"ﬂ' Wt

1. . INTRODUCTION

The ozone National Ambient Air Quality Standards

- (NAAQS) contain the phrase "expected number of days per

calendar year." [1])  This. differs from the previous
NAAQS for photochemical oxidants which simply state a
particular concentration "not to be exceeded more than
once per year." (2] The data analysis procedures to be
used  in computing.the expected number are specified in

. Appendix H to the ozone standard. The purpose of this

doecument is to. amplify the discussions contained in
AppendixH dealing with compliance assessment and to

~indicate the data analysis procedures necessary to de-
- termine appropriate design values for use in developing

control strategies. Where possible, the approaches
discussed here are conceptually similar to the proce-
dures presented in the earlier "Guideline for
Interpreting Air Quality Data With Respect to the

Standards" (OAQPS 1.2-008, revised February, 1977). [3]
However, the form of the ozone standards necessitates
certain modifications in two general areas: (1) ac=-

counting for less than complete sampling and (2) incor-

porating data from more than one year.

Although the interpretation of the proposed stan-
dards may initially appear complicated, the basic prin-
ciple 1is relatively straightforward. In general, the
average number of days per year above the level of the
standard must be 1less than or equal to 1. 1In its:
simplest form, the number of exceedances each year
would be recorded and then averaged over the past three
years to determine if this average is less than or
equal to 1. Most of the complications that arise are
consequences of accounting for incomplete sampling or
changes in emissions.

Throughout the following discussion certain points
are assumed that are consistent with previous guidance
{3) but should be reiterated here for completeness.
The terms hour and day (daily) are interpreted respec-
tively as clock hour and calendar day. Air quality
data are examined on a site by site basis and each in-
dividual site must meet the standard. In general, data
from several different sites are not combined or aver-
aged when performing these analyses. These points are
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..discussed in more detail elsewhere. [3]

This document is organized so that- the remainder
of this introductory section presents the background of
the problem, terminology, and certain basic premises
that were-used in developing this guidance, This is
followed by a section which examines methods for deter-
mining appropriate. design. values. The final section
discusses approaches that might be —employed :in cases -
without ~ambient monitoring data.. This last section is
brief and fairly.general, because it treats .an. aspect
of the ~problem "which would -be:-expected: to rapidly
evolve once these new forms .of .the.  NAAQS -become
established. 1In several parts of this document the ma-
terial is developed in a conversational format in order
to highlight certain points.

1.1. Background

. The previous National Ambient Air Quality Standard
(NAAQS) for oxidant stated that no more than one hourly
value per year should exceed 160 micrograms per cubic -
meter (.08ppm). [2] With this type of standard, the se-
cond highest value for the year becomes the decision-
making value. If it is above 160 micrograms per cubic

"meter then the standard was exceeded. This would ini-

tially appear to be an ideal type of standard. The
wording is simple and the interpretation is obvious-or
is it? Suppose the second highest value for the year
is less than 160 micrograms per cubic meter and the -
question asked is, "Does this site meet the standard?"

"An  experienced air pollution analyst would almost

automatically first ask, "How many observations were
there?" This response reflects the obvious fact that
the second highest measured value can depend upon how
many measurements were made in the year. Carried to
the absurd, if only one measurement- is made for the
year, it is impossible to exceed this type of standard.
Obviously, ¢this extreme case could be remedied by re-
guiring some minimum number of measurements per Yyear.
However, the basic point is that the probability of de-
tecting a violation would still be expected to increase
as the number of samples increased from the specified
minimum to the maximum possible number of observations
per year. Therefore, the present wording of this type
of standard inherently penalizes an area that performs



more than the minimum acceptable amount of monitoring.
Furthermore, the specification of a minimum data com=-
pleteness criterion still does not solve the problem of
what to do with those data sets that fail to meet this

ceriterion.

A second problem with the current wording of the
standard is not as obvious but becomes more apparent
when conrnsidering what is.involved in maintaining the
standard year after year. For example, suppose an area

meets the standard in the sense that only one value for
the year 1is above 160 micrograms per cubic meter.

Because of the variability associated with air quality
data, the fact that one value is above the standard
level means that there is a chance that two values
could be above this standard level the next year even
though there is no change in emissions. In other
words, any area with emissions and meteorology that can
produce one oxidant value above the standard has a de-
finite risk of sometime having at least two such values"
occurring in the same year and thereby violating the
standard. This situation may be viewed as analogous to
the "10 year flood" and "100 year flood" concepts used
in hydrology; i.e., hizh values may occur in the future
but the likelihood of such events 1is relatively low.
However, with respect to air pollution any rare viola-
tion poses distinet practical problems. From a control
agency viewpoint, the question arises as to what should
be done about such a violation if it is highly unlikely
to reoccur in the next few years. If the decision is
made to ignore such a violation then the obvious impli-
cation is that the standard can occasionally be
ignored. This is not only undesirable but produces =
state of anmbiguity that must be resclved to intelli-
rrently assess the risk of violating the standard. In
otl.er words, scme gquantification is needed to describe
what it means to maintain the standard year after year
in view of the variation associated with air quality
#ata. The wording of the ozone standard is intended to
alleviate these problems.

1.2, Terwminology

The term 'daily maximum value' refers to the maxi-
murr hourly ozone value for a day. '~ As defined in
Appendix H, a valid daily maximum means that at least




" 75% of the hourly\valﬁes from 9:01 A.M. to 9:00 P.M.

—(£S5T) were measured or at least one hourly value ex-

-ceeded the level of the standard. This criterion |is
intended to reflect adequate monitoring of the daylight
hours .while allowing time for routine instrument

. maintenance. - The criterion also ensures that high
hourly values are not omitted merely because too few
values were measured. It should be noted that this is
intended . as .2 minimal criterion for completeness and
not as a recommended monitoring schedule. o

‘ A .final point worth noting concerns.- terminology.
The term "exceedance™ is used throughout this document
to describe a daily maximum ozone measurement that 1is
above the level of the standard. Therefore the phrase
nexpected number of exceedances" is equivalent to "the
expected number of daily maximum ozone values above the
level of the standard."

1.3, Basic Premises

By its very nature, the existence of a guideline
document implies several things: (1) that there is a
problem, (2) that a solution is provided, and (3) that
there were several alternatives considered in reaching
the solution. Obviously, if there is no problem then
the guideline 1is of limited value, and if there were
not some alternative solutions then the guidance is
perhaps superfluous or at best educational. - The third
point indicates that the "best" alternative, in some
sense, was selected. With this in mind, it is useful
to briefly discuss some of the key points that were
considered in judging the various options. The purpose
of this section is to briefly indicate the criteria
used in developing this particular guideline.

The most obvious criterion 1is simplicity. This
simplicity extends to several aspects of the problem.
When someone asks if a particular area meets the stan-
dard they expect either a "yes" or "no" as the answer
or even an occassional "I don't know". Secondly, this
simplicity should extend to the reason why the standard
was met or violated. 1If a panel of experts is required
to debate the probability that an area is in compliance
then the general public may rightly feel confused about
just what is being done to protect their health. Also,




the more clear-cut the status of an area is (and the
reasons why) the more likely it is that all groups in-
volved can concentrate on the real problem of maintain-
ing clean air rather than arguing over minor side
issues. -

While simpliecity is desirable, if the problem is
complex the solution cannot be oversimplified. In oth-

“er words, the goal is to develop a solution that is
.simple, and yet not simple=minded. In order to do

this, the approach taken in_ this document is to recog-
nize that there are two questions involved in determin-
ing compliance: (1) was the standard violated? and (2)
if so0, by how much? The first question is the simpler
of the two in that a "yes/no" answer is expected. The

-second question implies both a quantification and a de-

termination of what to do about it. Therefore, it
seems reasonable to have a more complicated procedure
for determining the second answer.

In addition to the trade-offs between simplicity
and complexity another problem is to allow a certain
amount of flexibility without being vague, There are
several reasons for allowing some degree of

flexibility. Not only do available resources vary from

one area to another but the complexity of the air pol-
lution problems vary. An area with no pollution prob-
lem should not be required to do an extensive analysis
just because that level of detail is needed someplace
else. Conversely, an area with sufficient resources to
perform a detailed analysis of their pollution prcblem
to develop an optimum control strategy should not be
constrained from doing so simply because it is not war-
ranted elsewhere. Furthermore, a certain degree of
flexibility is essential to allow for modified monitor-
ing schedules that are wused to make the best use of
available resources.

In addition to these points concerning simplicity
and flexibility, certain other considerations are of
course involved. 1In particular, the methodology emn-
ployed cannot merely ignore high values for a particu-
lar year simply because they are unlikely to reoccur.
The purpose of the standard is to protect against high
values in a manner consistent with the 1likelihood of
their occurrence.

A final point is that the proposed interp}etatipn




should involve a framework that could eventually be ex-
tended to other pollutants, if necessary, and easily
modified in the future as our knowledge and understand-
ing of air pollution increases.

1t should be noted that no specific mention is .
made of measurement error in the following discussions.
While it would be naive to assume that measurement er-
rors do not occur, at the present time it is difficult
to allow for measurement errors in a manner that is not
tantamount -to re=defining the-level of the standard.
Obviously there is no question that data .values - known
to be grossly in -error should. be: corrected or
eliminated. In fact the use of multiple years of- data
for the ozone .standards should facilitate this process.
The more serious practical problem is with the level of
uncertainty associated with every individual
measurement. The viewpoint taken here is that these
inherent accuracy limitations are accounted for in the
choice of the level of the standard and that equitable
risk from one area to another is assured by use of the
reference (or an equivalent) ambient monitoring method
and adherence to a required minimum quality assurance
program. It should be noted that the stated level of
the standard is taken as defining the number of signi-
ticant figures to be wused in comparisons with the
standard. For example, a standard level of .12 ppm
means that measurements are to be rounded to two deci-
mal places (.005 rounds up), and, therefore, .125ppm is
the smallest concentration value in excess of the level
of the standard.
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2. ASSESSING COMPLIANCE

ThiS'section examines the ozone standard wiﬁh par=-

"ticular attention given to the evaluation of

compliance, This is done in several steps. The first
is a discussion of the . term "expected number." Once

.this 1is defined it 1is possible to-consider the ine
. terpretation when applied to several years of data or
-%t0 less than complete sampling data. An example calcus

lation is included at the end of this section to sum-
marize and illustrate the major points.

2.7.- Interpretation of "Expected Number"

The wording of the ozone standard states that the
"expected number of days per calendar -year" must be
"equal to or 1less than 1." The statistical term
"expected number" is basically an arithmetic average.
Perhaps the simplest way to explain the intent of this
wording is to give an example of what it would mean for
an area to be in compliance with this type of standard.
Suppose an area has relatively constant emissions year
after year and its monitoring station records an ozone
value for every day of the year. At the end of each
year the number of daily values above the level of the
standard is determined and this is averaged with the
results of previous years. As long as this arithmetic
average remains "less than or equal to 1" the area is
in compliance. As far as rounding c¢onventions are
concerned, it suffices to carry one decimal place when
computing the average. For example, the average of the
three numbers 1,1,2 is 1.3 which is greater than 1.

Two features in this example warrant additional
discussion to clearly define how this proposal would be
implemented. The example assumes that a daily ozone
measurement is available for each day of the year so
that the number of exceedances for the year is known.
On a practical basis this is highly unlikely and,
therefore, it will be necessary to estimate this
quantity. This is discussed in section 2.2. In the
example it 1is also assumed that several years of data
are available and there is relatively little change in




—emissions. This is discussed in more detail in section

2.3.

The key point in the example is that as data from
additional years are.incorporated into the average this
expected - number of exceedances per year should
stabilize. If unusual meteorology contributes to a
high number of exceedances for a particular year then.
this will be averaged out by the values for other
"normal®* years. It should be noted that these high
values.would, therefore; not.. be- ignored. but . rather
their 'relative "contribution to the overall average is

“in proportion to the likelihood of their occurrence.
This use of the average may be contrasted with an ap-
proach based upon the median. If the median were used
then the -year with the greatest number of exceedances
could be ignored and there would be no guarantee of
protection against their periodic reoccurrence.

2.2. Estimating Exceedances for a Year

As discussed above, it is hizhly unlikely that an
ozone measurement will be available for each day of the
year. Therefore, it will be necessary to estimate the
number of exceedances in a year. The formula to be
used for this estimation is contained in Appendix H of
the ozone standard. The purpose of this section is to
present the same basic formula but to expand upon the
rationale for choosing this approach and to provide il-
lustrations of certain points.

Throughout this discussion the term "missing
value" is used in the peneral sense to describe all
says that do not have an associated ozone measurement,
I+ is recognized that in certain cases a so-called
"rissing value" occurs because the sampling schedule
¢1i not require a measurement for that particular day.
Such missing values, which can be viewed as "scheduled
missing values," may be the result of planned instru-
ment na1ntenance or, for ozone, may be a consequence of
a seasonal monitoring program. In order to estimate
the number of exceedances in a particular year it is
necessary to account for the possible effect of missing
values. OCbviously, allowance for missing values can
only result in an estimated number of exceedances at
least as large as the observed number. From a practi-




'“1_m_cal viewpoint, this means that any site that is in vio-

lation of the standard based upon the observed number
of exceedances will not change status after this
adjustment. Thus, in a sense, this adjustment for’
missing values is required to demonstrate attainment,
but may not be necessary to establish non-attainment.

.In estimating the number of -exceedances in cases
with missing data, certain practical considerations are
appropriate. In some areas, cold weather during the
winter makes it very unlikely that high o20ne values
would occur. Therefore it is possible to discontinue
ozone monitoring in some localities for limited time.
periods with 1little risk of incorrectly assessing the
status of the area. As indicated in Appendix H, the
proposed monitoring regulations(CFR58) would permit the
appropriate Regional Administrator to waive any ozone
monitoring requirements during certain times of the
year, Although data for such a time period would be
technically missing, the estimation formula is struc-
tured in terms of the required number of monitoring
days and therefore these missing days would not affect
the computations.

Another point is that even though a daily ozone
value 1is missing, other data might indicate whether or
not the missing value would have been likely to exceed
the standard level, There are numerous ways additional
information such as solar radiation, temperature, or
other pollutants could be used "but the final result
should be relatively easy to implement and not create
an additional burden. An analysis of 258 site-years of
ozone/oxidant data from the highest sites in the 90
larzest Air Quality Control Regions showed that only 1%
«f the time did the high value for a day exceed .12 ppm
1f the adjacent daily values were less than _09 ppm.
ailh this in mind the followinpg exclusion criterion may
Le used for ozone:

A missing daily ovzone value may be assumed to
Ye less than the level of the standard if the daily
maxima on. hoth the preceding day and the following day
06 not exceed T5% of the level »f the standard.

It should be noted that tou invoke this exclusion
criterion data must be available from Loth adjacent
days, Thus it does not apply to consecutive missing
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that may be assumed to be less than the standard it is
possible to present the computations required to adjust
for missing data. ' :

Let z denote the number of missing values that may
be assumed to be less than the standard. Then the fol-
lowing formula shall be used to estimate the number of
exceedances for the year: - 73 _ r

~o

e VA(V/n) #(N-n-zY T i%.??ﬂkﬂj‘;;.;i_,.
(* indicates multiplication) °

Where N = the number of required monitoriﬁg
days in the year '

n the number of valid daily maxima

v = the number of measured daily values above
the level of the standard '

z = the number of days assumed to be less
than the standard level, and

e = the estimated number of exceedances for
the year. _

This estimated number of exceedances shall be
rounded to one decimal place (fractional parts equal to
.05 round up).

Mote that N is always equal to the number of days
in the year unless a monitoring waiver has been granted
by the appropriate Repional Administrator.

The above equation may be interpreted intuitively
in the following manner. The estimated number of ex=~
ceedances is equal to the observed number plus an
increment that accounts for incomplete sampling. There
were (N-n) missing daily values for the year, but a
certain number of these, namely 2z, were assumed to be
below the standard. Therefore, (N-n-z) missing values
are considered to be potential exceedances. The frac-
tion of measured values that were above the level of
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the standard was v/n and it is assumed that the samne

---fraction of these candidate missing values would also

exceed tie level of the standard.

. The estimation procedures presented are computa-
tionally . simple. Some data processing complications
result when missing data are screened to ensure a
representative data base, but on a practical basis this
effort is only required . for sites that.are marginal
with respect to compliance.. Because the exclusion
criterion for missing values does not differentiate be-
tween, scheduled and non-scheduled missing values it is
possible to develop a computerized system to perfornm
the necessary calculations without requiring additional
information on why each particular value was missing.
In principle, if allowance is made for missing values
that are relatively certain to be less than the stan-
dard then it would seem reasonable to also account for
missing values that are relatively certain to be above
the standard. Although this is a possibility, it will
probably not be necessary initially because such a si-
tuation would, of necessity, have at least two. values
greater than the standard level. Therefore, it is
guite likely that this would be an unnecessary compli=-
cation in that it would not affect the assessment of
compliance.

One feature of these estimation procedures should
be noted. If an area does not record any values above
the standard, then the estimated number of exceedances
for the year is zero. An obvious consequence of this
is that any area that does not record a value above the
standard level will be in compliance. In most cases
this confidence 1is warranted. However, at least some
qualification is necessary to indicate that it is. poss-
ible that the existing monitorinpg data c¢an be decined
inndequate for use with these estimation formulas. In
Feneral , data sets that are 75% complete for the peak
pollution potential secasons will be deemed adequate.
Althouph the general 751 completeness rule has been
traditionally used as an air quality validity criterion
the key point is to ensure reasonably complete monitor-
inp of those time periods with high pollution
potential. An additional word of caution is probably
required at this point concerninpg attainment status de-
terminations based upon limited data. 1If a particular
arca has very limited data and shows no exceedances of
the standard it must be recopgnized that a more intense
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———ﬂmonitoﬁing program could-possibly result in. a determ-

ination of non-attainment. - Therefore, if it is eriti-
cal to immediately determine the status of a particular
area and the ambient data base is not very complete,
the design value computations presented in gsection 3
may be employed as a guide tc- assess potential
problems. The point is, that as the monitoring data
base increases, the additional data may indicate. non-
attainment. Therefore some -caution should be used when
viewing attainment status‘designations based upon in-
complete data, < oo -owEAIELS el Lo
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2.3. Extension to Multiple Years

As discussed earlier, the major change in the
ozone standard is the use of the term "expected number”
rather than just "the number." The rationale for this
modification is to allow events to be weighted by the
probability of their occurrence. Up to this point,
only the estimation of the number of exceedances for a
single year has been discussed. This section discusses
the extension to multiple years.

Ideally, the expected number of exceedances for a
site would be compared by knowing the probability that
the site would record 0,1,2,3,... exceedances in a
year. Then each possible outcome could be weighted ac-
cording to its likelihood of occurrence, and the appro-
priate expected value or average could be computed. 1In
practice, this type of situation will not exist because
ambient data 'will only be available for a limited
number of years. :

A period of three successive years is recommended
as the basis for determining attainment for two
reasons. First, increasing the number of ‘'years in-
creases the stabiity of the resulting average number of
exceedances. Stated differently, as: more years are
used, there is a greater chance of minimizing the ef-
fects of an extreme year caused by unusual weather
conditions. The second factor is that extending the
number of successive years too far increases the risk
of averaging data during a period in which a real shift
in emissions and air quality has occurred. This would
penalize areas showing recent improvement and similarly
reward areas which are experiencing deteriorating ozone

LF T
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air quality. Three years is thought by EPA to repre=-

T "sent a proper balance between these two considerations.
This specification of a three year time period for com-
pliance assessment also provides a firm basis for pur-
poses of decision-making. While additional flexibility
is possible for developing design values for control
Strategy purposes, a more definitive framework seems
essential when judging compliance to eliminate possible
ambiguity ..and to clearly identify the basis for the
decision. =~ , L R

Consequently, the expected number of exceedances
per year at a site should be computed by averaging the
estimated number of exceedances for each year of data
during the past three calendar years. 1In other words,
if the estimated number of exceedances has bLeen con-
puted for 1974, 1975, and 1976, then the expected
number of exceedances is estimated by averaging tho se
three numbers. If this estimate is greater than 1,
then the standard has been exceeded at this site. As
previously mentioned, it suffices to carry one decimal
place when computing this average. This averaging rule
requires the use of all ozone data collected at that
site during the past three calendar years. - If no data
are available for a particular year then the average is
computed on the basis of the remaining years. If in
the previous example no data were available for 1974,
then the average of the estimated number of exceedances
for 1975 and 1976 would be used. In other words, the
general rule is to use data from the most recent three
years if available, but a single season of monitoring-
data may still suffice to establish non-attainment.
Thus, this three year «criterion does not mean that
non-attainment. decisions must be delayed until three
years of data are available. It should be noted that
to establish attainment by a particular date, allowance
will be permitted for emission reductions that are
known to have occurred.

Cne point worth commenting on is the 'possibility
that the very first year is "unusual." While this could
occur, in the case of ozone most urbanized areas
already have existing data bases so that some measure
of the normal number of exceedances per year is
available. Furthermore the nature of the ozone problem
makes it unlikely that areas currently well above the
standard would suddenly come into compliance,
Therefore, as these areas approach the standard addi-
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~tienal yéafs of . data would be available to determine
the expected number of exceedances for a year.

2.4, -Exaﬁplé-C§1£ulation

in qfder to illustrate the key points :that have
been discussed in this section it is convénient to con-
sider the following example for ozone. b :

oo v T e . TPt ST ST R i o e
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Suppose a site has the following data history
for 1978-1980: |

1978: 365 daily values; '3 days above the
standard level. ' :

1979: 285 daily values; 2 days above the
standard level; 21 missing days satisfying
the exclusion criterion.

1980: 287 daily values; 1 day above the stan-
dard level; 7 missing days satisfying the ex-
clusion criterion.

Suppose further that in 1980 measurements were not
taker during the months of January and February (a to-
+al of 60 days for a leap year) because the cold
weather minimizes any chance of recording exceedances
and 2 monitoring waiver had been granted by the appro-
prlate Regional Administrator. .

Cecause the three year average number of ex-
ceedances is clearly greater than 1, there is no compu-
tation required to determine that this site is not in
compliance. However, the expected number of ex=
ceedances may s5till be ccmputed using equation 1 for
purposes of illustration.

For 1978, there were no‘missing daily values and




15

therefore there is no need to use the estimated ex-

" Tceedances formula. The number of exceedances for 1978

is 3.

_ For 1979, equation 1 applies and the estimated
nunber pf exceedances is: ' ' :

.

