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ambient temperature for the sampling site,
K;
T« = standard temperature, defined as 298 K;
P«q = standard pressure, defined as 101.3 kPa
(or 760 mm Hg).

11.2 Calculate the total volume of air sam-
pled as:

Vad = Qs(dxt
where

Vada = total air sampled in standard volume
units, std m3;
t = sampling time, min.

11.3 Calculate the PM;ip concentration as:
PMio = (Wi — Wi)x10%/Vea
where

PMio = mass concentration of PMio pg/std
ms3;

W;, Wi = final and initial weights of filter col-
lecting PMio particles, g;

106 = conversion of g to pg.

NoTE: If more than one size fraction in the
PMo size range is collected by the sampler,
the sum of the net weight gain by each col-
lection filter [Z(W;—W;)] is used to calculate
the PMio mass concentration.
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APPENDIX K TO PART 50—INTERPRETA-
TION OF THE NATIONAL AMBIENT AIR
QUALITY STANDARDS FOR PARTICU-
LATE MATTER

1.0 General.

(a) This appendix explains the computa-
tions necessary for analyzing particulate
matter data to determine attainment of the
24-hour and annual standards specified in 40
CFR 50.6. For the primary and secondary
standards, particulate matter is measured in
the ambient air as PMjo (particles with an
aerodynamic diameter less than or equal to
a nominal 10 micrometers) by a reference
method based on appendix J of this part and
designated in accordance with part 53 of this
chapter, or by an equivalent method des-
ignated in accordance with part 53 of this
chapter. The required frequency of measure-
ments is specified in part 58 of this chapter.

(b) The terms used in this appendix are de-
fined as follows:

Average refers to an arithmetic mean. All
particulate matter standards are expressed
in terms of expected annual values: Expected
number of exceedances per year for the 24-
hour standards and expected annual arith-
metic mean for the annual standards.

Daily value for PMjo refers to the 24-hour
average concentration of PM;o calculated or
measured from midnight to midnight (local
time).

Ezxceedance means a daily value that is
above the level of the 24-hour standard after
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rounding to the nearest 10 pg/m3 (i.e., values
ending in 5 or greater are to be rounded up).

Ezxpected annual value is the number ap-
proached when the annual values from an in-
creasing number of years are averaged, in
the absence of long-term trends in emissions
or meteorological conditions.

Year refers to a calendar year.

(c) Although the discussion in this appen-
dix focuses on monitored data, the same
principles apply to modeling data, subject to
EPA modeling guidelines.

2.0 Attainment Determinations.

2.1 24-Hour Primary and Secondary Stand-
ards.

(a) Under 40 CFR 50.6(a) the 24-hour pri-
mary and secondary standards are attained
when the expected number of exceedances
per year at each monitoring site is less than
or equal to one. In the simplest case, the
number of expected exceedances at a site is
determined by recording the number of
exceedances in each calendar year and then
averaging them over the past 3 calendar
years. Situations in which 3 years of data are
not available and possible adjustments for
unusual events or trends are discussed in
sections 2.3 and 2.4 of this appendix. Further,
when data for a year are incomplete, it is
necessary to compute an estimated number
of exceedances for that year by adjusting the
observed number of exceedances. This proce-
dure, performed by calendar quarter, is de-
scribed in section 3.0 of this appendix. The
expected number of exceedances is then esti-
mated by averaging the individual annual es-
timates for the past 3 years.

(b) The comparison with the allowable ex-
pected exceedance rate of one per year is
made in terms of a number rounded to the
nearest tenth (fractional values equal to or
greater than 0.05 are to be rounded up; e.g.,
an exceedance rate of 1.05 would be rounded
to 1.1, which is the lowest rate for nonattain-
ment).

2.2 Annual Primary and Secondary Stand-
ards. Under 40 CFR 50.6(b), the annual pri-
mary and secondary standards are attained
when the expected annual arithmetic mean
PMio concentration is less than or equal to
the level of the standard. In the simplest
case, the expected annual arithmetic mean is
determined by averaging the annual arith-
metic mean PM;jo concentrations for the past
3 calendar years. Because of the potential for
incomplete data and the possible seasonality
in PM;o concentrations, the annual mean
shall be calculated by averaging the four
quarterly means of PMj;o concentrations
within the calendar year. The equations for
calculating the annual arithmetic mean are
given in section 4.0 of this appendix. Situa-
tions in which 3 years of data are not avail-
able and possible adjustments for unusual
events or trends are discussed in sections 2.3
and 2.4 of this appendix. The expected annual
arithmetic mean is rounded to the nearest 1
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pg/m3 before comparison with the annual
standards (fractional values equal to or
greater than 0.5 are to be rounded up).

2.3 Data Requirements.

(a) 40 CFR 58.13 specifies the required min-
imum frequency of sampling for PM;jq. For
the purposes of making comparisons with
the particulate matter standards, all data
produced by National Air Monitoring Sta-
tions (NAMS), State and Local Air Moni-
toring Stations (SLAMS) and other sites
submitted to EPA in accordance with the
part 58 requirements must be used, and a
minimum of 75 percent of the scheduled PMio
samples per quarter are required.

(b) To demonstrate attainment of either
the annual or 24-hour standards at a moni-
toring site, the monitor must provide suffi-
cient data to perform the required calcula-
tions of sections 3.0 and 4.0 of this appendix.
The amount of data required varies with the
sampling frequency, data capture rate and
the number of years of record. In all cases, 3
years of representative monitoring data that
meet the 75 percent criterion of the previous
paragraph should be utilized, if available,
and would suffice. More than 3 years may be
considered, if all additional representative
yvears of data meeting the 75 percent cri-
terion are utilized. Data not meeting these
criteria may also suffice to show attainment;
however, such exceptions will have to be ap-
proved by the appropriate Regional Adminis-
trator in accordance with EPA guidance.

