short-tern,
time~va;iant, or sporadic.

Dthef weéknesses of the nethodology include the failure to consgider particie

size dependency of the fraction of radionuclides intercepted by Vegetation and the

absence of documentation on either the scavenging rate or the geological removal

Probably the greatest woskness of ATRDOS=EPA and similar computer codes is the

lack of validation. The accuracy of prediction is nor well-known, nor is the

18

degree of uncertainty. Since such g large nunmber of variable parameters are inherent

in complex foodchain models, it does not seem productive to debate at length their

Individval values., TIr ig the relative accuracy of rthe final regulr for the applicat

ion

intended by EFA which is the chief concern. The very limited corparison of AIRDOS-EPA

to other models and to real data (see Table 1; see also Explanationjgf Table 1 ang
Figures 1-7 ip Appendix F) suggests that the EPA methodology nay be gubject to
slight (x5) underprediction in soma cases (e.g., Cs~137 in pasture and meat),
Superimposed on this situation is the likelihood, based on experience with the
PATHWAY model, that sﬁch estimates carry uncertainties on the order of a factor of
four in either direction (GSD=2), This suggests the small but real possibility of
an underprediction by a factor of five x four which could lead te a significant
error in the overall risk estimate, However, over—predictions of the same magnitude
seem equally likely,

While AIRDOS-EPA appears reasonable for approximations of the dose mmder
generic conditions, the methodelogy could posgibly yield predictions for specifie

locales and seenarioes of unacceptable accuracy and uncertainty. Thus, without
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further testing and possible Improvements in the strueture of the computer code,
any application of the EFA model to specifiec problems should be made with great
care, and appropriate caveats should be =rared.
3-; Dose calculation models : dose to individuals in a population
| ORP Question 8: In a few cases EPA has used organ transfer factors for
a general population rather than those for occupatiomal
workars.  Are these changes appropriate and justified
in the documentation? |
The uptake factors for the most part are taken from the Internatiomal Council
on Radiation Protection's (ICRP) estimates, and this is saientificﬁlly Teasonable.
However, for the transuranic radienuelides, other wvalues were used that were based
on ORP's "Proposed Guidance on Dose Limits for Persons Exposed to Transuranium
Elements in the General Enviromment”™ (EPA 5320/4-77-016, 1977). ORP apparently took
specific valuves from a letter written by Bair and Thompson of the Battelle Pacific
Northwest Laboratories (pp. 218-220 in "Response to Comments: Guidance on Dose
Limits for Perszons Exposed to iransuranuim Elements in the Generalmﬁnvironment“,
EPA 520/4-78-010, 1978). The draft document entitled "RADRISK/BEIR-3, Parr
IT: Dosimetric Methods and Codes Used to Assess Radiation Risk”™ also notes that the
new f3 values adoptéd by the National Radiation Protection Board (WRPR) are cloger
to the EPA values than to those of the ICRP.12 The ORP did not provide the NRPB or
ICRF valuez, however.
The three sets of data are summarized in Table 2. The values shown under
EFA are the Subcommittee's current understanding of what ORP used. At different

times, in material received from different individuals within EPA, the Subconnittee

recaived diffearent values. This emphasizes the need for better documentation so it will
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Tahle 2, Comparison of Values for the Gastrointestinal Absorption of Transuranic

Radionuclides (fraction absorbed)

Element Ault
TCRPA NRPRP EPA
Plutonium
oxides, hydroxides - 1073 107> 10™4 or 103
other forms 10-4 5 x 10-4 10~3
biologically incorporated - 5 x 1073
Other transuranics© 5 x 104 5 x 1074 10-3
Child (0-12 mos)
Plutaonium
oxides, hydroxides - 5 x -4 1072
other forms - 5 x 1073 -
biclegically incorporated - - 5 x 102
Other transuranics®© - 5 x 10—3 10-2

& For workers, from ICRP, Publication 30, Pt. 1. (1979).

b For the public, from Harrison, Rad, Protect. Dosimetry 5, 19-35 (1983).

C NRPB values are for americium and curium, only.
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be clearer to all concerned as to what was actually done. The values adopted by
EPA are very comservative and this was noted In the 1977 letter from Bair and
Thompson. As the stated goal of the EPA is to provide a best estimare of dose, ir
would séem‘more reagonable to adopt the NRPB values that are based upon a more
recent review and analysis of the literature.
ORP Question 7: Iz the choice of ICRP dosimetric models scientifically
adequate? Are there any alternatives?

The dosimetric models are basically those in general use by the scientific
community and are scientifically adequate for the time being. Howéver, EFA's
choices of several imputs to the model are open to question or tend to yield
cénservative estimatez of dosze.

The program developed to estimate the absorbed dose and its effect on individ-
uals exposed to radionuclides is called RADRISK, RADRISK and AIRDOS-EFA generate
data to a program called DARTAB that provides estimates of genetic and somatic
health Impacts. These three PIOCErams — or sets of programs — are £gus the basisg
for EPA's scientific evaluation of ?adionuclide expogure hazards.

RADRISE consists of a number of separate caleulating procedures. The first
step involves estimating the dose to each organ from internally absorbed radionuclides.
The input data for the calculation are the metabolic model and physioclogical parameters
for the element in question. 1In general, the outpur is expressed in terms of
rads/microcurie~day for both low Linear Energy Transfer (LET) and high LET radiation,
However, organ doses are calculated as lifetime doses, whereas genetic dose 1s calculated
for the 0 - 30 year period. The models used are those recommended by the ICRP, A
gsecond step, called ADJUST 3, uses the above results, together with a Iife—table

analysis and biological risk data derived principally from BEIR-III, to devalop

risk estimates for somatic and genetic effects for the radionuclide in question.
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Latency perlod and RBE factors for low (1) and high (20) LET radiation are also
included. The result for gomatic effects is a RISK EQUIVALENT FACTOR (REF) which
is essentially the fractional decrease in 1ifespan. A third step performs similar
calculations for exposure to radionuclides in air or on the ground. The results
are given in units of REF for exposures of 1 pCi/cm3 and 1 pCi/cmz.

The methodology used in RADRISK appears to be scientifically sound, and the
sample analyses that were presented express reasonable rasults. However, the
program involves many assumptions and uses input data that must be continucusly

examined as new techniques and data evolve. 1In addition, the Subcommittee expresses

strong concern about ORP's very poor method for documenting the calculating proce-—

dures and parameterz for RADRISK. The Subcomnittee eventually obtained the explana-

tions it needed to understand the program but only after very laborious and time-
consuming questioning of the staff. Any member of the public interested in attempt—

ing to verify the computation would have great difficulty. ORP needs to improve

significantly its articulation of the conditions and the use of this program.

The Subcommittee has identified the following technical areas of AIRDOS-EPA,

RADRISK and DARTAB where improvements may be required in the future:

1. There are saveral simplifications In the AIRDOS-EPA model that lead to the
calculation of doses that are conservative by wmknown amounts. In discussions
with the ORP staff, it was stated that, in the calculation of external dose,

it was assumed that the deposited radioactivity stays on the surface of the

earth for one hundred years and never weathers into the soil. This assumption
would seriously overestimate the dose from long lived radiomuclides. However,

it was stated that for the calculation of dose via the soil-root pathway, the
assumptlion was made that deposited radionuclides are immediately mixed throughout
the plow layer. This assumption leads to a significant overestimation of the
dose via this pathway from shortlived radiomclides. Subsequently, ORP has
stated that it used a ten percent annual removal constant for deposition in urban
areas and rwo percent for rural areas. The confusion as to what was actually
done emphasizes the need for improved documentation.
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2. The documentation for AIRDOS-EPA slso indicates that a constant absolute
hunidity valus of 8 g/m3 is used. As the tritium model uses the specifie actlvity
approach, the calculated dose is inversely related tg absolute humidity. Since
absolute humidity is typically much lower than 8 g/m3 in much of the U.S5.,

this assumption leads to an underestimation of dose. It would be more appropriate,
and not difficult, to use sgite specific values for absolute humidity.

3. The physiological models and other input data required for the calculation of
doge for internally absorbed radionuclides 1s equally important, and in many areas
the data are incomplete. EPA should support work almed at expanding the technical
basis for many of the input parameters.

4. These three calculational programs do not now consider the important factor

of uncertainty in each of the input parameters. The Subcommittee does not

have specific suggestions as to how such data could be included, but believes

that it iz Important for the EPA to develop methods that would indicate to

the uger the uncertainty or "noise” in the final valuegs of REF. This uncertainty
plays an Iimportant rtole in the setting of standards.

5. Alrhough scientifically sound, the units of REF are difficult for the lay-
person, or even the scientist, to grasp. Alternatively, consideration might be
given to developing and using a common uwnit of risk that could apply to all
radiation hazards and be more readily understood.

4, Risk estimation models : individuals and populations

e

ORP Question l: Has the EPA Office of Radiation Programs considered and
interpreted in a scientifically adequate manner the
appropriate literature on radiation risk assessment including
data sources on radiation risks?

The ORP made available to the Subcommittee a voluminous body of data and
literature related to health risks from radionuclides as well as a typiecal printout
of DARTAB, the program that estimates population health effects. From its perusal of
such information, the Subcommittee concludes that ORP staff identified the appropriate
scientific basis in evaluating this form of radiatiom. It 1s also clear that, for
some Individual elements of the risk assessment {(dose calculatlon models, for example),
generally sound sefentiflc judgment was utilized. The major shortcoming of ORP's
analysis, however, was its fallure to prepare a risk assessment that is readily

uvnderstandable and integrates the five elements discussed earlier in Section III.
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ORP Question 2: Are the assumptions made by ORP in estimating radiation
risks reasonable, and are they justified in the supporting
decumentation? |
There are a number of weaknesses in the ORP presentation. As noted in previous
sections of this report, the assumptions and methodology utilized by ORP in assessing
radiation risks are not presented and integrated with sufficient clarity in the
supporting documentation. As a result, the Subcommittee was only able to clearly
comprehend the approach being used after it requested and received a large number
of briefings and supplemental written material. The public would experience great
difficulty in artempting to underaztand the ORP analysis based on the documentation
initially made available.
In estimating cancer risks the ORP approach was weakened by the use of a
gingle dose-response model, the linear nonthreshold model. The uvse of only one
model, which 1s generally viewed as conservative, in the risk agsessment phase is
sclentifically inappropriate. A preferred approach would have“bee;.to present a
range of models as discussed in BEIR IIT report so that the risk manager could be more
fully informed as to the range of risk estimates that result from the use of diffarant
models.
An additional weakness is the variable degree to which attention is directed
to details of the dose and risk calculations. This is espaecially notable with regard
to age and time-dependent factors. ORP expended a greated deal of effort, perhaps
an excessive amount in view of the strength of the underlying data and the extrapola-
tiong, to use a 1ife-table analysis approach to ealculate how many people (or statistical
fractions of individuals) die at specific ages. Yet, the calculations of dose per
unit Intake of radioactivity apparently do not use an age=dependent factor. It was
not clear whether ORP did or did nor use a special calculation to account for the
increased absorption of transuranics by newborns. It was also not clear if, following

radionuclide intake, the dose was assumed to be Instanteously delivered or protracted
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in time. For the thyroid, it is well known that the dose to the infant can be ten tinmes
higher than to the adult. Also, the fotus is generally considered to be very
radio$ensitive, but no caleculation of in uterc dose is made. Thus, the grear
detail Jf the life-table approach 1z not matched by the details of the dose calculations.
ORP Question 3: 1Is ORP's selection of the National Academy of Scilences/Bio-
logical Eﬁfects of Ionizing Radiation ITI report as the
basic guide to radiation risk estimates scientifically
appropriate?

ORP appropriately selected the BEIR-IIT repoxt as its basic guide to radiation

risk agsessment. However, the contents of the report have been used in ap excessively

selective manner. There appears to have been little recognition given to the

caveats expressed by the BEIR-III panel or the limits in the applicability of the

report to standard setting. Basically, ORP has used the BETR-IIT risk coafficients

presented for dose rates of 1 rad/yr (low LET radiation)to calculate the risks of
small increments of dose added to background which is approximatelﬁﬂﬁ.l rad/yr.

The conclusions reached by the BEIR-III panel were by no means unanimous and
may be subject to change in the future. Many Subconmittee members believe that the
summed site approach; which was used by ORP for comparative purposes, pives values
for total cancer incidence that are much higher than the amount of human data
warrant.

Radiobiological data exist which indicate the likelihood that, at low doses and
low dose rates, blological effacts may be less tham that suggested by a linear
nonthreshold relationship. 1In this regard, the radlobiological literature developed
from experimentation using many different biological systems are a useful supplement

to the human data, and ORP should examine this information and make greater use of
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it. The Subcommittee also believes that the use of the BEIR III report, which for

cancer risks is based latgely on human data at high doses and brief exposures,

should be supplemented with other radiobiological data when extrapolations are made

Lo veryﬁlow‘doses accunmulated over decades. This Subcommittee agsertion 1s not

intended as a criticism of the BEIR IIT panel's evaluation, for that report was not

designed as a risk assessment foi standard setting at very low levels of exposure.
ORF Questlon 4: Is the ORP analysis of potential lung cancer risks due to

radon progeny sclentifically defensible?

EPA uses human epidemiological data linked to exposures quantiéated in Working
Level Month (WLM) to assess the risk from radon daughters instead of using the
dosimetric approach used for other radionuclides. Since the data are derived from
mining populations, it is modified somewhat so as to apply to the general population,
ineluding children. Risk estimates are then compared with results analyzing other
population groups. ORP again selected a single value, three percent lung cancer
increase per WLM, as the relative risk coefficient. A range of vai;es would have
been more appropriate since the value of three percent lung cancer increase per WLM
15 open to challenge. Use of a range would not only address this eriticism, but
would ultimately prdvide the regulatory decision maker with a clearer pleture of
the uncertainties in this important area. This is one risk value which must meet
real world criteria. The value should be COnSiQtent with predicting the ineidence
of lung cancer in non-smokers and their radiation exposures from nmaturally occurring
radon, and its daughter products and other ecological factors implicated in lung
cancer induction.

ORP Question 5: Is the wide range of wncertainty in estimates of human

cancer and genetilc risk c¢learly presented?
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The Subcommittee 1s concerned that ORP uses the conservative or worst case
linear extrapolation for carcinogenesis, i.e. extrapolation from acute high—dose
expogures, while simultaneously using the chronic low-dose exposure exﬁrapolation
procedure for genetic effects. For genetic effects, the endpoint of econcern is the
nucleus. It is moset likely that the nucleus is also the relevant target for important
aspects of induction of somatic effects since scientists now recognize the role of
oncogenes and chromosome re—arrangement in carcinogenesis. Thus, state—of-the art
understanding of the mechanism of ecancer induction can no longer Justify ignoring
"dose-rate effects" in favor of linear high-dose extrapolation. Scientific panels
organized by the National Academy of Sciences, the United Nations Scientific Comni ttee
on the Effects of Atomic Radfation (UNSCEAR), the National Council on Radiation
Protection (NCRP) and ICRP are in general agreement that some dose-rate effect
occurs, and each of these groups uses this assumption in calculating best estimates.
1f ORP, in estimating somatic effects, continues to ignore this approach in favor
of 1ts conservative analysis, it should explicitly state its reasons for proceeding
in this manner. At the same time, ORP should explain why it doesn't use zimilar
assumptions to calculate genetic health risks. In addition, in cases where ORP
Proposes to use a years of life lost estimate per rad exposure for calculating the
risk of somatic effects, a parallel approach should be applied to deriving a statement
of genetic risk (see UNSCEAR 82). Finally, BEIR III estimates for genetic effects
are low because rhe mouse female data are inappropriate for human extrapolatiom.

The immature mouse oocyte cannot be used to detect mutations since an ionization
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traversal through the cell membrane kills the cell (Dobson, 1983).13 Faced with‘this
sclentific uncertainty it would be judicious for ORP to also give an alternative
estimate, assuming equivalent mutahility for both sexes, until there iz other
evidencé to the contrary.

ORP's selection of relative versus absolute risk models for estimating cancer
riske fg another instance where a more detailed analysis and presentation would have
been useful. Both approaches ha;; their strengths and weaknesses which should have
been elaborated. If one approach was to be selected over the others then it would
be appropriate to clearly document why it was selected and how 1t iz reflected in
the uncertainty of the final risk estimates.

In view of the ahbove comments, the Subcommittee recommends that ORP continu—
ally review the scientific literature and modify its radiation risk estimates
periodically, as additiomal information becomes available. This recommendation is
especially appropriate at this time because exposure data from the Japanese A-RBomb
experience are presently undergoing revision and will presumably, &t some point in
the near future, yield Improved cancer risk estimates per rad of gamma radiation.

ORF Question 6: 1Is the ORP choice of the ICRP quality factor

of twenty for high LET radiation scientifically

reasonable or are there better alternatives?

The factor of twenty for high LET radiation appears appropriate when used by ICRP

and inappropriste when used by ORP. This is not a paradox as will be illustrated for
genetic risks. ICRP has a dose-rate factor for low LET radiation {chronlc exposure)
which 1s what it compares to high 1LET radiation. In contrast, ORP uses a high

dose rate for low LET to compare with high LET. The factor of twenty is thus Eoo

great. An ORP handout provided to the Subcommittee (reproduced on the next page)
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11lustrates this point. The factor of twenty is clearly shown to apply only to low
dose rate LET (a factor of 6.7 applied to high dose low LET without a dose rate
factor). Unless there 1s some other justification, which ORD should document, this
appears fto be an example of compounding on errar.