2 +(2/285)%(365 - 285 - 21) =
2+ 0.4z 2.4

For 1980, the same estimation formula is used but
due to . the monitoring waiver for January and February
the number of required monitoring days is 306 and
therefore the estimated number of exceedances is:

1 + (1/7287)%(306 - 287 -7) =
1 + (17287)%(12) = 1.0

Averaging these three numbers (3, 2.4, and 1.0)
gives 2.1 as the estimated expected number of ex-
ceedances per year and completes the required
calculations.
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“"™— 3, ESTIMATING DESIGN VALUES

The previous section addressed compliance with the
standard. As discussed, it suffices to treat questions
concerning compliance as requiring a "yes/no" type
answer. This approach facilitates the use of relative-
ly simple computational formulas. It also makes it
unnecessary to define the type of statistical distribu-
tion that describes the behavior of air quality data.
The advantage of not invoking a particular statistical
distribution is that the key issue of whether or not
the .standard is exceeded is not obscured by which par-
ticular distribution best describes the data. However,
once it is estatlished that an area exceeds the
standard, the next logical gquestion is more quantita-
tive and requires an estimate of by how much the stan-
dard was exceeded. This is done by first examining the
definition of a design value for an “expected
exceedances" standard and then discussing various
procedures that may be used to estimate a design value.
A variety of approaches are considered such as fitting
a statistical distribution, the use of conditional
probabilities, graphical estimation, and even a table
look-up procedure. In a sense each of these approaches
should be viewed as a means to an end, i.e., meeting
the applicable air quality standard. As long as this
final goal is kept in mind any of these approaches are
satisfactory. As with the previous section discussing
compliance, this section concludes with example calcu-
lations illustrating the more important points.

3.1. Discussion of Design Values

In order to determine the amount by which the
standard is exceeded it is necessary to discuss the in-
terpretation of a desizn value for the proposed
standard. Conceptually the cesign value for a particu-
lar site is the value that should be reduced to the
standard level therety ensuring that the site will meet
the standard. with the wording of the ozone standard
the appropriate design value is the concentration with
expected number of exceedances equal to 1. Although
this describes the design value in words it 1is use ful
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to introduce certain notations to precisely define this
quantity. )

Let P(x < c) denote the probability that an obser-
vation x is less than or equal to concentration c.
This is also denoted as F(c).

Let e denote the number of exceedances of the
standard ‘level in the year, e.g., in the case of ozone
this would be the number of daily values above: 12 ppnm.
Then the expected value of e denoted as E(e) may be
written as: _ e ST

A S pmETe e .

E(e) = P(x > ,12) * 365 [1 - F(,12)] * 365

R

For a site to be in compliance the expected number
of exceedances per year E(e), must be 1less than or
equal to 1. From the above equation it follows that
this is equivalent to saying that the probability of an
exceedance must be less than or equal to 1/365.

As indicated, the appropriate design value is that
concentration which is expected to be exceeded once per
year. Alternatively, the design value 1is chosen so
that the probability of exceeding this concentration is
1/365., If an equation is known for F(¢) then the de-
sign value may be obtained by setting 1-F(e¢) equal to
17365 and solving for c¢. If a graph of F(e) is known
then the design value may be determined graphically by
choosing the concentration value that corresponds to a
frequency of exceedance of 1/365. Obviously in prac-
tice the distribution F(ec) is not really known. What
is known is a set of air quality measurements that may
be approximated by a statistical distribution to deter-
mine a design value as discussed in the following
section.

3.2. The Use of Statistical Distributions

The use of a statistical distribution to approxi-
mately describe the behavior of air quality data is
certainly not new. The initial work by Larsen [4]) with
the log-normal distribution demonstrated how this type
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Y § statistical approximation could be used. The pro-

posed form of the ozone standard provides a framework

for the use of statistical distributions’'to assess;the ;
- probability that the standard will be met. An  impore

tant point in dealing with air pollution problems is
that the main area of interest is the high values. The
National Ambient Air Quality Standards are intended to
1imit .exposure to- high concentrations. This has a
direct impact on how statistical distributions are cho-
sen to describe the data. [5] If the intended applica-
tion“is to approximate the data in the upper concentra-
tion ranges then obviously it must be required that any
statistical distribution selected for this purpose has
to fit the data in these higher concentration ranges.
Initially this would appear to be an obvious truism
but, in “many cases, a particular distribution may
"reasonably approximate" the data in the sense that it
fits fairly well for the middle 80% of the values.
This may be satisfactory for some applications but if
the top 10% of the data is the range of interest it may
be inappropriate.

Cver the years various statistical distributions
have been suggested for possible use in describing air
quality data. Example applications include the two~
parameter lognormal(d], the three-parameter
lognormal{6], the Weibull[5,7), and the exponential
distribution[5,8]. Despite .certain theoretical reser-
vations concerning factors such as interdependence of
successive values these approaches have been proven
over time to be useful tools in air quality data
analysis. The appropriate choice of a distribution is
useful in determining the design value. Viewed 1in
perspective, however, the selection of the appropriate
statistical distribution is a secondary objective --
the primary objective is to determine the appropriate
design value. In other words, the question of interest
is "what concentration has an expected number of ex-
ceedances per year equal to 1?" and not "which distri-
bution perfectly descrides the data?" Therefore, it is
not necessary to require that any particular distribu-
tion be used. All that is necessary is to indicate the
characteristics that must be considered in determining
what is meant by a "reasonable fit", In fact it will
be seen later that a design value may be selected with-
out even knowing whieh particular distribution best de=

sceribes the data. .
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There are certain points that are implicit in the
above discussion which are worth commenting upon. One
possible ‘approach in developing this type of guidance .
is to specify.a particular distribution to be used in
determining a design value. This approach is not taken
here for a variety of reasons., There is no guarantee
that one . family of distributions would be adequate to
describe-ozone levels for all areas of the country, for-
all weather conditions, etc.-- It may well be :that
different distributions are needed for different areas.
Secondly, as control programs take effect and pollution
levels are reduced the so-called "best"™ distribution
may change. Another point that should be emphasized
involves the distinction between determining compliance
and determining a design value. Suppose, for example,
that a statistical distribution is selected and ade-
gquately describes all but the highest five values each
year. However, these five values are always above the
standard and consequently the number of exceedances per
year 1is always five, Such a site is not in compliance
even if the design value predicted from the approximat-
ing distribution is below the standard level. In such
a case the expected number of exceedances per year is 5
(with complete sampling) and therefore the site is in
viclation. .The design value is an aid in determining
the generadl reduction required, but it some cases it
may be necessary to further refine the estimate because
of inadequate fit for the high values. )

3.3. Methodologies

The purpose of this section is to present some ac-
certable approaches to determine an appropriate design
vaive, 1i.e., the concentration with expected number of
exceedances per year equal to 1. As discussed, this
~2y Ye alternatively viewed as determining the concen-
tration that will be exceeded 1 time out of 365,

Tkroughout this discussion it is important to re-
2egnize that the number of measurements must be treated
properly. In particular, missing values that are known
to. bte less than the standard level should be accounted
for so that they do not incorrectly affect the empiri-
cal frequency distribution. For example, if an area

~does not monitor ozone in December, January, and
February, because no values even approaching the stan-
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~-—-dard level have ever been reported in these months then

these observations should not be considered missing but
should be assigned some value less than the standard. -
The  exact choice of the value is arbitary and is not
really important because the primary purpose is to [fit
the upper tail of the distribution.

In discussing the various acceptable approaches
several different cases are presented. This is in-
tended to illustrate the general principles that should
be-applied in determining the design value.. Throughout
these discussions it is generally assumed that more
than one year of data is available., The difficulty
with using a single year of data is that any effect due
to year to year variations in meteorology is obviously
not accounted for. Therefore, any results based upon
only one year of data should be viewed as a guide that

-

(1) Fitting One Statistical Distribution to
Several Years of Data

One of the simplest cases is when several years of
fairly complete data are available during a time of re-
latively constant emissions. In this situation the
data can be plotted to determine an empirical frequency
distribution. For example, all data for a site from 2

3-5 year perind could be ranked from smallest to larg-

est and the empirical frequency distribution plotted on
seni-lopg paper. This type of plot emphasizes the be-
navior of the upper tail of the data as shown in Figure
1. £ discussion of this plotting is contained
elsewhere., [5] Figure 2 illustrates how different
types of distrihutions would appear on such a plot.
The data may also be plotted on other types of graph
naner, such as log=-norial or Weibull. The ideal situa-
tion is wnen the data points lie approximately on a
straight line. The next step is to choose a statisti-
cal distribution that approximately describes the data
and to fit the distribution to the data, This may be
jone by least squares, maximum likelihood estimation,
cr any rnmethod that gives a reasonable fit to the top
10 of tne data. An obvious question is "what consti-
tutes a reasonable fit?™ This can be judged visually by
nlotting the fitted distribution on the same graph as
the data points. Because of the intended use of the
distrihution the degree of approximation for the top
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... 10%, 5%, 1% and even .5% of the data must be examined.

The most obvious check is to examine departures of the
actual data points from the fitted distribution. As - a
general rule there should be no obvious pattern to the
lack of fit in-terms of under- or over-prediction ,or
trend. For example, if the fitted distribution un-
derestimates all of the last eight data points by more
than 5%, then it must be established that the fitted
distribution is reasonable._ _Such an argument might in-
volve showing that the majority of - these  data --points
all occurred .in the same period. and -that the meteorolo-
gy for these particular days was extremely unusual,
The -claim that this meteorology was unusual would also
have to be substantiated by examining historical me-
teorological data. It should be noted that this extra
effort -is not routinely reguired and would only be ne-
cessary when the fit appears inadequate. The design
value corresponds to a frequency of 1/365 and in some
cases the empirical frequency distribution function
will be plotted in this range. In such cases, the fit-
ted distribution should be consistent with the empiri-
cal distribution in this range. This can be examined
graphically by 1locating the concentration on the em-
pirical frequency distribution function corresponding
to a frequency of 1/365. By construction, there will

_ be measured data points on either side of this value.

The two measured concentrations below this value and
the two measured concentrations above this value will
be used as a constraint in fitting a distribution. If
the fitted distribution results in a design value that
differs by more than 5% from all four of these measured
concentrations, some explanation should be presented
indicating the reasons for this discrepancy. It should
be noted that in some cases there may be only  one,
rather than two, measured values on the empirical fre-
quency distribution with frequencies less than 17365,
In these cases the upper constraint would consist of
one rather than two data points.

(2) Using the Empirical Frequency Distribution of
Several Years of Data (Graphical Estimation)

+ should be noted that if several years of fairly
complete data are available it is not necessary to even
fit a statistical distribution. The concentration val-
ue corresponding to a frequency of 1/365 mway be read
directly off the graph of the empirical distribution




L. R

v2y

. ——

Table 1. -

TABULAR ESTIMATION OF DESIGN VALUE

Number of Daily
Values .

365 to 729

730 to 1094
1095 to 1459
1460 to 1824
1825 to 2189

Bound

o AEWwN

= L I N

.71, Rank of Upper--- - % Rank of Lower * : Data Point Used
B ot 7T -Bound -

- for

Design Value
highest value
second highest

third highest

fourth highest

fifth highest
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- -~ function and used as the design value.

If the data records are not sufficiently complete
then the empirical distribution function will .not be
plotted for the 1/365 freguency and it will be neces-
sary to fit = distribution to estimate the design
value. However, whenever sufficient data are
available, this technique provides a convenient means
of graphically estimating.the design value.

(3) Table LoOK=Up - -: .o g oz

An obvious point that can initially be overlooked
in the discussion of these techniques is that the final
choice of a design value is primarily influenced by the
few highest values in the data set. With this in mind,
it is possible to construct a simple table look-up
procedure to determine a design value. Again, 1t |is
important to treat the number of values properly to en-
sure that the data adequately reflects all portions of
the year. ’ ‘

To use this tabular approach it is only necessary
to know the total number of daily values, and then de-
termine a few of the highest data values,. For
example, if there are 1,017 daily values then the ranks

of the lower and upper bounds obtained from Table 1 are

3 and 2. This means that an appropriate design value
would be between the third- highest and second~-highest
observed values. In using this table the higher of the
two concentrations may be used as the design value.
Therefore in this particular case, it suffices to know
the three highest measured values during the time
period.

This look-up procedure is basically a tabular

_technique for determining what point on the empirical

frequency distribution corresponds to a frequency of
1/365. By construction, the table look-up procedure
overestimates the design value. For instance, 1in the
example with 1,017 values an acceptable design value
would lie closer to the lower bound. This could te
handled by interpolation between the second and third
highest values. However, rather than introduce interpo-
jation formulas it would be .simpler to merely use the
previously discussed graphical procedure.
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—~-—-For the cases that are_ 75% complete but still have
less than 365 days the maximum observed concentration
may 'be used as a tentative design value as long as the
data set was -T5% complete during the peak times of the

year. In this case it must be recognized that the de-

sign value is quite likely to require future revision.
In principle, if statistical independence applied, this
maximum observed concentration. .would .equal: or exceed
the 1/365 concentration about half the time. However,
the fajlure to adequately account for yearly variations
in meteorology makes any estimate. .based on a _single
year of data very tentative.

(8) Fitting a Separate Distribution for Each Year
of Data (Conditional Probability Approach)

The previous method required grouping data from
several years into a single frequency distribution. In
some cases data processing constraints may make this
cumbersome. "Therefore, an alternate approach may be
used that allows each year to be treated individually.
In considering this alternate approach it is useful to
briefly indicate the underlying framework. This parti-
cular . approach wuses conditional probabilities and in
most cases it would probably be more convenient to use

one of the previous methods. However, the underlying

framework of this method has sufficient flexibility to
warrant its inclusion.

Suppose that the air quality data at a particular
site may be approximated by some statistical distribu-
tion F(x19), where & denotes the fitted parameters.
Suppose further that the values of the fitted parame-~
ters differ from year to year, but that the data may
still be approximated by the same type of distribution.
intuitively this would mear that while the same type of
cdistribution describes each year of data, the values of
the parameters would change from year to year re-
flecting the prevailing meteorology for the year. In
theory it could be possible to define a set of meteoro-
logical classes, say m(i), so that the distribution
function of the air quality data could be defined for °
each one of these meteorological classes. Then for
each meteorological class, m(i), there would be an as-
socjated air . quality d1str1bution function denoted as
F(xIm(i)), the distribution function for x given the
meteorological class m(i). Using. the standard rules of
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conditional probability the distribution function F(x)

———

may be written as: : ‘

F(x) = L {F(xlm(i))} P(m(i)]
S A

whefe P[m(1)] is the probability of meteorological
class m(i) occurring. :

-Contjnding this approach'the eipected: number of
exceedances may be written as: : ‘ _

E(e) = "I Plx> s Im(i)] * PIn(D)]
.4 '

where s_dEnotes the standard level.

Initially the above framework may seem to be too
theoretical to have much practical use. However, it
will be seen in Section 4 that this approach may afford
a convenient means of determining the expected number
of exceedances per year when limited historical data is
available. For the present discussion it suffices to
jndicate how this approach may be used when ambient
data sets are available.

Suppose that five years of ambient measurements
are available. An approximating statistical distribu-~
tion may be determined as discussed previously for each
year, denoted as Fi(x). This would be analogous to the
F(x'm(i)) in the above discussion. Then the distribu-
«ion function of F(x) may be written as:

5
F(x)= .Z, Fi(x) * 1/5
i=1

where Fi is analogous to F[xim(i)) and P[m(i)] is as-
sumed to be 1/5. The design value may then be deter-
~ineg by setting 1-F(d) = 1/365 and solving for d, the
desipn  value. This 1is equivalent to determining the
concentration d so that:

5
Gy L1-Fi(d)] ¥ 1/5 = 1/365.
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In general it may not be possible to explicity
solve this equation for d, but the answer may be ob-
tajined iteratively by first guessing an appropriate de-
sign value. '

The use of this equation can perhaps best be .il-
lustrated by a simple example with two years of data.
Suppose the data for each year may be approximated by
an exponential distribution although the parameter is
different for the two years. In particular - let

1 =EXP(=43.4x) and
1 «EXP(=37.6x).

F1(x)
F2(x)

Using the previous equation, the design value (d) must
be determined so that : .

1/2 EXP(=43.4d) + 1/2 EXP(-37.6d) = 1/365 or
365 ¥ {1/2 EXP(-43.4d) + 1/2 EXP(~37.6d)!} 1.

If .15 is used as an initial guess for d this
equation gives a value of .92 rather than 1. If .145
is used the resulting value is 1.12 indicating that the
design value is between ,145 and .15. Guessing .148
gives a value of .99,i.e.

365{1/2 EXP(-43.4 * ,148) + 1/2 EXP(-37.6 * .148)}=
.99

This is sufficiently close to 1 and is a reason-
able stopping place in determining the design value.

.4, Zuick Test for Design Values

Lal

All ‘of the approaches in the previous section have
one thing in common; namely, their purpose. Each tech-
nijue is intended to select an appropriate desizn
value, i.e., a concentration with expected number of
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- .~ yearly exceedances equal to 1. With this in mind a

quick check may be made to determine how reasonable the
selected design value is. Tris may be done by counting
the number of observed daily values that exceed the se-
lected design value and computing the average number of
exceedances per year. For example, if the selected de-
sign value was exceeded 4 times in 3 years, then the
average number of exceedances per year is 1. 3.
Ideally, this average should be less than or equal to
1, but for a variety of reasons somewhat higher values
may occur, = However, if this average is greater than

"2.0 the design value is questionable. ~In Ssuch cases

the design value should either be changed or, if not
changed, careful examination should be performed to
substantiate this choice of a design value.

3.5. Discussion of Data Requirements

The use of the previous approaches presupposes the
existence of an adeguate data Dbase. Both. approaches
were presented in the context of having several years
of ambient data. In many practical cases the available
data base may not be so extensive. Although these sta-
tistical approaches may be used with 1less data, some
caution is still required to ensure a minimally accept-
able data set. In general, statistical procedures per-
mit inferences to be made [from 1limited data sets.
Nevertheless, the initial data set must - be
representative. For example, if no data is available
from the pcak season, then any extrapolations would re-
quire more than merely statistical procedures.
Therefore, the input data sets should be at least 50%
complete for the peak season with no systematic pattern
of missing potential peak hours. This 503 completeness
criterion should be viewed in the context of the type
of amonitoring performed. A continuous monitor that
fails to produce data sets mecting this eriteria has in
effect a down-time of more than 5C%. With such a high
percentape of down-time for -the instrument even the re-
corded values should be viewed with caution.

In employini; approaches that proup data from all
years ianto one frequency distridbution, it should be
verified that all years have approximately the same
pattern of missinp values. Furthermore, if the number
of measurenments during the oxidant season differs by
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more—than 20% from one year to another, then the condi-
tional probability approach should be used. The reason
for this constraint is to ensure that variations in
sample sizes do not result in ' disproportionate:-
weighting of data from different years. '

Another point of concern is how many years of data
should be used. . Intuitively it would be reasonable - to
use .as many years of data as possible as long as emis-
sions have not changed "appreciably". Obviously this
suggests -that some guidance be provided -on what percent
change in emissions is permissible. To some degree any
such - specifiecation is arbitrary. However, the more
relevant point is that the specified percentage be
reasonable. The reason for a cut-off is to ensure that
the impact of increased emissions is not masked by the
use of air quality data occurring prior to these emis-
sion increases. If an area 1is in violation of the
standard, then emission changes should he expected as
control programs take effect. Also, the design value
serves as a guide to achieving the standard and is, 1in
a sense, merely the means to an end rather than an end
in itself. Therefore, no more than a 20% variation be-
tween the lowest and highest years is recommended, It
should be noted that a total variation of 20% may
translate into a + or - 10% variation around the
average.

If emissions have increased by more than 20%2 then -

additional years should not be incorporated unless the
air quality values can be adjusted for the change in-
emissions. For cases in which emissions have decreased
by more than 20% the earlier data may be used after ad-
justment or used without change knowing that the design’
value will consequently be conservative, Although this
document does not discuss methods for performing this
ad justment, it is useful to mention the basic principle
involved. The selection of a design value inherently
implies the existence of an acceptable model for taking
an air quality value and determining the emission
reduction required to reduce this value to the
standard. In principle, then, this same model may be
used in reverse to take the emission change known to
have occurred and use the model to .scale the previous
data sets. Attempting to adjust older historical data
may initially seem to be an unnecessary complication
but the more data that can be used to estimate the de-
sign value the more likely it is .that ‘a-proper design




. __value is selected. Decause considerable effort could
“be expended in revising a control strategy this addi-
tional effort may be warranted. '

3.6, Examp}e'Design Value Computations

s

As in - the previous discussion of compliance
assessment, it is convenient to conclude this section
with examples illustrating the main point involved in
applying these various techniques. For purposes of il=-
lustration all four techniques are used on the same
data set. Figures 3,4, and 5 display semi-log plots of
daily ozone values for 1974, 1975 and 1976 at a sample
site. _These data are plotted using previously dis-
cussed conventions. [5) The horizontal axis is concen-
tration (in ppm) and the vertical axis is the fraction
of values exceeding this concentration. A horizontal
dotted line ~is shown at a frequency of 1/365 and the
dotted line represents a Weibull distribution: approxi-
mating the data. This . particular fit was done by
"eye-balling" the data, but suffices for the . purposes
of illustration, Figure 6 is a similar plot for all
three years of data grouped together. The high and se-
cond high values for the three years are: (.13 and
.12), (.16 and .16), and (.15 and .14).

Method 1: Fitting a single distribution to data from
all three years. '

The Weibull distribution plotted in Figure 6 for
the three years of data is described by the equation:

| 2.011
F(x) = 1 - EXP[~(x/.0609) .

Setting F(x) = 1 - 1/365 and solvinp for x gives
.147 which is the desisn value because it corresponds
to a frequency of exceedance of 1/365. Using this

quick check, there are three values ahove .147 so the
averane number of yearly exceedances is 1,
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FRACHION OF (AILY VALUIS WITH WICHEA CONCENTRATIONS
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" Method 2: Graphical estimation

Referring to Figure 6 it may be seen that the em-
pirical frequency distribution function crosses the
line plotted at 1/365 at a concentration of .15 and,
therefore, this "is the design value selected by this
method. .

Using the quick check there are only two data val-
ues above .15 and, therefore, the average -number of
yearly - exceedances of the design value is .67 which is
acceptable. ' o

Method 3: Table look=up

A total of 1,017 data values were recorded during
the three year period. Using Table 1, this method says
that the second highest value may be used as the design
value. Therefore this method yields .16 as the design
value. The quick check gives 0 as the average number of
yearly exceedances of the design value although there
are two values exactly equal to this estimated design
value. As indicated earlier, this procedure is some-
what conservative in that it tends to overestimate the
design value.

Method 4: Conditional probabilities

Separate two parameter Weibull distributions were
fitted to each yearly data set as shown in the graphs.

‘Using the form of equation 5 gives the equation:

1.835

17365 = 1/3 EXP{-(d/.0H46T) P+
2.139

1/3 EXP{-(d/.0705) } o+
2.180

1/3 EXP{-(d/.0629) }

Solving for d (by successive guesses) .gives .15 as the
design value., Using ‘the quick check gives two values

‘above. the design value--and therefore,anJayqqage1:yqarly

exceedance rate of 2/3.

B L PR T
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4, APPLICATIONS WITH LIMITED AMBIENT DATA

Virtually all of this discussion has focused wupon
the use of ambient data. Historically, air quality
models have been quite useful in providing estimates of
air quality levels in the absence of ambient data. The
proposed wording of the standard does not preclude the
use of such models. As models that provide frequency
distributions of air quality are developed their use
with the proposed standard will be convenient.

