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Review of the National Ambient Air Quality Standard

for Photochemical Oxidants

This paper discusses the nature and extent of changes which might be
made to the existing air quality standard for photochemical oxidants. It
was prepared by the staff of the Strategies and Air Standards Division,
0ffice of Air th‘Waste Management, EPA, as part of thé current review of

the oxidant national ambient air quality standard. 'vahas not yet been
eitensively reviewed within the Agency and therefore does not necessarily
reflect Agency policy or an Agency position. However,'jt is being made
available to solicit public review and comment which can be considered in
the development of an Agency position on fhe revision of the oxidant
standard. | ‘ |

We have classified the several decisions which must be made regarding
the standard into two categories: |

1. Those areas where the Strategieé and Air Standards Division

(SASD) "has generated an informal staff position,
and‘ . ‘

2. Those areas wheré this office is still considering a range of

alternatives. |
Background A ‘

On April 30, 1971, the Environmental Protection Agency<publi$hed in

the Federal Register-(36 FR 8186) National Ambient Aif Quality Standards

for photochemical oxidants. The scientific, technical, and medical basis
for these standards is contained in the air quality criteria document for
photochemical oxidants published by the U.S. Department of Health,

Education, and Welfare in March, 1970. Pursuant to the provisions of

Sections 108 and 109 of the Clean Air Act, as amended, EPA is now in the



process of reviewing, updating, and revising the AP-63 criteria document
as well as reviéwing tﬁe néed for modification to theAexisting photo-
chemical oxidant standqrd.‘

An external review draft of the oxidant criteria document was made
available to'the public in September and was reviewed by EPA's Science
Advisory Board in a pub]fc meeting on November 10-11, 1977. Comments
from this review and meeting are being incorporated into a final draft
document scheduled for issuance in late February, 1978 (a second Science
Advisory Board public meeting to critique this draft may be held in late
January). At the tihe the revised criteria document is reissued, EPA
will propose a revised a1r quality standard for photochem1ca1 ox1dants
or reaffirm the ex1st1ng standard. |

ISSUES WHERE EPA HAS DEVELOPED A STAFF POSITION

Several decisions must be made to explicitly def1ne an ambient
air quality standard. .0AQPS has reached a preliminary position on several
of these choices including: (1) designation of the chemical species for
the standard, (2) averaging time of the standard,'(é) a determiﬁation on
the feasibility of ?roqu1g?ting a peroxyacetyl nitrate (PAN) standard,

(4) a standard with a deterministic rather than a statistica] form.

Designation of the Chemica1'$pecies for the Standard

The existing standard for photochemical oxidants was established
for the entire class of this complex mix of compounds Unfortunately,
there are no sat1sfactory methods for accurately and re11ab1y measuring

this col]ect1ve class of po]]utants The method used to estimate~amb1ent



oxidant levels and to determine compliance measures'only a single cbmponent
of the oxidanf mix--ozone. The weakness of thfs approach is that the
chemical designation of the standard and the chemiEaT composition of the
po11utant measured to determine compliance are ndt'consistent. Ambient
ozone concentrations can range from approximate1y 65 percent to nearly
100 percent of the total photochemical oxidant concentration. There-
fore, ozone may be a poor indicator of the quantity énd composition of
the non-ozone oxidant in the ambient air. Also df conéern is that aside
from PAN, which is an important constituent of the photochemical oxfdant
mix, the non-ozone oxidants remain essentially unidentified, cannot be
measured, and have not been uniquely associated with adverse effects.

The inconsistencies cited above argue for moving away from a total
photochem1ca1 oxidant standard to an ozone standard. Suph a change also
appears reasonable from a health standpoint. Ev1dence in the revised
draft of the oxidant criteria document indicates that:

1. The majority of data presented in the revised criteria document
is based on ozone exposures. Nearly all of the clinical and toxicological
studies afe based on effects from ozoné.