ORP Handout: "Serious Hereditary Disorders Per 100 Live borne/Per Rad of Parental
Exposure/Per Generation”

rg for Firgt Generation Equilibrium
Low Ilogse Rate .
Low=LET ] 20 ' 260
|
High Dose Rate 20x | _ _
Low-LET ] 60 | 780
l — l 611 77{
High~LET I__AOQ__[ 5200

B. USE OF RISK ASSESSMENT IN RULEMAKING UNDER SECTION 112 OF THE CLEAN AIR ACT

EPA, in general, has been a leading practitioner of risk assessment in the
Federal government. At the same tiﬁe, the use of risk assessmEnt_yithin EPA has a
mixed record both in terms of the consistency of approach utilized among the regula-
tory offices within the Agency and the varied scientific quality of individuzl risk
assessments. The former conditlon is, in part, the result of differing statutory
direction provided to EPA, although it can also be attributed to the organizarion of
the Agency's major offices around a specific environmental media or problem area.
The different offices subject their risk assessments to varied degrees of peer
review and have sclentific staffs with differing skills.

The process of preparing risk assessments to evaluate candidate poliutants
for regulation under Section 112 of the Clean Afr Act is, with the exception of

those prepared by ORP, managed by the Office of Health and Environmental Assegsment
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(OHEA) which 1s located within the Office of Research and Development. Risk assess—
ments prepared by OHEA which have led to the regulation of hazardous air pollutants
have consistently been reviewed by the Science Advisory Board. The process followed
by OHEA in developing a risk assessment for a specific pollutant includes the
following ﬁajdr sequential steps:
e compilation and interpretation of the scientific literature into a Health
Assessment Document. The dogument Includes 2 discussion of differing
health endpoints (such as cancer, reproductive effects, and neurobehavioral
effects) and has a chapter on quantitative risk assessment. This chapter
presents the calculating procedures vsad in developing the risk assessmeht,
evaluates several mathematical models or relationships to test the “goodness
of fit" to the available scientific data, and compares the potency of the
pollutant under study to other pollutants.
® solicitation of public comment on the scientific adequacy of the Health
Assesspent Document.
e Science Advisory Board review. To facilitate SAB review, OHEAf;taff prepare
an lssues paper to identify key issues for SA® consideration and present
their own judgments about such key issues. The goal of this interaction
between the OHEA staff and the SAB is an advisory report transmitted to the
Administrator on the scientific adequacy of the Health Assessment Document.
The process used to achleve this goal is iterative and frequently leads to
the achievement of consensus regarding the interpretation of the scientifie
data for a particular pollutant.
There are several major advantages of the above described process. These include:
1) the separation of the risk assessment from risk management activities. The
scientifie evaluation of a pollutant 1is completed, hoth inhouse and externally,
prior to any Agency decision on whether ro regulate or at what level to regulate;
2) the scientific community and the public at large are Involved early in the

decizion making process. Because scientists” participation In the review process
occurs hefore the Agency has committed itself to a specific regulatory course

of action, EPA is more able to respond to valld sclentific criticisms by
nodifying a document while it is still in the risk asgessment phage.
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3) the scientific basis for the risk assessment is made more explieit. Scientific
data are compiled and evaluated in the Health Assessment Document, and key assump—
tions are identified in the document for public and SAB review. The resulr ig
the development of an analytical bridge in the risk assessment thar leads from
the scientific studies to the set of risk estimates generated by the mathematical
procedures employed.

The process followed by the Office of Radiation Programs in its development of
regulatory proposals to control airborne radionuclides is =z na jor exception to the
approach outlined above. The ORP did not compile and Interpret the available
sclentific evidence in a formal health risk assessment document. Neither was there
ever a public or SAB review of the scientific basis upon which the Agency listed
radionuclides as a hazardous air pollutant under Section 112 of the Clean Air Act.

C. SUBCOMMITTEE FINDINGS

1. The Subcommittee concludes that the Office of Radiation Programs' staff
has gathered the appropriate scientific data for individual elements of a risk
assesament for radiomuclides emissionsz. Such information was used by the Agency to
model the transport of alrborne radionuclides through environmental pathways and to
estimate the genetic and somatic health risks to humans from calculated doses.

2. In its proposed standards to control ailrborne radionuclides EPA stated that
its objective was to "restrict emissions from each site to the amount that would
cause an annuwal dose equivalent to 10 ﬁillirEms (mrem) to the whole body and 30
mrem to any organ of any individual. This emission standard will keep the radiation

doses relatively low both to nearby individuals and to populations living around

the sites.” (pp.15077-78 Federal Register, April 6, 1983),

The Subcommittee made numerous inguiries 2s to the scientific basis for the
specific levels chosen in the proposed emission standards. ORP staff, on March 22,

identified five factors which they and senior policy officials weighed in decisilon
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making for the standard. These include: 1) the radiation dose and risk to nearby
individuals; 2) the cumulative dose and risk to population groups; 3) the potential
for emissions and risk to increase in the future; 4) the availability,.practicability
and cost of control technology to reduce emissions; and 5) the effect of current
standards under the Act or other applicable legislative authorities.

The Subcommittee offers two observations about these decision eriteria: 1)
it i1s not elear what relarive weights were assigned to these factors in selecting
the levels for the proposed standards; and 2) most of the factors used to determine
the proposed level of the standards do not result per se from an evaluation of
‘scientific data in the preparation of a risk asgessment.

Based upon the information it has received and reviewed, the Subcommittee concludes
that ORP did not prepare a risk assessment in support of this rulemaking activity that
Integrated the available scientific data base. Of particular concern was the absence
of a statement characterizing the degree of uncertainty embodied w@thin the risk
estimates for genetic or somatic effects. As discussed earlier, ;£ several steps
in the estimation of risk there 1s the opportunity to consider alternative models.

It would have been useful to have the degree of uncertainty for the various alternatives
documented. A related concern is the;degr;e of selectivity in utilizing the existing

health effects literature (such as the BEIR IIY report) and the lack of balance in

the discussion of other sclentifically plausible assumptions covered in this literature.

In summary, the information ORP presented to the Subcommittee iz not an adequate

or balanced assessment of the sclentific data pertaining to airborne radionuclides, and

it cannot be judged as 2 scientifically adequate basis for regulatory decisions for

this pollutant.
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3. The Agency requested that the Seience Advisory Board review sclentific
data associated with human health risk from radiomuclides after it had formally

proposed a risk management decision in the Federal Reglster. The Administrator

has stated on mumerous ocassiong that the major contribution of scientists te EPA's
decision making process lies In peer reviewing the technical basis of standaprds.

To achieve this result, scientists are Increasingly asked to present their opinions
before a risk management decision is proposed. By seeking SAB review of the
radiomelide standards after their proposal, the Agency undermined the viability of
the concept of separating risk assessment and risk management that it is

seeklng to Implement. The worst possible time to ask the SAB and the scientifie
community to participate in the decision making process is following the

praposal of a standard when the risk assessment and risk manzgenent components

are blended together. As such, the approach used in thie current rulemaking
represents a2 major flaw in ORP's dialogue with the sclentific community and

its approach to risk assessment.

It has been noted that the SAB has the perogative of reviewing the scilentific
basis of any'of‘the Agency's propdsed.actions without walting for a speecific request
from the Agency. It is important that this avenue be kept open to the Board. However,
in the final analysis, it is the responsibility of the Agency to identify those issues
that are of highest priority for SAB review. Such a course is warranted recognizing
the limited size of the SAB and the myriad of issues it might potentially review.

4. Various offices within EPA are becoming increasingly sophisticated in
their approach to characterizing and assessing human health risks. These efforts
logically lead the Agency to present comparisons of risk estimates for different
pollutants and to use risk assessment as a tool to define public health prioriries
to achleve more cogt—effective envirommental protection. It is not clear that the
Office of Radiation Programs, in i{ts approach to risk assessnent, is grearly influenced

by this trend. As such, ORP may not be taking sufficlent advantage of these evolving
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conceptual advances. At the szame time, ORP, with its long experience in axposure
assessment, may not be articulating to the Agency the benefits of its knowledge in
this field. 1In short, the Subcommittee is concerned that ORP is not in the mainstreanm

of EPA's .continuing efforts to improve the practice of risk assessment.

IV. SUBCOMMITTEE CONCLUSIONS AND RECOMMENDATIONS

A. NEED FOR A SCIENTIFIC ISSUES STAFF PAPER TO IDENTIFY AND EVALUATE
THE SCIENTIFIC RASIS FOR RADIA?ION RISK MANAGEMENT DECISIONS

The Subcommittee's major finding in its review of the scientific data
assocliared with EPA's raq;onuclides rulemaking efforts i1s that the ORP has not
assembled 2nd presented a risk assessment thar provides a clear and adequate statement
of the sclentific basis for developing standards to regulate airhorne Tadlonuclida
enissions. What is needed 1% an intermediate step between the collection of the
relevant scientifie Information, which ORP has carried out in a proficient manner

In the current rulemaking, and the selection of regulatory options for purposes of

risk management.

Such an intermediate step‘has already'peen developed in other progranm offices
within EPA and is regarded as successfui by both Agency staff and the general
public, including the scientific community. For example, the Office of Air Quality
Planning and Standards (0AQPS) has since 1979 prepared a scientific issuves staff
paper that provides am analytical bridge between a large mumber of scilentific .
studies included in the air quality criteria document and the staff interpretation
of how to use such studies as a basis for defining regulatory options. These staff
papers are routlnely reviewed by the public and the Science Advisory Board, and

they have enhanced EPA's credibility in the setting of ambient air quality standards.
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The Subcommittee strongly recommends that the preparation of a scilentific

1ssues staff paper incorporating am integrated risk assessment become a routine
part of the ORP's regulation development process. The scope and complexity of an
1ndividugl staff paper may vary In accordance with the rule under develdpment, but
certain éenéric characteristics of the staff paper concept are self evident. In
the case of airborne radionuclides, for example, the staff paper should provide a
conceptual framework that Includes the state of knowledge to assess radiation risks
beginning with 1) identification of radionuclides emizsions sources; 2) evaluation
of the transport of radionuclides through all relevant environmental media; 3)
calculation of the dose received by a human population; 4) estimatidn of genetic or
somatic health effects and (5) identification and characterization of the degres of
uncertainty in the rnisk estimates. The latter should include a presentation of
central estimates with lower and upper bounds for cancer and genetic endpoints. Suchl
endpoints should then be compared to existing data on the incidence EPA attributes ro
various environmental, occupational and social factors. It might also be appropriate
for this position paper, or a complementary docunent, to identify fgr various potential
levels of a standard 1f compliance could be established by direct measurements or only
indirectly by modeling. In summary, a staff paper can synthesize the scientific
data base which the risk manager must utilize to propose reasonable and scientifically
defensible standards.

B. ESTABLISHMENT OF CONTINUING SCIENTIFIC OVERSIGHT MECHANISM TO REVIEW

ASSESSMENTS FOR RADTIATION STANDARDS AND OTHER ORP ACTIVITIES
The Subcommittee recommends the establishment of a continuing mechanism to

provide scientific oversight and peer review of the sclentific basis of ORP's regu-

latory proposals and its scientific activities. Such a mechanism could take the
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form of a permanent standing committee within the EPA's Science Advisory Board.
The Board is well sulted to carry out this role for several reasons. These include
1) its statutory basis provides for both a continuous advisory relationship with
the Agency and a clear delineation of its peer review role and authority; 2) ir is
able to attract highly qualifjed, independent and respected scientists and engineers
to serve on its advisory panels; 3) a mumber of highly qualified sclentists with
expertise in radiation risk assessment currently serve on the anrd; and 4) the
establishment of a standing radiation committee within the Board is administratively
simple and feasible from a budgetary point of view. A proposed charge for such a

committee is given in Appendiz G.

C. INTEGRATION OF RISK ASSESSMENT EFFORTS BETWEEN THE OFFICE OF RADIATION
FROGRAMS AND OTHER STAFF OFFICES WITHIN EPA

ORP efforts in risk assessment are not sufficlently integrated with other
staff offices that are working to refine the Agency's approach to risk assessment.
This i= a two—way street in that ORP could benafit by implementing some of the
increasingly sophisticated efforts used in other parts of EPA to éﬁaracterize and
compare risks, while simultaneously the ORF staff could further educate their
colleagues in areas, such as exposure assessment, where 1t possesses much expertise
and experience. To achieve this resuit tﬁe Subcommittee recommends that ORP and
the Office of Health and Environmental Assessment take more formal steps to integrate
their preparation of risk assessments. A specific recommendation is that OHEA be
represented on ORP work groups that prepare risk assessments for setting radiation

standards. 1In addirion, the ORP risk assessment effort is related to scieﬁtific

modeling studies under way in the 0ffice of Alr Quality Planning and Standards, as

well as related work in various other govermment and private agencles. The Subcommittee

encourages ORP to continue to seek ways to Improve its interaction with 21l such

EYoups.






37

D. RESEARCH NEEDS

The Subcommittee believes that the identification of areas requiring additional

research will provide useful input to rhose directing research programs in EPA and

other Federal Agencies. The Subcommittee seas the need for additional research in

the following areas:

1,

The development air transport radiecactivity models for situations

other than emissions from tall stacks may become a topic of increasing
Importance for standard setting in future years.

The continuing assessment of the Japanese A-bomb data for improvement

of the BEIR-III estimates of radiation hazard is needed to further refine
estimates of health risks from current man-made sources of radionuclides.
The determination of the nature of dose-response relationships at low
dose rates, as e.g. non-linearity in the linear—quadratic or quadratic
relationships, could affect profoundly the estimates'pf radiation
hazards at levels of great concern to the EPA.

There is a preat need to validate radiatrion doges estimated with

models and subsequent computer codes by means of measurement of
radicactivity levels in éir, ;n the ground and in plants, animals and
humans in proximity to the radiation source(s).

The ultinate development of dynamic models having applicability to
specific geographic reglons is technically possible. Such models should
provide the greater accuracy and credibility of assessments that is
desired.

The development of more sensitive methods to determine genetic damage

is an important research need. The advancing state—of-the-art is

making it possible to plan DNA studies of children, for example.
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e
Mé UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
e WASHINGTON. D.C. 20480
DEC 6 1983
THE ADMINISTRATOR
MEMORANDUM

SUBJECT: SAB Review of Risk Estimates Due to Radioqggliggs
TO: Chairman, Science Advisory Board

The Environmental Protection Agency's (EPA) responsibilities for
protecting the public from fXposure to radiocactive materials requires that
we conduct several Tegulatory programs. To make clear that these Prograns
are based on analysis of the scientific information that is reasonable and
rigorous, I request that the Science Advisory Board convene-a special
subcommittee to review the scientific basis of the risk assessments used
to develop standards for protection from radionuclides in the environment.

This is an urgent task because of the Agency's statutory deadlines
for complering ongoing regulatory programs, and the need to resolve public
comments and other concerns expediticusly. I request that the subcommittee
make every effort to complete its review and report itg findings within
three months, ' ' -

I am requesting that the subcommities ¢ritically review the Process
by which the Agency estimates human cancdr ang genetic risk due to
radionuclides in the environment. fThis review should include examination
0f the methods used to estimate the trausport of radionuclides ig the
environment due to emissions into air, the organ doses received by persons
inhaling or ingesting this radivactivity, and finally, the cancer and
genetic risks due to these organ dases., The subcommittee should render an
opiniocn on whether EPA ig using basic references onp dosimetry models or
risk estimates prepared by other expert committees such as the National
Academy of Sciences’ (NAS) Comittee on the Biological Effects of Ionizing
Radiation (EEIR), and the International Commission on Radiological
Protection (ICRP) in a scientifically acceptable manner,

1 believe it jis particularly important that the subcommittee
concentrate on whether the Agency has proceeded ip a reasonable and
scientifically sound way. In this vein, please look at procedures,
information bases, and the reasonableness of the dpproach. I am seeking a
review of the overall scientific bases used by the Agency in making
radiation risk estimates,
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The methodology that you will be reviewing is used to assess risks

. associated with source categories and specific facilities as part of the

development of EPA's proposed standards. It would be helpful to me if the

" subcommittee concentrated on a few sample cases to ensure that the

Agency's staff properly applied the general methodology.

I believe that risk assessment and risk manigement are distinct
aspects of regulation development., Methodologies for risk assessment must
be based on sound scientific information and principles, whereas risk
wanagement decisions need to take the results of the risk assessment and
balance them with legal, economic, and other relevant factars. I believe
the latter are policy decisions that are the responsibility of EPA staff
and its senlor managers after receiving appropriate comment through the
rulemaking process. Examples of what I conceive as risk management issues
are what constitutes an "ample margin of safety" and what constitutes
acceptable risk levels.

Mr. Glen L. Sjoblom, Director of the Office of Radiatien Programs and
his staff stand ready to provide the subcommittee with apprepriate
briefings, background informatiom, and necessary support $0 that your
review ¢an proceed as expeditiously 'as possible. I have atfached a list
of specific questions prepared by the' Office of Radiation Programs for the
subcommittee's review. .

I am looking forward to the results of the review and plan to
carefully consider it when making my decisions on the major risk
management issues that involve exposure to radiation.

(e
X ]

S >

William D. Ruckelshaus

”~
"

Attachment






Office of Radiation Programs: Questions for the SAB

1, Has tne Office of Radiation Programs (ORP) considered and
interpreted in a scientifically adequate manner the appropriate literature
on radiation risk assessment including data sources on radiation risks?

Please jidentify any important omjissions.

Z. Are the assumptions wade by QRP in estimating radiation risks
reasonable, and are they justified in the supporting documentation?

3. . Is ORP's selection of the NAS-BEIR IIT report as the basic guide
to radiation risk estimates scientifically appropriate?

4, Is tne ORP analysis of potential lung cancer risks due to radon-
progeny scientifically defensible? : ‘

5. Is the wide range of uncertainty in estimates of human cancer amd
genetic risk clearly presented?

6. Is the ORP choice of the ICRP quality factor of twenty for high
LET radiation gcientifically reasonable or are there better alternacives?

7. Is the choice of ICRP dosimetic models scientifically adequate?
Are there any alrernatives? -

8. Ina f&% cases EPA has used organ transfer factors for a general
population rather than those for occupatFional workers. Are these changes
appropriate and justified in the documentation?

9. Are the air dispersion models reasonable to estimate radionuclide
concentrations (1) in the neighborhood of a source? (2) to regional
populations?

