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EPA NOTICE

This report has been written as part of the activities of
the Science Advisory Bosrd, a public advisory group providing
extramural scientific¢ infermation to the Admirnistrator and
other officials of the Eavironmental Protection Agency. The
Board is structured to provide a balanced expert assessment
of the scientific¢ matters related to problems facing the
Agency. This report has not been reviewed for approval
by the Agency, hence its ccntents do not necsssarily
represent the views and'policies of the Envirommental
Protection Agency, nor does mention of trade names or

commercial products constitute endorsement or recommendation
for use. L
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Background

This is the third report of the Subcommittee on Health
Risk Assgessment of he Science Advisory Board eritieauing.
approaches to healt. risk assessment for alternative national
ambient air gualitv standirds developed under the suspices of '
FPA's Office of Air Ouality Plannine and Standards {OADPS).

In 1979, the Subcommittee reviewed a methodology for
assessing health risks agsociated with alternative ambient
air guality standards for &tzone. Te Subcommittee stated
its comments, conclusions, and recommendations in a report
dated September 1979, */ !

Among other comments and suggestions, the Subcommittee

- found that the methoddlocy developed by OAQPS was
not ready for application in the process of estab-
lighing national ambient air gquality standards; and

-~ recommended that OAOPS should formulate a plan
outlining how the Agency will (a) develop the
proposed methodology, including standards and
protcoceols for application, (b) consider alter-
native apprr iches, and (¢) select and establish
the credibi. itv of the best methodoloay.

Consistent wit  the Subcommittee's recommendations, the
Office of Alr Quality Planning and Standards developed a "Risk
Agsegsment Program Plan® and contracted with six research teams
to develop integrated conceptual risk aszseszsment wrocedures,
Thig effort resulted in six documents which the Subcommittee
reviewed at a public meeting in September 1980. Also 2t that
meeting, the Subcommittee heard update reports on the F/B Risgk
Assessment Method (named after its authors, Thomas B, Peagans
and William P, Biller} and on contemplated next steps in the
OAQPS "Risk Assessment Program Plan.” The Subcommittee's

comments, findings, and conclusions are contained in a report
dated December 1980,%*/

*/ Review of "aA Method of Assessing the PFealth Risks Associated
With Alternative Air Quality Standards for Ozone" (Draft
dated July 1978}, A Report of the Subcommittes on Health
Risk Assesament, EPA/SAB/79/001, September 1979. The method
is referred to as the F/B Risgk Assessment Method or the
F/B Method after its authors, Thomas B. Peagans, OAQPS
Analyst, and Dr, Willianm F, Biller, Consultant.

**/ Approaches tc Realth Risk Assessment for Alternative
National Ambient air (Ouality Standards, 2 Report of the
Subcommittee on Realth Risk Assessment, FPA/SAB/80/003,
December 1980,



Briefly, the Subcomm1ttﬁe ¢conaluded that

- the program has pradueed two and pessibly three
promising approaches to health risk assessment for
use in developing altetnative national ambient air
guality standards; and

-~ jinformation presenteﬂ‘on the F/B Risk Assessment
Method did not reflec¥. gignificant improvements since
the Subcommittee £irst reviewed it and discussed its
deficiencies in public. session in April 1979,

Following the Subcommitiee's recommendations, OAQPS
selected two approaches as alternatives for further
development: the approach presented by M.W. Merkhoefer and
the one by Robert L. Winkler and Rakesh K. Sarin. As regards the
F/B Method, OAQPS advised the Subcommittee that the method will
be presented in a comprehensive report and will be subject to
extcensive in-house and external reviews including ancther review
by this Subcommittee. OAQPS then planned to proceed as follows.
If the reviews indicate that further development of the F/B
Method is warranted, OAQPS will hold it in abeyance until
alternative methodologies can be brought into a parallel state of
development. If the reviews indicate that further QAQPS support
of the F/B approach is not warranted, all work on that method
will be terminated except for the generally-applicable exposure
analysis module. Regourcee currently designated for further
developnment of the F/B Method would be applied to the slternative
approach{es). */

A comprehensive report describing the F/B approach was issued
as a draft and became ava:lable for Subcommnmittee review in
mid-april, **/

¥7 " Letter from Joseph Padgett, Director, Strategies and Air
Standards Division, CAQPS, to Dr. Anita S. Curran,
Subcommittee Chairman, dated December 17, 19%80.