2. Some more recent epidgmio]ogica] studies:associated adverse
effects more closely with ozone than with total oxidants, and

3. Effects observed in clinical studies with ozone alone are
similar to those effects observed in epidemiological studies where
ozone occurs along with,tﬂe complex mix of urban pollutants. These '
findings from the health data further suggest that health effects observed

during periods of elevated photochemical oxidant concentrations aré



reasonably attributable primarily to ozone in the ambient air.

Because it is desirable to designate a standard which is consistent
Qith the material being measured to determine compliance, and the fact
that good data exist on the adverse effects of ozone, we plan to
propose to redesignate the photochemica] oxidant standard as an ozone
standard. |

Averaging Time of the Standard and Exposure Durations of Concern

Clinical studies clearly show impairment of lung function in moderately
exercising healthy subjects exposed to ozone for two hours. Since the -
impact of ozone is related to the total dose delivered to-thg,reSpiratory
tract énd_since more intense exercise would shorten the time required to
deliver an equivalent dose, exposure durations of less than'tﬁo hdurs
are of concern for protection of individuals engaged fn intense exercise.
A recent clinical study published this year by Delucia, and not avai]able
for in§1usion in the current draft of the critekia document, appears to
confirm this thesis as itiéhows lung function changes in exercising
subjects after one hour exposure to relatively low ozone levels. Based
on these considerations, OAQPS does not propose a chahge in the current
one hour averaging time: of 'the standard. - |

Promulgat{on of a Primary Standard for PAN

- Ozone and PAN are fhglprimary chemical species in the oxidant
mix for which health effects data have been documented. The key
effect associated with exposure to PAN is eye irriiafion. However,

at the present time the health data upon which to base a separate
| PAN standard is 1nadequate and routine PAN measurement methods are not

available. Most of the studies which have documented the effects of
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'PAN have used ozone or total oxidants as a surrogafe for the material
causing the adverse effect. |

~ Ozone is not a reliable indicator of PAN. _Recbrded data shows
ozone/PAN ratios ranging from 3 to 150. This variafibn in the ratio
of ozone to PAN makes it extremely difficult to correTate the eye
irritation effeéts of PAN with specific ozone values. However, it has
been shown that at ozone levels of about 0.1 part§ per million (ppm),
PAN concentrations will be at a level below those associated with
perceptible eye irritation effects. This is true even for pessimistic
(1ow ozone/PAN ratios) assumptions regarding the ozone/PAN ratios.

Despite the lack of a separate PAN standard, those measures taken

to reduce oxidant/ozone precursor emissions will also reduce PAN levels.
In fact, the revised draft criteria document reports that smog chamber
studies show control of oxidant precursor emissions have a greater im-
pact on PAN levels than on ozone/oxidant levels. .

A Standard with a Deterministic vs. Statistical Form

The current oxidant standard is stated in a deterministic form,
that is, a standard violation is determined by the second highest
ambient concentrétion as measured by a single ambient monitor. A -
similar standard expressed in a statistiéa] form on]d allow the exgeéted
number of ekceedénces of tﬁe standard to be one. The original purpose
of permitting a single exceedance of the existing standard was to allow
for unusual meteorological conditions that were unreprésentative
of air quality in a given area. Unfortunately, this objective is not

achieved by the current standard since the once-a-year approach



specifies in effect that there be zero probabi]ity'that the second high
concentration measured in a year exceed a given value. That is, when a
single exceedance of the standard is permitted, a second or third
exceedance is also likely to occur. If this probability is zero, then
pollutant emissions must be sufficiently low to prevent the standard
concentration from being exceeded even in years in which very rare
adverse weather conditioné_pccur.

Another fundamental problem with the current deterministic standard
is that it focuses on a single measured value, thé second high observa-
tion. This value is subject to instrument error, is not a stable
statistic, and also will vary in any given area over a period of time.
Use of such a random statistic to determine compliance and levels of
control can lead to values that are unrepresentative 6f the true air
quality problems in an area.