10. Is the selection of tranmsfer Factors and other paramecers in the
food chain analysis reasonable? )
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Federal Register [ Vol. 48, No. 67 / Wednesday, April 6, 1883 [ Proposed Rules

ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 61
[AH-FRL 2324-3]

National Emission Standards for
Hazardous Air Pollutants; Standards
for Radionuclides

AGENCY: Environmental Protection
Agency (EPA).

AGTON: Proposed Rule and
Announcement of Public Hearing.

susmary: On November 8, 1979, EPA
listed radionuclides as & hazardous air
poliutant under the provisions of Section
112 of the Clean Air Act. Pursuant to
Section 112, EPA is proposing standards
{including appropriate reporting
requirements} for sources of emissions
of radionuclides in four categories: {1)
Department of Energy (DOE) Facilities,
[2) Nuclear Regulatory Commission
licensed facilitics and non-DOE Federal
facilities, (3) underground uranium
mines, and (4) elemental phosphorous
plants.

The Environmental Protection Agency
{EPA) has identified several additional
gource categories that emit
radionuciides and has determined there
are good reasons for not proposing
standards at this time for these
categories. They are the following: (1}
coal-fired hoilers, (2) the phosphale
industry, (3) other extraction Indusatries,
{4) uranium fuel cyele facilities, uranium
mill tailings, management of high level
waste, and (5) low energy accelerators,
paTES: Comments may be received on
or before May 30, 1983,

Public Hearings. An informal public
hearing will be held on April 28, 29, and
30, 1983 in Washington, D.C. The exact
time and location of the hearing can be
obtained by calling the Office of
Radiation Programs at (703) 557-0704.
Requests to participale in the informal
hearing should be made by April 20,
1983, Written statemnents may be
entered inta the record before, during, or
within 30 days after the hesring.
ADDARESSES: All written comments
should be submitted to the Central
Docket Section {A-130), U.5.
Environmental Protection Auency,
Washington. D.C. 20460, Attention:
Docket No. A-79-11. This docket.
containing information used by EPA in
developing the proposed standards. is
available for public inspection between
8:00 a.m. and 4:00 p.m., Monday through
Friday at EPA's Central Docket Scotion,
West Tower Lobby. Gallery One,
Waterside Mall, 101 M Street SW.,
Washington, D.C. 20460,

Separate sections of the docket have
been established for each category of
radionuclide emissions to air. Comments
specific to a proposed action should be
addressed ta the following docket
sections:

Section [l A—~-Department of Energy
Facilities .

Section 11l B—~Nuglear Regulatory
Commission Licensed Facilities and hon-
DOE Federal Facilities

Section B Ce=tInderground Uranivm Mines

Section 1l D—Elemental Phosphorous Plants |

Section HI E—Coal-fired Boilers

Section [l F—Phosphate Industry

Section III G—Other Extraction Indusiries

Section LIl H—iJranivm Fuel Cycle Facilites,
Uranium Mill Tailings, and Manugement of
High Level Waste ‘

Section I I—Low Energy Accelerators

Requests to participate in the informal
hearing should be made in writing to
Richard §, Guimond, Director, Criteria
and Standards Division [ANR—60). U.5.
Environmental Protection Agency,
Washingten, D.C, 20460, All requests for
participation should include, at least, an
outline of the topics to be addressed in
the ppening statements and the names
of the participants. Presentations should
be limited to 15 minutes each.

A Background Information Document
has been prepared that contains, for
each source category, projected doses
and risks to nearby individuals and to
populations, descriptions of.current
control technology, and descriptions end
costs of emission control technologies.
Single copies of the Background
Information Document for the proposed
standards may be requested in writing
from the Program Management Office
(ANR=458), U.5. Environmental
Protection Agency, Washington, D.C.
10460, or by calling (703) 557-9351.

FOR FURTHER INFORMATION CONTACT.
Terrence A. McLaughlin, Chief,
Environmental Standards Branch [(ANR-
460), 1.5, Environmental Protection
Agency, Washington, D.C. 20460, (703)
5578477,

SUPPLEMENTARY INFORMATION:

L. Overview of the Proposed Standards
A, Basic Terms Used in This Notice

All matter is made up of atoms: their
nuciei contain protans and neutrons.
The number of protons in an atom
determines the identity of the element.
For example, the element with 6 protons
is called carbon. Atoms can contain
different numbers of neutrons. The total
number of protons and neutrons in an
atom is called the alomic weight,

The nuclei of atoms of chemical
clements with certain atomic weights
are unstable by nature. Such nutlei can
disintegrate spontanecusly in

predictable ways and are said to be
radivactive, Atoms with ruelei that
disintegrate are called radionuclides.
For example, carbon atoms with 8
neutrons disintesrate, whereas carbon
atoms with 6 neutrons are stable. The
number of disintegrations which will
peeur in a given amount of time is’
termed activity: the unit of activity is the
curia. One curie equals 37,000,000.000
disintegrations per second.

Some radionuclides are found in
nature; others are made in reactors and
accelerators. This notice concerns
facilities which handle or produce all
types of naturally eccurring and
manmade radionuclides in & manner
that resuits in their being released into
the air.

B. Bockground

In 1877. Congress amended the Clean
Air Act {the Act} to address airborne
emissions of radioactive materials.
Before 1977, these emissions had been
either regulated under the Atomic
Enetgy Act or unregulated. Section 122
of the Act required the Administrator of
EPA., after providing public notice and
oppartunity for public hearings
{provided by 43 FR 21704, April 11,
1979, to determine wnether emissions of
radioactive pollutants canse or
contribute 1o air pollution that may
reasonably be anticipated to endanger
public health. On December 27, 1979.
EPA published & Federal Register Notice
listing radionuclides as hazardous air
pollutants under Sectien 112 of the Act
{44 FR 76738, December 27, 1879). To
support this determination, EFA
published the report titled Radiglogical
Impact Caused By Emissions of
Bodionuclides inte Air in the United
States—Preliminary Report [EPA 520{7-
79-006). Office of Radiation Programs.
11.5. Environmental Protection Agency,
Washington, D.C {August 1979).

Section 122{¢)(2) of the Act directed
that, once EPA listed radicnuclides to be
regulated under the Act, EPA and the
Nuclear Regulatory Commission (NRC)
were to enter into an interagency
agreement with respect 10 those
fxcilities under NRC jurisdiction. Such a
memorandur of understanding was
effected an October 24, 1980, and was
subsequently published in the Federal
Register (45 FR 72980, November 3,
1980). When EPA, began develaping
standards for Department of Energy
{DOE} facilities, u similar memorandum

of upderstanding was negotiated with
PIOE. This memorandum of
understanding was signed in October
1982, and a copy has been placed in the
Dochet for public review.
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On June 16, 1981, the Sierra Club filed
suil in the U.5. District Court for the
Northern District of California pursuant
to the citizens® suit provision of the Act
(Sierra Club v. Gorsuch, No. 81-2438
WTS). The suit aileged that EPA had a
nondiscretionary duty to propoge
standards for radionuclides under
Section 112 of the Act within 180 days
after listing them. In March 1982, the -
Court granted the Sierra Club metion for
partial summary judgment on the
limbility issve, and, on September 30,
1982, the Court ordered EPA to publish
proposed regulations establishing -
emission standards for radionuclides,
with a notice of hearing, within 180 days
of the date of that order.

EPA is proposing standards for certain
sources of radionuclide emissions to aip
and is proposing not 1o regulate other
sources. To EPA's knowtedge, these
comprise all source categories that
release potentially regulatabie gmounts
of radionuclides to air. The deadline
established by the Court for this
rulmaking has required EPA 1o proceed
with less information than it would like,
As always, EPA invites comments and
will consider them carefully to ensure
that the Agency's decisions are the best
possible ones,

C. Estimates of Health Risk

Agencies can never obtain perfect
data but have to make regulatory
decisions on the basis of the best
information available. Although
additional study may be suggested to
clarify the heaith implications from
exposure to radiation at relatively low
levels, EPA is concerried about the
potential detrimental effects to human
health caused by radiation based on the
best scientific information currently
available. EPA believes {ls estimates of
doges to humans and the potential
human health risks constitute an
adequate basis for decisionmaking.

The information used by the Agency
in estimalting the hazards to health due
to exposure to radiation is summarized
in the following reports: The Effects on
Populations of Exposure to Low Levels
of lonizing Rodiation (1972) and Health
Effects of Alpha Emitting Particles in
the Respiratory Trect (1976) by the BEIR
Comimnittee, the report of the United
Natiens Scientific Committee an the
Effects of Atomic Radiation entitled
Scurces and Effects of lonizing
Radiation (1977), and Publication 26
{1977} by the International Commission
on Radiological Protection. These bodies
agree that high levels of radiation cause
cancer and mutations zand that. when
formulating radiation protection
standardy and guidance, it is reasonable
to assume that the risks of cancer and

mutations are proportional to radiation
duse, Background information on the
risk associated with radon emissions
can be found in an EPA report titled
Indoor Radiation Exposure Dye to
Radium-228 in Florida Phosphate
Lands. [EPA 520/4~78-013] (1978},

In conecert with the recommendations
of these reports. even for relatively low
doses, EPA has assumed a linear,
nonthreshold, dose-effect relationship as
a reasonable basis for estimating the
public health hazards due to exposure to
radiation. This means that any radiation
dose is assumed to pose some risk of
damage to health and that the risk
associated with low deses is directly
proportional to the risk that has been
demonstrated at higher doses. EPA
believes this assumption is reasonable
for public health protection in light of
presently available information.
However, EPA recognizes that the data
available preclude neither a threshold
for some types of damage below which
thece are no harmful effects nor the
possibility that low doses of gamma
radiation may be less harmful to people
than the linear model implies.

As used in this notice, the term “dosze
10 an individual” means an estimate of
the dose rate in units of dose equivalent
per year {rem/y} to the whole body or to
a specified body organ due to exposure
to radiation at a given level for the
person's lifetime {70 years). These dose
rates are a measure of, although not
directly proportional to, the individual's
risk of fatal cancer. The term “lifetime
rigk to an individual" means an estimate
of the potential probability of premature
death due to cancer caused by radiation
exposure at a given level for the
persan's lifetime. There are alse risks of
nonfatal cancer and serious genetic
effects, depending on which organs
receive the exposure.to radiation, The
rizsks of nonfatal cancer and genetic
effects cannot be accurately estimated,
but neither risk is larger than the fatal
cancer rigk. EPA considers all these
risks when it makes regulatory decisions
on limiting emissions by restricting dose
rates or exposures to radionuclide
concentrations,

As used in thiz notice, the term “dose
ta popuiation" means an estimate of the
summed dose received by all persons in
& population living within a given
distarce of the source, typically within
80 kilemeters, due to a one year release
of radionuclides (person-rem per year of
operationg), A person-rem is a total
amount of exposure received by a large
group equivalent to one person receiving
an exposure of one rem. The term "pisk
to population” means en estimate of the
number of potential fatal cancers that

might ocene in the population living
within a given distance of the emission
source, typically within 80 kilometers.
The risk is related to the amount of
radionuclides that are emitted during a
year of operation. Part of the population
risk is likely to oceur some time after the
radionuclides are emitted because: (1)
There is a delay hetween releasa and
exposure as the radionuglides move
through environmental pathways and {2)
there is a latent period between
exposure and the onset of the disease,
The dose to populations for a specific
organ is related to, although not directly
proportional to, the risks of fatal cancer,
nonfatal cancer, and serious genetic
effects, EPA considers all fatal and
nonfatal risks in making regulatory
decisions on whether standards are
needed to protect the general public. As
gsed in this notice, the term "health
effect’*means potential fatal cancers,
Additional information on risk ¢an be
found in the Drakt Backgronnd
Information Document.

EPA must make numerous
agsumptions when estimating the
radiation dose to individuals and
population groups and the likely risk
this might present to health, The
assumptions introduce uncertainties in
the estimates of radiation deses and
health riske. AN individual risk
calculations assume that individuals
reside at a single location for a 70 year
life and are exposed to a constant
source of radionuclide emissions for the
entire time. factors such as radicnuclide
uptake by vegetation, consumption of
locally produced crops and milk, and
meteorology are quite site specific and
can inflyence the actual risk to any
given individval, Individual
characteristics such as age, physialogy.
physical activity level, amount of time
spent indoors, and eating habits can
influence the rate and amount of
radionuelides affecting the individual
and, thus, the risk of that person.

EPA’s risk estitnates are “best
estimates” considering the above .
factors. EPA believes that the estimates
are within a factor of ten of the actual
health risks to individnals if the
assumpticns are valid for the particular
situation under.consideration.

L. Summary of the Proposed Standards

EFA i3 proposing specific standards
for sourees in four categories: (1) DOE
facilities, (2) NRC-licensed facilities and
non-DOE Federal fagilities, [3)
undergronnd uraniatm mines and {4)
elemental phosphorous plants.

An indirect emission standard is
proposed far all DOE facilities that will
restrict emissions from each site 1o the
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amopunt that would cause an annual
dose equivalent to 10 millirem (mrem) to
the whole body and 30 mrem ta any
organ of any individual. Thia emission
standard will keep the radiation doses
relatively low both to nearby
individuals and te populations living
around the sites, In addition, EPA
expects these facilities 1o continue to
comply with the current Federal
Cuidance requirement that emissions be
limited to as low as practicable levels
and has proposed a reporting
requirement to describe emission
control technology.,

An indirect emission standard is
proposed for NRC jicensees and non-
DOE Federal facilities that will restrict
emissions {from each site to the amount
that would cause an annual dose
equivalent of 10 mrem to any organ of
any individual. This emission standard
will keep radiation doses relatively low
lo nearby individuals and populations in
the vicinity of the site, The term "NRC
licensees” includes those facilities
licensed by the NRC and by Slates
under agreement with the NRC.

An indirect emission standard is
propesed for underground wraninm
raines that will restrict the increase in
annual average concentration of radon-
222 at places people can live to 0.2
picecurie per liter (pCif1). A person
living in 4 house for & long time in an
area exposed to this concentration might
still be subject o & significant estimated
level of rigk, However, neither control
technology nor other methods to reduce
radon emissions from these mines are
available at reasonable cost; thus. more
restrigtive controls are not reasonab)e,
The proposed standard will reduge risk
to people living closest to the mines;
protection of the health of regional and
more distant populations is of less
coacern because moat mines are located
in remote areas,

An ¢mission standard is proposed for .
elemental phospharous plants that wiil
lirnit annual emissions of polonium-210
from each site to 1 curie. While other
radjonuclides are emitted from these
plants, polonium-216 is the major
contributar to the maximum individual
risk. Limiting polonium-210 will control
the others. Such a standard will keep
radiation doses relatively low to hoth
individuals and populations.

While one of tﬁe above standards
limits stack emissions direetly, the other
three limit stack emissions indirecily by
specifying dose or concentration limits
to be achieved, EPA believes this is a
reasonable approach, given the extreme
diversity of DOE facilities and NRC
licensees and the fact that randon-222
emissions from urarium mines are not
amenable to controls. The form of the

_propesed standards follows weil

developed and widely accepted
practices in radiation protection. The
use of procedures developed primarily
to control chemicals would, in this
context, be unworkable,

E. Bas/s for the Proposed Slandards

In the Federal Register of May 18,
1960, President Eizsenhower directad
Federal agencies 1o follow the Radiation
Protection Guidance of the Federal
Radiation Council (FRC). When EFA
was established, the Fedsral Radiation
Cowncil was abolished, and its
responsibilities were transferred 1o EPA,
EPA has considered this Guidance in
establishing emission standards under
Section 112 of the Clean Air Act, and the
Agency's approach is sompatible with it.
For the purposes of this rulemaking, key
elements of the Guidance are:

1. There should not be any man-made
radistion exposure without the
expectation of benefit resulting from
such exposure.

2. The term “Radiation Protection
Guide” should be adopted for Federal
use. This term is defined as the radiation
dose which should not be excesdead
without careful consideration of the
reasons for deing so; every effort shanid
be made 1o ¢ncourage the maintenange
of radiation doses as far below this
guide as practicable,

3. For the individual in the population,
the basic Radiation Protection Guide for
annual whole body dose in 0.5 rem. This
Guide applias when the individual
whole body doses are known. As an
operational technique. where the
individual whole body doses are not
known, a suitable sample of the exposed
populatien should be developed-whose
Protection Guide for annual whole body
dose will be 0.17 rem per capita per
year.

4. There can be no single permissible
or acceptable level of exposure without
regard to the reason for permitting the
exposure. It should be general practice
to reduce exposure to radiation. angd
positive eiforts should be carried out to
fulfili the senge of these
recommendations. It is basic that
exposure to radiation showid result from
a real determination of its necessity.

5. There can be different Radiation
Protection Guides with difTerent
numericsl values, depending upon the
circumstances,

8. The Federal agencies shall apply
these Radiation Protection Guides with
judgment and discretion to assure that
reasonable probability is achieved in
the attainment of the desired goal of
protecting man from the undesirable
effects of radiation. The Radiation
Protection Guides provide a general

framework for the radiation pratection
requirements. It is expected that each
Federa! agency. by virtue of its
immediate knowledgs of its operating
problems. will use these Guides as 4
basis upon which to develop detailed
standards tailored to meet its partcular
requirements.

EPA believes that the following points
in these guides are of particular
importance: (1} There should be benefits
frém exposure to radiation; {2)
Exposures should be kept as low as
practicable; and (3) It is appropriate to
have different standards with different
values, depending on the circumstances,

These Guides apply to Federal
agencies to the extent that they are not
imcompatible with mere specitic
legislative directives. The Clean Air Act
direcis EPA to establish emission
standards for hazardous pollutants and
directs EPA to propose these standards
at a level which, in the Administrator's
judgment. will protect the public heaith
with an ample margin of safety,
Congress did not describe the degree of
protection that provides an ampie
margin of safety, nor did it describe
what factars the Administrator should
consider in making these judgments.
Therefore, EPA considers those factors
it believes are necessary to make
reasonable judgments on whether
standards are needed and, if so. at what
level they-shonld be established.