*%/  "a General Method for Assessing Health Risks Assoclated with
—  Primary National Ambient Air Quality Standarde™ (Draft dated
april 1981) by Thomas B, PFeagans and William F. Biller



CAQPS also arranged for six axperts to provids in-depth

‘technical reviews of the F/B report which became available
shortly before or at the meeting. */

#7 The six experts aelaateﬂ by OAQPS to provide technical

reviews were:

Dr. David 5., Bell, Harv :d University Business School

Dr. C.8. Burton, System& Appllcatlons, San Rafael,
California L ‘

Dr. Richard C. Jeffrey”'bepartment of Linguistics and
Philosophy, Massachusetts Institute of Technology; after
June 15, 1981: ﬁepartment of Philosophy, Princeton
University

Dr. Isaac Levi, Department of Philosophy, Columbia
University

Dr. John H. Seinﬁeld, Degartment of Chemical Encineering,
California Institute of Technology

Dr. Andrew J. Van Horn, Enevrgy and Environmental Analysis
Division, Teknetron Research, Orinda, California




Comments

We again wish to commend ané compliment the Office of Air
Quality Planning and Standards (OAQPS) on their : fforts in
developing health risk assessment and evaluation methodologies
and recommend that they continue these efforts.

The contrazts commissioned over thig past year and a half
have produced valuable regearch con the application of decision
analysis principles and techniques in the development of health
risk assessment and evaluation methodologies to aid in getting
ambient air quality standa¢ds. But we can see little or no impact
from this research or from other sources in remedying the
deficiencies this Subcommittee has perceived with the F/B
approach. It remains unnecessarily complex, continues to be
poorly communicated despite repeated attempts at clarification,
contains concepts that have not been fully worked out, and in
some areas contains unclear mathematics. (See Appendix B, Dr.
Watson's critigue of Appéndix G of the F/B Report.)

Our perception is that EPA's goal is to have an implementable
methodology within the next several years for assessing health
risks to aid the Administrator in setting ambient air quality
standards. While the F/B approach may have commendable aspects
as a research effort, it is not, in its present “»rm, an
implementable tool for public policy decision ma ing, and, we
believe, will not be accepted by a large part of the scientific
community or the public. 25 we have repeatedly uggested,
Feagans and Biller should publish their work in pesr-reviewed
journals, and the professional community should judge the
merits of their viewpoint. It is ocur belief that even if the
F/B viewpoint were to become widely accepted, this weould not
occur in the foreseeable future,

The scientific data and reasoning should be emphasized, not
the mathematical complexities of processing probabilities. There
is a lack of emphasis in the F/B approach on what constitutes an
adverse health effect, what constitutes the most sensitive
group, and which health effects should be most important in
establishing ambient standards. The discussion of responses of
concern, sensitive populations, seriousness of effect,
uncertainty about causality (pages 7-2 to 7-4 of the F/B Report)
is unsatisfactory and superficial. BAgreement on basie
definitions and measurement criteria is essential if comparisons
between experts' probkabilities are t¢ have any meaning.



Another area of difficulty is that of working through the

" mathematics of a complex model using upper and lower
probabilities. 1In this situation a probability densitv function
does not exist, and integration over the range of an upcertain
guantity becomes much more difficult. In complex parts of their
analvesis, such as the dose-response discussion in Appendix F,
Feagang and Biller go bhaek to using single-valued probabilities
and density functions, Feagans and Riller state (p. FE=2),

"With care, it is relatively straightforward to recast the
results and the supporting treatment in the form of upper and
lower probabilities."™ We are not convinced that the extensive
development of pages E-2 to F«29 and Appendix F can be carried
throwgh with upper and lower probabilities without encountering
some intractable or severely restrictive mathematical difficulties.
Only the most diligent and determined probability expert could
understand the mathematical development of Appendices E and F,
given that it is carried out using upper and lower probabilities.