An approach to avoiding the problems of a deterministic air quality
standard is to redefine the standard in a way that does not require us
to rely on a single measured value. This can be doné, while maintaining
the focus of the standard on peak concentrations, byldéfining the standard
in terms of probability distributions or expected values. For exahp]e,
the standard cou]d read 0.08 ppm one hour average with’an expected '
number of exceedances of one per year. We p]an.toApropose a change from

. / !
the current deterministic standard to one stated in statistica1 terms.



-ISSUES WHERE EPA IS CONSIDERING A RANGE OF ALTERNATIVES

Pre]iminary reviews of the health evidence presented in ;he draft
revised criteria documeﬁt suggeﬁt that the standard level be set somewhere
befow 0.15 ppm and that the choice within that range be based on
the level and nature of heéalth risk tolerated. At this'time, we are not
prepared to accept recommendations made to us to set a standard at.é
higher level, but We are ;eqdy to listen to these and other proposals
during thé public revieﬁ process. Recommendations WHiEh we are not
prepared to accept at this time include: (1) Ford Motor Company's
recommendation for a 0.24'ppm max one hour concentration not to be
exceeded more than once in a 90 day period. (2) The recommendation of
the city of Houston, Texa§ for a standard in the range of 0.2 ppm to 0.4
ppm and, (3) The Manufacturing Chemists Association recommendation of a
0.25 ppm 4 hour average standard. We are also in disagreement with
several other groups (American Petroleum Institute, General Motors Co.,
and Shell 011vCo,) who fell short'df recommending a specific standard
level but concluded ;hat_theré are no significant effects dug to ozone
at levels below the 0.25 - 0.37 ppm range. We disagree with the estimated
effects level suggested by these proposals (particuiér]y for sensitive
segments of the,popuiation) and with the imp]icationﬁthat a standard
should be set at a relatively high level. | |

Primary Standard Levé1, Risk, and Margin of Safety

The Clean Air Act requires that the EPA Administrator establish
ambient air quality standards that protect sensitive segments of the

population, with an adequate margin of safety, from the adverse effects



of specified pd]]utants. This is an extréme1y difficult task and
requires that health judgments be made as well as reasoned asséssments
of health criteria and information. Uncertainties exist with regard to
the way studies were performed, the lack of experiméﬁta] data for
sensitive individuals, the synergistic‘and exacerbating effects of other
pollutants in the ambient air, and the lack of conclusive experimental
or epidemiological evidence to support an exact effects level. In an
“attempt to deal with these uncertainties in a reasonéb]e and logical way
for arriving at a decisioﬁ on the standard, two complementary

approaches were used to assess the significance of the health effects
information preéented in the oxidant criteria document. One is a
qualitative consensus judgment of leading health experts regarding _
effects 1eve1s, risks, and safety factofs. The second approach is more
quantitativé and separates effects judgment from risk judgments, but.

also calls upon health experts for health related judgments.

Qualitative Approach - v |

This input to the standard.sefting process provided an in-depth
interpretation by a pénel.of leading health experts of the effects data
pfoVided in the criteria document. Experts were selected based on their
~ contribution to the key health effects studies cited in the criteria
documenﬁland their general medical background. Included in
the group were both those researchers who had performed these Studies
as weil as those EPA health experts responsible for preparation of.
the criteria document. At a two-day meeting on June 7 and 8, 1977,

panel members addressedlisshes regarding effects level, margins of



safety, risks, sensitfve pobu]ation, seriousness of effects, exposure
durations, and the technical merit of individual studies.* Key ffndings
from these discussions are summarized below.