If a hazardous pollutant under review
has been shown {0 possess 3 threshold
level below which no deterimental
health effects are likely. it might be
relatively easy to establish an emission
standard. For example, the Ageney
might select an appropriate safetv
factor, divide the threshaold level by this
factor, and establish an emission
standard that corresponds to the
reduced level, This regulatory strategy
would provide reasonable agsurance
that no detrimental effects would result
from exposure to the hazardous
pollutant,

‘This approach is not feasible or
reascnable for radionuclides. This is
berause the risk of cancer from
exposure to radiation has not been
shown lo have a threshold levei.
Cansequently, if EPA applicd the
approach previously described, the
Agency would likely conclude that the
standard should be established at zero *
emissions. They only way to meet such
a standard would be to close ali
facilities emitting radionuclides because
it is impossible to reduce radionuclide
emissions to zero through controt
technology. If this approseh were
adopted. suciety wouid be harmed
greatly since it would have 1o forgo the
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benefits of industries that emit
radionuclides. Therefore, to allow
society to continue to benefit from these
activities, EPA must establish emission
standards for radionuclides at a level
that may present some human health
risk, The Agency is not aware of any
single level of risk that would be
generally acceptable or consititute an
ample margin of health protection, Some
argue that an increase in cancer risk not
exceeding one in 1000 due to a specific
cause is acceptable, whereas others
argue that an increase in risk of one in
one million is unacceptabls. EPA -
believes it should adopt an approach
that will allow those various factors that
influence society's health and well heing
to be weighed in assessing each source
category. To accomplish this, EPA has
decided to consider the following factors
in making its judgments: ‘

1. The radiation dose and risk to
nearby individuals;

2. The sumulative radiation dose and
risk t0 populations in the vicinity of the
SOUrce;

3. The potential for radiation
emissions and risk to increase in the
future;

4. The availability, practicality, und
cost of control technology to reduce
emissiong: and

5. The effect of current standards
under the Act or other applicable
legislative authorities.

By considering these factors. EPA will
be able to provide public healih
protection that is consistent with the
intent of the Federal Radiation
Protection Cuides and Clean Air Act.

The first three factors are used tq
assess the likely impact of emissions on
the health of individuals and large
populations and to estimate the
potential for significant emissions in the
future. The fourth factor enables EPA 1o
assess whether state-of-the-art control
technologies are currently in use and
whether ihere are any practical means
of reducing emissions through contro)
technalogy or other control strategies.
The last factor allows BBA i assess
whether regulations or standards thay
have been established to control
particulates or other pollutants are alsg
minimizing releases of radionuclides,

The dose and risk to the individualg
nearest a site are often the primary
considerations when evaluating the
need to control emissions of
radignuclides, Contrelling maximum
individual dose assures that people
living neares! a source are nat subjected
to nnreasonably high risk. Further,
protesting individuals usually provides
an adequate level of protection to
populations living further away from the
source. Estimating the maximum

individual dose and risk allows a
compatison of the potential impact of
one source to other sources,

EPA believes that cumulative
population dose and risk also need to he
examined. The cumulative radiation
dose and risk to surrounding
populations are determined by adding
together ail of the individual doses and
risks that everyone within a certain
radius (usually 80 km) of an emission

" source receives. This factor can

sometimes be more important than the
maximum individual risk in deciding
whether controls are needed,
particularly if an extremely large
population may be exposed. The
aggregate dose and population risk can
be of such magnitude that it would be
reasonable to require a reduction in the
total risk even though, if the maximum
individual dose were considered alone,
one might conclude that no further
controls are needed.

In addition. EPA believes that the
potential for emigsions and risk to
increase in the future needs to be
considered even though the current
projected maximum individual and
population risks are very low. An
emission standard might be appropriate
because the facilities now, or may in the
future, handle large quantities of
radionuclides that could escape into the
air if improperly controlled,
Alternatively, when the amount handled
by a faeility i3 small or is decreasing,
and there is no potential for large
releases now ar in the future, standards
may not be needed.

The availability and practicality of
control technology are important in
judging how much cantrol of emissions
iz warranted. For this rulemaking, EPA
believes that the standard should be
established at a level that will require
best available technology with
allowange for variation in emissions,
once a determination is made that
additional controls are negessary,
Additional actions, such as requiring
develppment of new technology, closure
of a facility, or other extreme measures
may be considered if significant
emissions remein after hest available
technology is in place or if there are
significant ermissieng and there is no
applicable control technology, EPA is
defining best available technology as
that which, in the judament of the
Adrministrator. is the most advanced ,
level of controls adequately
demonstrated, considering economic,
energy. and environmental impuacts, The
technological and economic impacts
assoctated with retrofits are considered
when determining best available
technology for existing sources.

Finally, EPA believes it is reagonsble
to consider whether other EPA
standards are achieving approximately
the same goal as the Act, i.e., protecting
public health with an ample margin of |
safety. In cases where other standards -
are providing comparable contral for
radionuclides, EPA believes it is
appropriate not to propose redundant
standards wader the Act. There would
be no bevefits because the public health
would already be protected with an
ample margin of safety. but there could
be unnecessary costs associated with
implementing an additional standard.

EPA considered each of the relevant
factors in iaking determinations for
each source category that was reviewed,
These factors were not quantitatively
balanced through the use of formulas to
derive einission limits. Rather, they were
qualitatively weighed before deciding
whether a standard was needed and, if
50, what level of control was sujtable.
The consideration of these factors as
they apply to each sourge category is
detailed in the portion of this preamble
devoted to that source category.

EPA requests comments on the
appropriateness of the factors it has
selected for consideration. Should some
factors be added or deleted? Should
more emphasis be placed o some
factors than others? How should the
cost-effectiveness. cost-benefits, or
aifordability of contrels be considered
when establishing appropriate emission
standards to provide an ampje margin of
safety? EPA also requests comments on
whether the factors were appropriately
applied to the nine source categories
that were reviewed.,

It is the intent of the Act that control
technology or aperational practices be
used to controf emissions. Buying land
to expand the size of the site or building
higher stacks to reduce exposure to
nearby individuals may not be used
where other emission control devices or
operational procedures are reasonably
available. However, there are
radionuclides. principally radon, which
present significant risks and for which
emission contrels may not always be
reasonably available, As a last resart in
such cases. EPA has decided to propose
standards achievable through dispersion
techaiques.

IL Department of Encrgy Facililies
{DOE)

A, Cereral Description

DOE administers many facilities that
emit radionuclides to air. These facilities
are Government owned but are
managed and operated for DOE by
private contractors. Operations at thess
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facilities include research and
development, production and testing of
huclear weapous, enrichment of
uranium and production of plutonjum
and other fissile materiais for nuclear
Wweapons, reactors, and other purposes,
and processing, storing, and disposing of
radioactive wastes. These facilities are
on large sites, some of which cover
hundreds of square miles in mostly
remote locations, and are located in
about 20 different states. Some of the
smaller facilities resemble typical
industrial sites and are located in
suburban areas.

Each facility differs in emission rates,
site size, nearby population densities,
and other parameters that directly affect
the dose from radionuclide emissions,
Many different kinds of radionuclides
are emitted to ajr, Six sites have
multipurpose operations spread over
very large areas. About a dozen sites
are primarily research and development
facilities, located in more populated
areas, Reactor and aceelerator
operations at these sites may releage
radioactive noble gases and tritiym;
other operations may release small
amounts of other radionuclides. Several
facilities are primarily engaged in
weapons development and production
and may release small amounts of
tritiumn and cretain long-lived
radionuclides. Finally, two sites are
dedicated entirely to gaseous diffusion
plants that enrich uranium for use in
utility electric power reactors and for
defense purposes. They primarily emit
uranium,

B. Estimates of Dose and Risk

At 13 of the 25 DOE facilities, which
are considered as a group in the
Background Information Document
bezause of their relatively small health
impact, the deses to the nearby
individuals ar estimated to he
considerably less than 1 millirem per
year {mrem/y), The collective dose to
the populations living around the sites is
also low, no higher than about 10
person-rem as the result of 1 year of site
operation, The health risk zssociated
with this group is correspondingly low.
The maximum lifetime risk to the most
exposed individual is estimated 1o be
less than 10 in 1,000,000 and the impact
on the population is estimated to be Jess
than 1 potential health effect per 100
years of eperation, These estimates
were developed using methods and
assumptions discussed in Unit 1.C, of
this notice,

A second group of 13 fucilities, those
with the largest emissions of
radionuclides. were siudied in more
detail. They included the following
major sites: Argonne National

Laboratery, Brookhaven National
Laboratory, Feed Materials Production
Center, Fermi Nationa] Accelerator
Laboratory, Hanford Reservation, Idaho
National Engineering Laboratory,
Lawrence Livermore Laboratory, Los
Alamos National Laboratery, Oak Ridge
Reservation, Padusah Gaseous Diffusion
Flant, Portsmouth Gaseous Diffusion
Plant, Rocky Flats Plant, and the
Savannah River Plant.

The highest doses to individuals are
projected for Lus Alamos national
Laboratory {about 9 inrem/y to all
organs), Oak Ridge Reservation (zhout
50 mrem/y to lung and 8 mrem/y to the
bane) the Padugah Gaseous Diffusion
Plart (about 7 mrem/y to bone and §
mrem/y to the lung), the Portsmonth
Gaseous Diffusion Plant {about 11
mrem/y to bone, 7 mrem/y to lung and 2
mretn/y to thyreid), Feed Materialg
Production Center (about 88 mrem/y to,
lung and 26 mrem/y to bone), and
Savannah River Plant (about 2 mrem/y
to most organs and 5 mrem/y to the
thyroid). The corresponding doses to
large papulations ranged up to about 20p
person-rem to the lung per year of site
operations, The corresponding
maximum lifetime risk to the most
exposed individual is estimated to be
less than about 2 in 10,000, while the
total risk to populations surrounding all
13 sites is estimated to be less than 1
potential health effect per 15 years of
operation.

All risk estimates for DOE facilj ties
were developed nsing methods and
assumption discussed in Unit L.C. of this
notice. It is important to recognize that
the actual risk to specific individuals
may differ greatly from these estimates
because the circumstances involving the
actual exposure may differ significantly
from the assumptions used to make the
estimates,

C. Emjssion Control Technology

Emissions from DOE facilities are, in
general well controlled as part of a long-
standing DOE program of systematicaily
upgrading emission controls when
practical. High-efficisncy filters, usually
in series when large amounts of
radionuclides are processed, are used lo
control particulate emissions, At some
facilities, there are processes that
discharge radioactive noble gases and
tritium mixed with large volumes of air.
For these cases, control technologies lg
remove the boble gases and tritium are
usually not feasible,

At the Oak Ridge site. the highest
doses to nearby individuals are mostly
caused by uranium-234 and uranium-238
emissions fram the Y-12 plant, a facility
that has fabrication operations using
enriched uranium. Particulate emissions

from this facility are controlled by
scrubbers, prefilters. cloth bag filters. or
high-efficiency particulate filters. At the
Feed Materials Production Center, the
highest projected doses to nearhy
individuals are due to emissions. of
uranium-234 and uranjum-238 from
fabrication wperations using uraniym,
There is also high exposure to raden
decay products due to wasles containing
radium-226 that are stored on this site,
Particulate emissions are controlled by
cloth bag filters or serubbers but can be
reduced further by additional high-
efficiency filters or improved scrubbers,
Waste tanks can he sealed to prevent
the escape of radon.

D. The Proposed Standard

EPA is proposing that emissions of
radionuclides from DOE facilities be
restricted to the amount that wonld
cause a dose equivalent rate of 10
mrem/y to the whole body and a0
mretafy to any organ of any individual
living nearhy. For most practical
purposes, tompliance with this standard
would be determined by calculating the
toese {6 persons assumed 1o be living at
the site boundary.

Consistent with the principles
embodied in Federal Radiation
Guidance to keep exposure 10 radiation
as low as practical, it is EPA’s intent
that facilities subject to the DOE
standard shall use best available
technology even if compliance is
possible with a lesser degree of control,
This means that operators should
periodically evaluate radionuclide
emissions to air and reduce them to as
low a level below the standard as is
reasonably possible. This also means
that the facilities now well controlled to
levels considerably below the proposed
standard should not relax their emission

“contrals and that new facilities should

use best available emission cantrals,

To determine if the standard is being
implemented in 2 manner that keeps
exposure as low as practicable. EFA is
proposing a reporting requirement. DOE
shall submit to EPA a concise annual
report which includes the results of
moniloring emissions, dose caleulations,
and discussions of DOE's pragrams for
maintaining airborne releases of
radionuclides as low ag practicable.
Much of this information is currently
being collected; for example. emission
data are reported by DOE's effluent
information systems and annual site
Feports desecribe recent and planned
improvements in emission controls.
Therefore, EPA believes the burden of
this reporting is reasonable. This
information will be reviewed by EPA in
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carrying out its compliance
respongibilities,

The proposed emission standards of
10 mrem/y whole body and 30 mrem/y
to any organ were selected by
considering highest existing emissions
from those major DOE facilities whera
best available tecknology is used and
considering the level to which emissions
would be reduced by applying
additional controla to other facilities.
Uniform standards for DOE facilities
could not be set lower than these values
because emissions from some major
DOE facilities cannot, as a practical
matter, be reduced further without

cloging major operations at the facilities, .

These DOE facilities provide substantial
benefits in the areas of electrical power
generation and national defense, The
congequence of 2 more yestrictive
standard would be to eliminate some of
these beneficial activities.
Consaquently, the risks associated with
the proposed standard are not
unreasonable, Thosze few DOE facilities,
tending to have emissiong greater than
this proposed limit can, in EPA's
judgment, reduce their emissiong using
available technology or work practices.
EFA beligves that the proposed
standard would be met if the foliowing
plents upgraded their contrel
techrology: (1) Oak Ridge Y-12 plant
(810 million capital cusis) (2) Foed
Materials Production Center (515 million
capital costs),

The dose allowed by the proposed
standard is a factor of 50 lower than the
current upper limits now used by DOE.
These current upper limits are based on
the 1960 recommendations of the
Federal Radiation Council, although the
Federal Radiation Coungil admonished
Federsl agencies to establish standards
that would reduce emissions tg as low
as praciical below the upper limits,
Actual public exposure to radiation due
1o refeases from DOE facilities has been
far below the 1950 Federaj Guidancge
leveis because of the DOE practige of
limiting emissions to as low as
practicable levels. Since the proposed
standard is much more restrictive than
the 1960 guidance. it will limit radiation
doses to low lavels. In practica, EFA
expects that most DOE facilities will
operate well below the praposed
standard.

EPA estimates the actual lifetime
individual risk associated with the
proposed standard to be at the most
about 2 in 50.000 when facilities are
compiying with the standard, EPA
believes that the proposed standard and
the reporting requirement will protect
the public living around DOE fecilities
with an ample margin of safety. The

uncertainty associated with estimates of
radiation does and risk is discussed in
Unit 1.C. and ILB of this notice,

EPA requests comments on the
proposed values and the methadology
used in arriving at them. .

E. Alternatives to the Proposed
Standard

EPA considered proposing emission
YBmits in units of curies per year {Cify)
for each radionuclide, with secondary
corrections for particle size, lung
tlearance class, and other such factars,
This approach was rejected becanse it
wauld require very detailed and
complex emission limits for each DOE
facility to be as protective of public

ealth as the proposed standard. In
EPA's judgment. this wonld be s
complex zand diffienlt as to be infeasible,

The Agency considered Froposing
higher values than the proposed dose
limit. We believe that mary of these
facilities are achieving the proposed
standard at current operating levels, For
the few cases where additional coRtrols
are needed to meet the standard, the
technology appears available and
effective and is not unreasonably
expensive to purchase or gperate. The
Protection offered by the proposed
standard appears achievable, and we
have not identified any good reagon fop
accepting a lesser degree of protection,

Lower values were considered. Such
limits, would be extremely costly or
could foree the closure of major
operations of benefit tg the country,
possibly at several sites, The possible
small additional reduction of dose and
rigk to a few individuals is not sufficient
to justify such severe action.

Emission limits that would control
dose to the general population rather
than individuals were considered, In
particular, EPA considersd emission
limits for long-half-life radionuclides
such as tritium, carbon-14, krypton-85,
and iodine-129. These kinds of
radionuclides may cause papulation
doses that are more significant than the
doses these radionuclides cayse to
nearby individuals. EPA decided not 1o
propose this kind of standard, For DOF
facilities, population doses from these
radionuclides are small: the highest of
these small doses are caused by
emissions of tritium for which control
techniologies are not effactive,
Consequently. Proposing emission
standards for long-half.[ife
radionuclides at existing DOE facilities
waould not serve a usefnl Purpose.

Different emission limits were
vonsidered for existing and new DOE
facilities and for specitic groups of DOE
facilities, rather than setting uniform
stanoards for all DOE fagilities. Such a

strategy would permit more restrictive
standards for certain DOE facilities,
although not for all of them, at the cost
of baving to develop 2 much more
romplex standard. Rather than do this,
EPA will rely on existing Federal
Guidance to all Federal agencies to
ensure that exposures are kept as far
beiow the propesed standard as
practicable and has added a teporting
requirement to this end. This should
provide, in practice., the same measyre
of emission control, EPA requests
cemments on the desirability of setting
separate standards for different
categories of DOE facilities,

EPA considered the alternative of
propesing the standard in the form of &
risk-eqnivalens, whole-body dose, using
methodelogy similar to that recently
recomimended by the International
Commission on Radiztion Protection.
The principal advantage is one of egQuity;
that is, the emissions from each facility
are lirnited on the basis of Causing
equivalent levels of risi. A disadvantage
of this alternative is that the proposed
standard would have to be reduged from
10 mrem/y to about 5 mrem/y to
maintain a comparable degree of
protection with the 30 mrem/y Limit to

. Any organ, Some sources could not meet

such a standard using currently
available technology. The Agency
particularly requests comment on the
use of the whole-body. risk-equivalent
dose method as an approach to selecting
emission standards,

EPA considered requiring the
Proposed standard to be met at a site
boundary in all cases. even if there are
good reasons why people are not likely
Io be at that location, but decided not to
because this would be unrealistic, EPA
requests coraments on where the
standard should apply.