A third area of difficultv was pointed sut hv Professor lLevi.
It is not clear how the upver and lower probabilities are to be
used to arrive at decisions. '"he risk ribbon approach advocated
by Feagans and Biller ig ad hoc and unsatigfactory. Professor levi
notes that approaches to '‘decision theory using upper and lower
probabilities have been developed by himself and others and published
in the literature, but these approaches have not heen incorporated
inte the F/B approach. -

The Subcommittee suggests that all material relating to upper
and lower probability, the theoretical foundations of probability,
and risk ribbons should be ¢onsidered-basgic research and
separated from the approach. For an implementable tool, we
suggest the analvsis should be based on standard decision analysis
or Bayesian methods, using single-valued probability
distributions. Bach such distribution would represent the
judgment of one expert or a consensus among & group of experts for
each uncertain input to the rzisk analysis, guch as the percentage
of a well«defined sensitive group suffering a health effect from a
aiven pollutant concentration. These distributions would be
combined with meteorclogy and human activity models to produce
probability distributions on threshold exceedances and the number
of adverse health effects for alternative standards. Where
experts disagree on a probability distribution that is used as
input, FPA should carry out a senesitivity analysis to determine
the impact of the disagreement. Where the Adisagreement is
significant to the decision on choice of standard, each of the
disagreeing experts should be asked to communicate the rationale
for his or her probability assessments in such a form that this
rationale can be reviewed hy scientific peers and presentesd to
EPA's genior management,



ol

Any analysis which is.to be successfully vsed and defended
by EFA in the standardesetting process must be as simple as is
consistent with a satisfactory solution. Its developers and users
must be able to describe theéir work to semi-technical and non~
technical people in c¢lear, unambiguous, conventional English.
Over the past two years the F/B approach appears to have become
more ponderous, complex and inflexible. Moreover, the
doctrinaire presentation of the approach may greatly intensify
the antagonism of those sc¢ientists who are generally skeptical of
quantitative risk assessment methods.

The major departure in the F/B approach from widely
accepted decision analysis practice is the use of upper and
lower probabilities instead of a single probability nunmber for
an event and a "sharp® or single-valued function for the
probability distribution over the range of an uncertain guantity.
The concept of upper and lower probabilities is an interesting
one that has received some attention in the literature. However,
Feagans and Biller have not worked out a complete approach based
on this concept, and the use of upper and lower probabilicies.
greatly complicates an already complex analysis. The basis
advanced for using upper and lower probabilities is that the
authors believe that the concept is not only theoretically sound,
but indeed preferable to the standard "behaviorist® approach
based on the work of Frank Ramsey, Brunc di Finetti, and L. J.
Savage. However, the latter apprcach hasg been widely taught and
practiced over the past twenty years, and few members of the
relatively large decision analyis/Bayesian statistics community
have as yet been persuaded of the werits of the forty-year old
B.0. ERoopman viewpoint on probability that has been empraced by
Feagans and Biller, S :

The upper and lower probability approach invelves a number
of difficulties., One is that of probability encoding. Feagans
and Biller cite the techniques used by Stanford Research
Institute (SR1), but neither SRI's work nor the extensive
literature on which it is based employes upper and lower
probabilities. The work on encoding health experts that
Tom Wallsten presented at the May 13, 1981 meeting of the
Subcommittee was interesting but unigue; there is essentially no
existing literature or reservoir of practical experience in
probability encoding using the upper and lower probability
approach. The professional community can conzider the
implications of Dr. Wallsten's work in conjunction with the
already existing literature if and when Dr., Wallsten's work is
published.



Rereading the comments of the six reviewers, as regards the

" merits of the F/B approach,; it seems to us that they were mainly

addressing the question: 'Is the F/B approach sufficiently
interesting research that if deserves continued support? This,
in our opinion, is very different from the question of whether
the F/B approach could or.should be implemented for an ambient
air quality standard in the next several vears. We read most of
the reviews to state or imply that the approach and the
communication of it had significant problems yet to be resolved,
We find Bell's comments on’ efficiency and the caveat in Burton's
review particularly important in relation to the feasibility of
successfully implementing the F/B approach.