(c) There are less stringent data require-
ments for showing that a monitor has failed
an attainment test and thus has recorded a
violation of the particulate matter stand-
ards. Although it is generally necessary to
meet the minimum 75 percent data capture
requirement per quarter to use the computa-
tional equations described in sections 3.0 and
4.0 of this appendix, this criterion does not
apply when less data is sufficient to unam-
biguously establish nonattainment. The fol-
lowing examples illustrate how nonattain-
ment can be demonstrated when a site fails
to meet the completeness criteria. Non-
attainment of the 24-hour primary standards
can be established by the observed annual
number of exceedances (e.g., four observed
exceedances in a single year), or by the esti-
mated number of exceedances derived from
the observed number of exceedances and the
required number of scheduled samples (e.g.,
two observed exceedances with every other
day sampling). Nonattainment of the annual
standards can be demonstrated on the basis
of quarterly mean concentrations developed
from observed data combined with one-half
the minimum detectable concentration sub-
stituted for missing values. In both cases, ex-
pected annual values must exceed the levels
allowed by the standards.

2.4 Adjustment for Exceptional Events and
Trends.
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(a) An exceptional event is an uncontrol-
lable event caused by natural sources of par-
ticulate matter or an event that is not ex-
pected to recur at a given location. Inclusion
of such a value in the computation of
exceedances or averages could result in inap-
propriate estimates of their respective ex-
pected annual values. To reduce the effect of
unusual events, more than 3 years of rep-
resentative data may be used. Alternatively,
other techniques, such as the use of statis-
tical models or the use of historical data
could be considered so that the event may be
discounted or weighted according to the
likelihood that it will recur. The use of such
techniques is subject to the approval of the
appropriate Regional Administrator in ac-
cordance with EPA guidance.

(b) In cases where long-term trends in
emissions and air quality are evident, math-
ematical techniques should be applied to ac-
count for the trends to ensure that the ex-
pected annual values are not inappropriately
biased by unrepresentative data. In the sim-
plest case, if 3 years of data are available
under stable emission conditions, this data
should be used. In the event of a trend or
shift in emission patterns, either the most
recent representative year(s) could be used
or statistical techniques or models could be
used in conjunction with previous years of
data to adjust for trends. The use of less
than 3 years of data, and any adjustments
are subject to the approval of the appro-
priate Regional Administrator in accordance
with EPA guidance.

3.0 Computational Equations for the 24-hour
Standards.

3.1 Estimating Exceedances for a Year.

(a) If PMjo sampling is scheduled less fre-
quently than every day, or if some scheduled
samples are missed, a PMjo value will not be
available for each day of the year. To ac-
count for the possible effect of incomplete
data, an adjustment must be made to the
data collected at each monitoring location
to estimate the number of exceedances in a
calendar year. In this adjustment, the as-
sumption is made that the fraction of miss-
ing values that would have exceeded the
standard level is identical to the fraction of
measured values above this level. This com-
putation is to be made for all sites that are
scheduled to monitor throughout the entire
year and meet the minimum data require-
ments of section 2.3 of this appendix. Be-
cause of possible seasonal imbalance, this
adjustment shall be applied on a quarterly
basis. The estimate of the expected number
of exceedances for the quarter is equal to the
observed number of exceedances plus an in-
crement associated with the missing data.
The following equation must be used for
these computations:
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Equation 1

&=V +[(Vq/nq) X(Nq _nq)] = Vg XNg /g
where:

eq = the estimated number of exceedances for
calendar quarter q;

vq = the observed number of exceedances for
calendar quarter q;

Ng = the number of days in calendar quarter
q;

nq = the number of days in calendar quarter
q with PM;o data; and

q = the index for calendar quarter, q=1, 2, 3
or 4.

(b) The estimated number of exceedances
for a calendar quarter must be rounded to
the nearest hundredth (fractional values
equal to or greater than 0.005 must be round-
ed up).

(c) The estimated number of exceedances
for the year, e, is the sum of the estimates
for each calendar quarter.

Equation 2
4
e= Z €
g=1

(d) The estimated number of exceedances
for a single year must be rounded to one dec-
imal place (fractional values equal to or
greater than 0.05 are to be rounded up). The
expected number of exceedances is then esti-
mated by averaging the individual annual es-
timates for the most recent 3 or more rep-
resentative years of data. The expected num-
ber of exceedances must be rounded to one
decimal place (fractional values equal to or
greater than 0.05 are to be rounded up).

(e) The adjustment for incomplete data
will not be necessary for monitoring or mod-
eling data which constitutes a complete
record, i.e., 365 days per year.