Another potential means of estimating air quality
data involves the use of conditional probabilities.
While the use of conditional probabilities was dis-
cussed earlier in terms of combining different years of
data, a more promising use of this technique would in-
volve the construction of historical air quality data
sets from relatively short monitoring studies. Very
limited ambient data or air quality models may be wused
to develop frequency distributions for certain types of
days or meteorological conditions. Then past histori-
cal meteorological data may be used to determine the
frequency of occurrence associated with these meteoro-
logical conditions. This information may then be com-
bined using conditional probabilities to obtain a gen-
eral air quality distribution. This particular ap-
proach could even be expanded to allow for changes in
emissions. :

No matter what approach is chosen the two quanti-
ties of interest are: (1) the expected number of ex-
ceedances per year and (2) the design value, i.e,, that
concentration with expected number of yearly ex-
ceedances equal. to 1. However, these modelling and
conditional probability constructions may make it poss-
ible to assess the risk of violating the - standard in
the future based upon limited historical data.
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INTRODUCTION

The following questions and answers were compiled pimarily from the Photochemical
Assessment Monitoring Stations (PAMS) Teleconference Workshop held April 27-29, 1993.
Supplemental questions and answers have been added in this document to address broader PAMS
issues and provide an overview of the regulations. The questions and answers have been
organized into the following categories: (1) Overview; (2) Network Design and Siting;
(3) Sampling and Analysis; (4) Quality Assurance; (5) Modeling and Meteorological Monitoring;
(6) Data Analysis; and (7) AIRS and PAMS.



OVERVIEW

Question: _
What are the PAMS program objectives?

Answer:
The PAMS program objectives, or data uses, include the following: National Ambient Air
Quality Standards (NAAQS) attainment and control strategies; State Implementation Plan
(SIP) control strategy evaluation; emissions tracking; exposure assessment; and support
for urban airshed modeling. -

Question:
Who is affected by the 40 CFR Part 58 PAMS regulations?

Answer: :
The regulations directly affect those air pollution control agencies with designated serious,
severe, or extreme ozone nonattainment areas. For the first time, States are required to
collect data, not only to determine compliance with the NAAQS but also to provide
fundamental data to aid in assessing the ozone problem.

Question:
What is the difference between standard and alternate network plans?

Answer:
The Part 58 PAMS regulations allow for two types of network plans: standard network
plans conform directly to the criteria for a network description'as described in Section
58.41 and Appendices A and D of the regulations, including all of the elements listed;
alternate network plans include one or more of the acceptable alternative network
elements, but otherwise comply with the criteria for a standard network.

Question:

What alternative elements are allowed under the alternative element provisions of the
regulations? -

Answer:
The PAMS regulations contain provisions for alternative network elements in five areas:
(1) sites (number and arrangement); (2) methodology (sampling and analysis methods);
(3) monitoring season (months with the highest ozone); (4) sampling frequency; and (5)
meteorology (establishing wind directions for siting). States submitting plans containing
one or more of these alternative elements must state that the submittal is an alternative
PAMS network design. In order to be accepted, a network plan containing alternative
elements must demonstrate fulfillment of the PAMS monitoring and program objectives.




Question:
What are the basic elements that must be included in a network plan?

Answer: _

To be considered complete, a network plan must include the following elements, in
conformance with the criteria outlined in 40 CFR Part 58: (1) network overview, (2) site
identification, (3) sampling and analysis methods, (4) monitoring period, (5) sampling
frequency, (5) meteorological monitoring, (6) network implementation schedule, and (7)
quality assurance.  Alternate network plans must also include the following
documentation: (1) narrative explanation of the alternative element(s); (2) justification of
the alternative element(s); and (3) demonstration of comparability.

Question: .
Who will review and approve network design plans?

Answer:
Network plans are submitted first to the EPA Regional Office for preliminary review.
The plans arc then forwarded to EPA’s Monitoring and Reports Branch, Technical
Support Division, Research Triangle Park, NC, where they are reviewed by the PAMS
Network Review Committee, which will forward the plan along with its recommendations
to EPA Headquarters management for final approval.

Question: ‘
Will States be able to meet in person with EPA’s Office of Air Quality Planning and
Standards (OAQPS) and Regional staff to explain in detail an alternative regional plan?

Answer:
The monitoring program is envisioned as a three-way partnership between State, Regional
Office, and OAQPS staff, and communication and coordination between States and EPA
staff are encouraged in establishing altenative plans. Because of travel restrictions,
however, conference calls may be the best vehicle for such communication. Alternatively,
States are welcome to visit OAQPS staff in RTP, NC to discuss alternative plans in
person,

Question:
Where does the SIP get submitted, and what should it say?

Answer:

The SIP revision is submitted to the Regional Office, which then prepares the rulemaking.
EPA anticipates that the SIP revision covering the PAMS provisions will be a relatively
small part of the total SIP, basically, a commitment to design and install the network.
Though the revision is not regulatory in nature, it does have to go to public hearing, as
all SIP revisions do. EPA’s Air Quality Management Division in conjunction with the
Technical Support Division has drafted suggested language that will be helpful to States
in developing their SIPs.



Question:
Does an alternative plan based on a regional effort need to reference sites to specific
Metropolitan Statistical Areas/Consolidated Metropolitan Statistical Areas (MSAs/CMSAs)
or can the sites be referenced to the region as a whole?

Answer: : _
For purposes of strategy development, if an area does have a regional network (for
instance, the northeast United States), such areas can use those monitors to develop
strategics which could be implemented region-wide. It is still important, however, that
each site be keyed to a particular MSA/CMSA. EPA would encourage even regional sites
to be keyed to one or more MSAs and not just to the region.



NETWORK DESIGN AND SITING

Question:
How many and what type sites are required?

Answer:

A maximum of five PAMS sites is required in an affected ozone nonattainment area,
depending on the population of the MSA/CMSA. For the larger areas, EPA has
determined that the minimum network that will provide data sufficient to satisfy the
PAMS monitoring objectives should consist of five sites: (1) Site No. 1 - upwind and
background characterization site; (2) Site No. 2 - maximum representative 0zone precursor
emissions impact site; (3) a second Site No. 2 in the second most prominent morning
wind direction; (4) Site No. 3 - maximum ozone concentration site; and (5) Site No. 4 -
extreme downwind monitoring site. The recommended order of implementation is Site
No. 2, No. 3, No. 1, No. 4, and last, the secondary No. 2. :

Question:
What if a State does not want to use the recommended phase-in schedule?

Answer:

The regulation requires that five sites be established in five years, with Site No. 2
required as the first site to be established. But the phase-in schedule for years 2 through
5 can be in any order chosen by the State, allowing for a great deal of flexibility. For
a particular area, once Site No. 2 is in place the first year, as long as the one site per year
requirement is met, the choice of sites will be up to the particular State or local air
pollution control agency. Plans containing alternative numbers and types of sites would
be considered alternative plans and would have to be submitted in accordance with the
requirements in EPA’s guidance on PAMS network plan and approval.

Question:
Does the rule provide for alternative phase-in schedules longer than 5 years?

Answer:
No, it does not. The network must be totally implemented by 1998. States that started
phase-in in 1993 get an extra year.

Question:
At the Region IV Air Monitoring Workshop, it was recommended that monitoring be
conducted at a background site. Is there a difference between Site No. 1 and the
background site referred to at the workshop?

Answer:
Site No. 1 is supposed to be the upwind background site; typically, it will be located near
the upwind edge of the photochemnical modeling domain. That is the only requirement
for a background site for PAMS.



. Question:

Answer:

How close should Site No. 2 be to the central business district for major point sources?

Answer:

The regulation states that Site No. 2 should be located immediately downwind of the area
of maximum precursor emissions. In an urban area, precursor emissions are expected to
come, in large part, from the central business district. In general, Site No. 2 should be
close enough to the central business district for major point sources to record higher
concentrations and get more sensitive and precise information but not so close to a
particular emission source that maximum ground level precursor concentration would be
expected. The site should be rcprescntative of the area’s emissions, but should not be
unduly influenced by any particular emissions source.

Question:

What is the rationale for Site No. 2, Type "B" sampling frequency (eight 3-hour samples
every day during the monitoring period and one additional 24-hour sample every sixth
day year-round)? What will these data be used for?

Site No. 2, as stated in the regulation, is to be located representative of the MSA’s
downwind VOC emissions, to capture the "maximum precursor impact." Finding a site
which is appropriate and not unduly influenced by any particular source of emissions may
be very difficult. Therefore, there is going to have to be a great deal of leeway in
looking at the particular arc in which Site No. 2 is located. Generally though, Site No.
2 should be located in that arc in the morning wind direction, downwind of the MSA,
such that it is not unduly influenced by any particular source of ernissions.

Data from Site No. 2 will be used for (1) development and evaluation of imminent and
future control strategies, (2) corroboration of NO, and VOC emission inventories, (3)
augmentation of reasonable further progress (RFP) tracking, (4) verification of
photochemical grid model performance, (5) characterization of ozone and toxic air
pollutant exposures, (6) development of pollutant trends, particularly toxic air pollutants
and annual ambient speciated VOC trends to compare with trends in annual VOC
emission estimates, and (7) determination of attainment with the NAAQS for NO, and
ozone. The additional once every sixth day sampling is required for quality control
purposes and for determining annual averages of speciated VOC for air toxics
assessments. '

Question:

Should Site No. 3 be the current ozone design value site?

Answer;

Site No. 3 should correspond to the maximum ozone site for the MSA/CMSA which is
located downwind. Site No. 3 may or may not be collocated with the ozone design value
site for a particular MSA/CMSA. In some cases, the design value site may be upwind
of the MSA itself and be influenced totally by long-range transport of ozone. Further,
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an existing site downwind, measuring the highest ozone levels in the area, may not be the
ideal location for Sltc No. 3. This determination will need to be made on a case-by-case
basis.

Question:
Regarding siting guidance, what does "undue source influence" mean?

Answer: '

Criteria for dealing with undue influence from sources are covered in 40 CFR Part 58,
Appendix E. With regard to spacing from roadways, a minimurn separation distance must
be maintained between roadways and PAMS monitoring sites, for example, to minimize
NO interference on ozone monitoring and minimize the influence from mobile sources.
Sites No. 1, No. 2, and No. 4, in particular, should avoid NO, interference from nearby
roadways. Generally, Site No. 2 should be placed at a location which is representative
of all the emissions of the area and not just indicate the signature of a particular source.
In terms of spatial scale of representativeness, it should be a neighborhood scale rather
than a micro or middle scale.

Question:
For submitting the network design plans, where can wind roses be obtained if they cannot
be produced by a given agency?

Answer:

Ideally, local/nearby meteorological information is used to develop wind roses. If current,
local information is not available, the wind roses produced by Headquarters can be used;
these can be obtained from Regional Offices. Two sets of roses were prepared, one for
ozone conducive days and the other for high ozone days, according to the following
criteria: for both sets of days the most recent 5- or 10-year data set for June, July and
August were uséd; ozone conducive criteria were used in which the temperature is greater
than 85°F, the 7 to 10 a.m. wind speeds are <10 knots, the 1 to 4 p.m. wind speeds are
<14 knots, and the 1 to 4 p.m. relative humidity is £60%; and for high ozone days in
which the criteria ozone concentration is 20.10 ppm.

The weakness in the high ozone day information is that it presumes that the current ozone
sites are located correctly. EPA has been encouraged by the fact that for most MSAs, the
wind roses for ozone conducive days correlate well with the wind roses for high ozone
days. In any case, the Agency feels that using either set of roses, the sites would be
located at least in the same quadrant, and most of the time probably within a 30° arc.

Question:
When discussing the site guidance criteria for using the wind data on high ozone days,
or on those days which exhibit the potential for producing high ozone levels (high ozone
conducive days) as in Site No. 1, which wind rose should be used? There are two
~ represented for each time period, categorized under the headings “conducive days" and
"observed highs."



Answer:
If the current ozone site is believed to be properly located, the wind rose based on

observed highs would probably be more appropriate. Otherwise, consideration should be
given to both.

Question:
Are AIRS Graphics printouts acceptable for emissions?

Answer:
EPA would prefer emission density maps in combination with AIRS Graphics printouts
(or equivalent) depicting the locations of the largest point emitters, if they can be
obtained. Your Regional modeler may be able to provide further assistance.

Question:
Regarding emission source information, what is the smallest point source for which
information is needed?

Answer:
For SIP inventory purposes, the VOC point-source cutoff definition for VOC sources. is
10 tons per year. EPA is requesting the same cutoff for PAMS network plans emissions
information.

Question:
Can episode sampling be used at Site No. 2?7

Answer:

The rule allows for episodic sampling at Site Nos. 1, 3, and 4, but does not speak to it
as an allowable alternative for Site No. 2. The Agency’s philosophy for criteria pollutants
is that around-the-clock sampling is required in order to capture the rare event. This same
philosophy of capturing the rare event applies to Site No. 2--as "an insurance policy,"
continuous sampling at Site No. 2 is desired. However, the Agency could consider plans
which propose less than complete or 24-hour per day sampling at Site No. 2, in those °
situations where it could be demonstrated that-data collected on an episodic basis or
collected at selected hours of the day are sufficient. Even if an episodic plan were to be
approved at Site No. 2, however, it would still be important to do additional intermittent
sampling to provide information on the concentration on nonepisode days, as it is equally
important to understand what is happening on the days of lower photochemical reactivity
as on the days that produce the highest ozone.

Question:
What data must be submitted to support a change to the required June, July, August
monitoring season?

Answer:
The intent of the regulation was to require at least three months of intensive sampling.
In most States, June, July, and August incorporate the periods when peak ozone values

8



are likely to occur. Historical ozone data could be submitted to demonstrate that a
different three consecutive months (for example, July, August, and September) would
better serve the PAMS program. EPA encourages States to extend the PAMS monitoring
period whenever feasible to include the entire ozone season or perhaps the entire calendar
year. Again, plans containing alternate monitoring seasons would be considered alternate
network plans and would have to be submitted in accordance with the requirements
specified in EPA’s guidance on PAMS network plan and approval.



. SAMPLING AND ANALYSIS

Question:
Should particulate filters be used on the auto gas chromatograph (GC) system? If so, how
should they be conﬁgurcd and of what materials should they be constructed?

Answer:
Particulate filters should be used on the GC system. Most canisters use a stainless steel
10 micron filter which removes particles that would otherwise get into the canisters.
However, if particulate filters are used, a maintenance program which includes periodic
checking of the filter is necessary.

Question:
What is the maximum allowable inlet line length for various auto GC systems?

Answer:
In general, there is no prescribed maximum allowable inlet line length. The concept 1s
that as gases are entering the system, they contact surfaces. The smaller the surface, the
less of a potential problem. Therefore, the rule-of-thumb is to minimize the surface
contact arca. Silica material seems to be a good inert surface. If the tubing is coated
with the silica material to make it inert, then the larger surface may be acceptable, but

. rule-of-thumb is to minimize surface areas. Further information may be found in 40 CFR
Part 58, Appendix E.

Question:
What is the shelf-life of an ambient air sample in a Summa® polished canister (without
significant hydrocarbon chemical reactions and alterations)? What is the shelf-life of a
calibration cylinder (e.g., 56 compound super-blend)?

Answer:
Generally, tests under typical conditions for ambient air samples collected in canisters
indicate a shelf-life of 14 to 30 days and probably longer (with the exception of o- and
B-pinene, which have not been tested). However, ambient canister samples should be
analyzed as soon as practicable after collection to ensure that losses are minimized.

Calibration or retention time standards in high pressure cylinders containing the 56-
compound mixture (with the exception of @- and B-pinene) are generally stable for at
least 6 months to a year. However, problems with losses of olefinic compounds such as
2-methyl-1-pentene and isoprene have been observed.

Question:

What is the recommended frequency for the analysis of (a) the propane standard, and (b)
. ‘ the qualitative multi-component retention time standard? '
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Answer:
The frequency of calibration and analysis of the retention time standards will be left to
the judgement of the analyst and will be dependent on the stability of the systemn.
However, at least initially, the retention tirne standard should be analyzed daily. Further
guidance on this issue is provided in the Technical Assistance Document for Sampling and
Analysis of Ozone Precursors (TAD), Section 2.2.6 (EPA-600/8-91-215, October 1991).

Question: _
Is EPA guidance available for the sampling and analysis of ozone precursors?

Answer:
Guidance is provided in the TAD. The Agency will be updating this manual in the near
future.

Question:
Given the following background information for Baton Rouge:
(n It is a "serious" area
(2) Itis Type "B" for sampling frequency requirements
(3) It has a January to December "ozone season”
) It has a population between 500,000 and 1,000,000; frequency type is "B"
or "E"
(5) Sampling frequency requirement "B" is daily part of the year/every sixth
day year-round
(6)  Muldple-canister sampling (8, 3-hour samples) is to be run daily dunng
June, July, and August; and every sixth day per year, year-round
Does the Baton Rouge area’s daily VOC sampling schedule run only from June through
August or will it run year-round to coincide with the ozone season?

Answer:

The ozone monitoring should be for the entire ozone season as every other ozone monitor
in the network is operated. The precursor monitoring, which includes the oxides of
nitrogen, the VOC and the carbonyls (except for any year-round component), would be
for June, July and August only. That presumes that Baton Rouge chooses June, July and
August for its monitoring season. The rule does allow for any MSA to choose a different
monitoring season if it captures the peak ozone days for that particular area. Assuming
June, July and August did encompass the peak ozone days, Baton Rouge would only be
required to operate the VOC and other precursor monitors during that time period (except
for the year-round component).

In addition, although only 3 months of precursor monitoring are required, State or local
agencies can extend that season to more than 3 months if they believe that those
additional months are critical to understanding the ozone problem in their area. However,
areas of the country with longer ozone seasons (i.e., 12 months) typically have the highest
ozone concentrations during the warmest months of the year, which usually are 3 to 6
months of that annual period.

11



Question:
Why is it necessary to sample around-the-clock? Is it necessaxy to capture thc diurnal
pattern whether by eight 3-hour samples per day or by the use of a continuous instrument
to collect hourly samples?

Answer:
Data collected "around-the-clock” will be useful for quality assurance, for establishing
trends, for evaluating control strategies, for photochemical model diagnostics, for
confirming emissions inventories, and for toxics assessments. Twenty-four hour a day
sampling refers not only to elght 3-hour samples a day, but also to the year-round 24-hour
canister component.

One of the real advantages of the PAMS network is that it provides much more data to
compare with emission inventories. It is important that the PAMS network shows data
from around-the-clock, because the inventories are around-the-clock representations,
especially for the VOC, where much of the emissions come from evaporation around-the-
clock.

The PAMS program and the ozone program in general are concerned with rare events.
Continuous sampling is preferable to try to capture the event that occurs just once or
twice a year. In terms of trying to identify the impact of certain emission changes, it may
be important to understand what changes actually occurred to the underlying diurnal
pattern. Will the diurnal pattern change when fuels are changed, for example? Will there
be a shift in the concentration observed at night? In previously collected data, higher
concentrations were recorded at night, when photochemical activity was at its lowest.
Continuous sampling provides additional sensitivity to follow data for determining trends.
Without continuous data, looking at a selected period of time during the night might mean
sampling during the wrong period of time. Some of the sites in Atlanta had very stable
patterns during the early moming hours; for example, 2:00 a.m. was particularly high.
Sampling only at that time and not continuously during the night might result in an
unrepresentative nighttime value. Thus, it is important to sample continuously throughout
these higher nighttime periods to arrive at a representative nighttime value.

Further, sampling in the evening would provide additional information on mobile source
emissions. Ozone planning has focused historically on moming emissions. Continuous
sampling would probably corroborate better the evening rush-hour emissions for mobile
sources.

In the past, the EPA has been criticized, in general, for not collecting enough data; the
National Science Academy’s report addressed this issue. In the 1980s, data were
basically collected from 6 to 9 a.m. at a very limited number of sites. With such a
limited schedule, it was not possible to see what happened in the afternoon with the
biogenic factor, or with evaporative emissions. Since this is a long-term monitoring
program, it only makes sense to start off with as robust a database as possible in order
to track changes in the atmosphere over time, to answer questions which may arise in the
future.
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In addition, when reviewing ozone data, the data cycle may not be the same from day to
day, particularly at monitoring sites in areas with varying transport and stagnation types. .
Transport may result in ozone peaks in the early moming or late afternoon. When
conditions are stagnant, the ozone peak may be more persistent and lingering.
Additionally, weekday emissions data differ from weekend data. Therefore, two fixed 3-

hour sampling periods may miss some of the data needed to evaluate these sitnations.

To summarize, continuous sampling is seen as "an insurance policy” to collect data over
the course of the entire day in order to capture the diurnal pattern and to be able to
answer the many different types of questions that could arise. In fact, in the ozone
nonattainment areas designated severe and extreme, between 1994 and 1995, fuels are
going to be reformulated and the atmosphere is going to change when this is
implemented. Continuous sampling will provide a picture of the diurnal patterns and
atmospheric constituents in those cities in 1994 and how they have changed in 1995.

Question: _
Can sampling aloft be substituted for ground level monitoring of ozone and ozone
precursors? ‘

Answer:
To the extent that States can assist in the model evaluation process, EPA would certainly
encourage the collection of air quality data aloft However, collecting air quality data
aloft must be balanced against some of the primary objectives of the PAMS program . -
which include tracking the progress of control programs and trends in emissions. If the
basic components of the PAMS program would not be jeopardized by such air monitoring
aloft, EPA would be open to complementing ground monitoring with this aloft
monitoring. However, questions. remnain regarding this issue, and the Agency would
consider such requests on a case-by-case basis,

Question;
Were there any interferences in the UV open path system such as weather conditions,
rain, etc.?

Answer:
The UV open path system may be vulnerable to dense fog conditions which can act as
optical obstructions in reducing the light transmission below the critical level necessary
for measuring gaseous pollutant concentrations. During these periods, however, the
OPSIS system is designed to flag the data as invalid. The ozone concentrations coming
from the UV open path system correlate very well with the ozone concentrations at a
fixed monitoring site. Since this is a photometric measurement, it is believed that those
measurements are very appropriate for ozone. Measurements of NO, and SO, have also
been made. An advantage of the system for NO, is that the measurements are direct
spectroscopic ones and not "difference-derived” as with the chemiluminescence
. instruments. At the time of the Atlanta study, the measurements for hydrocarbons,
particularly benzene, toluene and xylene, were just emerging and the study found some .
problems with the deconvolution software used by the differential optical absorption
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spectrometer to separate the interfering species from the species to be measured. The
company making the system used in Atlanta, OPSIS, is currently working to improve its
internal and data collection software, and while there are hopeful signs for future use, for
the moment, OPSIS is limited to those compounds that will absorb in the UV region of
the spectrum. - -

Question:
What are some suggestions about CO, management? Any problems, solutions, or
expectations?