Bell states:

"It is well known that there are decreasing
returns to scale with the complexity of a model to
the point where you can end up worse off than no
model at all. I think the models here are overly
complex for the current state of applied art. I
agree with the approach but I believe it is a
little too much all at once. I would he happier
seeing more modest goals at this point., If the
report is only intended to be a look at the future
Cr as a research document as opposed to a Araft of
an EPA manual then I'm content. I don't believe
it's realistic to expect  a methodology such as this
to be performed with much creedence [sic) given to
it in the next 10 years,.® (p.3)

Burton adds:

"The concepts and methodology embodied in the
a2pproach appearsound’and merit (immediate) further
development towards the goal of incorporating the
techniques into the standard setting process.
However, while I support completely the approach,
it ig apparent that neither the style nor the tone
cf the report will facilitate acceptance of the
approach by the techniecal, regulating, or regulated
community. To take, as the authors do, such an
unyielding position regarding the approach of
eliciting probability estimates, and to use lan-
guage that to many, if not most, will be perceived
as offensive, appears to be both unnecessary and
counterproductive. This statement should not be
construed to mean that the authors should not be
bold and clear in stating their views: it {the
statement) is meant to suggest, however, that there

t



exist less polarizing weans of communicatina their
views. ™e authors. should be satisfied that both
their peers and time will be the final udce. In
short why make the introduction and use of this new
methodology inte the decision-making process more
diffienlt than necessary.® (p.l)

iewers reflect in general many of the
5. Subcommittee 2% years ago in that

‘ damental probabilities as a uceful
additional tool in the ¢ ard-setting process, while raising a
variety of specific concerns with the methodology., Though the
overall comments apovear to be favorable, it must be recoanized
that this is a first view vf the P/B approach by these reviewers,
We have had the advantage of watching the development of the
process over time, and our orinion is that there has been a lack
of significant proaress toward developing an implementable tool,.
We see no reason to believe this sitvation will change.

The comments of the
sentiments exnressed hy
they endorse the use of

Feagans and Riller deserve to be commended for their
pioneering efforts,: and we would expect other analvets to learn
from their work., But, as 'we stated in our September 1976
report, the goal of' the methodology should he effective
communication between the experts and the deciszion maker. We
believe this goal can be accomplished with a minimally complex
methodoloay emploving judgmental orobabilities to describe the
occurrense of adverse health’ effects in sensitive groupe st low
doses., -

We urge that FPA not congider the development of these
techniques as a competition where a *winning® methodology is
selected without provision for flekibilitv and modifieatien.
wWhat has been learned from ¥/B and the other approaches, and the
specifics of the air pollptant on which the approach is to be
implemented mav recquire subgtantial changes within any approach
that EPA selectsz, ' ‘

Despite our concerns about this specific piece of analvsis,
we helieve that the overall program of health risk assessment in
which OAOPS is now engaced is well conceived and making excellent
rrogress. We believe that the OROPS is the appropriate unit
within EPA to pursue this work and we recommend that i+ be
continued, o



Advigory Statémﬂnt{:/gf

The Subcommittee again wishes to commend and compliment the
Office of Air Quality Planning and Standards (OAQPS) on their
efforts in-developing health risk assessment and evaluation
methodologies and recommends that these efferts be continced,

But we see no significant progress in the F/B Report. The
comments of the reviewers reflect, in general, manv of the
sentiments expressed by this Subcommittee 2 1/2 years ago in that
they endorse the use of judgmental probabilities as a useful
additional tool in.the stardard-setting process while raising a
variety of specific concerns,

We recognize that this is a first view of the F/B approach
by these commentators, but we have had the advantage of watching
the development of the process over time, and ocur opinion is that
there has been a lack of gignificant progress toward developing
an implementable tool. : We see no reason to believe this
situation will change. . = '

Despite our concerns about this specific piece of analysis,
we believe that the overall program of health risk assessment in
which OAQPS is now engaged is well conceived and making excellent
progress. We believe that the OAQPS is the appropriate unit
within EPA to pursue this work, and we recommend that they
continue to develop the alternative approaches now under
consideration, o

Conclusions

In the view of the Subcommittee, the F/B method is not a
promising approach for developing an implementable tool in the
foreseecahle future. ‘

The Subcommittes re¢ﬂmm&nﬂs that OAQPS continue to develop
the two alternative approaches.