(f) To reduce the potential for overesti-
mating the number of expected exceedances,
the correction for missing data will not be
required for a calendar quarter in which the
first observed exceedance has occurred if:

(1) There was only one exceedance in the
calendar quarter;

(2) Everyday sampling is subsequently ini-
tiated and maintained for 4 calendar quar-
ters in accordance with 40 CFR 58.13; and

(3) Data capture of 75 percent is achieved
during the required period of everyday sam-
pling. In addition, if the first exceedance is
observed in a calendar quarter in which the
monitor is already sampling every day, no
adjustment for missing data will be made to
the first exceedance if a 75 percent data cap-
ture rate was achieved in the quarter in
which it was observed.
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Example 1

a. During a particular calendar quarter, 39
out of a possible 92 samples were recorded,
with one observed exceedance of the 24-hour
standard. Using Equation 1, the estimated
number of exceedances for the quarter is:

€q=1x92/39=2.359 or 2.36.

b. If the estimated exceedances for the
other 3 calendar quarters in the year were
2.30, 0.0 and 0.0, then, using Equation 2, the
estimated number of exceedances for the
year is 2.36=2.30=0.0=0.0 which equals 4.66 or
4.7. If no exceedances were observed for the 2
previous years, then the expected number of
exceedances is estimated by: 1/
3)x(4.7=0=0)=1.57 or 1.6. Since 1.6 exceeds the
allowable number of expected exceedances,
this monitoring site would fail the attain-
ment test.

Example 2

In this example, everyday sampling was
initiated following the first observed exceed-
ance as required by 40 CFR 58.13. Accord-
ingly, the first observed exceedance would
not be adjusted for incomplete sampling.
During the mnext three quarters, 1.2
exceedances were estimated. In this case, the
estimated exceedances for the year would be
1.0=1.2=0.0=0.0 which equals 2.2. If, as before,
no exceedances were observed for the two
previous years, then the estimated
exceedances for the 3-year period would then
be (1/3)x(2.2=0.0=0.0)=0.7, and the monitoring
site would not fail the attainment test.

3.2 Adjustments for Non-Scheduled Sampling
Days.

(a) If a systematic sampling schedule is
used and sampling is performed on days in
addition to the days specified by the system-
atic sampling schedule, e.g., during episodes
of high pollution, then an adjustment must
be made in the eqution for the estimation of
exceedances. Such an adjustment is needed
to eliminate the bias in the estimate of the
quarterly and annual number of exceedances
that would occur if the chance of an exceed-
ance is different for scheduled than for non-
scheduled days, as would be the case with
episode sampling.

(b) The required adjustment treats the sys-
tematic sampling schedule as a stratified
sampling plan. If the period from one sched-
uled sample until the day preceding the next
scheduled sample is defined as a sampling
stratum, then there is one stratum for each
scheduled sampling day. An average number
of observed exceedances is computed for each
of these sampling strata. With nonscheduled
sampling days, the estimated number of
exceedances is defined as:
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Equation 3

my
& :(Nq/mq)szzl(vj/ki)

eq = the estimated number of exceedances for
the quarter;

Ng = the number of days in the quarter;

mq = the number of strata with samples dur-
ing the quarter;

vj = the number of observed exceedances in
stratum j; and

k; = the number of actual samples in stratum
i
(c) Note that if only one sample value is re-

corded in each stratum, then Equation 3 re-

duces to Equation 1.

Example 3

A monitoring site samples according to a
systematic sampling schedule of one sample
every 6 days, for a total of 15 scheduled sam-
ples in a quarter out of a total of 92 possible
samples. During one 6-day period, potential
episode levels of PMjo were suspected, so 5
additional samples were taken. One of the
regular scheduled samples was missed, so a
total of 19 samples in 14 sampling strata
were measured. The one 6-day sampling stra-
tum with 6 samples recorded 2 exceedances.
The remainder of the quarter with one sam-
ple per stratum recorded zero exceedances.
Using Equation 3, the estimated number of
exceedances for the quarter is:

€q=(92/14)x(2/6=0=. . .=0)=2.19.
4.0 Computational Equations for Annual
Standards.

4.1 Calculation of the Annual Arithmetic
Mean. (a) An annual arithmetic mean value
for PMj;o is determined by averaging the
quarterly means for the 4 calendar quarters
of the year. The following equation is to be
used for calculation of the mean for a cal-
endar quarter:

Equation 4

X

Mg
q= (]/ nq) X3 X
i=1
where:

Xq = the quarterly mean concentration for
quarter q, q=1, 2, 3, or 4,

ngq = the number of samples in the quarter,
and

X; = the ith concentration value recorded in
the quarter.

(b) The quarterly mean, expressed in pug/m3,
must be rounded to the nearest tenth (frac-
tional values of 0.05 should be rounded up).
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(c) The annual mean is calculated by using
the following equation:

Equation 5

(72)~

X = the annual mean; and
Xq = the mean for calendar quarter q.

»

X = Xq
1

q

(d) The average of quarterly means must
be rounded to the nearest tenth (fractional
values of 0.05 should be rounded up).

(e) The use of quarterly averages to com-
pute the annual average will not be nec-
essary for monitoring or modeling data
which results in a complete record, i.e., 365
days per year.

(f) The expected annual mean is estimated
as the average of three or more annual
means. This multi-year estimate, expressed
in pg/ms3, shall be rounded to the nearest in-
teger for comparison with the annual stand-
ard (fractional values of 0.5 should be round-
ed up).

Example 4

Using Equation 4, the quarterly means are
calculated for each calendar quarter. If the
quarterly means are 52.4, 75.3, 82.1, and 63.2
ug/m3, then the annual mean is:

X = (1/4)x(52.4="75.3=82.1=63.2) = 68.25 or 68.3.