With regard to health studies, the panel réachéd consensus that
short-term exposdre ;o ozone in the range of . 0.15 ppm to 0.25 ppm may
impair mechaﬁical function of the lung, and may induce respiratory and
related symptoms in sensitive segments of the population. These symptoms
and effects will be more readily ihduced in exercising subjects, pérticu-
larly in a complex urban atmosphere environment in which ozone can
interact with other poi]ufanté. |

The pané] judged that the occurence of respiratory-symptoms and
alterations of mechanical function of the lung have important public
health imp]ications,vparticu1ar1y for the developing 1ungs of young
children. ~A1though such effects appear to be reVersible in . exposed
young adults, they represent a potentially serious risk for asthmatics
and other individuals with ariway diséase. In the bopu1ation of
individuals with varying‘states of biological adapfabi]ity, exposures
which produced the above, described effects may at:times overwhelm the
biological defense of some’ persons. Thus,. the Fevefsibi]ity of effects
in experimentally exposed healthy subjects'shou1d notlbe generalized to
the entire popuiation. [ | |

In reviewing the Scﬁoett]in and Landau asthma study used to,sUpport
the original standard, the panel agreed that evidenéé supports the

statement that a portion of asthmatics will be affected'by max imum

*Panel report available as part of support material for this paper.
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N . S
hourly concentrations of 0.2 ppm* and that this effect is 1ikely to
occur at concentrations in the range of 0.15 to 0.25 ppm in some
asthmatics or other persons with sensitive airways. More recent
Japanese ep1dem1o]og1ca1 studies by Kagawa and Toyama were also cited
as show1ng a decrease in ventilatory function of school children at
ambient ozone concentrations from 0.1 to 0.3 ppm. ' The panel concluded
that theseistudies further supported the evidence for an increased
health risk from ozone exposure over the range of 0.15 to 0.25 ppm
and that a likelihood of lesser but real health risks exists at even
lower concentrations.

Of key importance in the animal studieS'are'findings of increased
susceptibility to bacterial infection fo]]oWing ozone exposures of 0.1
ppm. The panel agreed that these studies have definitevhuman health
imh]ications. Although an exposure level associated with such effects
in humans may be different, these reactions in laboratory animals
represent basic bioiogica] responses to infectious agents, and there is
no reason to believe that'the pollutant induced alterations of basic
defense mechanisms in experimental animals would not occur in similarly
exposed and challenged humans. However, the panel Was not aware. of
any epidemiological evidence that susceptibility to infection increases
in persons‘exposed to ozone and other photochemical materials. The |
panel also agreed that the margin of difference between ozone concen--

trations that produce serious toxicological effects in animals (as

*This number is at variance with the draft criteria document value of

0.25 ppm since the panel estimate represents a medical judgment of the
most likely effect level ‘for.this study and not simply tﬁe concentrat1on
recorded by investigators.
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well as symptomatic and lung function changes in humans) and ambient
levels of ozone is much smaller than for any other atmospheric pollutant.
In reviewing the body of evidence on health effects, the heaith
‘panel concluded that there is no reason to suggest a'change from the
concentration defined by the existing primary air quality standard,
namely, 0.08 ppm. This conclusion was based upon the panel consensus
that a variety of adverse effects are likely to occur in some segments
of the popu]afioh from shoft-term ozone exposures of 0.15 to 0.25 ppm
and upon other evidence that suggésts, though less conc]usive]y;,a
possibility of effects at concentrations as low as 0;1 ppm.* The panel
recognized that this standard provides é very small margin of safety,
as noted above. The issues of how many times the 0.08 ppm one-hour level
could be exceeded without increased health risks was a1§o addressed.
The panel agreed that the level of health risks increased: (1) in
proportion to the hourly concentration above 0.08 bpm, (2) in proportion
to the number of hours in one day above 0.08 ppm, and (3) in proportion
to the freqUeﬁcy of days in-which hourly averages exceed 0;08 ppm, though
the Tatter conclusion was recognized to be quite judgmental and generally
lacking in confirmatory'studies. Nevertheless, the péne] could not cite
a medica]’reason:to-suggestlthat an exceedance of the standard were

witohut health risks.

*While we respect the opinion of the panel members, we do not necessarily
agree that: (1) inadequate data exist to select a standard level (be it
the same or different from the existing standard), (2) that any possible
decision to reaffirm the existing standard be based on a lack of data.