*/ This 1s a slightly edited version of a statement, reflecting

~  a consensus of Subcommittee members, read into the record by
the Subcommittee Chairman, Dr. Curran, at the May 13, 1981
meeting of the Subcommittee,
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" Appendix B

Comments by Geoffrey 8. Watson on Appendix G, Mathematical
Treatment of Uncertainty in;Pollutant Concentrations of "a
General Method for Assesszng Health Risks Associated With

Primary National Amblent: ir Quality Standards®* (Draft &ated
April 1981) ' ‘

Appendix G seeks the prbbab?ﬁity distribution of the

n largest in a series of m values. Three years ago I

pointed out the need to cansider dependent values, The authors
now recognize this but make ‘totally incorrect statements. The 18
lines giving the theory fﬁr the 1ndependence case are marred by

five typos, one 1eading to nonsense. The discussion of this

topic is at best cpgqua,”* 

xf the m valves ardered rum largest to: smallest are

(l)>x(2)io-t}x(n)}-oo>x€m} y wWe E&Ek

P?ab(x(n)<C). If G{x)vg 5%) , for any i,

(as in (G~1) ) , tha cha

w1ll be greater tban Pﬁ L ‘from the binomial distribution,

CB(C)Y (1-G(C) )RV

Néw x(n)<c if and only iﬁ“v=0,1,;..,n-l .

Hence
} n-j_

5‘ - m! v o m-v

which is (G~5) carrectéﬁ,f



The particular casa mf the Weibull dlstrlbutlon (flrst
paragraph on p. G-3) curré”tly sets
G(Cl

(G-6)

The expected numtber of e3 édances E of a stanﬁarﬂ Cstd in ng

is

(Csta) fii

To proceedfane‘mﬁs, ow what' 13 meant by the Pg' ﬁunctlcn.

This is apparently defznedwin Section 8.2, but this sectlan is
absolutely baffllng. :.. | .

From Section 8. 1, i£f§éems clear that if the standard
requires E in (i) to be less than unity,. then C‘td could be

determined from (i) if & .and Kk are known, -
Returning to Saction 8 2 the notation and definition of Pa

seems to change from 11n& tc line. Hence I cannot say whether (G-7)
and the paragraph below it are right or wrong.

The remainder of Appéndix G deals with the problems caused by
hour-by-hour correlations and non-stationarity. The latter means
daily and seasmnal-variatianm. For daily maximum the authors refer
to a paper by Horowitz and Barakatz (which I haﬁé not been able to
see} who use the represenﬁation

log C{t;) = U(k;) + a{t;) ,

a(ty } o= bla(t1 l)+...+bqa(t1 q) + ao(t ),
where ao(ti} are "normdl with mean zero"™ and

13b33. .20 {ii)
I put a finite number of b's because that is presumably intended.
1 preésume that th@ &g(ti: are suppoged to be unaarrelated and

that the t; are equally spaced. 'The condition {ii) nc doubt ig

4



sbpposed to be necessary and sufficient toe guarantee stationarity

I;rt is NEITHER as the trivial example

' Sl8) = a(t=l) +  a(t-2) + ag(t)

spould make clear to anyone knowing this theory.

i Further, Peagans and Biller assert that Horowitz and Barakatz
hgve derived the 6lstr1butlon of the maximum (presumably over a

1ung period like a year) frmm their model. This is a majar achievement
because mathematicians have been trying fruitlesgsly to solve this
preblem for at least 30.§ears (see, e.g;, Watson, Ann. Math. Stat. 1954).
Finally no one can Quess these results. I have done many

¢1mulat1cns and yet am totally unable to guess the results when I

vary "the parameters,