Answer:

CO, is probably more of a problem in mass spectrometry work than in the case of
hydrocarbon analysis using the flame ionization detector (FID). When using narrow
internal diameter (ID) columns a problem could occur due to CO, plugging the column.
In such cases, water removal is important and should be done. Whether or not there are
ways of taking CO, out without taking out the VOC compounds remains to be seen.
Selective removal of particular compounds may affect the VOC. Therefore, it might be
better not to remove the CO,.

Question: :
Why don’t you use a Nafion Dryer to eliminate water in the preconcentration direct flame
ionization detection (PDFID) method?

Answer: :
About 10 years ago when the PDFID method for estimating the total NMOC was
developed, the Nafion Dryer had not been tested adequately to be sure that it passed
NMOC without unacceptable losses. At the same time, correcting for water using the
operational baseline technique seemed to work quite well. The method was put into
service at that point. The additional development work to test the performance of the
system with the Nafion Dryer was never carried out.

Question:
Define high and low VOC to NO, ratios.

Answer:

A high VOC to NO, ratio would be greater than 16-20 to 1 and a low VOC t0 NO, ratio
would be about 5 to 1. Most cities fall within the range of 20 to 1 t0 5 to 1.

Queston:
How can canisters be checked for contamination via NMOC analysis when VOC

sensitivity is 0.3 ppmC while with PAMS we are frequently looking at ambient
concentrations less than 1 ppb?

Answer:
The 0.2 or 0.3 ppmC number that is given for the detection limit is really based on
variability in background response from the canisters. The instrumental measurement
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capabilities are as much as an order of magnitude better. Contamination normally
involves several compounds so that there are several compounds included in total NMOC.

- The PDFID method serves as an excellent screening tool to ensure that canisters are
cleaned properly. It is recommended that an occasional blank analysis be conducted with
the full GC system to make sure there is no single compound contamination that
constitutes a major contamination.

Question:
Can’ a surrogate for speciated VOC be used?

Answer: '
‘The rule would allow for the proposal of a surrogate for speciated VOC, but the burden-
of-proof would be on the State to show that it can still provide enough information to
meet a set of balanced objectives. Currently, the Agency would consider surrogates for
speciated VOC at Site Nos. 1, 3, and 4, but feels strongly that continuous speciated VOC
at Site No. 2 is necessary.

Question:
In hindsight, regarding the Atlanta study, were hourly averages adequate for the study’s
data analysis needs?

Answer:

The current automated GC systems require one hour to complete sample preconcentration
and analysis procedures. Consequently, sample frequency cannot be any greater than one
sample per hour. Hourly averages were adequate for the study’s data analysis needs. The
regulations require a minimum of 3-hour sampling. The samples analyzed for the 1990
Atlanta Study were integrated over a 35-minute period with the assumption that this
period was representative of the one-hour average. It was thought that a period shorter
than 35 minutes might not be representative of an hour average.

Question:
What is meant.by internal reference peaks in a gas chromatogram?

Answer:

Internal reference peaks are usually 3-4 gas chromatograph peaks used as retention time
and/or response factor references in processing the GC data. The peaks correspond to
individual compounds that are added to the sample during analysis or that are usually
present in ambient air (such as benzene, toluene, and the xylenes). If the retention times
of the internal standards shift, then adjustments to the expected retention times of all other
target compounds are made during processing to ensure correct identification. Similarly,
if the internal reference peaks are used as response factor references, they must be
compounds that are added to the system during sample collection at known amounts.
Changes in system response can be identified by comparing the response of the internal
standard to the response determined during calibration. The use of internal standards
allows for the adjustment of the analytical system for each analysis.
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Question:
We have received a canister mixture standard from a supplier of standards with certified
concentrations for propane and benzene. We saw nonlinear quantitative response between
propane and benzene (i.e., area versus ppbC). Is this likely to be caused by a collection
bias? The supplier is using a Chrompack FID measurement system or some other
method. How can this nonlinearity be adjusted when determining concentrations?

Answer:
A similar per carbon response has been seen in invéstigations comparing response factors
of nonmethane hydrocarbons, aromatics, paraffins and olefins. If a response is not within
5 percent, there must be something wrong with the system. There have been some
reports that a dry mix in the canister does not store well, but propane and benzene usually
store well in canisters with dry atmospheres; therefore, the problem could be the result
of a leak in the system, in the preconcentration, or some other part.

Also, some collection efficiency factors to consider when an adsorbent column is used for
sampling are trapping efficiencies and transfer of the sample to the columns. These
factors can affect the area count for carbon sensitivity as well as the linearity of the
Tesponse. '

Question: :
We have experienced large differences in hourly total NMOC values delivered by
. collocated GC systems. The difference occurs because one systemn uses a serial colurmnn
arrangement while the other uses parallel columns. Differences have exceeded 100
percent and only occur on ambient air. Calibration standards are generally within 10
percent. How can this situation best be addressed?

Answer:

These differences are associated with how samples are being introduced into the system.
In this case, the different types of collection media (i.e., moisture in the sample versus
a standard mix in the dry atmosphere) may be affecting trapping efficiency or collection
efficiencies. Certainly the mixture in the atmosphere is more complicated than a
calibration standard and that may account for part of the problem. Compare the internal
compositions to see where the differences occur and try to reinvestigate the system.
These systems have all been evaluated and compared very well. The fact that they are
not comparing well suggests that there is a systematic problem (i.e., leaks in the system
or problems in the collection aspect of the system) that has to be evaluated.

In general, there is no conceptional reason why a series application versus a parallel
application would result in differences that large. Discuss those problems with the vendor
and review all the aspects of the system to see where the problem lies.

Question: :
. How many National Institute for Standards and Technology (NIST)-traceable standards

should be employed when determining detection levels of automated GC systems for the
list of over 50 targeted compounds?
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Answer: :

The FID detector provides constant response for all compounds on a per carbon basis
requiring just one standard reference method (SRM) for detector response calibration.
Detection limits may be slightly different for each GC peak and can be determined with
the retention time standards. In some automated GC systems with dual FID serial and
parallel columns, propane will be used to calibrate one of those columns and benzene will
be used to calibrate the other FID. Since benzene SRMs are no longer available from
NIST, a certified benzene standard obtained from a cylinder gas manufacturer will be
required for calibration. \

Question: .
If a compound on the current targeted list of compounds is not found, can it be removed
from the list? If yes, at what detection level must this be demonsirated?

Answer:

More guidance on this may be provided as the Agency defines how to ascertain detection
limits. Certainly, compounds should not be indiscriminately removed from the list that
might play a role in the total estimate, in the chemistry, or in receptor modeling; on the
other hand, compounds which are seldom, if ever, detected should not be retained on the
target list. In addition, a number of compounds on the target lists, mostly the olefin
compounds, will be in the atmosphere at low concentrations. They usually will be at
higher concentrations in the morning; during the afternoon period they may be below
detectable limits. All of the compounds on the target list should be noticed, with the
possible exception of the natural hydrocarbons in an urban mix, at some of the sampling
periods, but not necessarily all of them. ‘

Question:
For how many compounds should the States determine detection levels (40 CFR Part 136
Appendix B)? How many stzndards do States need to use?

Answer:

Detection limit is not deemed 10 be a critical parameter for this application because most
areas of concern will have reasonably high ambient air concentrations of VOC precursors
(particularly the ones on the target list). No requirements to determine definitive
detection limits (via 40 CFR Part 136 Appendix B) for all the listed species are planned
but it would be prudent to make this determination on at least one representative light
VOC species (e.g., propane or butane) and at least one heavy VOC species (e.g., toluene
or xylene).

Question:
The use of paralle]l analytical columns may result in unacceptable signal loss. How do
you compensate for this to maintain the required level of response?

Answer:

If the sample is split or if only a portion of the sample is used, signal response is reduced.
However,. current automated GCs that use a splitter do have adequate sensitivity to
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monitor ambient air levels of ozone precursors down to concentrations of 0.5 ppb.
Additional sensitivity may be obtained by increasing the sample size during collection on
the primary trap provided breakthrough of target compounds does not occur and provided
unacceptable accumulations of water vapor or carbon dioxide do not occur.

Question:

Are procedures in place to allow for zero span gas challenge procedures using the field
sampling manifold systems?

Answer:
No. However, zero challenges are very important and the issue of whether or not they
are challenged through the manifold or challenged with zero canisters is going to be
discussed and addressed in the next version of the TAD. Zero samples allow the potential
for artifacts in concentrator traps within the whole system to be addressed.

Question:
How should the States calculate total NMOC? How many comipounds should be
included? Should all measurable peaks be included?

Answer: _
Total NMOC is generally considered as the sum of all the peaks in the chromatogram in
ppbC excluding methane. There is concern that some NMOC peaks are removed with
the water management system (e.g., Nafion, etc.). Consequently, ttue NMOC may not
be obtained by the sum of all GC peaks.

Question;
Can estimates be given for costs for procurement, operation and maintenance of the
various PAMS network configurations being discussed?

Answer:
Some cost estimates made by OAQPS are included in the Preamble to the proposal and
promulgation of the PAMS regulations. Cost estimates are also addressed in the EPA
report, Guidance for Estimating Ambient Air Monitoring Costs for Criteria Pollutants and
- Selected Air Toxic Pollutanis, EPA-454/R-93-042, October 1993.

Question: _

Can you comment on the cost benefits of purchasing carbonyl cartridges versus making
them?

Answer:
Currently, the commercially available dinitrophenylhydrazine (DNPH) silica gel coated
cartridges cost about $10.00 each; uncoated blank cartridges cost about $2.00 each. The
cost of coating, quality assurance, etc. involved in cartridge preparation must be
considered, however. EPA did prepare cartridges as demonstrated in the April 1993
PAMS workshop video presentation, but now finds it more cost-effective to purchase
them. Agencies wishing to use the DNPH-coated C18 cartridges will have to make them
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since they are not commercially available. There may, however, be private contract labs
willing to prepare them. It is important that they can guarantee a specified background
level suitable to the application. ‘

Question:
Current annual estimated costs for carbonyl sampling and analysis are substantial. What
new technologies are EPA or other sister Federal Agencies such as the National Oceanic
and Atmospheric Administration (NOAA) pursuing to automate carbonyl sampling and
analysis and bring down State costs? Can you comment on altemative technologies?

Answer:

Although there are no commercially available automated technologies for sampling and
analysis of speciated carbonyls, there are several methods that have been used to sample
just for formaldehyde, for example. There are some possible alternatives for
derivatization. Certain perfluoro compounds might be used to make an oxime, for
instance, which could then be analyzed by GC/ECD. That would probably provide
slightly cheaper analytical costs, but sampling would still involve some kind of trapping
on a cartridge. Using ECD might provide the sensitivity needed to compensate for the
difference in the amount of sample going on a column. For liquid chromatography (LC),
up to 25 microliters of sample are commonly injected. Less than one microliter of sample
would likely be used for GC analysis; there are.a lot of tradeoffs to be considered.

A real-time formaldehyde analyzer was used in the Atlanta Ozone Precursor Study in
1990. It uses a diffusion scrubber to collect formaldehyde. Ambient air is sampled
through a tube along the walls of which water is flowing. The formaldehyde- diffuses to
the wall and goes into solution in the water. The water is then separated from the air and
chemicals are added so that a new compound is formed by chemical reaction. This
derivatized compound is sensed with a fluorescence detector. The system is very
sensitive, detecting ambient background concentrations of formaldehyde in the sub-ppbV
range. Interference testing indicated no significant interference. The disadvantage of the
system is that it measures only formaldehyde.

For continuous carbonyl monitoring there is a reference in the literature to a procedure
where DNPH reagent solution and air flow through a glass coil scrubber. The reacted
reagent is then collected and analyzed by HPLC. This could be automated by using
sequential collection of sample and an auto injector. The method is only good for soluble
carbonyl compounds having solubilities sirnilar to or greater than formaldehyde (see
Environmental Science & Technology, Vol. 27, No. 4, 1993, pp. 749-756). The
disadvantage is that liquid reagents and HPLC are worked with in the field, which could
contaminate other analyses (e.g., VOC).
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Question:
Which hydrophobic adsorbents are now being tested?

Answer: : ‘
Several companies make hydrophobic adsorbents including Supelco with their Carboxin
series. The Carboxin adsorbents are hydrophobic and therefore reduce the amount of
water vapor remaining after sampling. EPA has used the Carboxins in place of the
Carbosieve S-1II adsorbent, which is typically the last and most retentive adsorbent in a
multisorbent trap. The breakthrough volume for water vapor is reduced using the
Carboxins. A neutral gas purge is used to eliminate additional water vapor from the
multisorbent. Additional information on multisorbents is presented as "Evaluation of a
Sorbent-Based Preconcentrator for Analysis of VOCs in Air Using Gas Chromatography-
Atomic Emission Detection" in the Proceedings of the 1992 U.S. EPA/A&WMA
International Symposium on Measurement of Toxic and Related Air Pollutants.

Question:
Do any of the continuous GC/FID systems have an automatic shut-off for hydrogen
during a flame out? If not, what do you recommend to prevent explosions at field sites?

Answer: :
The instrument manufacturers have addressed the safety problems with the use of
hydrogen. Vendors should be contacted to determine whether or not their systems have
automatic shut-off valves. ,

Question:
Since FID detection is not-enough to confidently identify ambient air pollutants, why
wasn’t mass spectrometry included in the federal regulation? If it is going to be a future
revision, when will this take place?

Answer: ,
EPA believes that the FID with modern analytical GC columns and associated hardware
and software is the most appropriate procedure to qualitatively identify and quantitatively

analyze the target species for the purposes delineated in the PAMS regulations and
detailed in the TAD.

Mass spectrometry is not recommended for primary monitoring for this purpose, and it
is not likely that it will be recommended in the future. Mass spectrometry does play an
important role in quality assurance/quality control (QA/QC) and in verifying and
identifying unknowns. '

Question:
How well should PDFID (total concentrations) correlate with speciation concentrations
(taking into account that some compounds are not high enough in concentration for some
FIDs to detect) assuming good QA/QC?
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Answer:
Generally, PDFID estimates of total NMOC should agree with the GC/FID sum of peaks
estimates within 15 percent. However, areas with significant concentrations of polar,
water soluble, and substituted species may not agree as well. The correlation with a total
measurement by photoionization detection (PID) would probably not be as good because
of the response variability of the PID to different compounds.

Question:
Will the TAD provide specxﬁc criteria for States to decide if PDFID will be an acceptable
substitute for speciated analysis?

Answer:
Decisions about the acceptablhty of plans is addressed in the regulations for submitting
alternate plans to EPA. Specific criteria will probably not be included in the TAD since
alternative plans will be considered and approved on a case-by-case basis.

Question;
If the only equipment currently available to an agency to analyze ozone prccursors is an
Entech System interfaced to a Hewlett Packard GC with a mass spectrometer detector
(MSD), would the MS data be acceptable for participation in the PAMS program for the
summer of 19937

Answer: :

The use of MSDs is not encouraged because of problems in calibrating individual species
and difficulties in estimating the concentrations of unidentified species (and resultant
difficulties in estimating the total NMOC). However, data for a specific set of
compounds collected by MSD this summer would probably not be refused. States

. proposing this kind of system as part of an altemative plan should contact Entech to
determine the cost of putting an FID detector on that system.

Question:
What degree of accuracy is expected or required for the 50 compounds monitored by the
automated GC procedure? Will it be necessary to routinely examine every chromatogram
to verify and identify the compounds using the automated GC procedure?

Answer: ‘

EPA is currently reviewing this issue and hopes to provide more definitive guidance in
the next version of the TAD. For automated GC applications it will not be practical to
routinely examine every chromatogram. Users will have to rely on emerging software
techniques to process chromatographs that are now examined and validated manually.
(Initially, as many chromatograms as practical or possible should be examined manually.)
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Question:

How are data between different instruments having dissimilar detection Limits for varymg
compounds compared?

. Answer:

Comparisons are appropriate if each of the instruments is measuring species
concentrations well above the detection limit. Comparison of results for species at or near
detection is not advisable.

Question:
Why is it necessary to monitor for C, and C, compounds?

Answer:
This issue was addressed when the 1990 Atlanta study was designed. Users of the data
felt that the database would be incomplete without this information because the C,
compounds have too much potential for contributing a significant amount to the total
VOC. Also, some of the C, compounds are reactive. |

The principal interest in monitoring the C, and C; compounds is to provide source
fingerprints. Acetylene is an excellent indicator for an exhaust component from mobile
sources. In addition, ethylene and propene are reactive compounds and important in the
photochemistry process.

‘Question:
How does EPA plan to address interferences in ozone measurement methodology such

as moisture in the chemiluminescence method and benzene and its derivatives in the UV
method?

Answer:
Some reports about interferences with the UV photometry technique have been based on
comparing UV photometry with the chemiluminescence technology. Substantial studies
have been conducted to ascertain whether or not moisture could be causing those
differences, but so far no definitive information has been found to indicate that moisture
is a serious problem in terms of the UV measurement. There is always the potential for
any hydrocarbon compound that is a sttong UV absorber (usually aromatic type
compounds) that is not properly compensated for in the ozone scrubber in the UV
technique to be an interferant. It is very difficult to quantitate what those interferences
are because those studies can only be done with known compounds like benzene,
naphthalene, and toluene. There is always the possibility that some higher boiling
compound that has absorption characteristics in the same portion of the spectrum as ozone
will cause an interference. Currently, these are not creating major interferences, but the
Agency does have an ongoing program to look at this issue within the limits of the
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available resources. Contact the AREAL Equivalency and Methods Program at (919)
541-2622 for further information.

Question:
Could you explain the differences in the units of measurement between parts per billion
carbon (ppbC) and parts per billion volume (ppbV)?

Answer:
Both units are concentration measurements used particularly for hydrocarbon compounds.
Parts per billion carbon (ppbC) represent concentration in terms of carbon atoms in the
compound. Parts per billion volume (ppbV) represent compound concentration. For
example, a 1 ppbV hexane concentration would convert to a 6 ppbC concentration since
there are 6 carbon atoms in the hexane molecule. The FID response is reasonably
constant over the whole spectrum of PAMS compounds.

Question:
Since CO plays a role in ozone formation and will likely be included in ozone model
evaluation, what type of CO instrument(s) does EPA suggest the States use at the
different PAMS sites? '

Answer.
States are encouraged but not required to make CO measurements at PAMS sites. EPA
has not developed definitive guidance for low level CO measurements for this purpose.
States that choose to make this measurement should consult with the research community
involved in low level CO measurements and follow their suggestions.

Question;
Can CO monitoring be pari of ihe PAMS network?

Answer: :
CO monitoring is not currently required; however, many data analysis studies involving
CO show that CO correlates extremely well with some of the VOC species, in particular,
for mobile sources. CO information can be very useful, particularly to photochemical
modelers, in identifying to what extent mobile sources are contributing to the total VOC
and may be unduly influencing a monitoring site. A CO monitor with a more sensitive
range than the CO monitors used for determining compliance with the CO standards
should be used. Such monitors have been used in several research studies for this
purpose, and interested State and local agencies would be encouraged to look into these.

23



Question: ‘
What factors should be considered for using ozone scrubbers for carbonyl sampling?
Commercially available cartridges have a copper grid to eliminate ozone interference.
Isn’t this required for lab-prepared dinitrophenylhydrazine (DNPH) cartridges?

Answer:

Commercially available cartridges (DNPH-coated silica gel) do not incorporate a copper
grid to eliminate ozone interference. Both commercially or lab-prepared cartridges require
some form of ozone scrubber or denuder. One example of a denuder that worked
successfully for EPA has a coiled 3’ length of 1/4" copper tubing treated with a solution
of potassium iodide; it had a lifetime of 80 hours for 700 ppb ozone at 2 liters/minute.
The carbonyls required to be monitored for PAMS showed no losses from use of the
denuder. Other types of scrubbers are possible, but would need to be validated.

While DNPH C18 type cartridges appear to be more immune to ozone interference than
DNPH-coated silica gel cartridges, there is evidence of degradation products that appear
during HPLC chromatography. Thus, use of the denuder for either DNPH-coated silica
gel or DNPH-coated C18 cartridges is recommended.

Question:
Is a heater needed for an ozone scrubber for carbonyl sampling?

Answer;
Yes, using a heater is recommended.

Question: .
Is once every sixth day, 24-hour sampling also required for carbonyls?

Answer:
The regulations state that carbonyl sampling frequency must match the chosen speciated
VOC frequency. That means that at each Site No. 2, a 24-hour sample for VOC and also
a 24-hour sample for carbonyls should be collected concurrently with the 3-hour samples.

Question:
What time (daylight or standard) should be used for VOC and carbonyl sampling?

Answer: :
As with the criteria pollutants, local time is used for sampling. Data should be reported
in accordance with the AIRS guidance indicating local standard time.

Question;
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Is the instrumentation associated with monitoring nitrogen compounds adequate to
characterize simple and slightly complex atmospheric chemistry and to provide useful
information for evaluating and validating models in both urban and rural areas?

Answer:

Actually, current chemiluminescence analyzers for oxides of nitrogen (NOQ,) only measure
NO accurately. The NO, channel measures NO, NO,, and PAN quantitatively and other
gas phase nitrogen oxides such as nitric acid less quantitatively. In the early stages of
the ambient air photooxidation process, the NO, results consist mainly of NO and NO,.
As the photooxidation process proceeds, NO, is further oxidized to PAN and nitric acid.
For model evaluation and validation, better information for the NO, is needed. Joe
Sickles (AREAL, 919-541-2446) is the contact person for additional information on this
1Ssuc. .

Question:
Does NO, include NO,? How does solar radiation correlate with ozone or hydrocarbons?

Answer:
NO, in its strictest sense is NO + NO, Solar radiation is required to produce
photochemical ozone; consequently, there is a correlation between these two components. -
There is no correlation between hydrocarbons and solar radiation. -

Question:
Please elaborate on NO, measurements, carbonyl issues, and CO measurements?

Answer:
In promulgating the PAMS regulation, EPA considered using emerging technology to look
at more definitive NO, species and was faced with deciding whether or not t0 require
more definitive species measurements or to continue to use the chemiluminescence
reference method technologies that State and local agencies have used for NO.
measurements. - '

Over the past several years, the research community interested in background
measurements has been very concerned about measuring all NO, including nitric acid,
peroxyacetyl nitrate (PAN) and other oxides of nitrogen. Although research techniques
have been developed, they have not become routine. Consequently, no techniques for
measuring these additional oxides of nitrogen have been included in the 1991 version of
the TAD. When improved technology for measuring the nitrogen oxide compounds
becomes available, the TAD will be revised. A range problem exists because there are
high NO, concentrations in the morning compared to very low NO, concentrations in the

- afternoon. Vendors of chemiluminescence instruments will be encouraged to. provide
automatic range changes to address this issue.
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. Consideration is being given to relocate the converter on the NO, chemiluminescence
analyzer to measure NO,. This technique will also be included in the revised TAD. In
addition, GC techniques for measuring PAN will be addressed. Although these
measurements will not be required, State and local agencies are encouraged to work with
the research community to make such NO, and NO, measurements.