F. Implementation of the Proposed
Steadards !

The standards will be implemented by
DOE pursuant to the Memorandum of
Understanding between EPA and DOE.
EPA will provide oversight to ensure
that implementation pracedures are
appropriate. The standard should he
implemented using pathway znd dose
caleulations based on EPA's codes ar,
alternatively. on modeling techniques
which, in EPA's judgment, are ag
suitable for particular applications as
the EPA codes.

IL NRC Licensed Facilitias and Non-
DOE Federal Facilities

A. General Description

This category of facilitiss
encompasses a wide range of activities
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includirg research and test reactors,
shipyards, the radiopharmaceutical
industry, and other industrial facilities.
For purposes of this propesed rule, EPA
excludes facilities that are part of the
uranium fuel cycle. The category
includes both facilities licensed by NRC
snd fagilities licensed by a State under
an agreement with NRC, These facilities
numbert in-the tens of thousands and are
located in all 50 states, The principal
differences among these various types of
activities are their emission
characteristics and rates, their sizeg,
and the population densities of the
surrounding areas. The following
discussion provides illustrative
examples,

There wre a wide variety of designs of
regearch and test reactors, and they
operate over a range of power levels
from near zero to approximately 10
megawatls, They emit ptimarily argon—
41 and tritium at rates ranging from less
than 1 Ci/y of each radionuclide up to
several thousand Ci/y of argon—41 and
several hundred Ci/y of trittwm. They
are most often located at or neer
universities,

The radiopharmaceutical industry
currently produces about 65 different
radionculides for a variety of uses in
hospitals and clinics. In most cases,
emissions of iodine—125 and iodine-131
cause the highest organ (thyroid) doses
to nearby individuals because: (1} They
are emitted in the largest quantities, {2)
environmental pathways bring them into
contact with man, and {3] the thyroid
concentrates jodine. Emissions ocour at
radiopharmaceutical manufacturing
sites, hospitals, and sewage treatment
plants receiving hospital wastewater.

There are many other industrial uses
of a number of different radionuclides
that result in emissions to air, including
the manufacture of industrial gauges,
stutic eliminators, radiographic devices,
and certain commercial products (e.g.,
self-illuminating watches and smoke
detectors). Most of the industrial uses of
radionuclides involve production of
sealed (encapsulated) sources. Once
their manufacture is completed, these
sealed sources do not emit
radiunuciédes.

8. Estimates of Dose and Risk

The vast majority of NRC licensed
facilities and non-DOE Federal facilitiea
emit relatively small quantities of
radionuclides, whick cause
torrespohdingly low doses to people
living nearby, Most such facilities cause
maximum radiation doses of less than 1
mrera/y; the total dose to the population
liviug around a site rarely exceeds 1 or 2
person-rem per year of operations, The
maximum corresponding lifetime risks

of such exposures are estimated to be
less than 1 in 50,000 for the individuals
receiving the highest doses, and the total
risk to the population surrounding a
typical facility should be less than about
1 health effect per 500 years of
operation,

These estimates were developed by
using methods and agsumptions
discussed in Unit LC. of this notice. it is
important to recognize that the actual
risk to specific individuals may differ
greatly from these estimates because the
circumstances involving the actual
exposure may differ significantly from
the dssumptions used to make the
estimates,

C. Control Technology

Some NRC-licensed Facilities emit
argon—41 and tritium mixed with large
volumes of air. For this type of facility,
virtually all of the dose is caused by
argon=41. Demonstrated treatment
technology to reduce argon—41 emissions
is not available because argon is a noble
gas and cannot be filtered or easily
trapped. However, design features,
operating procedures, and eguipment
maintenance can be used to minimize
formation of argon-41 in these reactors.
For exainple, since air contains a small
percentage of argon—40, areas in which
air i3 exposed to nevtrons generated hy
the reactor are scurces of argon-4t-
when argon—40 absorbs a neutron during
reactor pperation. In some situations.
these areas can be purged with an inert
gas to reduce the amount of argon-40
available before starting up the reactor.
In other cases, sealing air leaks will
reduce the arount of argon—41 that
would be produced, :

Most facilities emitting dust to which
radionuclides are attached use
conventional particulate removal
technology, such as fabric filters.
electrostatic precipitators, serubbers, or
high-elficiency particulate air filters.

D. The Proposed Standards

EPA is proposing that emissions of
radionuclides from NRC-licensed
facilities and non-DOE Federal facilities
be limited to that amount that would
cause a dose equivalent of 10 mrem/y to
any organ of any individual living
nearby. Uranium fuel cycle facilities and
all particle accelerators are specifically
not covered by this standard for reasong
discussed Unit VII of this notice,

In proposing this standard, EPA
examined emission levels from facilities
in this category and estimated the dose
these emissions cause for people living
nearby. The highest doses are cansed by
research and test reactors emitting
principally argon-41. The dose
associated with the operation of these

facilities is low and cannot be
significantly reduced without major
redesign and and reengineering of these
facilities. Therefore, EPA has decided to
proposed a standard at a level that can
be met by existing facilities if they
continue to use good management and
operational controls to limit their
emissions.

EPA believes that the proposed
standard protects public health with an
armple margin of safety. EPA estimates
the risk associated with the propesed
standard to be the same as for current
practice for the individua] receiving the
highest dose. The uncertainty associated
with estimates of risk is discussed in
Units. 1.C. and HI. B. of this notice.

EPA requests cemments on the
proposed standards and the
methodology used in deriving it

E. Alternatives to the Proposed
Stendard

The Agency considered higher and
lower dose limits than the one being
proposed. Higher values were rejected-
because the proposed standard is
currently being met by all facilities in
this group. A lower limit was rejected
because the dose associated with these
emissions is very low and EPA does not
belicve it is teasonable to set a lower
standard and force these facilities to
close or reduce their hours of
operations, :

EPA considered not proposing a
standard for this category of facility
because the dose from the operations is
generally very low. The Agency rejected
this alternative because of the potential
impact of new facilities or modifications
to existing facilities; a standard wilt
ensure that no facilities will emit
radionuclides at nunreasonably high
levels,

EPA also considered requiring that
these facilities submit reports
documenting that their emissions are as
low as practicable: as is being preposed
for DOE facilities. Such a requirement
would impose a very large paperwork
burden on government and industry.
Facilities in this category number in the
tens of thousands. For EPA to impiement
such a requirement for this category
would require monitoring and reporting
by thousands of facilities and a
substantizl effort on the part of NRC or
EPA to review the reports. This
considerable effort would help ensure
that emissions remain very low.
However, because the risk associated
with the proposed standard is already
low. EPA does not helieve the
paperwork burden on government and
industry is justified, Furthermore, EPA
expects that facilities in this category
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will, in practice, keep emission levels as
low as practigable, both to ensure
compliance with the propesed standard
and as a matter of good radiation
protection principles When dealing with
hazardous materials.

£ Implementation of the Proposed
Staridardg

For NRC licensed facilities. NRC will
implement the standards subject to EPA
oversight to ensure there is compliance
with the standard, as is specified in a
Memorandum of Understanding
Letwesn EPA and NRC (45 FR 72580),
Implementation will follow the
establiched NRC practice, which is
based on a review of control measyres
used by licensees and their effectiveness
as determined by generic assessments,

For non-DOE Federa] facilities, EPA
will ensure compliance with the
standards, EPA's implementation will
use the models AIRDQS-EPA and
RADRISK to perform pathway analysis
and ta calculate duse equivaiznts,

IV. Underground Uraniwm Mines
3. General Description

Uranium mining involves the handling
»f large quantities of ore containing
uranium-238 and its decay products. The
concentrations of thege radionuclides in
ore may be up to 1,600 Himes thejr
vongeatration in other rocks and soils.
After mining, the ore is shipped to a
uranium mill where the urapium is
separated for subsequent use in nuclear
»OWer reactors,

Uranium mining s generally carried
uit by either surface {open pit) or
underground mining methods, depending
en the depth of the ore deposit. In 1981,
there were 167 underground mines and
50 open pit mines in operation in the
United States, These miney accounted
for about 80 percent of the vranium
produced in thig country.

All uranium mining in the United
States now takes place in western
States. In general, the mines are located
n relativaly remote, low population
areas. In 1987, about 740 percent of
dumestic uranium ore production ook
place in New Mexico, Wyoming, and
Texas!

EPA has evaluated radienuclide
emissions from uranium mining
activities. These evaluations show that
radon-222 is the most significant
radionuclide emitted 1o ajr. Radon-222 i
released to air from underground mines
in relatively high concentration through
a series of ventilation shafts instailed at
dnpropriate locations along the mine
haulage ways. These ventilation shafts
Provide suificient air exchange in the
working areas of the mine 10 keep the

miners' exposures to radon decay
broduets below the permissible limits, A
recent study of 27 underaround mines
showed that radon-222 emissions to air
from individual vents ranged from 2 to
9,000 Ci/y with an average of 500 Ci/y.
The number of vents per mine ranged
from 2 to 15 with an average of & vents
per mine. The radon-222 reloaged
through these ventilation shafts can
Cause significant increases in the raden-

222 coneentration in ambient air in the

vicinity of the mine vents.

EPA’s gvaluation of releases of radon-
222 from vranium mines shows that
radon-222 i5 released from surface
mines in considerably smaller quantities
and in more dilute concentrations than
from underground mines, Therefore, .
radon-222 emissions from surface mines
causes only small increases in the
radon-222 concentrations in ambient air
near the mines and concerns for the
heaith of people near uranium mines ig
greatest for people living near
underground mines.

8. Estimates of Exposure and Risk

Individuals living near underground
uraniym mines can be exposed to high
levels of radon-222. This &xXposure
generally ocours in structures built
around the mines. Radon-222 enters the
building and decays into other
radionnclides which become attached to
dust particles in the air. The
concentration of these radionuclides
build ap in the air within the structures,
EPA estimated the potential detriment to
human health because of radon-222
emissions from wranium mines using the
general assumptions discussed in Unit
LC. of this notice, It is important to
recognize that the actusl dsk to
individuals may differ greatly from these
estimates because the circumstances
involving the exposure may differ
significantly from the assumptions used
to make the estimates. Further, peaple
need to be occupying a structurs and not
just standing outdoors for these
estimates to be applicable.

It ia estimated that an individual
tiving 500 meters in the predominant
wind direction from a large underground
uranium mine will be exposed to 3
tadon-222 congcentration of 1 to 2
picocuries per liter (pCif1) above
background. Continnous exposure to
fneloor radon decay product
cancentrations {0.007-0.014 working
level (WL)) produced by this radon-222
level might result in an increased
lifetime risk of 1 to 2 in 700, although in
areas where there are many mine vents
clustered relatively close together, the
riske could be as high as an order of
magrnitnde greater. {A working level is a

unit used to measure exposure to radon
decay products},

Collective exposures for populations
living near uranium mines are relatively
low becanse these mines generally are
located in low population areas, For
example, the population risk due 1o
tadon-222 emissions from a large
underground mine is estimated to be
extremely small [about 2 health effact
per 30 years of operation of the mine).
Consequently, for underground uraniym
mines, the exposure to the general
population is of tonsiderably less pubBic
health concern than the exposure for the
people that live very cluse to the mine
vents.

C. Contral Technology

There are no radon-222 emission
control systems now in use in
underground wraninm mines, However,
several methods for reducing the radan-
222 concentration in mine air are
available and have been ysed or tested
for controlling radon-222 decay product
concenitations in the mine itself, Thase
methods, which primarily involve
preventing radon-222 from entering the
mine air through the use of sealahts on
the mine walls, bulkheading or
backfilling the mined-ont stopes, and
mine pressurization can also reduce the
radon-222 emissions to the qutside air.
EPA has catried out engineering
evaluations of the cost and effectiveness
of some of these methods in a
hypothetical mine, These evalpations.
showed that such control methods
would be relatively costly and not very
effective. The study predicted radon.z22
emission reductions from 14 to 49
percent at costs from $0.30 to $4.70
dellats per ton of ore mined.

Baged on availsble information, EFA
has concluded that no practical
technology now exists for achieving
satisfactory reductions in radon.222
emissions 1o air from underground
uranium mines. The most effective
procedure for limiting expesure to
individuals is Yo provide for greater
dispersion of the released radon-z22.
The Act indicates a preference for
avoiding this type of control action to
reduce health risks. However, in this
situation, traditional emission control
methods do not appear to be sufficiently
effective in reducing the human health
risks posed by release of raden-222 from
underground wranium mine vents.

L. The Proposed Standard

EPA is proposing a standard that will
limit the annual average raden-222
concentration in air due_ to emiszicons
from an underground mine to 0.2 pCi/1
ahove beckground in any unrestricted
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area. An unrestricted area is defined to
be any area not under the conlrol of the
ming owner or a government agency,
Under this proposed standard, for a
typical, large underground mine using
the modeling assumptions previously
described, we estimate the lifetime risk
to an individual will be en the order of
about 1 in 500. For & case in which many
inines are located close together, studies
which eslimate the hazard based on a
lifetime exposure show that the
potential risks would be higher.
However, uranium mines have a limited
ugeful lifetime, usually 5 to 15 years,
which limits the period when raden-222
would be released. Further, several
other assumptions used in thege studies,
such as the period of oceupancy of the
strugture, are likely to be less severe in
real cases. These factors are expectad to
make the actual remaining risk to
individuals less than 1 in 500, possibly
by one or two orders of magnitude,
depending on the specific
circumstances.

EPA chose a standard of 0.2 pCi/1
because higher values did not provide
sullicient protection of public health,
particularly when many mines are
located elose together, Valaes lower
than the proposed standard were judged
to be impractical because of the cost
and difficulty in controlling additional
land and the expanse associated with

- other contral measures compared to

their effectivenss. EPA believes that the
risks associated with the proposed
standard are not unreazonable in
comparison (o the cost of additional
controf,

The standard can be met by one of the
following procedures: (1) Reducing the
percentage of time the mine operates, (2)
increasing the effective height of the
release. and {3) controlling additional
land. EPA expects that the least
expensive way to meet the standard is
for the the mine operator to control the
land around the mine so that people do
not live in houses on the land. EPA
believes that, on the average,
compliance with the propesed standard
can be achieved by contralling land
within 2 kilometers of the mine vents,
The cost to meet the standard by
purchasing surrounding land and
structytes is estimated to be about 4
million dollars par year. This estimate
was determined from an evaluation of
the cest to control land within 2
kilometers of 29 large mines
representing about 90% of the
underground uranium mine or
production

Based on 1981 production values. this
rost represents a 50.30 per pound

increase in the cost of producing

wragium. This represents a 1% increase
in production costs. Although the costs
for the smaller mines accounting for the
remaining ore production are nat
incleded in the estimate, these costs will
be relatively small because the radon-
222 emissions from these mines are
expected to e small.

Owners and operators of underground
uranium mings will be required to keep
records of radon-222 emissions and
radon-222 concentration prejections
consistent with other actions under the
Aagt,

EPA requests comments on the
proposed concentration limit of 0.2 pCi/
1. EFA believes that the proposed
standard is the most practical and
effective way to limit the potential risk
to individuals dus to radon-222
emissions from underground uraniym
mines, :

E. Alternative Standards

The development of standards for
uraniurn mines is more difficult and
complicated than for other sources
emitting radionuclides into air.
Therefore, the Agency requests public
comment on other possible options for
standards. In particular, comments are
requested on appropriate limits, cost,
feasibility, 2nd significance for public
health for the following options:

Option I; Land Control Standard. This
type of standard would estaklish an
exclusion area of fixed distance from a
mine vent. This area would be under the
control of the mine owner or a
government agency to prevent excessive
exposure to individuals.

Option 2: Work Practice Standard.

- This standard would include

requirements for use of one or more of
the following techniques to reduce radon
emissions: bulkheading worked-out
stopes {including the use of charcoal
absorbers on bleeder pipes), backfilling
worked-out stopes. and using sealants
on mine walls,

Option 3: Emission Stendard, This
type of standard would establizh an
emission [imit in curies per year of
radon-222 from 4 mine vent ag g

funetion of the distance from the vent to -
. the nearest unrestricted area, The

emission limit would be set at a value
that would keep the radon-222
concentration in ambient air in
unrestricted areas below some
predetermined value above background.

V. Elemental Phosphorus Flants
A. General Deseription

About 10 percent of the phosphate
rock mined in the United States is used
to produce elemental phosphorus.
Elemental phosphorus is used primarily

for the production of high-grade
phasphoric acid, phosphate based
detergents, and organic chemicals. In
1977, approximately 285.000 metric tons
of elemental phosphorus were produced
from 4 million metric tons of phosphate
rock. .

Phosphate rock contains appreciable
quantities of uranium and its decay
preducts, The uranium eoncentration of
phosphate rock ranges from about 20 to
200 parts per million (ppm), which is 10
to 100 times higher than the yranium
conceatration in most natural rocks and
soil {2 ppm). The significant
radionuclides present in phosphate rock
are uranium-238, uranivm-34, thorium-
230, radium-226, radon-222, lead-210,
and polonium-210. Because phosphate
rock contains elevated concentrations of
these radionuclides. handiing and
processing this materisl can, via dust
particles, release radionuclides into the
air. More importantly for elemental
phosphorus plants, heating the
phosphate rock to high temperatures in
calciners and electric furnaces can
volatilize lead-210 and polonium-216,
resulting in the release of large
quantities of these radionuclides in to
the air,

There are eight elemental phosphorus
plants in the United States; these plants
are located in Florida, Idaho, Montana,
and Tennessee. EPA measurements at
three of these plants show that
polonium-210 and lead-Z10 are the
radionuclides released from these plants
in largest quantities. Most of theze
emissions oceur in calciner stack
exhausts. Based on these measurements,
it is estimated that a large plant
processing phesphate rock containing 25
picocuries per gram of uranivm-238 and
its decay products and using low energy
scrubbers on its calciner exhausts would
release about 4 curies of polonium-210
and 2 curies of lead-210 per year into the
air. Several of the presently operating
elemental phosphorus plants may be
releasing comparable quantities of
pclonium-210 and lead-210, and these
emissions would represent the largest
quantity of alpha-emitting radienuclides
released as particulates into the air by
any type of facility in the United States.