4.2 Adjustments for Non-scheduled Sampling
Days. (a) An adjustment in the calculation of
the annual mean is needed if sampling is per-
formed on days in addition to the days speci-
fied by the systematic sampling schedule.
For the same reasons given in the discussion
of estimated exceedances, under section 3.2
of this appendix, the quarterly averages
would be calculated by using the following
equation:

Equation 6

=

where:

Xq = the quarterly mean concentration for
quarter q, q=1, 2, 3, or 4;

Xjj = the ith concentration value recorded in
stratum j;

k; = the number of actual samples in stratum
j; and

mqy = the number of strata with data in the
quarter.

mg K
X2 X
j=1 i=1

(% /%)

(b) If one sample value is recorded in each
stratum, Equation 6 reduces to a simple
arithmetic average of the observed values as
described by Equation 4.
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Example 5

a. During one calendar quarter, 9 observa-
tions were recorded. These samples were dis-
tributed among 7 sampling strata, with 3 ob-
servations in one stratum. The concentra-
tions of the 3 observations in the single stra-
tum were 202, 242, and 180 pg/m3. The remain-
ing 6 observed concentrations were 55, 68, 73,
92, 120, and 155 pg/m3. Applying the weighting
factors specified in Equation 6, the quarterly
mean is:

Xq = (U/7) x [(1/3) % (202 = 242 = 180) = 155 = 68
=173 =92 =120 = 155] = 110.1

b. Although 24-hour measurements are
rounded to the nearest 10 pg/m3 for deter-
minations of exceedances of the 24-hour
standard, note that these values are rounded
to the nearest 1 pg/m3 for the calculation of
means.

[62 FR 38712, July 18, 1997]

APPENDIX L TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION OF
FINE PARTICULATE MATTER AS PM;s
IN THE ATMOSPHERE

1.0 Applicability.

1.1 This method provides for the measure-
ment of the mass concentration of fine par-
ticulate matter having an aerodynamic di-
ameter less than or equal to a nominal 2.5
micrometers (PMzs) in ambient air over a 24-
hour period for purposes of determining
whether the primary and secondary national
ambient air quality standards for fine partic-
ulate matter specified in §50.7 of this part
are met. The measurement process is consid-
ered to be nondestructive, and the PM,5s sam-
ple obtained can be subjected to subsequent
physical or chemical analyses. Quality as-
sessment procedures are provided in part 58,
appendix A of this chapter, and quality as-
surance guidance are provided in references
1, 2, and 3 in section 13.0 of this appendix.

1.2 This method will be considered a ref-
erence method for purposes of part 58 of this
chapter only if:

(a) The associated sampler meets the re-
quirements specified in this appendix and
the applicable requirements in part 53 of this
chapter, and

(b) The method and associated sampler
have been designated as a reference method
in accordance with part 53 of this chapter.

1.3 PM,s samplers that meet nearly all
specifications set forth in this method but
have minor deviations and/or modifications
of the reference method sampler will be des-
ignated as ‘‘Class I’ equivalent methods for
PMys in accordance with part 53 of this chap-
ter.

2.0 Principle.

2.1 An electrically powered air sampler
draws ambient air at a constant volumetric
flow rate into a specially shaped inlet and
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APPENDIX M TO PART 50 [RESERVED]

APPENDIX N TO PART 50—INTERPRETA-
TION OF THE NATIONAL AMBIENT AIR
QUALITY STANDARDS FOR PM, s

1.0 GENERAL

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining when the national
ambient air quality standards (NAAQS) for
PM,s are met, specifically the primary and
secondary annual and 24-hour PM,s NAAQS
specified in §50.7, 50.13, and 50.18. PM, s is de-
fined, in general terms, as particles with an
aerodynamic diameter less than or equal to
a nominal 2.5 micrometers. PM,s mass con-
centrations are measured in the ambient air
by a Federal Reference Method (FRM) based
on appendix L of this part, as applicable, and
designated in accordance with part 53 of this
chapter; or by a Federal Equivalent Method
(FEM) designated in accordance with part 53
of this chapter; or by an Approved Regional
Method (ARM) designated in accordance
with part 58 of this chapter. Only those FRM,
FEM, and ARM measurements that are de-
rived in accordance with part 58 of this chap-
ter (i.e., that are deemed ‘‘suitable’’) shall be
used in comparisons with the PM,s NAAQS.
The data handling and computation proce-
dures to be used to construct annual and 24-
hour NAAQS metrics from reported PM,s
mass concentrations, and the associated in-
structions for comparing these calculated
metrics to the levels of the PM,s NAAQS,
are specified in sections 2.0, 3.0, and 4.0 of
this appendix.

(b) Decisions to exclude, retain, or make
adjustments to the data affected by excep-
tional events, including natural events, are
made according to the requirements and
process deadlines specified in §§50.1, 50.14 and
51.930 of this chapter.

(c) The terms used in this appendix are de-
fined as follows:

Annual mean refers to a weighted arith-
metic mean, based on quarterly means, as
defined in section 4.4 of this appendix.

The Air Quality System (AQS) is EPA’s offi-
cial repository of ambient air data.

Collocated monitors refers to two or more
air measurement instruments for the same
parameter (e.g., PM,s mass) operated at the
same site location, and whose placement is
consistent with §53.1 of this chapter. For
purposes of considering a combined site
record in this appendix, when two or more
monitors are operated at the same site, one
monitor is designated as the ‘“‘primary’’ mon-
itor with any additional monitors designated
as ‘‘collocated.” It is implicit in these appen-
dix procedures that the primary monitor and
collocated monitor(s) are all deemed suitable
for the applicable NAAQS comparison; how-
ever, it is not a requirement that the pri-
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mary and monitors utilize the same specific
sampling and analysis method.

Combined site data record is the data set
used for performing calculations in appendix
N. It represents data for the primary mon-
itors augmented with data from collocated
monitors according to the procedure speci-
fied in section 3.0(d) of this appendix.