For carbonyls, the regulation requires that the carbonyl measurement schedule be the same
as the VOC schedule so that modelers can make sense of the data; unfortunately, little
monitoring has been done with sequential carbonyl samplers. Therefore, there is a lot of
encouragement to, and a reasonable effort by, the manufacturing community to design
samplers that can take 3-hour sequential samples around-the-clock. These samplers
should be on the market by early 1994,

Question:
Can an open path instrument be used in lieu of GC or canister sampling?

Answer:
Open path technology is just emerging and does not curmrently measure all of the
compounds to be measured for PAMS. While open path technology will continue to be
evaluated, it will not apply to PAMS at this time.
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QUALITY ASSURANCE

Question:
How will proficiency cylinders be made available for testing in 19937

Answer:
The cylinders will be shipped to a contact person in each agency as identified by OAQPS.
EPA will have a contract established with a national carrier to ship cylinders to and from
the contacts, at no cost to the agencies.

Question:
How can one obtain a copy of the PAMS northeast quality assurance plan?

Answer:
Copies are available by calling Avi Teitz, EPA Region 11, at (908) 906-6160 or faxing
your request to (908) 321-6783.

Question: _
How does one obtain the calibration and retention time standards?

Answer: :
State or local agencies can obtain calibration and retention time standards from their EPA
Regional Office. Regional Offices can contact Geri Dorosz-Stargardt, OAQPS, at
(919) 541-5492, who will coordinate with AREAL to get calibration retention time
standards.

Question:
Who pays for the calibration and retention time standards?

Answer:
Arrangements have been made by EPA to cover the cost for 1994 by withholding §105
grant funds. In the future, grant dollars will likely be set aside for this purpose.

Question:
If we already have retention time standards, how many components should standards
contain, and which compounds should have certified concentrations?

Answer:
The calibration standards EPA is supplying are going to be certified for propane and
another compound, most likely benzene. The mixtures themselves, as ordered from the
vendor, were certified to be within £10% of the values stated on the cylinders. All 25
of these mixtures will be analyzed by EPA and these values will be used to provide the
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average value for each compound in the mixture plus a standard deviation for each
compound.

Question:

Some EPA regional laboratories use SRM gases for their ambient air monitoring
programs, including certifying tanks for use in regional performance audit programs and
certifying State standards, usually certified reference materials (CRMs), to assure stability
and repeatability. What is EPA doing to make SRM gases, especially for the NO, NO,,
and NO, monitoring, more readily available since there is a lengthy certification process
for each cylinder and demand for these cylinders is likely to increase?

Answer; :

EPA’s Office of Research and Development (ORD) is concemned about the availability
of standards, and has instituted three new programs in the last year to make high quality

standards readily available.

(1) The first is a quality assurance program for the suppliers of protocol gases. The
results of these checks on the certification accuracy and documentation completeness of
certified protocol gases obtained from the suppliers of these gases are available on the
AMTIC bulletin board system (BBS). For instructions on accessing this information on
the AMTIC BBS, contact Ed Hanks at (919) 541-5475.

(2) EPA is also working with NIST to improve the availability of NO SRMs. Two new
programs have been started at NIST to supplement the SRM program. Copies of papers
presented at the EPA and Air & Waste Management Association (A&WMA) Conference
in Durham describing these programs are available by calling Bill Mitchell at (919) 541-
2769.

(3) Finally, the NO certification accuracy of 8 vendors for a 50 ppm NO cylinder was
checked in January 1993. All 8 vendors were able to get within 32 percent of the
certified value that is specified for protocol gases. EPA hopes to make high quality gases
available through the protocol gas program. By revising the guidance (procedures for
establishing traceability of gas mixtures to NIST SRMs), EPA hopes to make it simpler
and easier for the vendors to provide these gases, which should be more readily available,
more accurate, and less expensive than SRM gases. (Note: This guidance was issued in
revised form in October 1993. Copies were sent to all suppliers of protocol gases.)
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Question:
What concentration ranges of SRMs and CRMs are available for propane and benzene?

Answer:
A 3 ppm concentration level is used for propane and a 0.2 ppm concentration level is
used for benzene; each of them is adequate. '

Question: .
If methane can be detected, should it be reported or ignored? If this information is
important for modeling purposes, should some subset of the PAMS sites monitor methane
on a routine basis?

Answer:

Although methane has a rather high concentration (the background level is about 1.6
ppm), the hydroxyl radical (OH) reaction with methane is slow (about 1,000 to 10,000
times slower than most VOC). That being the case, very little ozone is produced in those
systems when NO, is added. Although it is important when talking about tropospheric
ozone (that is, background ozone), in general, methane is not considered because it
contributes very little to ozone formation in urban situations; therefore, EPA has not been
concerned with monitoring it. '

Question: :
Where can part per billion level certified VOC standards be purchased for calibrating
automated GCs, and at what cost? ' '

Answer;
NIST sells an - SRM contaiuing about 18 compounds, 6 to 8 of which are PAMS
compounds that are also toxic organics. The standard sells for about $11,000. It is
certified to within 10 percent, and concentrations are about 5 ppbV. No specific NIST
SRM is currently available for the PAMS hydrocarbon mixture.

Scott Specialty Gases and Alpha Gas have also made high quality PAMS mixtures. The
retention time standards that EPA is supplying to agencies were bought from Scott.
Mantech is going to certify these mixtures for propane and for a second compound using
NIST SRMs; that second compound may be benzene or toluene. Certified mixtures are
available from several suppliers including Scott and Alpha Gas. Perhaps the retention
time standards along with the certification that could be given for the values on the
standards, and the proficiency sample testing results, will provide adequate information.

Calibrated standards can be purchased from Scott Specialty Gases for $5,000 to $7,000,

depending on the desired certification. However, the desired certification may not
necessarily agree with what is being used as a reference for PAMS, and that would have
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to be taken into account. The particular mixture purchased would have to be somehow

referenced back to the standard being used for PAMS. That is an important consideration
when buying calibration standards "on the outside."

Question:
Will VOC gas mixtures need to be diluted when added to canisters? What concentration
will the tanks contain? Will EPA have a proficiency program in 1993?

Answer:
All compounds in the retention time standard cylinders will be at 30 ppbC concentration
and will not require dilution. A proficiency program was begun in 1993. EPA has a new
gas transfer system that allows stock gases to be put into smaller cylinders and
pressurized to the pressure needed to obtain a specified volume. Stability tests have been
started t0 make sure that the PAMS compounds are stable in the compressed gas
cylinders. :

Question: _ :
Will the VOC performance audit gases be humidified by an external system?

Answer:
Note that these are proficiency samples, not audit samples. To answer the question
directly, these mixtures will not be humidified initially, because the effect of humidity on
a mixture that might be pressurized to 1000 psi is unknown, However, the possible effect
is to be studied.

Question;
Based on past experience, what level of comparability do you expect to see for VOC and
carbonyls (a) within a monitoring organization, and (b) between monitoring organizations?

Answer:
It has been EPA’s experience that at low concentration levels, monitoring organizations
can disagree by more than a factor of two. At concentration levels that can be measured
quantitatively, comparability improves to 10 to 25 percent. It is generally the case that

agreement between monitoring groups within an organization is better than that between
organizations.

Question:
In the past, where has the variability among organizations been most likely to occur?

Answer:
The differences among organizations have generally been at the analytical level. Great
differences were not found when different organizations conducted the sampling but sent
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the samples to the same laboratory. This is probably because the organizations are
already proficient in the technique of setting timers, doing automated sampling, and other
tasks associated with sampling.

Question:
What will EPA be doing to quality assure the performance of those commercial
laboratories performing analyses for States?

Answer:

For some EPA Regions (such as Regions I, II, and IIT) this is hypothetical, but other

Regions may have different plans or experiences with the use of commercial laboratories.

If commercial laboratories get more involved, EPA will expand and support regional

efforts to the States to enable them to perform adequate quality assurance oversight, -
whether this involves performance evaluations, monitor collocations, etc. EPA will work

with the States to ensure that they have the capacity to do the proper quality assurance

oversight. ‘

Question: |
For carbonyl proficiency studies, will AREAL use tbes supplied by each agency?

Answer: :
Yes. The tubes are to be prepared by each agency and sent to AREAL. For proficiency
testing, representative tubes (i.e., tubes that represent the cleanup and extraction
procedures that the agency would use) have to be provided. Tubes provided from
AREAL’s own inventory would not necessarily reflect the agency’s proficiency at
recovering aldehydes.

The details still need to be worked out. EPA Regional Offices have been contacted and
are awarc that some procedures will have to be developed for making these tubes
available to AREAL to spike on a routine basis. Only a limited number of agencies are
expected to start sampling for aldehydes on a regular basis in the first few months of
summer. The majority of agencies contacted will not conduct carbonyl sampling before
the summer of 1994, giving AREAL time to develop these materials.

Question:
What about the effects of different flow rates used by the agencies?

Answer.
If an agency uses a different flow rate than the standard, it should show up at some point
in the proficiency samples. In general, proficiency samples do not have to be checked
- for flow because they are going to be recovered as an analytical sample. The details still
need to be worked out.
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Question:
During previous National Performance Audit Program (NPAP) audits conducted against
our standard reference photometer (NIST SRP) for ozone, changes have been observed
in the ozone output from the TECO 165 of as much as 38 percent. Does the new TECO
175 have the capability to monitor line voltage, which seems to be the major concern?

Answer:

The TECO 175 will not have the capability to monitor line voltage. The first version of
the TECO 165, which was pilot tested in 1990-91 and first used in 1992, had some
problems with circuit boards that were not adequately stabilized, and some breaks in
solder. EPA has not seen this 30 percent difference in its own laboratory. Generally,
results are repeatable within 2 percent on a daily basis. (EPA will check into that 30
percent difference to see what caused it.) AREAL keeps a record of every problem and
how it was solved, along with a logbook of equipment maintenance. EPA has adjusted
its certification procedures as it has found problems. The 175 has essentially the same
circuitry as the 165 now does, and EPA is putting it through acceptance testing.
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MODELING AND METEOROLOGICAL MONITORING

Question: .
The PAMS regulation requires intensive monitoring at one site, starting in the summer
of 1994. This will provide some limited data by the end of 1994; the PAMS data will
increase in future years. Since modeling for the 1994 nonattainment plans must be
completed in late 1993 or early 1994, how will the PAMS data help air pollution control
agencies make control measure evaluations and decisions, and perform attainment
demonstrations for the 1994 nonattainment plans?

Answer:

The modeling must be completed by November 1994. Obviously, the PAMS data are not
going to be on-line to assist in that modeling process for either the model inputs or for
evaluating model performance for the base case. However, the PAMS data that come on-
line from 1994 throughout the next several years will be useful for wacking model
performance over time for the future. Certain assumptions about control strategies and
the PAMS data will be used to track how well the model predicts future events. In short,
the PAMS data at this time will not complement the upcoming modeling; however, the
PAMS data will be. very useful for future interim modeling.

Question: , ‘
When using the Urban Airshed Model (UAM) to predict future ozone concentrations, is
the worst case or average used for the weather input? How is the prediction of the
weather made for a given time period? What weather parameters are used
(i.e., temperature, humidity, etc.)?

Answer:

An underlying assumption in the regulatory modeling approach is that historical
meteorological episodes will repeat themselves in the future. When applying the model
to future years, such as projections to the year 1999 or 2005, the same meteorological
inputs (from actual meteorological data) in the base case are used, adjusting emissions and
boundary conditions to reflect, as much as possible, the future year scenario. These
meteorological fields are usually obtained from National Weather Service data and include
3-dimensional wind fields, wind speed and wind direction, temperature fields, mixing
heights, atmospheric pressure, relative humidity, and some other variables.

EPA guidance requires that the most severe ozone episodes from the last several years
of data available, roughly the late 1980s and early 1990s, be considered for the modeling
process. The following factors are generally considered when selecting episodes to
model: the severity of the ozone episode in terms of maximum ozone, the persistence of
ozone during the period of interest, and the likelihood that the episode meteorology will
recur.
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. Question:

How important are actual NO, measurements for the UAM and other models? Is somé
confirmatory monitoring necessary or are default values for NOjy available for the model?

Answer:

NO;, data are useful in drawing inferences about the types of control strategies that might
be beneficial, and in determining whether an area is NO, or hydrocarbon limited. To a
certain extent, the model is capable of adding up the number of the oxidized nitrogen
species and determining roughly what the NO, simulated values would be since NO;, is
an accumulation of many of the oxidized nitrogen species (e.g., nitric acid, PAN, and
NO,). Since some of the emerging ambient techniques (e.g., incremental emission rate
“algorithms, smog production algorithms, "Airtrak mechanism," etc.) rely heavily on
nitrogen measurements, it becomes important to be able to separate NO, and NO when
using these ambient measurements. NO, is useful in the overall context of model
application because it represents a cumulative group of species that can indicate model
performance.

Question:
Given the different UAM data needs for areas with special conditions (for example, the
Great Lake environments), how will EPA handle deviations from the basic PAMS
. program to meet these varied special needs? For example, for the Lake Michigan region,
modelers are requesting ozone measurements aloft; will EPA consider a reduction in
ground level measurements for VOC so that the available funds can be spent differently?
For States and regions which have already collected databases for modeling and have
been developing models appropriate for special regions (such as the Lake Michigan Ozone
Study), would a reduced VOC sampling program be adequate?

Answer:

It is important to be able to account for what occurs vertically in the mode! process and
the whole atmospheric chemistry process. When considering mass balances for the
overall volume of the model, a lot is happening vertically for which little information
exists and for which more information is needed. For alternative plans, there are certain
minimum requirements which must be met with respect to surface monitoring for a
number of purposes beyond modeling. In addition to modeling, PAMS data are crucial
for tracking emission trends and the success of control implementation programs. The
ability of the PAMS programs to accomplish these objectives must not be jeopardized by
tradeoffs for modeling purposes.

Question:

How can the Chemical Mass Balance (CMB) be used since VOC react in the atmosphere
. over time, creating secondary products?
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. Answer:
The fitting species must be restricted to relatively stable species whose reaction rates are
slow (i.e., species which do not transform appreciably in 10 hours or so, or a large
fraction of a full day), a small subset of the VOC that have been targeted.

Question: |
The CMB type of receptor modeling seems to require a lot of ambient data. Will there
be enough data generated by a PAMS station to be able to use the CMB model approach?

Answer,

There are two aspects to how the data are used. If the source profiles are already
available, then the CMB approach can be used for a single sample and provide an
estimate of what sources are contributing to the measured VOC. However, large
quantities of data are required to extract source profiles from the ambient data. Several
hundred individual measurements are estimated to be required to perform this data-
intensive, multivariate procedure. If one is willing to use profiles compiled by others
(and more accurate profiles are likely to be obtained as the PAMS network goes on), then
data requirements become small. Only in the iniual stages, while trying to construct these
reliable profiles, are large amounts of data necessary.

Question: .
What has to be done to adapt the CMB-7 program for receptor modeling of VOC data
instead of aerosol data?

Answer:
The CMB-7 program was originally used for aerosol data, and all the documentation
references this application, but it is perfectly adaptable to VOC simply by changing what
is specified in the input. No changes to the internal workings of the program are
necessary.

Question:
Would it be wise to conduct source receptor analyses periodically to see how the
inventory is changing over time as the control program reduces 0zone precursors over
time? Should source receptor analyses be conducted before and after the fuel
reformulation program?

Answer:
Yes to both of those questions, The PAMS network will accumulate data over several
years to track the relative contributions of the source categories that can be quantified
over time.
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Question:

. What about receptor modeling for sources other than those that are vehicle-related (such
as tailpipe emissions and gasoline evaporation)?

Answer:

Vehicle-related sources probably represent the majority of the VOC in the atmosphere in
any urban center. There are other sources that can be quantified such as industrial solvent
sources or leakage of natural gas in areas where natural gas is used. Biogenic emissions
is another source which many feel is important. There has been lots of discussion in the
past few years suggesting that the biogenic contribution of VOC has been underestimated
in comparison to anthropogenic sources. The difficulty in quantifying the biogenic
contribution by the CMB approach is that stable VOC must be included in a given source
to make the CMB procedure reliable. Practically all species that would be connected with
a biogenic source (e.g., isoprene and o- and B-pinene) are very rapidly reacting species.
Thus, there is no acceptable way of treating biogenic emissions through the CMB
approach. Work is in progress to assess the biogenic contribution by using carbon-14
dating techniques.

Question:
Urban receptor modeling has previously used data for hydrocarbons and halogenated

species to quantify urban sources. Will the hydrocarbon species measured at PAMS sites
. be sufficient to quantify urban sources?

Answer:
With receptor models, sites should be located all over the city, with definitive speciation
available anywhere there is likely to be a source to be quantified. The receptor modeling
technique is currently being applied to ambient VOC species with the intent of
apportioning the sources of VOC among the various sources in the city. In addition,
receptor modeling is being combined with a "hybrid" dispersion model to estimate
emission rates from a given source and then to compare rate estimates directly with

emission inventory information. EPA is very excited about this application of the
speciated data.

Question;
Where can one obtain the most recent copy of the photochemical grid model domain for
the areas to be included in a given network design?

Answer:
Ellen Baldridge of the Source Receptor Analysis Branch is responsible for tracking all of
the UAM applications and recording all the domain coordinates throughout the country;
. she can be contacted at (919) 541-5684.
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Question:
Is on-site meteorological monitoring necessary if nearby National Weather Service (NWS)
data are available?

Answer:
The PAMS regulations require that surface monitoring be representative of the PAMS site
itself, and that upper air monitoring be representative of the MSA being monitored. If
NWS data are complete and provide one of those representativeness options then those
data may be satisfactory for either a PAMS surface monitoring site or for the upper air
station for the MSA. EPA will consider each proposal on a case-by-case basis to ensure
that NWS data are representative.

Question: , _
Do the meteorological data need to be collected at the monitoring site itself?

Answer:

According to the regulation, meteorological data must be collected with the monitoring
data. However, it depends on whether it is a big urban arca or a small urban area, as well
as on the complexity of the area. Where the distance between the monitor Site No. 1 and
Site No. 4 is within 100 miles and the terrain is not complex, the difference in -
meteorological measurements is very small. In such situations, one might be able to use
the local weather service meteorological data. On the other hand, if there is complex
terrain or blocking by physical obstructions, collocated monitoring would be necessary
in order to accurately depict the meteorological data at the monitoring sites.

Question: _
For No. 2 sites, why can’t mini-Sodar systems be used instead of the 10-meter tower?
Good wind speed and wind direction data in the range of 10 to 200 meters can be
collected with these Sodar systems.

Answer:
The No. 2 sites are typically located immediately downwind of downtown areas or other
areas of maximum VOC concentrations. Siting a Sodar downtown causes problems with
noise interference from cars and planes. There is no problem with using a Sodar if it is
sited properly to eliminate a lot of the noise. If a Sodar is located on top of a building,
however, it will be several tens of meters above ground level. In addition, Sodar and
Rass systems emit irritating sounds and, thus, cannot be sited in residential areas.
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Question:

Question: :
Is a mini-Sodar system less expensive than a regular Sodar system?

Answer:

A mini-Sodar system typically costs $12,000 compared to a regular Sodar which costs
$50,000 to $100,000. The problem with mini-Sodar systems is that they only go up to
about 200 meters while the mixing height can vary from near ground level to 2
kilometers. The mini-Sodar provides very good wind structure near the ground and is
valuable for calculating maximum concentrations which typically occur when the
boundary layers are near the surface. However, some data will be missed using the mini-
Sodar alone. Thus, both systems should be purchased, using the mini-Sodar to get the
lower winds and the regular Sodar or Rass system to get the upper winds:

Question:

How many low level and upper level meteorological stations are required for a typical
PAMS area?

Answer:
A 10-meter meteorological tower at every PAMS station and a minimum of one upper
air radar sodar profiler in every city is recommended.

Question:
Why are temperature measurements indicated at the 2 and 10 meter levels of the 10-meter
meteorological tower?

Answer: -
The two height requirement was included because that information is needed for the
model. The configuration of 2 and 10 meters gives a lot of information for calculating
mixing heights using equations instead of using a Sodar or Rass system and will permit
checks that the Sodar or Rass system is working properly. Boundary layer conditions
(i.e., temperature, relative humidity) at the surface and at the mixing height are needed
for the model.

Is temperature accuracy 0.1 or 0.01°C?

Answer:
With the delta T approach, the best temperature accuracy that can be expected with a 10-
meter tower is about 0.2°C. EPA guidance is being updated to include this and other new
technology.
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Question:
What time (daylight or standard) should be used for meteorological data?

Answer: :
For VOC, carbonyl, and criteria pollutant sampling, local time should be used in
developing wind roses and summarizing other meteorological data. Data should, however,
be reported to AIRS in local standard time. '

Question:
In volume IV of the Quality Assurance Handbook for Air Pollution Measurement Systems,
the problems of siting meteorological towers in urban environments are not addressed.
In the future updated version of this quality assurance handbook, will EPA address the
urban meteorclogical No. 2 sites?

Answer.
EPA is in the process of gathering information on meteorological equipment and what
must be done regarding quality assurance. Volume IV deals mainly with the installation
and calibration of meteorological towers located for rural monitoring networks.
Obviously, siting a meteorological tower in an urban area is more complicated. Volume
IV will be revised to address the PAMS meteorological situation and the problems of
siting meteorological towers in urban environments. '

Question: _
Has the 915 megahertz wavelength been included by the FCC?

Answer:
The 915 megahertz wavelength has been cleared by the FCC. Efforts are being made to
get several more frequencies cleared.

Question:
Why are temperatures measured at 2 meters?

Answer:
They are needed to determine "delta,” which is the temperature difference between 2 and
10 meters which is used to infer stability near the surface. That has been used to aid in
processing the Pasquill stability curve, estimating which one to use along with the solar
radiation measurements. As the solar technology advances, we are hoping to eliminate
that sort of instrumentation completely if we can measure the mixing height accurately.
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. DATA ANALYSIS

Question:
A day of the week versus ozone dependence has been noted in our data Are there other
researchers or studies with similar results?

Answer:
In the 1970s, analyses were done using data from Los Angeles which compared weekends
to weekdays, and higher ozone concentratdons were noted on Sundays in some locations.

This type of analysis will be possible with PAMS data to provide insight into the
potential benefits of VOC versus NO, control strategies, for example, by looking at ozone
and NO, levels on the weckends versus weekdays.

In some of the air quality rends analysis work involving meteorology, a variable has been

included to account for weekend versus weekday differences. Very distinct patterns can

be seen in terms of the weekend effect, depending on the geographic area when looking

at 2 number of urban areas. There is no question that such an indicator would be used

in future analysis involving PAMS data, and perhaps even in looking at thc national
. ' ozone network, which is in place and has a large database.

There have been some studies where monitoring was only conducted on the weekdays as
an economy measure. As soon as one considers a day-of-the-week effect or
weekend/weekday differences, monitoring must occur every day of the week.

Question:
What is the biggest problem in trends analysis?