B. Egtimates of Dose ond Risk

‘The most significant hazard
associated with radisnuclide emissions
to air from elemental phosphorus plants
is the radiation dose received by
individuals living near those plants, EPA
estimates that the radicouclide
emssions, primarily polonium-210 and
lead-210, from a large elemental
phosphorus plaat will cause radiation
doses of 45 mrem/y to the kidney and 36
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mrem/y to the lung of the most exposed
individual living near the plant. The
lifetime risk to the maximally exposed
individual associated with these doses
is estimated to be about 1 in 10,000

The risks to the populations living
near glemental phosphorus plants are
relatively low. EPA estimates that the
potential health risk ta the population
living around a large plant is about 1
health effect per 100 years of plant
operation and that the total risk from
radionuclide emissions from all
elemental phosphorug plants is about 1
health effect per 20 years of operation,

These estimates were developed using
methods end assumptions discussed in
Unit L.C. of this notice. It is important to
recognize that the acutal risk to specific
ndividualgs may differ greatly from these
estimates because the circumstances
invelving the expostre may differ
significantly from the assumptions used
to make the estimates.

C. Contro! Technalogy

Particulate emissions from ecaleiner
exhansts at elemental phosphorus plants
are controlled through the use of wet
scrubbers. Mast plants usge either spray
towers or low-energy venturi scrubbers,
Buch systems are estimated to control
particulate emissions to about 0.5 to 1.0
peund per ton of rock progessed and are
about 80 to 90 percent efficient far
remaoval of polonium-210. Cne plant
operates with two venturi-like serubbers
in series. Buch a system should contral
particulate emissions to about 0.1 pound
per ton of rock processed and is about
48 percent efficient for removal of
poloninm-210.

EPA has estimated the cost of
installing high-energy venturi serubbeps
on calciner stacks at large elemental
phosphorus plants now operating with
spray towers ot low-energy scrubbers.
The capital cost per plant for installing
these scrubbers is about $3 million, and
the annual operating cost is $1.5 million,
A high-energy venturi serubber is
expected to be at least 98 percent
efficient for polonium-210 removal and
to reduce the emissions of this
radionuclide for a large plant to less
than 1 Cify. Lead-230 will be controlled
at least as well because the scrubbers
will remove lead with at least equal
efficiency.

L. The Proposed Standard

EPA is proposing that the emissions of
polonium-210 in the calciner off-gases at
elemnental phosphorus plants be limited
101 Ci/y. EPA believes the use of best
available technaology at these facilities
€an achieve this standard. Limiting the
polonium-210 emissions also effectively
limits the lead-210 and other

radionuclide emissions in the caleiner
off-guses. this standard will keep the
radiation doses to individuals living
near these plants to less than 10 mrem/y
ta the lung and to less than 15 mrem/y
ta the kidney. The lifetime risk
associated with these doses is less than
3 in 100,000. EPA believes this will
protect the individuals living nearby
with an ample margin of safety. The
assumptions and uncertainties
associated with estimates of risk are
discussed in Units LC. and V.B, of thig
notice.

Complete information is not available
ont the polonium-210 emissions from all
elemental phosphorous plants.
Therefore, some uncertainty exists

' regarding the number of plants that

would need ta retrofit emission control
systems. However, based on presently
available information, EPA, estimatas
that no more than two plants would
need to ingtall additional control
systems {o meet the proposed standard,
These would be the large-capacity
plants processing high-radionuclide-
content phosphate rock, Instailation of
high-energy venturi scrubbers on the
calciner exhausts of two plants would
result in a capital expenditure of about
86 million and annual operating costs of
&3 millian per year.

Under the proposed standard, owners
or cperators of elemental phosphores
plants will be required to {a) measure
the polonium-210 emissions from their
calciner stacks and to report the results
of these tests to EPA and (b)
continuously monitor the pressure drop
across their calciner serubbers and to
maintain records of these measurements
for a minimum of two years,

EPA requests comments on the
proposed values and the methodology
used in arriving at them.,

£ Alternatives to the Proposed
Standard

The Agency considered proposing
higher or lower values then 1 Ci/y.
Higher values did not seem justified
because they would either not
significantly reduce the radiation doses
to individuals living near these plants or
would cost just a3 much to implement as
the proposed standard, Lower values
were also considered, but available
information indicates that additional
control technalogy is not feasible to
meet lower levels,

The Agency also considered a
standard expressed as euries/metric on
of phosphate rock processed. However,
this type of standard may require
emmission control retrofit by one or

.mare additicnal plants even though their

emissions of polonium-210 would be
significantly less than 1 Ci/y. Sinee the

primary purpose of the stapdard is 1o
limit the annual radiation doses to the
most exposed individual living near

these plants, the Agency concluded that
an annual emission limit, rather than an
emission limit per unit of rack .
processed, is the more appropriate form
of the standard.

VI. Sources for Which E‘atandards Are
Not Proposed

EPA has identified several source
¢ategories that emit radjonuclides to air
for which standards are not being
proposed. These emissions comprise
radionuclides that cocur naturally in the
envitenment but are released to air due
12 industrial processes. In addition to
these sources, EPA is not proposing
emission standards for uranium fuel
cycle facilities. uranivm mill tailings,
management of high level radioactive
wasles, and low energy accelerators.
The reasons for these decisions are
dizcussed in the following paragraphs.
Additional supporting information may
be found in the Docket and in the
Background Information Document,

Estimates of risk used in this analysis
were developed using methods and
assumptions discussed in Unit LC. of
thiz notice. It is important to recognize
that the actoal risk to specific
individuals may differ greatly from the

-estimates becavnse the circumstances

involving the actual exposure may differ
greatly from the assumptions used to
make the estimates.

A, Coal-Fired Boilers

Large, coal-fired boilers are used by
utilities and industry to generate
electricity and by industry to make
process steam and to heat water for
space heaters and industrial processes.
When these boilers are nperating, trace
armounts of uranivm, radivm. thorinm,
and decay products of these
radionuclides that are present in coal
begome incorporated into the fly ash
and are emitted along with the
particulates into the air. Technology that
removes barticulates will, therefore, also
limit radionuclide emissions.

Particulate emissions from pew utility
boilers are controlled under Section JI
of the Act {43 FR 42154, September 19,
1978, revised by 44 FR 33613. June 11,
1979), These New Source Performance
Standards (NSPS) require utility boilers
canstructed after September 19, 1978, to
have best available technology that
limits particulate emissions to 13
nanagrams per foule {ng/]) (0.03 pound/
million Btu). To meet this emission
standard, electrostatic precipitators
(ESPs} or fabric filter systems are
usually installed. Dases from utility
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boiler radionuclide emissions under
NSPS are low, less than 1 mrem/y to
any organ, and there is no practical way
to reduce them further since best
available technology is already being
used, Further reduction in emissions
would require a gecond fabric filter or
ESP in series with the first; this would
be unreasonably expensive for the
emission reduction achieved. Thus,
radionuclide emission standards for new
utility boilers would be either redundant
or, if more restrictive, prohibitively
expensive,

Particulate emissions from new large
industrial boilers are controiled by
NBPS that limit particulate matter to 43
ng/f {01 pound/million Btu). EPA plans
to propose NSPS for smaller industrial
boilers also: draft proposed limits have
been circulated for comment. These
standards should reduce particulate
emissions to low levels and should
correspondingly reduce doses to nearby
individuals from radionuelide emissions
ta less than 1 mrem/y to any organ,
With NSPS in place, radionuclide
standards for industrial boilers wonld
be redundant.

Existing utility and industrial boilers
are regulated for particulate emisgions
by State Implementation Plang (51Pg)
required by the Act. Limits vary for
specific plants, but, in general, SIPs
require large boilers located in
populated areas to be well controlled
with ESPs, Preliminary information
indieates that retrofitting existing utility
boilers to further reduce radionuclide
emissions would cost approximately 515
billion for capital improvements and %3
billion a year to operate them. Total
retrofitting of the industry with best
available technology would reduse the
estimaied potential health effects by
about 1 to 2 per year, For industrial
boilers, the costs are about 83 billion for
capital improvements and $0.7 billion to
operate them. Total retrofitting of the
industry with best available technology
would reduce the estimated potential
health effects by about 1 every three
years, For both utility and industria]
bailers, the costs are judged to be
unreasonable in comparison to the
reduction in dose and risk that wonld
result.

The amount of radionuclides that
could potentially be emitted by coal-
fired boilers is strictly limited by the
amount of uranium and thoriym in the
incoming ¢oal. EPA has no reasons,
therefore, to expect that magsive
releases of radionuclides will occur or
that current emission rates will ingrease
significantly, Under the corrent Federal
and State regulatory programs,

emissions should slowly decrease as old
botlers are replaced.

In summary, EPA is not proposing
standards for coal-fired boilers because
existing emission controls that limit
particulate releases also lmit
radionuclide releases. The risks to
nearby individuals and the total risks to
populations after application of controls
already required are not large when
compared to the cost of additional
contral technology, There is no potential
for emissions to increase due to the
limited amounts or radisnuclides within
the coal; rather, overall emissions will
decdrease with time as old plants are
replaced with new ones with improved
emission controls as required by the .
NEPS for particulate emissions,

EPA did consider the possibility that
boilers may be using coal with
radienuclide content that ig significantly
above average or that existing boilers
may be operating in a manner that
causes elevated emissions of
radionuclides. If this is the case, thers
could be a subcategory of coal-fired
bailers for which it would be
appropriate to issue an emission
standard. EPA requests comments and
information on whether these situations
do exist, their causes, their significance
to publie health, whether emission
standards are needed, and what
emission levels would be appropriate.

B. Phosphate Industry

The phosphate industry processes
phosphate rock to produce fertilizers,
detergents, animal feeds and other
products. The production of fertilizer
uses approximately 80 percent of the
phosphate rock mined in the United
States. Diammonium phosphate and
triple superphosphate are the phosphate
fertilizers produced in the largest
quantities. Phosphate deposits contain
large quantities of natura) radioastivity,
principaily uranium-238 and members of
its decay series. Uraniwm concentrations
in phosphate deposits range from 10 to
100 times the concentration of uraninm
in ather natural rocks and soils.

The processing of phosphate rock in
dryers, grinders, and fertilizer plants

-results in the release of radionuclides
into the air. As with coal-fired boilers,
contrel techniques that remove
particulates will also control
radionuelide emissions and risks.
Particulate emissions from the process
exhausts of these plants are already
wall controlled, and the dosea 1o
individuals and populations from the
radionuclides contained in the
particulates are less than 15 mrem/y to
any grgan, :

Particulate emissions from new or
modified phosphate rock dryer and

grinder facilities are already regulated
by NSPS under Section 111 of the Art
{47 FR 16582, April 16, 1982}, To meet
these standards, high-energy scrubbers
of high-energy ESPs are usuaily installed
on dryers, and fabric filters are installed
on grinders. Particulate emissions from
existing dryers and grinders are
regulated under SIPs. Abodt 20 percent
ot the existing dryers already have
contrals equivalent to NSPS; the
remaining dryers either employ low-
energy or medium-energy scrubbers,
About 75 percent of the existing grinders
already have controls equivalent to .
NEPS: the remaining grinders use the
equivalent of medivm-enersy scrubbers,

To retrofit all existing phosphate rock
dryers with best available technology
would require a capital expenditure of
$44 million and an increase of 53 million
in annual operating costs. This would
reduce the maximum individual bone
dose from 15 mrem/y to 3 mrem/y and
avoid 1 health effect in 50 years of
operations, To retrofit all existing
phosphate grinders with best available
technelogy would require a capital
expenditure of 54 million but would not
increage the annual operating cost. This
would rednce the maximum individuzl
bone dose from 1 mrem/y to 0.2 mrem/y
and avoid 1 health effect in 500 years of
operations.

Phosphate fertilizer plants use wet-
scrubber systems on their process
exhausts. These controls are needed to
camply with NSPS (40 CFR Part 60,
Subparts T through X) or SIPs for
fluoride emissions. About 75 percent of
the existing industry production
capacity is controlled by both primary
and secondary scrubbers. Scrubbers
used to control flucride emissions are
aiso effective controls for particnlate
EMissions.

To retrofit all existing fertitizer plants
with secondary scrubbers on their
diammonium phosphate and triple
superphosphate pricess stacks would
require capital costs of $14 million and
would result in an increase of $1.3
million in annual operating costs, This
would reduce the maximum individual
bone dose from 2 mrem/y to 1 mrem/y
and would avoid 1 health effect in 300
years of operations.

In summary, EPA is not pProposing
standards for phosphate rock drvers and
grinders or phosphate fertilizer plants,
because (1) the bone dose to individuals
represent a small hazard to health
compared {o a similar dose to most
other argans, (2] the potential for
increaged emissions is not present due
to the limited amount of radionuciides m
the phosphate rock, (3) other Clean Air
Act standards require controls that also

‘!—j'ﬂ".ti';-‘m.. B oan
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reduge radiomuclide emissions, and (4)
the cost to further reduce radionuclida
emissions {s unreasonably large
compared to the additional protection
achieved,

About 25 percent of the phosphate
rock used for fertilizer production is
treated in calciners rather than dryers to
remove organic matter prior to
processing. Since calciners operate at
significantly higher temperatures than
dryers. this may result in the
volatilization and relegse to air of
significant quantities of polenium-210,
similar to the emissions from elemental
phosphorus plants, Radionuclide
emission studies are being planned for
phosphate rock calciner plants,
However, no radionuclide emission data
are available for caleiners, and,
therefore, EPA is unable 1o determine at
this time that standards are needed for
these facilities, EPA requests comments
and information on these emissions,
their significance to public health,
whether emission standards are needed,
and what limits would be appropriate.

C. Other Extraction Indugtries

Almost all industrial operations
involving remaval and processing of
soils and rocks to recover valuable
comrnodities release some radionuclides
into the air. EPA has carried out studjes
of airborne radioactive emissions from
such mining, milling. and smelting
operations,

The industries studied include iron,
copper, zing, clay, limestone, fluorspar,
and hauxite. These are relatively large
industries and are, therefore, considered
te have the greatest potential for
emitting radioactive materials into the
air.

Although the analysis of data From
these stidies is not complete, the
information aveilahle to the Agency at
the present time shows that the
radiation doses 1o individuals and
populations from radionuclide emiszions
from these types of facilities are small
and would not be reduced at reasanable
cost. Therefore, EPA i3 not proposing
standards for these parts of the
extraction industry.

L. Uranium Fuel Cycle Focifities,
Uranium Mill Taitings, and
Manogement of High Level Waste

The Uranium Fuel Cycle {LIFC)
consists of operations associatd with
production of electric power for public
use by light-water-cooled reactors using
urantum fuel, It includes light-water-
cooled nuclear power plants and
facilities that mil] the uranium ore,
ensich uranfum, and fubricate and
reprocess uranium fuel. EPA has
promulgated emission standards for

normal operations of the UFC under the
Atomic Energy Act (40 CFR Part 190),
These standards limit the annual dose
equivalent to body ergans of nearby
individuals to 25 mrem/y (75 mrem/y for
the thyroid) and limit the emissions of
krypton-85, iodine-129, and other long-
half-life, alpha-emitting, ransuraninm
radionuclides. As a practical matter, the
EPA standards and their implementation
by the NRC require the use of best
available technalogy, which keeps deses
to individuals and populations to low
levels, The estimated individual risk
associated with 25 mrem/y to all organs
for a lifetime ig about 1 in 2000,

Uranium mill tailings remain after
uranium ore is processed to remove the
uranfum. Altogether, there are many
thousands of acres of these tailings at
bath inaetive and active uranjum mill
sites, mosely in the Southwest. Large
amounts of raden-222 are emitted to air
from the piles due to the radivm-226
remaining in the tailings after the
uranium is removed. Congress
addressed this problem through the
Uranium Mill Tailings Radiation Control
Act of 1978 (Pub, L. 95-804}. Under this
authority, EPA has active programs to
promulgate standards requiring remedial
actions that will, among other
objectives, prevent these tailings from
being moved and prevent radon from
escaping after the piles become inactive.
Standards have been promulgated for
inactive mill sites and will soon be
proposed for active miil sites,

The highly radioactive liquid or solid
wastes from reprocessing spent nuclear
fuel. or the spent fuel elements
themselves if they are disposed of
without reprocessing, are cailed “high
level wastes®, Over the last several
years. the Federal government has
intensified its program to deveiop and
demonstrate a permanent disposal
method for high level waste. As part of
this effort, EPA has proposed standards
to limit radiation exposure of members
of the public from management of this
waste prior to disposal (47 FR 58108,
Decembar 29, 1982}. These propased
standards would limit the annual dose
equivalent to any member of the public
to 25 mrem/y to the whole body, 75
mrem/y to the thyroid, or 25 mrem/y to
any other organ. Waste managment
operations are also to be conducted so
us to reduce exposures below these
fevels to the extent that this is
reasonably achjevable.

EPA is not proposing additional
radionnelide standards for URG
facilities, uranium mill tailings, and high
level wastes because the Agency
believes {hat EPA standards established
{or ta be established) under other
applicable authorities wiil protect public

health with an ample margin of safety in
the same way as an emission standard
established under Section 112 of the Act.