Creditable samples are daily values in the
combined site record that are given credit
for data completeness. The number of cred-
itable samples (cn) for a given year also gov-
erns which value in the sorted series of daily
values represents the 98th percentile for that
year. Creditable samples include daily values
collected on scheduled sampling days and
valid make-up samples taken for missed or
invalidated samples on scheduled sampling
days.

Daily values refer to the 24-hour average
concentrations of PM,s mass measured (or
averaged from hourly measurements in AQS)
from midnight to midnight (local standard
time) from suitable monitors.

Data substitution tests are diagnostic eval-
uations performed on an annual PM,s
NAAQS design value (DV) or a 24-hour PM, s
NAAQS DV to determine if those metrics,
which are judged to be based on incomplete
data in accordance with 4.1(b) or 4.2(b) of this
appendix shall nevertheless be deemed valid
for NAAQS comparisons, or alternatively,
shall still be considered incomplete and not
valid for NAAQS comparisons. There are two
data substitution tests, the ‘“minimum quar-
terly value” test and the ‘“‘maximum quar-
terly value’ test. Design values (DVs) are the
3-year average NAAQS metrics that are com-
pared to the NAAQS levels to determine
when a monitoring site meets or does not
meet the NAAQS, calculated as shown in sec-
tion 4. There are two separate DVs specified
in this appendix:

(1) The 3-year average of PM,s annual
mean mass concentrations for each eligible
monitoring site is referred to as the ‘“‘annual
PM,s NAAQS DV™°.

(2) The 3-year average of annual 98th per-
centile 24-hour average PM,s mass con-
centration values recorded at each eligible
monitoring site is referred to as the ‘‘24-hour
(or daily) PM>s NAAQS DV,

Eligible sites are monitoring stations that
meet the criteria specified in §58.11 and
§58.30 of this chapter, and thus are approved
for comparison to the annual PM,s NAAQS.
For the 24-hour PM,s NAAQS, all site loca-
tions that meet the criteria specified in
§58.11 are approved (i.e., eligible) for NAAQS
comparisons.

Extra samples are non-creditable samples.
They are daily values that do not occur on
scheduled sampling days and that cannot be
used as make-up samples for missed or in-
validated scheduled samples. Extra samples
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are used in mean calculations and are in-
cluded in the series of all daily values sub-
ject to selection as a 98th percentile value,
but are not used to determine which value in
the sorted list represents the 98th percentile.

Make-up samples are samples collected to
take the place of missed or invalidated re-
quired scheduled samples. Make-up samples
can be made by either the primary or the
collocated monitor. Make-up samples are ei-
ther taken before the next required sampling
day or exactly one week after the missed (or
voided) sampling day.

The maximum quarterly value data Ssubsti-
tution test substitutes actual ‘‘high’’ reported
daily PM,s values from the same site (spe-
cifically, the highest reported non-excluded
quarterly value(s) (year non-specific) con-
tained in the combined site record for the
evaluated 3-year period) for missing daily
values.

The minimum quarterly value data substi-
tution test substitutes actual ‘‘low” reported
daily PM,s values from the same site (spe-
cifically, the lowest reported quarterly
value(s) (year non-specific) contained in the
combined site record for the evaluated 3-year
period) for missing daily values.

98th percentile is the smallest daily value
out of a year of PM,s mass monitoring data
below which no more than 98 percent of all
daily values fall using the ranking and selec-
tion method specified in section 4.5(a) of this
appendix.

Primary monitors are suitable monitors des-
ignated by a state or local agency in their
annual network plan (and in AQS) as the de-
fault data source for creating a combined
site record for purposes of NAAQS compari-
sons. If there is only one suitable monitor at
a particular site location, then it is pre-
sumed to be a primary monitor.

Quarter refers to a calendar quarter (e.g.,
January through March).

Quarterly data capture rate is the percent-
age of scheduled samples in a calendar quar-
ter that have corresponding valid reported
sample values. Quarterly data capture rates
are specifically calculated as the number of
creditable samples for the quarter divided by
the number of scheduled samples for the
quarter, the result then multiplied by 100
and rounded to the nearest integer.

Scheduled PM,s samples refers to those re-
ported daily values which are consistent
with the required sampling frequency (per
§58.12 of this chapter) for the primary mon-
itor, or those that meet the special exception
noted in section 3.0(e) of this appendix.

Seasonal sampling is the practice of col-
lecting data at a reduced frequency during a
season of expected low concentrations.

Suitable monitors are instruments that use
sampling and analysis methods approved for
NAAQS comparisons. For the annual and 24-
hour PM,s NAAQS, suitable monitors in-
clude all FRMs, and all FEMs/ARMs except

Pt. 50, App. N

those specific continuous FEMs/ARMs dis-
qualified by a particular monitoring agency
network in accordance with §58.10(b)(13) and
approved by the EPA Regional Adminis-
trator per §58.11(e) of this chapter.

Test design values (TDV) are numerical val-
ues that used in the data substitution tests
described in sections 4.1(c)(i), 4.1(c)(ii) and
4.2(c)(i) of this appendix to determine if the
PM,s NAAQS DV with incomplete data are
judged to be valid for NAAQS comparisons.
There are two TDVs: TDV i, to determine if
the NAAQS is not met and is used in the
“minimum quarterly value’” data substi-
tution test and TDV,. to determine if the
NAAQS is met and is used in the “maximum
quarterly value’” data substitution test.
These TDV’s are derived by substituting his-
torically low or historically high daily con-
centration values for missing data in an in-
complete year(s).