Answer:
In terms of ozone, the biggest problem in trends analysis is cleardy the confounding effect
of meteorology. For example, east of the Mississippi between 1987 and 1988, ozone
levels in ‘many areas increased an average of 10 percent, although emissions did not
actually change that much. One of the challenges in trends analysis is how to remove,
or at least reduce, the effect of meteorology on ozone levels. Seme of the work that EPA
has done looks promising, in terms of attempting to remove the effect of meteorology.
Another possibility is that precursors, particularly in early moming hours or times when
there is greater stability, are not going to be as influenced by meteorology as ozone
levels. Therefore, PAMS data may be used to gain more insight into trends, and to help
. eliminate or at least qualitatively eliminate some of the effects of meteorology.
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Question:
Why was the use of specific techniques for data analysis not required?

Answer:

A prescribed approach might drive analysis efforts to the lowest common denominator.
The PAMS network data are going to be a veritable gold mine of information. The data
must be analyzed with the best and most sophisticated tools available to get the most out
of the data. The hope is that by not requiring specific techniques, creativity will be
encouraged and innovative approaches will be used. Obviously, a minimum or
standardized set of analyses may evolve over time, but for right now, the current approach
seems to be most reasonable.

Question:
Can standard statistical approaches, such as regression analysis, be used?

Answer:

Standard statistical techniques would be acceptable in some cases. Exploratory techniques
provide more insight into the data and help to get more out of the data initially. The
problem with linear regression is that it assumes a linear dependence on the independent
variables which may not be appropriate for complex photochemical relationships. There
is no consistent linear trend in ozone data over time, particularly in the 1980s; it is a mix
of good and bad years. For the EPA tends report, a classic statistical approach, more
like general linear models, is used in which a year effect term is fit into the trend display
as a better way of determining trends. '

Question:
What statistics should be considered for determining VOC trends?

Answer:
The morning traffic peak (6:00 a.m. to 9:00 a.m.), on high ozone days, as well as other
days, should be considered for determining VOC trends.

Question:
How should trends be adjusted for meteorology?

Answer;
Work has been done involving adjusting ozone for meteorological influences. The
techniques, which have been documented and are available to interested agencies, could
be adapted and applied to adjusting trends in VOC and VOC species. It.is not clear
whether the same success rate achieved with ozone can be achieved for VOC. Obviously,
there will not be enough data for 2 to 6 years to make meaningful adjustments to annual
trends; nevertheless, this is a worthwhile option to consider. By using some of the
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exploratory data analysis techniques that have been talked about, the basic relationships
between meteorology and some of these VOC species can begin to be investigated, with
the idea that those relationships could be used to make the adjustments in the VOC .
trends, giving a more precise, less biased estimate of those trends.

Question: ‘
Please describe the SAS package used in the demonstration. In particular, what is
required to run it and where is it available?

Answer:
The SAS package, Insight, runs on a variety of platforms, including Avion and General
workstations, and some SPARC workstations. It is also available on a PC platform with
a minimum number of megabytes in size.' The EPA has a contract with the SAS Institute
to acquire SAS products. To acquire software through that contract, contact Ron
Scarborough at (919) 541-1369. For more specific information about SAS products,
contact the SAS Instltutc in Cary, NC at (919) 677-8000.

Question:
Exploratory data analysis can provide insight into the data. How long does it take to
leamn the exploratory data analysis methods that SAS Insight offers? Are there any other
software packages that could be used besides SAS Insight?

Answer:
Based on personal experience, it took about 1-1}4 months to become reasonably proficient
at using that database and package. It is a very easy interface to use and a very easy tool
with which to become proficient fairly quickly.

Other software packages could also be used for these analyses. One possibility would be
S-Plus, manufactured by Stat-Sci in Seattle, Washington. This package has many of the
features that SAS Insight has; however, S-Plus is more of a programming language and
the learning curve for that package would be somewhat higher. S-Plus and other similar
packages offer the same kind of functionality available with Insight, and certainly could
also be considered. '
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AIRS AND PAMS

Question:
Describe the hardware and software requirements necessary to access AIRS Graphics via
a PC-based system, and the status of the AIRS Graphics access for direct AIRS users.
Will separate screening files be required for loading the PAMS data onto NCC AIRS?

Answer: -
To access AIRS Graphics, a graphics terminal and graphics interpretation card are needed
on your PC. You can then call via modem to the NCC mainframe. In order to access
AIRS Graphics, a valid time sharing option (TSO) NCC user ID is needed.

The easiest and most popular way to access AIRS is to sign on through TSO. At the
TSO ready prompt from the NCC mainframe, type in AIRSG (one word) to log directly
into AIRS Graphics. Another way to log into AIRS Graphics is by typing the command
AIRSX at the NCC main menu. A third way to access AIRS Graphics is directly through
the AIRS main menu screen. '

Separate files are not needed to submit PAMS data into the AIRS Air Quality Subsystem -
(AQS). The PAMS data can be entered into AIRS just like any other data. Regions may,
but are not required to, build new screen files specifically to handle PAMS data. To set
up a new screen file, contact Gary Wilder, NADB, at (919) 541-5447.

Question:
Ts it possible to download an AIRS Graphic file using the phone line and modem? If so,
how?

Answer: ‘
Tt is possible to download any TSO file through a modem and telephone line. Contact
Tom Link, NADB,. at (919) 541-5456 for specifics on downloading AIRS files.

Question: .
Is the AIRS Graphics package available as separate software for use on a PC? If yes,
how can it be obtained? Is it available through EPA’s BBS?

Answer:
There is not a PC-version of AIRS Graphics. A software program called AIRS Executive
is available, however. AIRS Executive is a managerial tool that houses canned data and
prints a variety of fixed preset reports (for example, top 30 source emitters for point
. sources). AIRS Executive is geared more towards point source data, although it does
contain some ambient data. For more information, contact Tom Link, NADB, at
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(919) 541-5456. [AIRS Executive, along with curr‘ent‘data files, may be downloaded
from the AIRS BBS, which is part of the OAQPS Technology Transfer Network (TTN).]

Question:
In AIRS Graphics, is there any way to alter the AIRS Graphics, line charts or maps?

Answer: :
The line graphs in AIRS Graphics are generated from the raw data listing the AMP 350
work files. The only way to alter AIRS Graphics is to edit what is going into AIRS
Graphics (i.e., the TSO data set where the work files for the AMP 350 reside). AIRS
Graphics can be exported as metafiles or printed directly at the NCC; manipulation of the
graphs, maps, or charts once they have been generated in AIRS Graphics is not possible.

Question:
What types of AIRS reports and AIRS Graphics in AQS are projected to be available in
the future for PAMS related data?

Answer: :
AIRS has two types of PAMS specific reports: the AMP 225, which is the PAMS
network report, and the PAMS raw data summary report, which is currently under
development. User input is requested with regard to future types of batch reports both
in AIRS Graphics and in AQS. If you have any suggestions on what kinds of AIRS
Graphics or AQS would be useful, please contact Jonathan Miller at (919) 541-3330.

Question:

Does AIRS have a method code for 2 6-hour sampling period for carbonyls or should the
3-hour method code be used and two identical values be reported?

Answer:
AIRS has the ability to generate new method codes at any time it is deemed appropriate.
In this situation, the best thing to do would be to use a separate (new) method code to
indicate a 6-hour sampling period to differentiate that from two consecutive 3-hour time
periods.

Question: -
If the intermittent sampling is collected on local time at one of the PAMS sites, is it
appropriate to report that data to AIRS on Jocal standard time?

Answer: :
Yes, the time frame used in AIRS is local standard time.




Question:
Since the AIRS reporting format includes parts per billion per unit, can VOC data be
submitted as parts per billion volume (ppbV)?

Answer: :
Currently, data submitted in ppbV would be accepted; however, it is not the preferred
format. It is recommended that data be submitted in parts per billion carbon (ppbC).
There is currently discussion as to whether AIRS should have an edit check to screen out

data not reported in ppbC.
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UPDATEb ESTIMATED CANCER INCIDENCE FOR SELECTED TOXIC
AIR POLLUTANTS BASED ON AMBIENT AIR POLLUTION DATA

1. -INFRODUCTION

In 1985 a major study aséessed the cancer risks from selected air toxics
in the United States.] ‘The use of ambient air toxic data to determine these
risks was a major portion of the over;1) air toxic assessmgnt.2 This report
is an update to the 1985 study and it estimates individual cancer risk_and
number of cancer céses or incidence for three major classes of air toxics: the
volatile orgénic compounds (VOC), trace metals, and benzo(a)pyrene (BaP), the
last belonging fo fhe_large class of poliutants called the products of
incomplete combustion (PIC). The VOC data have been obtained from either ;hé

updated Natjona i olatile ani mpound Data Base3 or the Interim
ata Base tate and al Air Toxic Volatile Orgapic Chemical

Measurements® The trace metal data were obtained from the National Aerometric
Data Bank’s new Aerometric Information Retrieval S_ystem5 (AIRS)_whi]e the
benzo(azpyrene data came from U.S. Environmental Protection Agehcy's (EPA)
Atmospheric Research and Exposure Assessment Laboratory6 (AREAL).

This report is organiied basically fnto'three sections: estimated
national cancer incidence for trace metals and BaP; estimated national
incidence for VOC; and lifetime additive add highest observed individual
risks. Cancer incidence are determined with unit risk values currently used
by EPA in analyses of cancer risks associated with air toxic pollutants.7
Table 1 presents the 28 pollutants which are thought to be present in the
ambient air in sufficient quantities to pose a cancer risk to thé general
population. Also included are the current risk values and those used in the

previous study. Of the 15 pollutants considered in both studies, ten had
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changes in their unit risk values. .Bery1]iumishowed the largest difference

for these pollutants with the unit risk va]ue;increasing from 4.0 x 1074 to

—————

2.4 x 1073 a six-fold increase. Howener, 1.3 bntadiene, which was not
considered in the previous ‘study because ambient data was not available; shows
the largest difference in nnit risk values changing from 4.6 x 107 to a
current value of 2.8 x 1074 |

The number of estimated cancer cases or incidence is found by applying a
factor wh1ch‘represents the chance of contracting cancer if an individual is
exposed to a'concentrafion of 1 ﬂg/N3 of a toxic pollutant for 70 years
(1ifetime). This factor is called the unit risk. Generally,‘the'nnit risk
value represents the probability of cancer cases, not deaths. However, since
the epidemiological studies that generated the potency number for PIC
(products of incomplete combustion).are based on lung cancer morte1ity; the
PIC estimates used in this study imply lung cancer deaths. The potency
factors or unit risk values represent plausible upper bounds -z 1i.e. they are
unlikely to be higher, and could be eubstantia1]y Tower. As will be seen
later the estimation of incidence for all pollutants will be the product of
three numbers: 1) the unit risk, 2) an estimate of exposure usually an
average of annual averages across some geograph1ca1 area, and 3) the exposed -
population of the geograph;ca] area. The size of the geograph1€;f‘area for
which incidence ave estimated will Qary depending upon the number of estimates
of exposures represented by the available ambient data. In this study,
incidence for the trace metals are estimated on a county basis while for the

VOCs, because of the much smaller data base, incidence estimates could only be

determined for the urban and non-urban segments of the National population.
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In the 1985 study, national incidence derived from ambient data were
QStj?ﬁffd for 16 pollutants, while highest o@served individual lifetime risks
were ca]cu]aied for 21 pollutants. Aiso the additive lifetime individual
risks were estimated by summing together lifetime individual risks for meta]s,‘

BaP, PIC and VOC. These additive 1ifetime risks were estimated at two

~monitoring locations,.generally those with the highest pollutant levels, in

each of fouf'netropolitan areas. Similar tyPes'of analysis will be shown in
this updaggdxgtudy, which addresses all of the pollutants shown in Table 1;
except as ndted there.

2. T OBJECTIVE

The objective of this report is to utilize available ambient monitorjng
data for air toxics to present estimates of: national cancer incidence;
additive individual lifetime risks in metropol itan areas, whére.possiﬁie; and
highest observed individual lifetime risks for as many pollutants as possible.
3. DEVELOPING NATIONAL INCIDENCE ESTIMATES FOR TRACE METALS,

BENZO(A)PYRENE, AND VOLATILE ORGANIC COMPOUNDS‘

The following discusses how Nationa) estimates of incidence using
ambient data for selected trace metals BaP, and the VOCs are developed. Five
trace metals are considered: arsenic, beryllium, ;admium,ﬁphromigg, and
nickel. The ambient data available for these pollutants pése ;ﬁﬁroblem when
national estimates are to be developed. The available ambient data is always
inadequate for the purpose of defining true population exposure especially
that portion of the pobu]ation~receiving the highest dose. The aim here is to
derive reasonable estimates of typical exposures in terms of long-term

averages. The number of monitoring sites and their geographic coverage for
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the trace metals make it more feasible to attempt estimations for the trace

metals than for volatile organic compounds. However, -a major problem with the

t}ace mé€51 data is that ambient chrgﬁium and nickel concentrations reflect
the total of all particq]ate species, while only specific species 1ike
chromium +6 and nickel subsulfide are thought to be carcinogenic. The
available ambient data for vo]afile organic compounds are typically the
results of short term special studies in selected areas. In contrast hi-vol
fi]ters-frbm“ihe old National Air Surveillance Network. (NASN) going back to
the early 19605 wefe rbutine1y analyzed for certain meta]s. This original
network and the continued operation of some of these sites over thé years
provide a data base that reflects year-round monitoring efforts and minimizes
the effect of seasonality on the estimateﬁ of annual averages.

© For the most part, these NASN sites weré located: in the center city
business area. In developing these national estimates, two different
geographical éxtrapo1ations are made. The first assumes that monitoring data

from a specific site or sites are vepresentative of concentrations over as

‘broad a geographical area, as a county. The second involves estimating the

average concentrations for those counties with no monitoring data. Although
obviously legitimate concerns may be rais?d about ?oth of PhesqufﬁPs’ this
discussion attempts not to assess the potentiai error in eé&im;féé resulting
from these extrapolations but merely to provide some perspective on the
assumptions. |

Beryllium and nickel are often associated with fuel combustion

emissions, primarily from coal.® Cadmium and chromium are more closely

associated with industrial uses, such as making steel or other alloys or
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fabricating them into end products.8 Arsenic emissions are associated with

_Iindustry'(e.g. primary copper smelters) and also with pesticide use.? Bap

emissions are primarily associated with the emissions from coke ovens.1® In
recent years, wood burning has become a majof source of BaP in some areas, but
a nationa]ldata base is not available to measure this source. With these
emission sources involved, it is possible that a center city site could either
over- or undérestimate long term average exposure for a county.

3.1 METHODOLOGY FOR TRACE METALS AND BaP

The methodology used in developing these national estimates is discussed

in terms of the various steps involved: data base selection, estimated county

averages, and estimation of concentrations fdr counties without data.

~ Ambient air quality data from AIRS was used for the five -‘trace mgta]s,
while the BaP data.came from AREAL.. - For thé:;rggg-metalfz.§11ﬂannual'averages
with at least 20 daily values from 1985 to 1986 were used, because they
represent the latest and best estimates of ambient concentrations. The BaP
data used were from 1986 and 1987 since earlier data (1982-85) which were to

be used were found to have a positive bias because of some unknown

contamination. Annual averages were used if there were a minimum of.twenty

24-hour samples. 1986 and 1987 BaP Tevels were higher (1.0 ng/l;_}?:v.s. 0.3
ng/m’) than those reported in 1977-80 but significantly Tower than 1981-82
levels. The 1985 study on BaP and PIC incidences used data from the 1977-82
period.

For the tface metals, the valid annual averages for each site were

averaged for all available years (1985-86). Then the average of all sites in

a county was computed to determine a county wide air quality value. As
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discussed ear]ief,-this temporal and spatial average estimate is assumed to

__rghtggggz_the average for the county. The me}hodo]ogy used for BaP was

similar to that used for the trace metals but because of the relative
sparseness of thé BaP data a larger geographic area than counties was used.

Two different approaches were used to extrapolate to counties without

data in order to compute national estimates. The approach used for the metals

and that usgd;for BaP differ because of the sparseness of the available BaP
data and the apparent-BaP network emphasis on eastern industrial areas.

The appfoach'used to estimate county averége concentrations for the
trace metals also differs slightly from that used in the 1985 Study; The
earlier study used available ambient data to extrapolate to those counties
without data. Because of observed differences in ambient levels for some of
the trace metals, the data from the.countié§1with_daté were categorizéd in one
of four ways. _The counties with data were categorized as being from either
"smelter" or "non-smelter®, *Texas", or "non-Texas” counties. ~This resulted
in four categories of county averages from which composite averages were

computed. Those counties without data were classified by the same scheme and

the appropriate average from those counties with data was assumed to apply.

_As a refinement this study used estimated .county trace metal emissions
" N . - LI O

categories for those counties with data to extrapolate to the céunties without
ambient data. It is assumed that the relationship between ambient trace metal
concentrations and emissions.in those counties with ambient monitoring results
is the same for the counties without ambient data. A1l annual averages
satisfying the minimum data completeness criteria stated above were

categorized into six emission strength classes based on the estimated county
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emissions. The composite average concentration Qas then computed for each of
the'gqiiijon classes. For counties without apbient dafa, the composite
average for the emission class corresponding to the estimated county emissions
was then used to represent aﬁerage trace metal concentrations.

In summary, the estimate of the county trace metal average was obtained :
from either'monitored;data, if available, or from the averages based on the
estimated tr#ce metal emissions fof the counties not having ambient monitoring
results. The#e average county concentration estimates were then used with the
unit risk and county population figures to estimate cancer incidence. After
either the observed or estimated average concentration was assigned to each .
county, the incidence was coﬁputed for each county by multiplying the average
ambient concentration by the unit risk and population, and tﬁenrdividiqg by 70
years in order to present the inciﬁence on arn annual -basis. The national
incidence estimate was obtained by summing over all counties in-the country.
County emission estimates for the trace metals were obtained by’app]ying_'
speciation factors to total emissions (area + point sources) of particulates
from the most recent (1985) Nationa) Emission Data System (NEDS) summary.lls12
The speciation factors used here also represent the latest"estimates.13

Special efforts were made to extrapo1ate BaP e;posure;nfor_QQFHentire
country. In this study, BaP is considered not on]y-as a c;;cin;;en'but also
as a surrogate for a wide variety of air po]]utants; produced by incomplete
combustion of fossil fuels. The national data base for BaP is much less
extensive than for the metals, '‘and most of the network is concentrated in
eastern industrial areas. Seventy-seven site-years of .data from 35 counties,

having at least twenty observations -in 1986 or 1987 are included in this

analysis, and 23 of the site-years were from sites west of the Missiésippi
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River. Fortunately, the BaP sites represent many of the largest urban areas
in'Ebg_Sountry,‘e;g. New York City, Lps Angeles, and Chicago.
Td avoid assuming that this data base is representative of the nation,
and to avoid the other extrehe of assuming that there is no BaP problem in

areas without .data, a compromise approach was developed to attempt to make the

best use of the 1imited available data. The basic approach was to divide the

.nation into Broad geographical areas patterned after the U.S. Census Division

and Regions. Because BaP levels would 1ikely be higher 1n‘colder”climates,
some of these areas were further subdivided into the 11 areas shown in Figure

1.  This was also done for convenience to make use of census data for these 11

'regions. Within each, urban and rural populations were determined, as well as

urban and rural BaP annual averages for 1986, which are also shown in figure

Ten of the 11 regions had BaP data in the urban areas. Region III
(Florida) had no BaP data, so the urban area BaP average for fﬁe adjacent
Region II is used to represent Florida. |

Current BaP data were not available for any nonurban site.
Consequently, nonurban BaP averages from the earlier study are used. The
reader should consult the earlier study fpr detai1§ on howsthe Egggrban
averages were obtained. | | |

Once these ajr quality values were determined, the incidence was
determined for each of the 11 geograbhica1 areas, for both urban and nonurban
segments of the population, and then the total incidence computed as the sum

of the individual area incidence.
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3.2 'Methodology for the Volatile Organic Compounds

__Effause of‘the sparsity of available VOQ.data, only a Timited number of
metropolitan areas had air pq]]utionAdata which satisfied the completeness
criteria of any site having a minimum.of 5 observations in one quarter and at
least 10 observations for the year. The VOC datz usad in this analysis
rebresents primarily the years 1985-1987; however, in a few cases earlier data
(1980-83) was used. The California YOC data generally is from 1986 and 1987.
Other criteria requiring more.complete data essentially limited the data
available fdr analysis to the California sites and thereby it would have been
difficult to extrapolate these data to the entire nation. It ‘is récognized
that this criteria could include sites with an imbalanced representation of
samples throughout the year and could result in biased annual averages where

the data exhibit a seasonal pattern. This ériterion is used to maximize the

number of va1id‘sites, thence the geographic coverage of the available VOC

‘data. It is consistent with the approach used in the previous-'study.

The urban areas with VOC data satisfying all the criteria varied from
four areas for styrene to 43 areas for benzene. Table 2 shows the urban areas
represented for each of the VOCs with data. Several pollutants héving unit
risk values did not have any data on which to make an asse;;mengﬁg?Ihese

pollutants include: acetaidehyde; acrylonitrile; asbestos; epichlorodhydrin;

ethylene oxide; hexachlorobenzene; propylene oxide; and 2,3,7,8-

-tetrachlorodibenzo-p-dioxin. Metropolitan area population figures were used

to cé1cu1ate a population-weighted VOC grand mean concentration across the

metropolitan areas represented for each pollutant (Table 3). The VOC grand
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mean- concentrations are assumed to be the "best” available estimate of urban

area VOC concentrations.

The same simple formula used in the earlier study was used to calculate
the cancer incidence for the VOC:
Cancer Incidence r. (VOC . pop + voC . pop

Per Million “UA UA -NUA NUA
Population = : '

70 . 240
where r =  unit risk value
VOC UA = estimated VOC grand mean concentration for urban areas

from Table 3.
_pop UA = urban area U.S. population (185 million).

VOC NUA = estimated VOC grand'mean concentration for nonurban
areas from Tabie 3. :

pop NUA = nonurban area population of the U.S. (55 million).
70 = the number of years in a lifetime.

240 = the number of millions of people in the U.S.

(used so that the rate can also be expressed as the
incidence per million population)

A slight modification in the ca]culaﬁions uas_made fqr the tol]owing
chemicals involving a large nuﬁber of Caiiforn%a afeas S0 ;hat-:;é California
data would ndt be used to characterize non-California: benzene, carbon
tetrachloride, chloroform, ethylene dibromide, methy1ehe ch]oride,‘
tetrachloroethylene, and trichloroethylene. For each of these pollutants, a
total of 15 urban California areas are involved. Separate incidences were

computed for California and for the remainder of the country, then they were
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added together to get the urban contribution, which was then added to the
nonurban ihcidences to derive the incidence Enta] for the nation. |

The urban, nonurban and total ﬁépu]ation estimate of the United States
are estimates for 1986 and are taken from the §ta1{stigg| Abstract of the
United States, 1988.14 ‘The estimated VOC urban and nonurban area grand mean
concentrations are shown in Table 3. The nonurban area means are calculated
for all remote and rural sites in Reference 3. Of the 13 VOC areas in Table

3, all had-urban area means, and 10 had nonurban area means. For the three

VOCs for which there are no nonurban data (formaldehyde, tetrachloroethylene

and vinylidene ch1oride) nonurban averages were obtained from Reference 15.