E, Low Energy Accelerators

Accelerators, whick impart energy 1o
charged particles such as electrags,
alpha particles, and protons, are psed
for a wide variety of applications.
including radiography, activation
analysis, food sterilization and
preservation, radiation therapy, and
research, There are over 1,200
accelerators in uge in the United States,
not including accelerators owned by
DOE. This number has been growing at
a rate of appraximately 65 machines per
year.

Accelerators other than those owaed
by the DOE aperate at low energy levels
(i.e.. less energy is imparted to the
particles). These machines emit very
small quantities of radionuclides
(specifically, carbon-11, carbon-14,

- nitrogen-13, oxygen-15. and argon-41)

because they operate at relatively low
energies. In addition, these aceelerators
nsing tritium targets may emit @ small
quantity of tritium, typically less than 1
Ci/y. Tke quantity of radionuelides
produced is o small that the doses and
health rigks associated with thosa
emissions are extremely low, generally
several orders of magnitnde less than
other sources discussed in the proposed
rule. Further, there is no practical way to
reduce them. EPA is not proposing
standards for accelerators because of
the low doses, less than 1 microrem/fy to
nearbry individuals, and becaunse there is
no potential for the doses from existing
or new facilities to excead this leve]
significantly.

F. Request for Comments

EPA requests comments gn its
propased decisions not to issue
standards for radionuclide emissions
from the categories of sources just
described. These decisions will be
reconsidered if additional information
becomes available indicating that doses
and rigks are significantly greater, costs
are significantly lower, or controls are
more available than those on which EPA
based its decisions.

If the Administrator decides not to
issue standards for particular source
categories, such decisions are likely to
be accompanied by determinations that
these decisions are of nationwide sCope
and effect vnder the terms of section
3071b) of the Act.

VIII. Miscellaneons
A. Docket

The Dacket is an organized and
complete file of all information
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considered by EPA in the development
of these proposed standards, The
Docket allows interested persons 10
identify and locate documents so that
they can effestively participate in the
rulemaking process. It also serves as the
record for judicial review.

A lranscript of the hearing and all
writlen statements will be placed in the
Docket and will be available for
inspection and copying during normal
working hours,

B. Executive Order 12207

Under Executive Order 12201, issued
February 17, 1981, EPA, must judze
whether a rule is a “major ryle™ and,
therefore, subject to the requirement
that a Regulatory Impact Analysis be
prepared. EPA has detemined that thia
tule is not a major rule as that rerm is
defined in Section 1(b) of the Executive
Order,

EPA concluded that the rule is not
major under the criteria of section (b}
because the annual effect of the rule on
the economy will be less than 5100
million. It will not cause a major
increase in costs or prices for any sector
of the economy or for any geographic
region. Also, it will not resuit in any
significant adverse effects on
comzetition, employment, investment,
productivity, innovation, or on the
ability of United States enterprises 1o
compete with foreign enterprises in
domestic or foreign markets. .

This proposed rule was submitted to
the Office of Management and Budget
[{OME) prior to publication, as required
by the Executive Order.

- List of Subjects in 40 CFR Part ¢1

Alr poliution control, Asbestos,
. Beryllium, Hazardous materials,
Mercury, Vinyl chloride, Radionuclides,

C. Poperwark Reduction Act

The Paperwork Reduction Act of 1980
{Pub. L. 96-511} (PRA) reguires that the
Office of Management and Budget
revigw reporting and recordkeeping
requirements that constitute
“information collection” ag defined.
Assuming, withont deciding, that some
or all of the proposed reporting and
recordkeeping requirements constitute
information callection within the
Meqning of the PRA, the PRA requires
the Office of Managerent and Budget 10
review information cellection activities
to determine whether they are
“necessary for the proper performance
of the functions of the Agency” fsection
3508).

This proposal, if promulgated, would
tmpose repurting and recordkeeping
requirements for one Federal agency
and or owners and operators of

elemental phosphorus plants and
underground uranivm mines.

EPA requests comments on the
reasonableness of the information
collection requirements and on the costs
involved as compared to other means of
compliance determinations.

D. Regulatory Flexibilit v Aaalyvsis

Section 603 of the Regulatory
Flexibility Act, 5 U.S.C. 503, requires
EPA to prepare and make available for
comment an “initial regulatory
flexibility analysis” in connection with
any ndemaking for which there is 2
statutary requirement that a general
notice of proposed rulemaking be
published, The “initia] regulato
analysis” describes the effect of the
proposed rule on small business entities.

However, Section 604{h) of the
Regulatory Flexibility Act provides that
Section 608 “shall not apply to any
proposed * * * rule if the head of the
Agency certifies that the rule will not, if
promulgated, have a significant
economic impact on a substantial
number of small entitiog ™

EPA helieves that virtually 2l small
businesses covered by this proposed
rule are already meeting the proposed
standards. Therefore, this rule will have
little or no impact on small businesses,

Feor the preceding reasons, | certify
that this rule, if promulzated, will not
have significant economic impact on a
substantial number of small entities,

Dated: March 29, 1953,
Lee Thornas,
Acting Adminisiraton

It is proposed to amend Part 61 of
chapter I of title 40 of the Code of
Federal Regulations as follows:

1. By adding to the table of sections
the following items:

Subpart K—National Emission Standards
for Radionuclide Emissions from
Department of Energy Facilities

Sec.

61120 Designation of facilities,

61.121 Definitians,

61122 Standard.

61323 Emission monitoring and test
procedures.

61124 Compliance and reparting,

Subpart L—National Emisslon Standard for
Radionuclide Emissions From Facilities
Licensed by the Nuelear Hegulatary
Commission and Federal Facilities Not
Covered by Subpart K

61,130 Applicability,
61,131 Definitiensg,
61.132 Standard,

Subpart M—Nationa! Emission Standard for
Radionuclide Emissions From Undergreund
Uranium Mines

61.14}  Applicability.
6§2.141 Definttions.

Sene.

61.142 Slandard,
61.143 Emission temig,
61344 Reporting.

Subpart N—National Emission Standard for
Radianuclide Emissians Fram Elemental
Phoesphorous Plants

61.150 Applicability.

61.151 Definitions.

6115 Standard,

61153 Emission tests,

61.154 Test methods and procedurex
€1.135 Monitoring of Operationg,

- - - * *
Appendix B Test Methads
w w * i -

Methed 111—Determination of polenivm-2z10
emissions from stationary seurces.
Autherity: See, 112 and A01(a). Clean Ajr

Act a3 smended [42 U.5.C. 7412, 7801{a)).

2 By adding the following Subpart K:

Subpart X—National Emission
Standards for Radionuclide Emissions
From Department of Energy Facilities
§61.120 Designation of facilitles,

The provisions of this subpart apply to
radiation dose equivalent values received by
members of the public as the result of
operations at facilities that are owned of
operated by the Department of Energy end
that emit radionuclides tw air.,

§61.121 Dejinitians,

(a) "Whole body"” means all kuman
OTgans. organ systems, and tissues
exclusive of the integumentary system
[skin) and cornea.

{b) “Organ" means any human organ
or tissue exclusive of the integumentary
system (skin) and the cornea.

(c) “Radionuciide” means any nuclide
that emits radiation.

{d} “Dose equivalent” means the
product of absorbed dose and
appropriate factors to aceount for
differences in biological effectivenass
due to the quality of radiation and its
distribution in the body. The unit of the
dose equivalant is the Tem.

§61.122 Standard.

Emissions of radionuclides te air from
eperations of Department of Energy
facilities shall not exceed those amounts
that cause a dose equivalent rate of 1g
mrem/y io whole body or 30 mrem/y to
any organ of any member of the pablic.

$61.123 Emission monitering and test
pracedurasy,

To determine compliance with the
standard, radionuclide emissions shall
be determined and dose equivalent
values to members of the public
calculated using EPA approved
sampling procedures. codes AIRDOSE-
EPA and RADRISK, or other procedures
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which EPA has determined to he
suitable.

§61.124 Compliance and reporting, '

DYOE shall submit to EPA an annual
report which includes the results of
Monitoring ernissions from points
subject to this standard and doge
calealations for each site. The report
shall also describe the DOE program for
maintaining airborne radionnclide
roledses as low as practicable below the
standard, including a discussion of -
current cantrols, new control equipment
instzlled during the year, and a
discussion of new contrels that arg
under consideration,

3. By adding the following Subpart L;

Subpart L~-National Emisslon
Standards for Radionuclida Emissions
From facilities Licensed by the Nuclear
Regulatory Commission and Federal
Facilities Not Covered by Subpart K

$61.130  Applicability,

The provisions of this subpart apply
'o NRC-licensed facilities and to
-acilities owned or operated by any
Federal agency other than the
Department of Energy, except that thig
subpart does not apply to facilities
requiated under 40 CFR Part 190 or to
any accelerator, )

$61.131 Definitions.

{a} “Agreement State” means and
State with which the Atomic Energy
Commission or the Nuctear Regulatory
Commission hag entered into an
effective agreement under subsectin
273} of the Atomic Energy Act of 1954,
as amended.,

(b} “Dose equivalent” means the
broduct of sheerbed dose and
appropriate factors to acsount for
differences in biclogical effectiveness
due to the quality of radiation and itg .
distribution in the body. The unit of the
dose equivalent is the rem,

(¢) "NRC/licensed facility” means any
facility licensed by the Nuclear
Regulatory Commission or any
Agreement State to receive title to,
receive, possess, use, transfer, or deliver
anY souree, by-product, or special
nuclear materizl, .

{d) “Organ” means any human organ
or tissue exclusive of the integumentary
system (skin) and the comean.

{e) *Radionuelide” meansy any nuclide
that emits radiation.

§61.132 Standarg,

(2} Emissions of radionuclides to air
frem facilities subject to this subpart
shail not exceed those amountg that
Cause 1 dose equivalent rate of 10
mrem/y to any organ of any member of
the public.

(b) This standard shall be
implemented using pathway and dose .
equivalent calcuations based on EPA's
codes ATRDOSE-EPA and RADRISK or
modeling techniques which, in EPA's
judgrment, are as suitable fop particular
applications as the EPA codes.

4. By adding the following Subpart M;:

Subpart M—National Emission
Standard for Radionuctide Emission
From Underground Uranium Mines
§61.140 Appiicability.

The provisions of this subpart are

=applicable to owners or operators of

nnderground uranivm mines,

§61.141 Definitions.

(a) “Unrestricted area,” as used in this
subpart, means an area not undar the
contrel of the mine owner or operator or
a governmental ageney for the DWpose
of restricting the use op establishment of
structures for residential purposes,

{b) "Mine vent” means g shaft
extending from the working areas of an
underground uranjum mine to the earth's
surface for the purpose of discharging
ventilation air from the mine to the
earth's attnosphere,

(c) “Curie™ is a unit of radioacitivity
2qual to 37 billion nuclear
transformations (decays) per second.

§61.142 Standard,
The radon-222 emizsions {o air from
& mine vents of an underground
uranium mine shall not resujt in an
increase in the annual average randon—
222 concentration in air in an
unrestricted area in excess of 0.2 pCi/1.

§61.143 Enmission tests,

{a) Unless a waiver of emission
testing is obtained under 61.13, each
rine owner or operator subject to 61.142
shall measure the radon-222 Emissions
from each of his mine vents:

{1) Within 80 days of the effective
datz of this rule, and annually
thereafter, in the case of an exizting
seurce or & new source which has an
initial startup date preceding the
effective date of this mle; or

(2) Within 90 days of startap, and
anuually thereafter, in the case of a new
source that did not have an injtial
startup date proceding the effective
date.

{b} The Administrator shall be
notified at least 30 days prior to an
emission test so that EPA may, at its
option, observe the test,

(c) Each emisston test shall consist of
three runs. The tests shall be conducted
during norma) operating ang ventilation
conditions. The average of all three runs
shall apply in computing the emission
rate,

(d) For uge in calculating radon-222
concentrations in unrestricted areas
under § 61.144, the annna] emissions
from each mine vent shali be determined
by multiplying the radon-222
concentration me=ssured in the air
emitted from the mine vent by the tota]
volume of air discharged through the
vent over a one year period based on
continuowus operation of the ventilagon
system,

(¢} Records of emission test Tesnity
and other data needed to determine
total emissions shall be retained at the
source and made available for
inspection by the Administrator for a
minmium of 2 years,

§61.144 Reporting.

{a} Each owner or operator of a sgurce
subject to the requirements of § 61.142
shail calculate the average annual
radon-222 concentration in air at the
hearest unresiricted area to each of the
mine vents from his mine usging the
following equation;

C=0.1%Q, (X, ==

Where

C,= radcn-por concentration in picocuries
per liter (pCi/1] at location i due to all
vents frem the mine, .

Q.= radon emission rate in kilocuries per
year from vent i,

Xym distance in kilometers from mine vent i
to focation j,

(b) Rather than use the method
prescribed in paragraph {a}. an owner or
cperator of 2 mine may, subject to the
approval of the Administrator, use
dispersion factors based on site specific
meteorology. .

{c) The caleulations performed under
Paragraph (4] or {b) shall be reported to
the Administrator within 30 days of
completion of the emission tests
required under § 62,143,

5. By adding the following Subpart N;

Subpart N-—National Emission
Standard for Radionuctige Emission
From Efementat Phosphorus Plants

§61.150  Applicability.

The provisions of this subpart are
applicable to ewners and operators of
nodulizing kilns and electric furnaces at
elemental phosphorys plants.

§61.151 Definitlons,

(a) "Elemental phosphorus plant”
means any facility that processes
phosphate rock to produce elementa]
phosphorns using pyrometallurgical
techniques.

(b} “Nodulizing kiln" means a unit i
which phosphate rock iz heated 1o
convert it 1o a nodulur form,
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{¢) “Electric furnace™ mesns a unit in
which the phosphate rock is heated with
silica and coke to reduge the phosphate
to elemental phosphorus.

(d) “Curie* is a unit of radioactivity
equal to 37 billion nuctear
transformations {decays) per second.

§61.152 Standard.

Emissions of polonium-210 1o air from
sources subject to this subpart shall not
exceed 1 curie in a calendar year.

§ 51153 Emission tests.

{a} Unless a waiver of emigsion
testing is obtained under § 61.13, each
Owner or operator required to comply
with § 61.15Z shall test emissions from
his source within the following time
limits:

{1) Within 90 days of the effective
date of this rule in the case of an
existing sonrce or a new source that has
an initial startup date preceding the
effective date of this rule: or

[2) Within 90 days of startup in the
case of a new source that did not kave
an initial stariyp date preceding the
effective date of this mle.

{b) The Administrator shall be
natified at least 30 days prior 1o an
emission test so that EPA may, at its
option, ohserve the test.

(¢) Each emission test ghall consist of
three runs. The phosphate rock
Processing rate during each test shall be
recorded. The averge of ali three runs
shall apply in computing the emission
rate. For determining compliance with
the emission standard of § 61.152, the
annual polomium-210 ermissions shall he
determined by multiplying the polonium-
21¢ emission rate in curieg per metric
ton of phosphate rock processed by the
annual phosphate rock processing rate
in metric tons. In determining the annual
rhosphate rock processing rate, the
values used for operating hours and
nperating capacity shall be values that
will maximize the expected production
rate. If the owner or operator of a source
subject to this subpart changes his
operation in a way that could change his
emissions of polonivm-210, he may
determine his compliance with the
requirements of this subpart on the basis
of calculations vsing data from previous
emission testg,

(d) All samples shall be analyzed, and
Polonium-210 emissions shall be
determined within 30 days after the
source test. All determinations shall be
reported to the Administrator by a
registered letter dispatched befare the
close of the next business day following
such determination,

{e] Records of emission test resuits
and other data needed to determine

sotal emissions shali be retained at the

source and made gvailable for
inspection by the Administrator for g
minimum of 2 vears.

§61.154 Test methods ang procedures,

(a) Each owner or operator of a source
required to test emissions under
§ 61.15% unless an eqgivalent or alternate
method has been approved by the
Administrator, shail use the following
test methods: ‘

1. Test Method t of Appendix A to
Part 60 shall be used ta determine
sample and velocity traverses:

2. Test Mathod 2 of Appendix A to
Part'60 shall be used to determine
velocity and volumetric flow rate;

3. Test Method 5 of Appendix A to
Part 60 shall be used to collest
particulate matter containing the
polonium-210:

4. Test Method 111 of Appendix B to
thig part shall be used to determine tha
pelonium-210 ermissions.

§61.185 Menitoring of operatians.

{a) The owner or operator of any
source subjact to this subpart using a
wet scrubbing emission control device
shall instail, calibrate, maintain, and
operate a monitoring device for the
continuous measurement of the presgure
loss of the gas stream through the
scrubber. The monitoring device must be
certified by the manufacturer to be
accurate within & 250 pascals {1inch
of water), Records of these
measurements shall be maintained at
the seurce and made available for
inspection by the Administrator for a
minimum of two years,

{b) For the purpose of conducting an
emission test under § 61.152. the ownap
Or operatar of any source subject to the
provisions of this subpart shall install,
calibrate, maintain, and aperate a
device for measuring the phosphate rock
feed to any affected nodulizing kiln. The
measuring device used must be accurpate
to within + 5 percent of the mass Tate
over its operating range.

Appendix B—{Amended)

8. By adding the following test method
of Appendix B:

Method 111—Daterminntion of Polonium-210
Emissions From Stationary Sources

Performance of this method should
not be attempted by persons unfamiliar
with the use of equipment for measuring
radioactive disintegration rates,

L0 Appiicabilitv ond Principle

1.1 Applicability. This method ig
applicable to the determination of
polonium-210 emissions in particulate
samples collected in stack gases,

1.2 Principle. A particulate sample is
collected from stack gases as described
in Method 5 of Appendix A ta 40 CER

Part 60. The polonivm-210 in the sample
is put in solution. deposited on a metal
disc and the radioactive disintzaration
rate measured. Polonium in acid sclution
spontaneously deposits on surfaces of
metals which are more electropositive
than polonium, This principle is
routinely used in the radiochemigal
analyses of polonium-210 [reference 1).