Year refers to a calendar year.

2.0 MONITORING CONSIDERATIONS

(a) Section 58.30 of this chapter provides
special considerations for data comparisons
to the annual PM,s NAAQS.

(b) Monitors meeting the network tech-
nical requirements detailed in §58.11 of this
chapter are suitable for comparison with the
NAAQS for PM;s.

(c) Section 58.12 of this chapter specifies
the required minimum frequency of sampling
for PM,s. Exceptions to the specified sam-
pling frequencies, such as seasonal sampling,
are subject to the approval of the EPA Re-
gional Administrator and must be docu-
mented in the state or local agency Annual
Monitoring Network Plan as required in
§58.10 of this chapter and also in AQS.

3.0 REQUIREMENTS FOR DATA USE AND DATA
REPORTING FOR COMPARISONS WITH THE
NAAQS FOR PM, 5

(a) Except as otherwise provided in this ap-
pendix, all valid FRM/FEM/ARM PM,s mass
concentration data produced by suitable
monitors that are required to be submitted
to AQS, or otherwise available to EPA,
meeting the requirements of part 58 of this
chapter including appendices A, C, and E
shall be used in the DV calculations. Gen-
erally, EPA will only use such data if they
have been certified by the reporting organi-
zation (as prescribed by §58.156 of this chap-
ter); however, data not certified by the re-
porting organization can nevertheless be
used, if the deadline for certification has
passed and EPA judges the data to be com-
plete and accurate.

(b) PM,s mass concentration data (typi-
cally collected hourly for continuous instru-
ments and daily for filter-based instruments)
shall be reported to AQS in micrograms per
cubic meter (ug/ms3) to at least one decimal
place. If concentrations are reported to one
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decimal place, additional digits to the right
of the tenths decimal place shall be trun-
cated. If concentrations are reported to AQS
with more than one decimal place, AQS will
truncate the value to one decimal place for
NAAQS usage (i.e., for implementing the
procedures in this appendix). In situations
where suitable PM,s data are available to
EPA but not reported to AQS, the same trun-
cation protocol shall be applied to that data.
In situations where PM,s mass data are sub-
mitted to AQS, or are otherwise available,
with less precision than specified above,
these data shall nevertheless still be deemed
appropriate for NAAQS usage.

(c) Twenty-four-hour average concentra-
tions will be computed in AQS from sub-
mitted hourly PM,s concentration data for
each corresponding day of the year and the
result will be stored in the first, or start,
hour (i.e., midnight, hour ‘0’) of the 24-hour
period. A 24-hour average concentration
shall be considered valid if at least 75 per-
cent of the hourly averages (i.e., 18 hourly
values) for the 24-hour period are available.
In the event that less than all 24 hourly aver-
age concentrations are available (i.e., less
than 24, but at least 18), the 24-hour average
concentration shall be computed on the basis
of the hours available using the number of
available hours within the 24-hour period as
the divisor (e.g., 19, if 19 hourly values are
available). Twenty-four-hour periods with
seven or more missing hours shall also be
considered valid if, after substituting zero
for all missing hourly concentrations, the re-
sulting 24-hour average daily value is greater
than the level of the 24-hour PM,s NAAQS
(i.e., greater than or equal to 35.5 ug/ms3).
Twenty-four hour average PM,s mass con-
centrations that are averaged in AQS from
hourly values will be truncated to one dec-
imal place, consistent with the data han-
dling procedure for the reported hourly (and
also 24-hour filter-based) data.

(d) All calculations shown in this appendix
shall be implemented on a site-level basis.
Site level concentration data shall be proc-
essed as follows:

(1) The default dataset for PM, s mass con-
centrations for a site shall consist of the
measured concentrations recorded from the
designated primary monitor(s). All daily val-
ues produced by the primary monitor are
considered part of the site record; this in-
cludes all creditable samples and all extra
samples.

(2) Data for the primary monitors shall be
augmented as much as possible with data
from collocated monitors. If a valid daily
value is not produced by the primary mon-
itor for a particular day (scheduled or other-
wise), but a value is available from a collo-
cated monitor, then that collocated value
shall be considered part of the combined site
data record. If more than one collocated
daily value is available, the average of those

40 CFR Ch. | (7-1-15 Edition)

valid collocated values shall be used as the
daily value. The data record resulting from
this procedure is referred to as the ‘‘com-
bined site data record.”

(e) All daily values in a combined site data
record are used in the calculations specified
in this appendix; however, not all daily val-
ues are given credit towards data complete-
ness requirements. Only creditable samples
are given credit for data completeness. Cred-
itable samples include daily values in the
combined site record that are collected on
scheduled sampling days and valid make-up
samples taken for missed or invalidated sam-
ples on scheduled sampling days. Days are
considered scheduled according to the re-
quired sampling frequency of the designated
primary monitor with one exception. The ex-
ception is, if a collocated continuous FEM/
ARM monitor has a more intensive sampling
frequency than the primary FRM monitor,
then samples contributed to the combined
site record from that continuous FEM/ARM
monitor are always considered scheduled
and, hence, also creditable. Daily values in
the combined site data record that are re-
ported for nonscheduled days, but that are
not valid make-up samples are referred to as
extra samples.