4. ESTIMATION OF NATIONAL INCIDENCE FOR TRACE METALS, BENZO(A)PYRENE, AND

THE VOLATILE ORGANIC COMPOUNDS _

The national estimates of incidence for 'the five trace;mgta1s ana BaP
are shown in Table 4. These rates assume that values less than the minimum
detectable liﬁit are equal to 1/2 of the minimum detectable 1imit, which is a
fairly standard practice in air pollution data ana'l_ysis.16 A factor of 0.4
was used‘to adjust the total chromium (Cr) incidences to Cr+6.17  This factor

represents the average of hexavalent to total chromium concentrations

. estimated from modeling done in five U.S. cities. In subsequent tables, only
. . . O

the estimated chromium +6 incidence are ;hown. No such factor was available
for nickel. The unit risk factor for nickel, 4.8 x 10%, shown in the table
represents nickel sub$u1fide. However, because there are no known emissions
of nickel subsulfide in the county; the incidence from nickel subsulfide is
assumed to be zero. Table 4 also indicates both the extent of coverage of the

ambient data (the number of counties with data) and the relative sparseness of
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the BaP data. One additional point that should be made concerning BaP is that

most of these sites are located to ref1ect 1ndustr1a1 sources of BaP. The

current concern with respect to the effect of wood stoves on BaP emissions
suggests the existing data base is quite 1imited, in that monitors generally
are not 51tuated in areas with wood smoke problems. Table 5 prov1des the
pollutant specific incidence for the VOCs having both some ambient monitoring
data and unit risk values. Some discussion of these incidence will follow in
the next-tﬁo';ections.
4.1 National Incidence Totals

" “National incidence are_summarized-in Table 6 for all 20 air toiic
pollutants considered.- The national incidence for trace metals, BaP and PIC
and number of incidence per million popu1afion are based on the number of
incidence from Table 4. Chromium +6 is shown here because if is the species

associated with cancer risk. The formaldehyde data are primarily taken from a

recent 1987-88 study done in 17 urban areas.l® The incidence rates for the 10 -

VOCs were estimated using the formula given in Sectidn 3.2 above. The total
incidence for all 20 pollutants was 1924, or approximately 8.0 per million

people. Eight pollutants account for over 90 percent of the risk: PIC,

.forma1dehyde, 1,3 butadiene, benzene, ch]oroform, chrom1um +6, arsen1c, and

.‘.--

ethylene d1brom1de, As discussed below, some cautlon is necessary in
interpreting these results, particularly for 1,3 butadiene.
4.2 Comparison of Previous and Current Cancer Incidence Studies

In the 1985 study, 1562 excess cancer cases, OT 6.8 cases per million
people, were reported based on a U.5. population estimate of 230 million.

This figure represented 16 pollutants, however, the unit risk values for 10 of
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these pollutants have since changed. Correcting the earlier incidence figures

by using the new unit risk values increases the total incidence rates from

————

1562 to 1686 cases,'or 7.3 per willion population. This compares with

- approximately the same number of cases (1597) and rate per million (6.7) for

the current assessment for the pollutants in common. Table 7 compares the
incidgnce in the old and new studies, Using the same unit risk numbers. It is
iqgeed quite unexpected that the totals are so close, owing to the many
sizeable différences for certain pollutants for example benzene or chloroform.
One po1lutaﬁt, methyl chloride, which accounted for only one incidence, was
included in the earlier study but not in the current one because if no longer
is on the list of pollutants with unit risk factors. So, for the pollutants
in common between the two studies. there réa11y is.no significant difference in
the number of excess cancer cases estimated:"

However, as was shown above, the current study estimates-1924 excess
cancer cases per year. The main differences between this figure and the 1597
cases based on 16 po11utan£s are the incidence attributed to 1,3 butadiene
(244). 1In the caﬁe of 1,3 butadiene, urban concentration estimates are based
solely on 12 urban areas situated in northern California representing such
urban areas as: San Francisco, San Jose,_ and Sacr?mento.'_Thesgﬂgrg the only
1,3 butadiene data representing 24-hour ;amp1ing that were'ava;;;b1e. Using
1,3 butadiene from 20 urban areas which measured 6 to 9 a.m. average
concent}ations at one monitoring site in the area, the incidence would be much
higher (1055). Since 1,3 butadiene is emitted by automobiles, the 6 to 9 a.mfx\

average undoubtedly would overestimate a long ierm average based on all hours

in the day. For examp]é, 6-9 a.m. carbon monoxide concentrations are on the
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average 30 percent times higher than levels representing an entire day.
Adjusting the 1,3 butadiene in the 20 cities by this factor would result in an
1nc1denc;.of about 800 -- or over three times the estimate using the
California data. In the case of vinylidene chioride, the 10 excess case
figure is based on ten urban areis. Data from eight of these areas came from
a study done in 1980 by Singh et. a1.19 The two other areas included are
Sacramento, CA and Charleston (Institute) WV. Two New Jersey.areas (Camden
and Newark)fﬁﬁré excluded from this analysis because their vinylidene chloride
levels were more than én order of magnitude higher than the other results.
Although there is significant concern about the accuracy of all ofithe
national estimates, it is clear that for 1,3 butadiene and vinylidene
ch1oridez the concern is even greater. In the assessment of ethylene
dibromide, 5 very high annual average of 2012 ug[m3 was not used becaﬁse it
was more than an order of magnitude larger than the next highest average
available. Tﬁe next largest average was 0.2 ug/m3, while most’of the averages
were less than 0.1 ug/m3. |
5. INDIVIDUAL LIFETIME RISKS

Individual 1ifetime risks are examined in two ways, as additive
individual 1ifetime risks and as the h1ghest observed 1nd1v1dua1 1ifetime
risks. Additive mu]tlpollutant 1nd1v1dua] llfet1me risks are dZ%?ﬁed as the
sum of lifetime inqividua] risks for metals, BaP, VOC and PIC at a monitoring
site within a city where a battery of air toxic pollutants is being monitored.
These are summarized in Table 8 for four metropolitan areas, Baton Rouge,

Boston, Chicago, and Los Angeles. For the most part, the data shown represent

the year given alongside the city name; for the cases footnoted, data from
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other years were used. The added individual risks are infiuenced by the

number of poliutants for which there are available data at the given

- m—— .

monitoring locations. Note that 1,3 butgdiene is not included for any of
these cities. Boston had the fewest number of pollutants represented, 11, out
of the 20 pollutants investigated. Given the limitations in the available
data, it can be seen from Table 8 that additive individual risks on the order
of 10~4 are not uncommon.

Highest observed individual 1ifetime risks are calculated for 20

pollutants. The calculations are made by using the simple formula:

Highest :

Observed Highest arithmetic Unit
Individual = mean concentration X Risk
Lifetime Risk observed

The air poliution data base varjes cop;jderabjy. Table 9 gives the
highest observed individual risks fbr the trace metals and beﬁzo(a)pyrene,
including PIC. This risk, basedlon monitoring data, represenié the highest
observed risk in the nation. Since monitoring data genera11y'wou1d be
expected to underestimate the "true® maximum, these results should be viewed
as approximations. Also, generally speaking, the ]hrger the number of sites
represented, the better the chanées are'of hitting the "true” maximum . In
this 1ight, the data base for BaP (44 site years) should not prévide as good
an approximation as the more nearly complete trace metal data. The maximum
indiQidua] risks range from a Tow of 1.7x10°° for beryllium to a high of
8.4x10™3 for PIC; Arsenic has the next highest risk of 3.9x107%.

Table 10 gives the highe#t observed individual lifetime risks for the
VOC pollutants studied. Once again, the number of site years of data varies

wide]y, with benzene having the most data (108 site years) and styrene the
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least (6 site years) The highest observed individual 1ifetime risks range

from a low of 1. 8x107 for styrene to a h1gh of 3.0x10°% for formaldehyde.

[ S —

Several of the VOC have risks in the 1x10"% to 9.9x1074 range. These include
chloroform (2.1x10'4) benzene (1.7x10'4), 1,3 butadiene (l.3x10'4) ethylene
dichloride (1.1x10"%), and formaldehyde (3.0x107%). | |
6.  SUMMARY | -
{ The reider is_cautioned, when interpreting this information, that the
national caﬁéer ipcidence are based on very spotty VOC and BaP air quality
data, as well as on uncertain unit risk factors. In the opinion of the
authors of this report, eventually some measure of imprecision in ihe unit
risk rates should be introduced to provide upper and lower bounds to the
national cancer incidence rates. It may also be appropriate to view these
estimates as only one approach, and to consider the results in the context of
estimates obtained from alternative methods. |

When intérpreting the combined national incidence rate for all 20
pollutants, the reader should keep in mind that all the individual incidence
rates are added together, undér the assumption that their combined effects are
additive. People can be exposed to not one but several of these pollutants
s1mu]taneou51y, and there could be synerg1st1c effects associated with these
pollutants which could increase or decrease the nationa] incid;:E; rates.

More and better monitoring data are needed to provide better estimates
of the rates of true national cancer incidence due to air toxic pollution.

This should be coupled with some measure of uncertainty for the unit risks.
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TABLE 1

s

WITH THE OLD AND CURRENT UNIT RISK VALUES.

POLLUTANTS CONSIDERED IN UPDATED: AIR TOXIC ASESSMENT

‘ PREVIOUSLY USED UNIT CURRENT

POLLUTANT RISK ESTIMATES UNIT RISK ESTIMATE
(ug/m3)-1 (ug/m3)-1

Acetaldehyde 2 Not available 2.2 x 10-6 .
Acrylonitriled Same as current value 6.8 x 10-5
- Arsenicb Samé as current value 4.3 x 10~3
Asbestosd Not available 2.3 x 16~ (fivers/al’
Benzene® . - 6.9 x 10~6 - . 8.3 x 10-6
Benzo[alpyrene (BaP)b 3.3 x 10-3 1.7 x 10-3
Beryllil.mg . 4.0 x 104 2.4 x 10-3
1,3-butadienet 4.6 x 10-7 2. 10-4
_Cadmiu® 2.3 x 10-3 - 1.8 x 103
Carpon tetrachlorided Same as current value .
Chloroformd

Cnromiun (VI)P
Ethylene dichlorided

1.0 x 105,
Same as current value

Same as current value

. .
C=NOWNNNONOVWONNOANWUNOLOOANWWWEON

O S R E R R R R E R R R
53333

1
2
1
2
jchlorohydrind 2.2 x 10-7 1
&yl ene dibromide® s.1 x 10-4 . . 2. 10-4
ylene oxided - 3.6 x 104 7. 1.0-x 10-4
FormaldehydeD . 6.1 x 106 1.3 x 10~5
Hexachlorobenzene. (HBC)2 . Not available 4.9 x 104 .
Methylene chlorided 1.8:x 10~/ - 4, 10-7
Nickel - Subsulfidet - 3.3 x 104 4.8 x 10-4
Products Incomplete Combustion (PIC)® Same as current value 4.2 x 10-1
Propylene oxide? 1.2 x-10-4 3.7 x 10-6
Styrenet _ 2.9 x 10-7 5.7 x 10-7 .
2,3,7,8-tetrachlorodibenzorp-dioxin® Not available 3.3 x 105 (pg/m3)-1
Tetrachloroethylened 1.7 x 10-6 5.8 x 10-7
Trichloroethyl ened 4.1 x 106 1.7 x 10-6
Vinyl chloridet 2.6 x 106 4.1 x 10-6
Vinylidene chlorideb 4.2 x 105 . 5.0x 105
. B
"2 These pollutants did not have data and were not included in the
study. .
b These pollutants were included in previous assessment. Methyl
chloride considered in earlier Study was omitted from this study
because it was not on the current list of pollutants with unit risk

values.

.Tnese pollutants were not considered in the previous study.
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APPENDIX F

SAMPLE WIND ROSES FOR THE PAMS PROGRAM

EPA-454/B-93/051

Appendix F
Revision No. 0
Date; March 1994
Page F-1






conducive days Atlanta GA’ observed highs
10 years

PM

5 years

PM

16 7-16 17-27»>= 28 knots
ca’n.[ 1 | S— 1) _I

ok [ —




conducive days ChicagoIL observed highs
10 years '

PM

5 years

PM

16 716 1727>=28 ynets
ca"i-l — ¥ — | _I

o’%_u]% _’23%




conducive days SE Desert (Daggett) observed highs
10 years

@ -
16 7-16 17-27>= 28  pets
. w".- d | = J _I

P







conducive days Washington DC observed highs
10 years

AM

PM

Syears

PM

16 7-16 17275228 jnoue
camp—L —T— ]

T2




conducive days Philadelphia PA . observed highs
10 years

PM

5 years

PM

16 7-16 17-27>=28 |nets
cal"..— o | ) ] |

R T




conducive days New York, NY observed highs
10 years

AM

FM

S years

PM

_ 16 716 17:275=28 joas &
. calmp—a~a_—_—J—o ]

ok L 1 9




~ eonducive days

Los Angeles CA
10 years

PM

; 16 7-16 17275228 nots
wh_r 3 | | e |

T 1‘0'%'_‘!5;6

observe_d highs




conducive days

Houston TX
10 years

PM

5 years

PM

16 7-18 17-27>=28 knots

calny

iy | |

o%

W%

observed highs




conducive days Hartford CT observed highs
10 years




7 ' conducive days Boston MA
10 years
® v
Q
- \\o_ PM
| /// N
5 years
. 0 AM
N
= 5
o "
'_ 16 7-16 17-27>=28
) cam——_ _T—+
iz 0% =

- -observed highs

_]0

J_.

&
nots




conducive days Baltimore MD - observed highs
10 years

PM

5years

PM

16 716 17-275>=28 jnors
wll_._ 1 Y | _|

IR a0




conducive days ~ Sacramento CA observed highs
10 years

5years

AM

PM
. . 16 7-16 17-27>=28 kniots
I cajll-‘ - | N — _I
ok T







Milwaukee Wi
10 years

AM

observed highs




conducive days

Baton Rouge LA
10 years

PM

5 years

PM

1

16 7416 17-27>=28
cany i -

]

o To%

209

observed highs

imots



conducive days San Joaquin (Bakersfield) observed highs
10 years

5 years

AM

PM

16 7-16 17275228  pnets
calrmf—, =




conducive days

San Jo:atquin (Fresno)
10 years

PM

5 years

PM

16 716 17275228  pners
camf | T - | 1

U ——

observed highs




conducive days  Springfield (Worcester met data) observed highs
10 years '

- AM
[ PM
5 years
C AM ¢

PM

: 4
-
G:s 7:16 17-27>= 28

zﬂss




conducive days Portsmouth with Portland Met data observed highs
10 years

PM

5 years T

PM

16 7-16 17275228 jnors
calmy . -

: ok o=




conducive days Portsmouth with Concord Met data
10 years

PM

5 years

1-s 7-16 17-27:-:25 knots
calm— ]

1 a1

observed highs




conducive days

" Beaumont-Port Arthur TX

observed highs

10 years

PM

S years

PM

16 7-16 17-27>=28 ynons
calm——___1—— ]

o%

.
I
o




conducive days

Ventura (Santa Barbara)
10 years

observed highs

PM

ot To%




conducive days

El Paso, TX ~ observed highs
10years -

PM

S years

PM

16 7-16 1727>=28 |nots
calry { ==

PU——




conducive days Raleigh-Dutham NC observed highs
10 years

PM

FM

1€ 7-16 17-27>=28 e
calmF { 1 1 1

o=«




conducive days Greensboro-Winston-Salem observed highs
10 years

PM

16 7-16 17-27»= 28
calm— | 1 1 |

o% o=




conducive days

Charlotte NC
10 years

PM

S years

PM

™\ 16 71617275228 s
caimf { | m—— | 1

0'56 0% 1!’%

observed highs
-
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APPENDIX G

OUTPUTS FROM THE SCREEN MODEL






02/23/94

' -13:59:49
*%% SCREEN2 MODEL RUN %%

*%% VERSION DATED 92245 %#%

.WT SOURCE EFFECT ON URBAN PAMS SITE
SIMPLE TERRAIN INPUTS:

SOURCE TYPE = POINT
EMISSION RATE (G/S) = 1.00000
STACK HEIGHT (M) = 12.0000
STK INSIDE DIAM (M) = .5000
STK EXIT VELOCITY (M/S)= 10.0000
STK GAS EXIT TEMP (K) = 298.0000
AMBIENT AIR TEMP (K) = = 298.0000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION = URBAN
BUILDING HEIGHT (M) = 10.0000
MIN HORIZ BLDG DIM (M) = 50.0000
MAX HORIZ BLDG DIM (M) = 100.0000
BUOY. FLUX = .000 M*%4/S**3; MOM. FLUX = 6.250 M¥*4/Sk%2,

*** FULL METEOROLOGY *#*%
ok Rkkk kR kA AR kAR AR R A ARk ARk Ak ok k ki ko

**%* SCREEN AUTOMATED DISTANCES #**
Fhkhkhkhddkkhhhhkhhkkd ek ke hkhhkhhhd

*%%* TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES *#%

ST CONC UlOM USTK MIX HT PLUME SIGMA SIGMA
‘%M) (UG/M*#%3) STAB (M/S) (M/S) (M) HT (M) Y (M) Z (M) DWASH
50 822.6 3 1.0 1.0 320.0 15.88 10.89 10,00 Ss
100. 610.6 4 1.0 1.0 320.0 17.89 15.69 13.79 sS
200. 378.8 6 1.5 1.6 10000.0 15.13 21.17 14.03 sSs
300 282.9 6 1.0 1.1 10000.0 20.70 31,18 19.93 sS
400. 208.4 6 1.0 1.1 10000.0 20.70 40.85 25.30 ss
500. 156.9 6 1.0 1.1 10000.0 20.70 50.21 30.24 Ss
600. 122.2 6 1.0 1.1 10000.0 20.70 59.27 34.82 sS
700. 98,32 6 1.0 1.1 10000,0 20.70 68.06 39.11 = ss
800. 81.21 6 1.0 1.1 10000.0 20.70 76.59 43.15 ss
900. 68.54 6 1.0 1.1 10000.0 20.70 84.89 46.97 sSs
1000, 58.89 6 1.0 1.1 10000.0 20.70 92,97 50.60 ss
1100. 51.35 6 1.0 1.1 10000.0 20.70 100.83 54.06 ss
1200. 45,34 6 1.0 1.1 10000.0 20.70 108.50 57.37 ss
1300. 40,45 6 1.0 1.1 10000.0 20.70 115.99 60.55 $S
i400. 36.43 6 1.0 1.1 10000.0 20.70 123.30 63.61 ss
1500. 33,06 6 1.0 1.1 10000.0 20.70 130.44 66.56 ss
1600. 30.20 6 1.0 1.1 10000,0 20.70 137.43  69.42 ss
1700. 27.76 6 1.0 1.1 10000.0 20.70 144.27 72.18 Ss
1800. 25.66 6 1.0 1.1 10000.0 20.70 150.97 74.86 8s
1%00. 23.82 6 1.0 1.1 10000.0 20.70 157.54 77.47 ss
2000. 22.21 6 1.0 1.1 10000.0 - 20.70 163.98 80.00 ss
2100. 20.79 6 1.0 1.1 10000.0 20.70 170.30 82.47 5
2200. 19.52 6 1.0 1.1 10000.0 20.70 176.50 84.87 Ss
2300. 18.39 6 1.0 1.1 10000.0 20.70 182.59 87.22 Ss
2400, 17.38 6 1.0 1.1 10000.0 20.70 188.57 89.52 Ss
00 i6.46 6 1.0 1.1 10000.0 20.70 194.45 91.77 ss
Goo. 15.63 6 1.0 1.1 10000.0 20.70 200.24 93.96 ss
700. 14.87 6 ‘1.0 1.1 10000.0 20.70 205.93 . 96,12 88
2800. 14.18 6 1.0 1.1 10000.0 20.70 211.54 98.23 $S
2900, 13.55 6 1.0 1.1 10000.0 20.70. 217.05 100.30 Ss




*%% SCREEN2 MODEL RUN - #*#%%*
*%% VERSION DATED 92245 ***

POINT SOURCE EFFECT ON RURAL PAMS SITE
SIMPLE TERRAIN INPUTS:

'SOURCE TYPE = POINT
EMISSION RATE (G/S) = 1.00000
STACK HEIGHT (M) = 12.0000
STK INSIDE DIAM (M) = .5000
STK EXIT VELOCITY (M/S)= 10.0000
STK GAS EXIT TEMP (K) = 298.0000
AMBIENT AIR TEMP (K) = 298.0000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION = RURAL
BUILDING HEIGHT (M) = 10.0000
MIN HORIZ BLDG DIM (M) = 50.0000
MAX HORIZ BLDG DIM (M) = 100.0000
BUOY. FLUX = 000 M%*4/S**3; MOM. FLUX =

**% FULL METEOROLOGY **%*
e e 9 J e e v Je o de e e d o v ok d g e e e vk ok e e g ok e v v e e e 3k

**% SCREEN AUTOMATED DISTANCES ***
hkdkkdedkkhhhdhkdkhhkhhhhhhhkdddddkhkhn

*#%* TERRAIN HEIGHT OF

DIST CONC U10M USTK
M) (UG/M**3) STAB (M/8) (M/S)
50. 976.5 6 3.0 3.3
100. 1058 6 2.5 2.8
200. €6€94.2 6 2.0 2.2
300. 546.2 6 2.0 2.2
400 452.9 6 1.5 1.7
500 396.3 6 1.5 1.7
600 355.8 6 1.5 1.7
700. 318.5 6 1.5 1.7
800. 285.7 6 1.5 1.7
900. 257.3 6 1.5 1.7

1000, 233.1 6 1.5 1.7

1100. 212.2 6 1.5 1.7

1200. 200.7 6 1.0 1.1

1300. 191.4 € 1.0 1.1

1400. 182.1 6 1.0 1.1

1500. 173.0 6 1.0 1.1

1600. 164.2 6 1.0 1.1

1700. 155.9 6 1.0 1.1

1800. 148.1 6 1.0 1.1

1800. 140.8 6 1.0 1.1

2000. 134.1 6 1.0 1.1

2100. 127.8 6 1.0 1.1

2200. 122.0 6 1.0 1.1

2300. 116.5 6 1.0 1.1

2400. 111.4 6 1.0 1.1

2500. 106.7 6 1.0 1.1

2600. 102.3 6 1.0 1.1

2700. 98.13 6 1.0 1.1

2800. 94.25 6 1.0 1.1

2900. 90.61 6 1.0 1.1

MIX HT
(M)

10000.0

10000.0 °

10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0

10000.0 .