20 Apparatus

21 Alpha-counter photomultiplier
tube, (5 cm), with associated electronios
to record pulses,

2.2 Constant temperature hath at
B5°C,

23 Puolished nickel discs. 3.8 o
diameter. 0.6 mm thick.

24 Silver activated zinc sulfide
screert. _ :

2.3 Beakers, 400 ml, 150 ml,

26 Hot plate, electric.

2.7 Fume hood.

2.8 Teflon beakers, 150 mL

Teflon is a registerad wademark of
BuPaent Co.,

3.0 Reggents

31 Apnalysis.

3.1.1 Ascorbic acid, reagent grade:

31.2 Distilled water.

3.1.3 Hydrochloric acid 127,
concentrated reagent grade.

3.14 Hydrofluoric acid 28Af reggent
grade.

3.1.3 Nitric acid 16M, concentrated
reagent grade.

3.1.8 Perchlorig acid 1207, 72 percent
reagent srade.

317 Sodivm hydroxide 1801
Dissolve 720 g of sodium hydroxide
?el]ets in distilled water and dilute 10 1
iter.

3.1.8. Trichlotoethylene.

3.2, Standord solution, Prepare
calibrated solution of poloniurn-216 from
supplier of this radionuclide. Known
aliquots are 1o be used to establish
efficiency of deposition.

10 Procedure

41 Sample Freporation.

111 Place filter collected by EPA
Method 5 Part 60 in Teflon beaker, add
30 m! hydroftuoric acid and evaporate lo
dryness on hot plate in head,

412 Repeat step 4.1.1 umij} glass
fiber filter has been digested.

413 Add 100 mi 16M nitric acid to
residue in Teflon beaker and evaporate
ta dryness. Do not overheat,

414 Add 50 mi 16M ritric acid 10
residue from step 4.1.3 and heat to 80°C,

413 Decant acid solution into glass
beaker and add 10 ml 1247 perchloric
acid.

416 Heal acid mixture 1o perchloric
acid futnes.
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41.7  Adjust volume to 60 ml with
distilled water and neutralize with 180/
sodium hydraxide.

418 Dilute to 100 ml with distilled
water and adjust solution to 0.5M in HCI
by adding 4 ml 120 hydrochloric acid,

4.2 Somple Analysis. Analyze the
solution for polonium-210 using any
published methed which invelves the
spontanecus electrodeposition of
polonjum-210. inchiding the method
described below:

4.21  Add 200 ml of ascorbic acid
and heat sclution to 85°C in constant
temperature bath.

4.2.2 Melt a thin coating of
pulyethylere on the unpolished side of
disc to prevent deposition. Adhesion of
the polyethylene to the disc is enhanced
by sanding the nickel surface with
garnet praper,

423 Clean polished side with .
trichloreethylene, hydrochioric acid, and
distiiled water.

4.24 Buspended nickel dist in the
solution using glass or plastic hook.

4.2.5 Maintain disc in selution for 3
hours while stirring the solution.

4.2.6 Remove nicke! dise, rinse with
distilled water and dry at room
terperature,

4.3 Measuremeant of Polonium-21n,

4.3.1 Position deposition side of
nickel disc adjacent to zinc sylfide
sereen on photomuitiplier tube and
count pulses,

4.3.2 Establish background count
rate by measuring counts over clean
nickel discs.

4.3.3 Determine procedure efficiency
by adding calibrated aliquots of
polonium-210 to acid solution with clean
filter and following procedure through
radicassay step,

4.34 Determine countey efficiency by
carefully evaporating known aliguots of
poloniwn-210 on nickel dise and
measuring count rate, comparing count
rate to known disintegration rate as
fraction,

50 Caloulations

5.1 Calenlate the curies of polonium-
210 in the sumple using the following
equation;

Cr-Ca
T (E)E NTHD)

A=

A=Curies of poloniyin-210 in sample.

Cr=total sample counts for counting
period,

Cy=background counts for connting
period,

E, =procedure efficiency.

E;.=counting efficiency,

T=counting time in minutes,

D=decay correction.

5.1.1 Decay Correction

‘ 0.693mM
Decay eomaction (G} =a = ¥
t

T=time in days from midpoint of
collection time to the counting tirme,

t¥% =radialogical half life of polonium-
210, 138.4 days,

5.2 Procedure for Coleulating
Emissions.

Calculate the polonfum-210 emission
per metric ton of roek processed using
the following equation:

AQ,

E m—=

V.M

E=Curies of polonium-210 per metric
ton of rock processed,

A=Curies of polonium-214 in sample
fram 5.1.

Qq=Volumetric flow rate of effluent
stream in m¥/h,.

V,=Total volume of air sampled in m?,

M=Rock processing rate during
sampling in metric tons/hr.

680 References

1. Blanchard, Richard L., Rapid
Determination of Lead-210 and
Polonium-210 in Environmental Samples
by Deposition on Nickel, Ana}. Chers,.
38, 189 (1966).
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APPENDIX D
. List of Subcommittee Meetings, Briefings and Public Presentations

The Subcommittee held four meetings in Washington, D.C., three of them public.
The non-public meeting consisted of a writing session of Subcommittee members at
which no EPA staff attended with the exception of the Director of the Science
Advisory Board. Agendas for the three public meetings, which identify EPA staff
briefings and public pregentations, are included in this appendix. In addition,

transcripts of these public meetings are on file at the Science Advisory Board

offices.
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Management in the Office ‘ -
i of Radiation Programs

11l:15 Break
11:30 Radionucliides Background Briefings

l. A Computerized Methodology for Mr. Nelson
Estimating Environmental Concentta-
tions and Dose o Man frem Airborne
Releases of Radionucxides (AIRDOS

Model)
12:30 p.m. Lunch
1:30 ’ Background B:iefings, continued

2. Life Table Methodology for Eval- Dr. Bunger
vating Radjiation Risks

2:158 3. Basis for EPA Radiation Risk Er. Ellett
Assessmentsg

3:00 Break

3:15 Committee Discussion and Development

of Plans for Future Activities

4:00 Adjourn






-

U. 8.
Ecience Advisory Boarg

Room
192

Crystal city,

Environmental Protection Agency

1112 Crysta:

Mali

¥

Jefferzon Davig Hwy.

Subcommittee on Rigk Assessment for Radionuclidas

Tuesdavy,

February 21-22,

February 21

9:00 a.m.

10:15

i1l:00

1l:15

Opening Remarks

Recapitulation of the ORD
Risk Issues anag Process
{(From the Previocus Meeting)

.Update on Transport/Modelinq
Briefing From the Previous
Meeting -- Questions from
the Subcommittee an the
Transport Modeling
(AIRDOS-~EPA)

Dose Models and Risk Assegg-
ment Models and Codes

Break

Discussion of Dose and Risgk
Models, continueq

Lunch

EPA Estimates of Cancer Fatale
ities

EPA Estimates of Genetic
.BEffects

Statements From the Publie

Break
Case Study Briefing

l. ¥y-12 Faecility -
Recegs

Subcommittea Dinner

1984--0pean Meeting

Dr.

Dr.

Dr.

Dr.

Dr.

Or.

Mr.

Dr.

Dr.

-~

Mr .

R+ McClellan
T. ¥Yosie

W Ellett

C. Nealsan

o

B. Sulliﬁan

W Ellet:

N. Nel=zon

D. Seroggin,
Mining Assoc.
L. Hamilton,
Dr. J.
br. N. Harley
T« White, NCRp

J. Hardin

Virginia

Harley ana

Idaho






Wednesday, February 22

9:00 a.m.

E;:ls

1i:00

ll:1%

12:30

Opening Remarks

Case Study Briefing, Continued
2. Phosphorus Plant

Ereak

Subcommnittee Discussion andg
Future Agenda

Adjourn

-

rd

Dr. McClallan

Dr. P. Magne






U.5. Environmental Protection Agency

Subcommittee

Thursday, March 22

9:00 am

12:00

Science Advisory Board
on Risk Assessment for Radionu
March 22-23, 1983

Opening Remarks

Subcommittee Discussion of Iss

1112 Crystal Mall &2

1921 Jefferson Davis
Highway

Arlington, Va.

clides

br. R, McClellan
Dr. T. Yosie

ueg

To Be Included in a Draft Report

and Development of Prelimina
Position Papersg

Lunch

Follow-Up on ¥Y-12 Case Study
Briefing

Supplementary Comments and
Materials on Cancer Risk
Estimates % '

Application of Risk Assessment
Decision~-Making

Break

Statements From the Public

L]
alk

-

Subcommittee Discussion
Recess

Subcommittee Dinner

Opening Remarks

Subcommittee Discussion of Iss
To Be Included in a Draft Re
and Development of Prelimina
Position Papers

Adjourn

ry

Dr. €. Nelson

Dr. W. Bllett

Mr. R. Guimond

Dr. H. Whipple
Utility Air
Regulatory Group

Dr, R. McClallan

ues
part
ry






5.

6.

10-

11.

12,

13.

Appendix E
References

Risk Assessment in the Federal Government: Managing the Frocess, Committes
on the Institutional Means for Agsessment of Risks to Public Health, National
Academy of Sciences/National Research Council, 1983, '

William D. Ruckelshaus, "Science, Risk and Publie Policy," Speech Delivered
Before the National Academy of Sciences, June 22, 1983.

"Managing Risk in a Free Soclety,” Princeton Alumni Weekly,
March 7, 1984, pp. 18-23.

The Effects on Populations of Expogure to Low Levels of Tonizing Radiation:
1980, Committee on the Biological Effects of Tonizing Radiation (BEIR II1),
National Academy of Sciences/National Research Council, (1980).

D. B. Turner, Workbook of Atmoshpéric Diffusion Estimates. T.§. Department of
Health, Education and Welfare, 1969, Publication Na. O095-AP-26.

3. R. Hanna, G. A. Briggs, and R, P. Rosker, Jr., Handbook on Atmospheric Diffusion.
U. 5. Department of Energy, 1982, TIC-11223,

F. A, Gifford, "Estimating Ground-Level Concentration Patterns From Isolated
Alr-Pollution Sources: A Brief Summary,” Environmental Research v. 25 (1981),
pp. 126-138.

T. V. Crawford, Atmospherie Transport of Radionuclides. Report of the Working
Group on Atmospheric Dispersion, Deposition and Resuspension. .Froceedings of the
Workshop on Evaluation of Models Used for the Environmental Assessment of Radionuelide

Releases, Gatlinburg, IN., September 6=9, 1977, Ozk Ridge Natlonal Laboratory Report

C. A. Little, and C. W. Miller, The Uncertainty Associated With Selected Environmental
Transport Models., Oak Ridge National Laboratory Report No. ORNL—5528 (Oak
Ridge, TN, 1979). : .

Js F. Fletcher, and W. L. Dotson, HERMES: A Digital Computer Code for Estimating
Regional Radiological Effects From the Nuclear Power Industry., Battelle Northwest
Laberatory, Document No. HEDL-TME-71-168 (1979).

Calculaltion of Annual Doses to Man From Routine Releases of Reactor Effluent for the
Purpage of Evaluating Compliance with 10 GFR Part 50, Appendix I, Regulatory Guide,
1.109 (Revision I). U.S. Nuclear Regulatory Commission (1977).

R. Sullivan and C. Nelson, RADRISK/BEIR-III, Part II: Dometric Methods and Codes
Used to Assess Radiation Risk (January, 1984 Draft).

R, L. Dobson, J. Straume, J. S. Felton, and P. C. Kwan, "Mechanism of Radiation and
Chemical Oocyte Killing in Mice and Possible Implications for Genetic Risk Estimation
(Abstract),” Environmental Mutagen V. 5 (1983), pp. 498-499,







APPENDIX F: Comparison of ATRDOS-EPA Predictions With Those of Other Models
and Real Data: Explanation of Table 1 and Figures 1-7






EXPLANATION OF FIGS. 1-7 AND TABLE 1

Several internationally-recognized models for assezsment of the transfer of
radionuclides through terrestrial foodchains were compared by Hoffman and colleagues, 1,2
Comparisops were made of the steady-state concentrations of Cs-137, Sr-90 and I-131
in milk, ﬁeat and vegetables, as predicted by the various models, per unit of
chronic deposition rate. The units are uCi/kg per pei/M z—day. Among the models
compared are AIRDOS-EPA, Internat{gnal Atomic Energy Agency (TAEA), Narional Radiological
Protection Board of the United Kingdom (NRFB), BIOPATH (Studsvik Energiteknik AB,
Sweden) and U.S5. Nuclear Regulatory Commission (NRG). For some radionuclides in
some foods, observed data compiled by UNSCEAR were compared to model predictions.
All the above models were rum to produce time-independent estimares of steady state
concentrations per unit deposition rate.

In this exercise, these models were compared to predictions by PATHWAY, a
dynamic model developed to predict human ingestion of fallout-produced radionuelides
in the vicinity of the Nevada Test Site during the 1950's.3 PATHWAY predicts
time-interated concentrations in foods per unit of acute deposition‘pri-days/kg
per PCi/H2)- It can be shown that this quantity is mathematically equivalent to
the quantities predicted by the above models. The utility of using PATHWAY for
comparigon is thar 1t‘illustrates time-dependencies in the various foodchain
processes, and it has been rather carefully tested against real observations.%

In Figs 1-7, the resulte of PATHWAY are plotted by the calendar date of fallour
deposition, and the values predicted by the other models or observed by UNSCEAR are
also shown. The significant time~dependencies shown by the PATHWAY results mainly
reflect dynamics in animal diets, harvest practices of feed crops, and plant growth

patternsg.






A major difference between PATHWAY and the other models is found in the nass
interception of radionuclides by follage. Whereas PATHWAY uses a value applicable
to large fallout particles (50-300 uM), the other models use a value aﬁplicable to
submicrén partieles and gases. The PATHWAY predictions nay be mutiplied by a factor
of five to adjust for this particular difference. This has been done in Table 1, for
comparison toe ATIRDOS~EPA, =

In Table 1, PATHWAY predictions scaled to correspond to real data observations
[PATHWAY (P*0/P)}] are compared direetly to AIRDOS-EPA predictions as a test of
the latter pedel's accuracy. In the case of 5r-90 in vegetables, PATHWAY did not
use a comparable category, so the UNSCEAR data were uged as the basis of testing

ATRDOS-EPA. For Cs-137 and Sr-90 in milk, both UNSCEAR and scaled PATHWAY results

could by compared to the EPA model.

1. Hoffman, F.Q., V, Bergstrom, C. Gyllander and A. Wilkens. 1983, The transfer
of Co-60, S5r-90, I-131, and Cs~137 through terrestrial foodchains: A comparisons
of model predictions. STUDSVIK/NW-83/417, Studsvik Energiteknik AB, Sweden.

2, Hoffman, F.0., V, Bergstrom, C. Gyllander and A. Wilkens. A comparison of
pradictions fronm internationally recognized assegsment models for rhe transfer
of selected radionuclides through terrestrial foodehains. Nuclear Bafety (In Press).

3. Kirchner, T.B., F.W. Whicker and M.D. Otis. 1983, PATHWAY: A simularion model,
of radionuclide transport through agricultural foodchains. pp. 959-968 In
Lavenroth, W.K,, G.V. Skogerboe and M. Flug (eds.). Analysis of Ecological
Systems: State-of-the Art in Ecological Modelling. Elsevier Sci. Publ. Co.,
Amsterdam.

4. Kirchner, T.B. and F.W. Whicker. Validation of PATHWAY: A simulation model of
the transport of radionuclides through agroecosystems. Ecological Modelling,
22 (1983/1984), pp. (21-44,) Elsevier Sci. Publ. Co., Amsterdam.
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FIGURE 1

TIME-INTEGRAL OF I-13] CONCENTRATION IN MILK
PER UNIT DEPOSITION: MODEL COMPARISONS
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APPENDIX @

RADTATION ADVISORY COMMITTEE

Preamble

The Administrator of the Environmental Protection Agency has asked the
Sciénce Advisory Board (SAB) to establish a standing committee on envirommental
radiation. The formation of such a committee was recommended by the SAB Subcommirtee
on Risk Assessment for Radionuclides as part of its review of the scientifie
basis of EPA's proposed standards for airborne radionuclides. The newly created
committee is expected to provide a continuing source of scientific advice to
EPA's Office of Radiation Programs (ORP) and other elements of the Agency as
they carry out their mandated activities.

OBJECTIVE: To review and evaluate the scientific basis and quality
of the Agency's sclentific assegsments, research and other
scientific activities related to envirommental radiation.

CHARGE: To provide, on a continuing basis, a committee constituted

of a group of sclentists knowledgeable in matters related
to the impact of radiation on the environment and human
populations. The committee is expected to provide a review
of the scieniific'quality of the Agency's radiation
activities and to offer advice on how its scientific capabi-
lities can be maintained at a high level. Further, the
committee 13 expected to review and comment on the adequacy
of scientific information and analyses used in developing
risk assessments and other scientific documents the ORP
and other Agency offices may prepare ag a basis for risk

management decisions on radiation matters.







SCOPE OF ACTIVITIES:

PROCEDURE:

Areas of current and planned committee activity inclyde:

1) providing independent scientific review of scientific
analyses used to estimate the importance of radiation

on the environment and people for EPA's rule making and

guidance development activities; 2) providing peer and
sclentific review and advice to the Agency on the

development and maintensnce of the state—of-the—art in the
various scientific areas needed to discharge its vesponsibilities
including sources of radiation exposures and radicactivity,
movement of radionuelides through the enviromment, estimation

of the dose received by peopls from both internally deposited
and external radiation sources and estimation of the health

and enviromental risks of radiation Expuéhre; and 3) identifying
priority monitoring and other scientific information needs

to support the Agency's regulatory activities for radistion.

The comnittee will meet at least twice anmaally, or more
frequentiy if necessary to carry out its assigned responsi-
bilities. It will hold publie meetings to advise the Agency

and solicit information from the public. The Committee will
report to the Administrator through the Exzecutive Conmi ttee

of the Science Advisory Board.