4.0 COMPARISONS WITH THE ANNUAL AND 24-
HOUR PM,s NAAQS

4.1 Annual PM>s NAAQS

(a) The primary annual PM.s NAAQS is
met when the annual PM,s NAAQS DV is
less than or equal to 12.0 ug/ms3 at each eligi-
ble monitoring site. The secondary annual
PM,s NAAQS is met when the annual PM,s
NAAQS DV is less than or equal to 15.0 ug/ms3
at each eligible monitoring site.

(b) Three years of valid annual means are
required to produce a valid annual PM,s
NAAQS DV. A year meets data completeness
requirements when quarterly data capture
rates for all four quarters are at least 75 per-
cent. However, years with at least 11 cred-
itable samples in each quarter shall also be
considered valid if the resulting annual
mean or resulting annual PM,s NAAQS DV
(rounded according to the conventions of sec-
tion 4.3 of this appendix) is greater than the
level of the applicable primary or secondary
annual PM,s NAAQS. Furthermore, where
the explicit 75 percent data capture and/or 11
sample minimum requirements are not met,
the 3-year annual PM,s NAAQS DV shall
still be considered valid if it passes at least
one of the two data substitution tests stipu-
lated below.

(c) In the case of one, two, or three years
that do not meet the completeness require-
ments of section 4.1(b) of this appendix and
thus would normally not be useable for the
calculation of a valid annual PM,s NAAQS
DV, the annual PM,s NAAQS DV shall never-
theless be considered valid if one of the test
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conditions specified in sections 4.1(c)(i) and
4.1(c)(ii) of this appendix is met.

(i) An annual PM,s NAAQS DV that is
above the level of the NAAQS can be vali-
dated if it passes the minimum quarterly
value data substitution test. This type of
data substitution is permitted only if there
are at least 30 days across the three quarters
of the three years under consideration (e.g.,
collectively, quarter 1 of year 1, quarter 1 of
year 2 and quarter 1 of year 3) from which to
select the quarter-specific low value. Data
substitution will be performed in all quarter
periods that have less than 11 creditable
samples.

Procedure: Identify for each deficient quar-
ter (i.e., those with less than 11 creditable
samples) the lowest reported daily value for
that quarter, looking across those three
months of all three years under consider-
ation. If after substituting the lowest re-
ported daily value for a quarter for (11— cn)
daily values in the matching deficient quar-
ter(s) (i.e., to bring the creditable number for
those quarters up to 11), the procedure yields
a recalculated annual PM,s NAAQS test DV
(TDVmin) that is greater than the level of the
standard, then the annual PM,s NAAQS DV
is deemed to have passed the diagnostic test
and is valid, and the annual PM,s NAAQS is
deemed to have been violated in that 3-year
period.

(ii) An annual PM,s NAAQS DV that is
equal to or below the level of the NAAQS can
be validated if it passes the maximum quar-
terly value data substitution test. This type
of data substitution is permitted only if
there is at least 50 percent data capture in
each quarter that is deficient of 75 percent
data capture in each of the three years under
consideration. Data substitution will be per-
formed in all quarter periods that have less
than 75 percent data capture but at least 50
percent data capture. If any quarter has less
than 50 percent data capture then this sub-
stitution test cannot be used.

Procedure: Identify for each deficient quar-
ter (i.e., those with less than 75 percent but
at least 50 percent data capture) the highest
reported daily value for that quarter, exclud-
ing state-flagged data affected by excep-
tional events which have been approved for
exclusion by the Administrator, looking
across those three quarters of all three years
under consideration. If after substituting the
highest reported daily PM, s value for a quar-
ter for all missing daily data in the match-
ing deficient quarter(s) (i.e., to make those
quarters 100 percent complete), the proce-
dure yields a recalculated annual PM,s
NAAQS test DV (TDV.) that is less than or
equal to the level of the standard, then the
annual PM,s NAAQS DV is deemed to have
passed the diagnostic test and is valid, and
the annual PM,s NAAQS is deemed to have
been met in that 3-year period.
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(d) An annual PM,s NAAQS DV based on
data that do not meet the completeness cri-
teria stated in 4(b) and also do not satisfy
the test conditions specified in section 4(c),
may also be considered valid with the ap-
proval of, or at the initiative of, the EPA Ad-
ministrator, who may consider factors such
as monitoring site closures/moves, moni-
toring diligence, the consistency and levels
of the daily values that are available, and
nearby concentrations in determining
whether to use such data.

(e) The equations for calculating the an-
nual PM,s NAAQS DVs are given in section
4.4 of this appendix.

4.2 Twenty-four-hour PM>s NAAQ@S

(a) The primary and secondary 24-hour
PM,s NAAQS are met when the 24-hour PM, 5
NAAQS DV at each eligible monitoring site
is less than or equal to 35 pg/ms3.

(b) Three years of valid annual PM,s 98th
percentile mass concentrations are required
to produce a valid 24-hour PM,s NAAQS DV.
A year meets data completeness require-
ments when quarterly data capture rates for
all four quarters are at least 75 percent.
However, years shall be considered wvalid,
notwithstanding quarters with less than
complete data (even quarters with less than
11 creditable samples, but at least one cred-
itable sample must be present for the year),
if the resulting annual 98th percentile value
or resulting 24-hour NAAQS DV (rounded ac-
cording to the conventions of section 4.3 of
this appendix) is greater than the level of the
standard. Furthermore, where the explicit 75
percent quarterly data capture requirement
is not met, the 24-hour PM,s NAAQS DV
shall still be considered valid if it passes the
maximum quarterly value data substitution
test.