10000.0
10000.0
10000.0
10000.0

6.250 M**4/S**2,

PLUME

HT (M)

02/23/94
14:14:23

0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES **%*

SIGMA !l')
Z (M) DWA
5.74 ss
7.75 55
8.39 ss
9.68 ss
9.96 ss
10.77 ss
11.84 5S
12.85 ss
13.83 sS
14.47 55
15.32 SS
16.14 SS
15.97 sS
16.77 ss
17.56 ss
18.32 ss
19.06 ss
19.79 SS
20.50 ss
21,20 SS
21.63 sS
22.21 ss
22.78 ss
23.34 ss
23.89 SS
24.42 s;l"
24.95 s
25.47 ss
25.98 ss
26.48 sSs




3000. 12.97 6 1.0 1.1 10000.0 20.70 222.49 102.34

MAXTMUM 1-HR CONCENTRATION AT OR BEYOND 50. M:
50. 822.6 3 1.0 1.0 320.0 15.88 10.89 10.00

ASH= MEANS NO CALC MADE (CONC = 0.0)

ASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS. SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3+LB

**% CAVITY CALCULATION - 1 #%% *%* CAVITY CALCULATION - 2 *%%*
CONC (UG/M**3) = .0000 CONC (UG/M**3) = .0000
CRIT WS @1O0M (M/S) = 99.95 CRIT WS @10M (M/S) = 99.99
CRIT WS @ HS: (M/Ss) = 99.99 CRIT WS € HS (M/S) = 99.99
DILUTION Ws (M/S) = 99.99 DILUTION WS (M/S) = 99.99
CAVITY HT (M) = 10.02 CAVITY HT (M) = 10.00
CAVITY LENGTH (M) = 50.00 CAVITY LENGTH (M) = 38.89
ALONGWIND DIM (M) = 50.00 ATLONGWIND DIM (M) = 100.00

CAVITY CONC NOT CALCULATED FOR CRIT WS > 20.0 M/S. CONC SET = 0.0

e o ke e o % % % % & % ok de % % e e gtk v g o %k e %k % % % v v % ok Je v vk de ok

*%% SUMMARY OF SCREEN MODEI, RESULTS *%%
(X I IR IE 2T I I I I L X E YT Y Y R T EY Y Ty Y Y

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE - (UG/M**3) MAX (M)  HT (M)
SIMPLE TERRAIN 822.6 50, 0.

kkkkkkhkkhhhhkhhkhhkrkkkhhkhkhkhkhhhkkthkdhkthkhkhhkktkkkhix

REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *%*
dkkdkdededededekddkkkhhhhdhdkdhhkkkdkhhdkkhkhkhhkkhhkkkkk
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*%** SCREEN2 MODEL RUN %%
*%% VERSTION DATED 92245 %%

AREA SOURCE EFFECT ON RURAL PAMS SITE

SIMPLE TERRAIN INPUTS:
SOURCE TYPE
EMISSION RATE (G/(S-M*%2))
SOURCE HEIGHT (M)
LENGTH OF SIDE (M)
RECEPTOR HEIGHT (M)
URBAN/RURAL OPTION

nannnsq

BUOY. FLUX = +000 M*%4/S%%3;

*%% FULL METEOROLOGY *%x*
hokkkkdekhkhhkkk kR hh kR ARk ko kk

**%* SCREEN AUTOMATED DISTANCES #*%#
Fekkkhdkkdkkkhhdkhhhhokkhkhkkkdkkkdkhdheki

.4
12
50

2

AREA
00000E=-03
.0000
.0000
.0000
RURAL

MOM. FLUX =

<000 M**4/Sk%2,

02/24/94
15:30:23

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES **%

DIST CONC _ U10M
(M)  (UG/M**3)  STAB (M/S)

50.  690.1
100. 668.8
200.  629.0
300. 582.7
400. 555.0

- 500.  523.5
600. 523.6
700.  495.7
800.  457.8
900. 418.9

1000.  382.1

1100.  349.0

1200.  319.4

1300.  293.1

1400.  269.7

1500.  249.0

1600.  230.6

1700.  214.1

1800.  199.4

1900.  186.2

2000. 174.4

2100. 164.2

2200,  154.9

2300.  146.5

2400,  138.7

2500.  131.7

2600.  125.2

2700.  119.2

2800. 113.7

2900.  108.6

3000.  103.9

100

OO NAO UL N
CO0000000C0O0000000CO000000000000000

I e B R R s S s b S 2 0 B s 1 S s s s o

MAXIMUM 1-HR CONCENTRATION AT OR B
59. 703.2 1 1.0

DWASH= MEANS NO CALC MADE (CONC

-

USTK MIX HT

(M

EY

/8)

1‘0

BHEBHEBHRBRRERRBP R B R
L ] L ] [ ] L ] L) L] L] » L[] . L] L . . . L ] L ) - - L) L] -

OU FRPHPEREPBHERPRPRRPRRRRRRBRERRBR RSO O

N

HO HPBRRRR

0.

(M)
320.0 °
320.0
320.0

10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0 .
10000.0
10000.0
10000.0
10000.0
10000.0
10000.0

50. M:
320.0

0)

PLUME
HT (M)

SIGMA
2 (M)



DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

. . hkdkkhkkkkhkkhhArbAhk kb hd kb hhkkkkhhxhkkhk

*&%* SUMMARY OF SCREEN MODEL RESULTS *#%*
FhR KRR KRR L AR R I AR IR ARANN KNI kkkhkkdk sk

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M*%3) MAX (M) HT (M)
SIMPLE TERRAIN 703.2 59. 0.

dekdkdddddkdkddhkdhdhhdeddddhhhdhhhhkdkhhhdddkdhhbkdhhddhhhhhhhdkd

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *#
R R L L L L L L Ly Ty e N YT T



*%% SCREEN2 MODEL RUN #%#
*%% VERSION DATED 92245 ***

AREA SOURCE EFFECT ON URBAN PAMS SITE
SIMPLE TERRATIN INPUTS:

SOURCE TYPE = AREA
EMISSION RATE (G/(S=M*%*2)) = .400000E-03
SOURCE HEIGHT (M) = 12.0000
LENGTH OF SIDE (M) = 50.0000
RECEPTOR HEIGHT (M) = 2.0000
URBAN/RURAL OPTION = URBAN
BUOY. FLUX = .000 M#**4/S%%3; MOM. FLUX = .000 M**4/S%%*2,

*** FULL METEOROLOGY #**+#
kkkdkdkhdhhhhhdhhhhhhhhkhkkkhrhkkhhik

*** SCREEN AUTOMATED DISTANCES ###
hkdkdedkhkhkkkhhhhhrhkkAkkkhhkdhkkhkx

*** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING

DIST CONC Ul0M USTK MIX HT PLUME SIGMA
(M)  (UG/M**3)  STAB (M/S) (M/S) (M) HT (M) Y (M)
50. 667.8 3 1.0 1.0 320.0 12.00 4.77
100.  621.0 5 1.0 1.1 10000.0 12.00 7.79
200. 561.6 5 1.0 1.1 10000.0 12.00 18.28
300.  365.2 5 1.0 1.1 10000.0 12.00 28.39
400. 246.5 5 1.0 1.1 10000.0 12.00 38.16
500 177.4 5 1.0 1.1 10000.0 12.00 47.60
600 134.6 5 1.0 1.1 10000.0 12.00 56,74
700 106.3 5 1.0 1.1 10000.0 12.00 65.61
800. 86.75 5 1.0 1.1 10000.0 12.00 74.21
900. 72.55 5 1.0 1.1 10000.0 12.00 82.57

1000. 61.90 5 1.0 1.1 10000.0 12.00 90.71

1100. 53.67 5 1.0 1.1 10000.0 12.00 98.63

1200. 47.18 5 1.0 1.1 10000.0 12.00 106.36

1300. 41.94 5 1.0 1.1 10000.0 12.00 113.89

1400. 37.65 5 1.0 1.1 10000.0 12.00 121.25

1500. 34.08 5 1.0 1.1 10000.0 12.00 128.44

1600, 31,07 5 1.0 1.1 10000.0 12.00 135.48

1700.  28.50 5 1.0 1.1 10000.0 12.00 142.36

1800, 26.29 5 1.0 1.1 10000.0 . 12.00 149.10

1800.  24.37 5 1.0 1.1.10000.0  12.00 155.70

2000. 22.70 5 1.0 1.1 10000.0 12.00 162.17

2100. 21,22 5 1.0 1.1 10000.0 12,00 168.53

2200. 19.90 5 1.0 1.1 10000.0 12.00 174.76

2300, 18.73 5 1.0 1.1 10000.0 12.00 180.88

2400. 17.68 5 1.0 1.1 10000.0 12.00 186.89

2500. 16.74 5 1.0 1.1 10000.0 12.00 192.80

2600. 15.88 5 1.0 1.1 10000.0 12.00 198.62

2700. 15.10 5 1.0 1.1 10000.0 12.00 204.34

2800.  14.39 5 1.0 1.1 10000.0 12.00 209.96

2900. 13.74 5 1.0 1.1 10000.0 12.00 215.50

3000.  13.14 5 1.0 1.1 10000.0 12.00 220.96

MAXIMUM 1-HR CONCENTRATION AT OR BEYOND 50. M:
64.  683.0 4 1.0 1.0  320.0 12.00 5.84
DWASH=  MEANS NO CALC MADE (CONC = 0.0)

02/24/94
15:33:02

DISTANCES **%*

SIGMA
Z (M)



3000. 87.20 6 1.0 1.1 10000.0 20.37 91.92 26.98 88

MAXIMUM 1~HR CONCENTRATION AT OR BEYOND 50. M: _ -
100. 1058. 6 2.5 2.8 10000.0 12,45 4.07 7.75 SS

ASH= MEANS NO CALC MADE (CONC = 0.0)
ASH=NO MEANS NO BUILDING DOWNWASH USED
ASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SC _ =SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

*********************************

*** SCREEN DISCRETE DISTANCES #*#%*
i L L L T e T T T T LT T o

*%** TERRAIN HEIGHT OF 0. M ABOVE STACK BASE USED FOR FOLLOWING DISTANCES **%*

DIST CONC UlOM USTK MIX HT PLUME SIGMA SIGMA
(M)  (UG/M**3)  STAB (M/S) (M/S) (M) "HT (M) Y (M) 2 (M) DWASH

DWASH= MEANS NO CALC MADE (CONC = 0.0)
DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

**% CAVITY CALCULATION - 1 #%% *%% CAVITY CALCULATION — 2 #%%
CONC (UG/M#%3) = .0000 CONC. (UG/M*%*3) = .0000
CRIT WS @10M (M/S) = 99,99 CRIT WS €10M (M/S) = 99.99
CRIT WS @ HS (M/S) = 99,99 CRIT WS @ HS (M/S) = 99.99
DILUTION WS (M/S) = 99.99 DILUTION WS (M/S) = 99.99
CAVITY HT (M) = 10.02 CAVITY HT (M) = 10.00

VITY LENGTH (M) = 50.00 CAVITY LENGTH (M) = 38.89
dONGWIND DIM (M) = 50.00 ALONGWIND DIM (M) =  100.00

CAVITY CONC NOT CALCULATED FOR CRIT WS > 20.0 M/S. CONC SET = 0.0

***************************************

*** SUMMARY OF SCREEN MODEL RESULTS #%##
Ak rkh ARk Rk k ke k kA Rk kk kAR Rk kkhkdk ks k

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M**3) MAX (M) HT (M)
SIMPLE TERRAIN 1058, 100. 0.

***************************************************

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *%
bbb b LR 2R L L L 1 L L R e A



DWASH=NO MEANS NO BUILDING DOWNWASH USED
DWASH=HS MEANS HUBER-SNYDER DOWNWASH USED
DWASH=SS MEANS SCHULMAN-SCIRE DOWNWASH USED
DWASH=NA MEANS DOWNWASH NOT APPLICABLE, X<3*LB

Ekdkhhhh R Ak Ak khhhh Rk khkkhhkhdkkkddk

**%* SUMMARY OF SCREEN MODEL RESULTS *#**
b R L Y Y Y Lt S s )

CALCULATION MAX CONC DIST TO TERRAIN
PROCEDURE (UG/M*+3) MAX (M) HT (M)
SIMPLE TERRAIN 683.0 64. 0.

Thkdkddddhhkhhhdhdhhdkdhthhhhhkddhdkhdkdhddkkhdsddkddkikdkk

** REMEMBER TO INCLUDE BACKGROUND CONCENTRATIONS *#*
hhkkdekdhkhhdkdhhhhdbhhhbhhhhhh kit kdhkhkhkdkkhkkkkkkdkdkkxk
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Metbod

$0. Mangal Methods

Ref. method (pararosaniline)
Techaicon ] (pararosaniline)
Technicon I (Pararosaniline)

Advanced Pollution Instr. 100
Asarco 500 :
Beckman 953

Bendix 8303

Dasibi 4108

Eavironoement 5.A. AF2IM
Lear Siegler AM2020

Lear Siegler SM1000

Lzar Siegler ML9350

Meloy SAI85-2A

Meloy SA285E

Meloy SA700

Monitor Labs 8450

Monitor Labs 8850

Monitor Labs 88508

Philips PW9700

Philips PW9755

Thermo Electron 43

‘Thermo Electron 43A

O, Analvrers

Advanced Pollution Insir. 400
Beckman 950A

Bendix 8002

€S12000

Dasibi 1003-AH,-PC,-RS
Dasibi 1008-AH
Eavironics 300

Lzar Sicgler ML9810
MeMillan 1100-1
McMillan 1100-2
McMillan 1100-3

Meloy OA325-2R

Meloy OA350-2R
Monitor Labs 8410E
Moaitor Labs 8810

PCl Ozone Corp. LC-12
Philips FW9771

Thermo Electron 49

Advanced Pollution Instr. 300
Beckman 866

Bendix 3501-5CA

Dasibi 3003

Dasibi 3008

Horibe AQM-10, -11, -12
Horiba 300E/300SE

Lear Siegler ML 9830

MASS - CO 1 (Massachusetts)
Moniwor Labs 8310

Monitor Labs 8830

MSA 2028

Thermo Electron 48

METHOD CODES
Designation Method
Number_ Code Method
NO, Mangal Methods
- 097 Sodium arsenite (orifice)
EQS-0775-001 097 Sodium arsenite/Technicon I
EQS-0775-002 097 TGS-ANSA (orifice)
N
EQSA09500T7 077 Advanced Pollution Ingr. 200
EQSA-0877-024 (171 Beckman 952A
EQSA-0678-029 029 Bendix 8101-B
EQSA-1073-030 030 Bendix 8101-C
EQSA-1086-051 061 Dasibi 2108
EQSA-0292-084 084 €SI 1600
EQSA-1280-049 049 Lear Siegler M1.9841
EQSA-1275-005 005 Meloy NAS30R
EQSA-0193052 092 Monitor Labs 3440E
EQSA-~1275-006 006 Monitor Labs 8840
EQSA-1078-032 032 Moniior Labs 3841
EQSA-0580-046 046 Philips PW9762/02
EQSA-0876-013 513 Thermo Electron 14B/E
EQSA-0779-039 039 Thermo Electron 14D/E
EQSA-0390-075 075 Thermo Environmental Inst. 42
EQSA-0876-011 5N . .
EQSA-0676-010 010 Pb_Mapual Methods
EQSA-0276-009 009 Ref. method (hi-vol/AA spect.)
EQSA-0486-060 060 Hi-vol/AA spect. (alt. extr.)
' Hi-vol/Energy-disp XRF (IX ACE)
) Ki-vol/Energy-disp XRF (NEA)
EQOA-992-087 087 Hi-vol/Flameless AA (EMSL/EPA)
RFQA-0577-020 020 Hi-vol/Flameless AA (Omaha)
RFOAD176007 007 Hi-vol/ICAP mpect. (EMSL/EPA)
RFOA-0279-036 036 Hi-vol/ICAP spect. (Kansas) .
EQOA-05TI-019 019 Hi-vol/ICAP spect. (Montans)
EQOA0383-056 056 Hi-vol/ICAP spect. (NE&T)
EQOA-0990-078 078 . Hi-val/ICAP spect. (N. Hampshr)
EQOA-0193-091 091 Hi-vol/ICAP zpect, (Fennsylve)
RFOA-1076-014 514 Hi-vol/ICAP spect, (Rhode Is))
RFOQA-1076-015 515 Hi-vol/ICAP spect. (5.V. Labs)
RFOA-1076-D16 (1] Hi-vol/Wl.-disp. XRF (CA A&THL)
RFOA-1075-003 003
RFOA-1075-004 004 PM,, Samplers
RFOA-1176-017 017 Oregon DEQ Med. vol. sampler
EQOA-0881-053 053 Sicrma-Andersan/GMW 1200
EQOA-0382-055 055 Siemi-Andersen/GMW 321-B
EQOAD7TI023 (23 Sicrra-Andersen/GMW 321-C
EQOA-0880-047 047 Sicrm-Anderen/GMW 241 Dichot
Wedding & Assoe. high volume
RFCA-1093-093 093 PM, Analyzers
RFCA-0876-012 012 Andersen Instr, Beta FH62I-N
RFCA-0276-008 008 R & P TEOM 1400, 14000
RFCA-0381-051 051 Wedding & Assoc. Beta Gruge
RFCA-D488-067 067 :
RFCA-1278-033 033 TSP Masual Method
RFCA-1180-048 043 Reference method (high-volume)
RFCA-0992-088 082 ’
RFCA-1280-050 030
RFCA-0975-041 041
RFCA-0388-066 056
RFCA-0I77018 018
RFCA-0981-054 054

February 8, 1993

Designation
Number

EQN-1277-026
EQN-1277027
EQN-1277-028

RFNA-0691-082
RFNA-0179-034
RFNA-O479-038
RFNAOTTI-02
RFNA-1192-089
RFNA-09T7-025
RFNA-1292-050
RFNA-1078-031
RFNA-06TT-021
RFNA-0280-042
RFNA-0991-083
RFNA-0879-040
RFNA-0179-035
RFNA-0279037

RFNA-1289-074

EQL-0380-043
EQL-0783-058
EQL-0589-072
EQL-0380-044
EQLO785-059
EQL-0380-045
EQL-0$92-085
EQL-0483-057
EQL-1188-059
EQL-1290-080
EQL-0592-086
EQL-0883-068
EQL-1288-070
EQL-0581-052

RFPS-0389-071
RFPS-1287-063
RFPS-1287-064
RFP5-1287-065
RFP5-0785-073
RFPS-1087-062

EQPM-0990-076
EQPM-1090-079
EQPM-0391-081

Method
Code.

084
084
098

082
034
(1c} ]
022
089
LS
050
01
021
042
083
040
Q3s
07
074

on
063

065
0
062

Q76
079
081

802




APPROVED METHODS AS OF NOVEMBER 12, 1993

NOTE: The nasiery in puvcbuwes that foliow il maadscties e biw (05, L1 (D0 (5 (10), o (50) balime the Al wale rangels) approved for tas motbeed.  Ranpos (el wre ppaciidd w (0510}, (141
1), e (10-50) Inlicna iy full scak maoyge horwon e adicssd whes. .

- AUTOMATED
. REFERENCE EQUIVALENT
1. CE (Baniir) £501-5CA (X0)
2 Rackrm 366 (50)
3, MSA X5 (50)
4. Horida AQM-10,11,12 ¢0)
5. Meziior Lale 10 (50)
6. Harile APMA-XDE (0, 52, 100)
7. MASSCO 1 ()
2. Dumsidi X003 ()
9. TED & ()
10. Maniux Lats $E0 (3)
11, Duaiti 200 (50)
12 Lawr Swgher ML 9820 5100
13. AMI XD (10-50)
1. Meziter Laby $4aiE (.5)
NO; 2 CE (Beediz) $101-C (5)
3. €31 160 (5)
4. Mcloy NAYOR (1,28.5,1.0)
3, Beckzzan Y5-A (5)
6 TED 4 RE (D
1. TEOD M DE (S
. Rata $101-B (%
9. Pullis PWIIELE ()
10. Mamivar Latw L (S, §.5)
1. TED & (08, .1, 2, .5 1.9
12 APD 20 (S, 1.0)
13, Momiur Labs B341 (485, .1, 2, 5, 1.0)
14, Daals 2108 (5)
15. Lewr Swgler ML 9841 (05-1.0)
[} 1. Mcloy OAS2S-2R, (5) 1. Dusibi 1003-AHPC.RS (.5,1.0)
3 2, Medoy OALID-2R (5) 2 Puilis PWSTTI (S)
3. CE (Bewadix) 8002 () A TED 4 (S, |.D)
4 MecMillas 11001 (5 4. Meniver Labs 210 (.5, 1.0)
5. MeMillas 11002 (5) 5. PC) Oreex Carp. LC12 ()
6. McMillaz 1100-3 (5) € Dmai JOOR-AHPC,RS (5,10)
7. Maniuor Lals $410E (5) 7. Epvirenics 300 (5)
8. Bcioram, Y50A {5 2. AP &0 {1-1.0)
9. €St 0 (5 $, Lear Siegler ML $810 (851.0)
Po “HV with Plars AA 1. HV/Flame AA (EPA)
2 HV/Flamelows AA (EPA)
3. HYACAP (EFA)
4. HY/WDXRF (AL, CA)
5. HYACAP (MT)
6. RY/EDXRF (TX)
7. HY/Flacxhes AA
(Omnbe-Dagles Co.)
8, HYACAF (RD)
9. HYACAP (NET)
10. HVACAP (SV1)
11, HY/EDXRF (NEA)
12, HYACAP ONH)
13. HVACAP (K5)
4. HVACAP (PA) .
W L3 HY 1. Anderaeo ki, FHEXRN PM,, Boax Ancoation Menitor
PMm ;.u;:\\’:gnmm = 2 Rupprocts & Pausabnick TEOM® Serice 1400 and 1400
3. SAGMW 3218 PM-10 Mamivas
4. SAGMW 21-C 3, Wedding & Associaies’ PM-10 Bets Gurr Astomaisd
5. Ovegen DEQ MY Spacal Sapier Paricle Sarpler
6. SA/GMW 241 & 24)M Dictex Sempier
SO Purnrosalline Mathad 1. Tochmicn 1 1. Lear Sieghet SM100 (.5)
2 2 Tockmian B 2 Meloy SAISIA (5, 10)
. 3, TEN O (S, 1)
4, Muigs PWY155 (5)
5, Prilgs FWYAD ()
6. Meniter Lale 8450 (5, 1.0)
7. ASARCO X0 (.5), €0 0.0)
8. Beckzmn 953 (5, 1.0)
9. ez £X0 (S5, 1.0)
10. Mekay SATSSE (05,.1,5,1.0)
1. Memitar Labs 2250 (X, 1.0)
12 Meloy SAZO (25, 5, 1.0) :
13. Laar Siwgler AMXTD (.5,1.0) i
4. TED QA (1, 2 5, 10) !
15. Daaits 4108 (1, 2, S5, 1)
! 16, Magitor Laks BRSIS (S, 1.0)
17, AP 100 (.5)
18, Enviromeeat 5 A AF2IM (5)
19, Laar Sigler ML %50 (05-1.0)
TSP High Vohame Metho! (HY)
e ————
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Appendix 1

. Revision No. 0
Date: March 1994
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APPENDIX I

SAMPLE SUBMITTAL MATERIALS AND ADDITIONAL GUIDANCE