Conversely, such a choice should be based on health criteria and evidence
in the criteria document.
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Quantitative Approach -

. In an attempt to provide a more rigorous approach to the standard
setting process, we have developed a new methodology fdr systematically
collecting and assessing the data important for a standard setting deci-
sion. This methodology has the following characteristics: 1) it considers
all available data and where critical data is lacking,.the best possib]g
judgment of medical experts is used, 2) the uncertainty associated‘with
the judgment of medical experts is quantified, and 3) quantitative
decision analysis techniques are used to calculate thé risks associated
with alternative options regarding the standard. The output of this
approach estimates the risk that sensitive segments of the populafion
will be subjected to identified adverse health impacts at various
alternative standard levels. |

The preliminary step in the quantitative approach is to develop
numerical estimafes reg&rding the judgments of medical‘experts on
their confidence that an effect level exists at a specified pollutant
concentration. A number of such estimates were developed through the
cooperation of medical experts with substantial recognition in the
area of oxidant/dzone effects research. These individua]s include
Drs. Timothy Crocker, Jack ﬁackney,_Bernard Goldstein, David Bates,
Richard Ehrlich, and Carl Shy. The key effects categofies identified
by these investigators to describe the health impact of ozone aﬁd
photochemical oxidants are: 1) a]terationibf pulmonary function,

2) cough and chest discomfort, 3) reduced resistance to bacterial

infection in man, and 4) aggravation of asthma, emﬁhysema and chronic

bronchitis,
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Risk values were generated by combining the judgment on effects
levels by medical experts with our best assessment of the expected
distribution of peak ozone values at various standard 1§vels. Pre-
Timinary results from this analysis suggest that health effects can be
observed in selected populations at standard levels of about 0.1 ppm-
ozone. For example, the risk that at least a small percentagé of in-
dividuals in sensitive segments of the population will suffer any one or
a combination of the above mentioned effects is in the range of 70
percent to 90 percent for an ozone standard of 0.1 ppm.

Number of Exceedances of the Standard

The existing standard permits a single exceedance of the standard
level each year. The ratibnale for providing this flexibility was not
based on health criteria but on the need to allow for unusual meteorologica]
conditions. A move to an increased number of exceedances of the standard
cannot be supported based on existing health data. Rather,. the health
data indicate that the insult to the respiratory tract is related to
the total dose of ozone delivered, i.e., it is related to the exposure
concentration, frequency of‘exposure and duration of exposures. Thus,
the health risk to an individual increases not on]y’witﬁ the ozone
concentration but also with the number of exposures.A‘Furthermore,,while
healthy individuals may not be at serious risk from a single one-hour
exposure to ozone, similar exposures of sensitive persons such as
asthmatics may .induce a serious health effect, and repeated exposures of
even healthy ﬁersons may lead to increased risks of respiratory impair-
ment. Consequently, we question whether it is prudént to significantly

modify the number of exceedances (or expected exceedances) of the standard.
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Because of our concerns regarding unusual meteorological events, we
are considering changing‘the form of the standard to allow one (or more)
days in which the hourly standard is exceeded. Permitting a day of
hourly values above the standard would more reasonabiy account for rare
meteoro]ogica]_évents. Unuéua] weather conditions are likely to result
in two or three consecutive hours of high ozone values. A standard
which allows a fﬁ]] day of hourly exceedances would permit the unusual
day (with several high ozone values) to occur an average of onée a year;
the present standard{wou]d.héve registered a violation for this day. .
Unfortunately, this approach has the same limitation as the existing
rule for exceedances (one hour per year permitted) in that it cannot be
based on health criteria. There will undoubtly be some finite increase
in health risk associated with moving from a sing]e hourly exceedance to
a'single day of hourly éxceedance(s). We are not prebared at this time to
estimate“that incremental risk or make a judgment on whefher such an
incremental risk would be acceptable. Our staff position on this issue
is open and we welcome comment on how to best account for meteorological
concerns without impairing health protection when:defining allowable

exceedances 6f the'standard.