(c) In the case of one, two, or three years
that do not meet the completeness require-
ments of section 4.2(b) of this appendix and
thus would normally not be useable for the
calculation of a valid 24-hour PM,s NAAQS
DV, the 24-hour PM,s NAAQS DV shall nev-
ertheless be considered valid if the test con-
ditions specified in section 4.2(c)(i) of this
appendix are met.

(i) A PM,s 24-hour mass NAAQS DV that is
equal to or below the level of the NAAQS can
be validated if it passes the maximum quar-
terly value data substitution test. This type
of data substitution is permitted only if
there is at least 50 percent data capture in
each quarter that is deficient of 75 percent
data capture in each of the three years under
consideration. Data substitution will be per-
formed in all quarters that have less than 75
percent data capture but at least 50 percent
data capture. If any quarter has less than 50
percent data capture then this substitution
test cannot be used.

Procedure: Identify for each deficient quar-
ter (i.e., those with less than 75 percent but
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at least 50 percent data capture) the highest
reported daily PM,s value for that quarter,
excluding state-flagged data affected by ex-
ceptional events which have been approved
for exclusion by the Regional Administrator,
looking across those three quarters of all
three years under consideration. If, after
substituting the highest reported daily max-
imum PM,s value for a quarter for all miss-
ing daily data in the matching deficient
quarter(s) (i.e., to make those quarters 100
percent complete), the procedure yields a re-
calculated 3-year 24-hour NAAQS test DV
(TDVmax) less than or equal to the level of
the standard, then the 24-hour PM,s NAAQS
DV is deemed to have passed the diagnostic
test and is valid, and the 24-hour PM,;s
NAAQS is deemed to have been met in that
3-year period.

(d) A 24-hour PM,s NAAQS DV based on
data that do not meet the completeness cri-
teria stated in section 4(b) of this appendix
and also do not satisfy the test conditions
specified in section 4(c) of this appendix,
may also be considered valid with the ap-
proval of, or at the initiative of, the EPA Ad-
ministrator, who may consider factors such
as monitoring site closures/moves, moni-
toring diligence, the consistency and levels
of the daily values that are available, and

Equation 1

Where:

X,y = the mean for quarter q of the year y;
n, = the number of daily values in the quar-

ter; and
Equation 2
— 1
X y -
4
Where:

}_(y = the annual mean concentration for year
y (y =1, 2, or 3); and
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nearby concentrations in determining
whether to use such data.

(e) The procedures and equations for calcu-
lating the 24-hour PM,s NAAQS DVs are
given in section 4.5 of this appendix.

4.3 Rounding Conventions. For the pur-
poses of comparing calculated PM,s NAAQS
DVs to the applicable level of the standard,
it is necessary to round the final results of
the calculations described in sections 4.4 and
4.5 of this appendix. Results for all inter-
mediate calculations shall not be rounded.

(a) Annual PM,s NAAQS DVs shall be
rounded to the nearest tenth of a pg/ms3 (deci-
mals x.xb and greater are rounded up to the
next tenth, and any decimal lower than x.x5
is rounded down to the nearest tenth).

(b) Twenty-four-hour PM,s NAAQS DVs
shall be rounded to the nearest 1 pg/m3 (deci-
mals 0.5 and greater are rounded up to the
nearest whole number, and any decimal
lower than 0.5 is rounded down to the nearest
whole number).

4.4 Equations for the Annual PM>s NAA®S.

(a) An annual mean value for PM,s is de-
termined by first averaging the daily values
of a calendar quarter using equation 1 of this
appendix:

Xj qy = the it value in quarter q for year y.

(b) Equation 2 of this appendix is then used
to calculate the site annual mean:

4
> X
g=1

X,y = the mean for quarter g of year y (result
of equation 1).
(¢c) The annual PM,s NAAQS DV is cal-
culated using equation 3 of this appendix:
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Equation 3

Y=L
3

Where:

X = the annual PM, s NAAQS DV; and
X, = the annual mean for year y (result of
equation 2)

(d) The annual PM,s NAAQS DV is rounded
according to the conventions in section 4.3 of
this appendix before comparisons with the
levels of the primary and secondary annual
PM,s NAAQS are made.

4.5 Procedures and Equations for the 24-Hour
PM>s NAAQRS

(a) When the data for a particular site and
yvear meet the data completeness require-
ments in section 4.2 of this appendix, cal-
culation of the 98th percentile is accom-
plished by the steps provided in this sub-
section. Table 1 of this appendix shall be
used to identify annual 98th percentile val-
ues.

Identification of annual 98th percentile
values using the Table 1 procedure will be
based on the creditable number of samples
(as described below), rather than on the ac-
tual number of samples. Credit will not be
granted for extra (non-creditable) samples.
Extra samples, however, are candidates for
selection as the annual 98th percentile. [The
creditable number of samples will determine
how deep to go into the data distribution,
but all samples (creditable and extra) will be
considered when making the percentile as-
signment.] The annual creditable number of
samples is the sum of the four quarterly
creditable number of samples.

Procedure: Sort all the daily values from a
particular site and year by descending value.
(For example: (x[1], x[2], x[3], * * *, x[n]). In

3.
Xy
1

y=

this case, x[1] is the largest number and x[n]
is the smallest value.) The 98th percentile
value is determined from this sorted series of
daily values which is ordered from the high-
est to the lowest number. Using the left col-
umn of Table 1, determine the appropriate
range for the annual creditable number of
samples for year y (cn,) (e.g., for 120 cred-
itable samples per year, the appropriate
range would be 101 to 150). The corresponding
“n” value in the right column identifies the
rank of the annual 98th percentile value in
the descending sorted list of site specific
daily values for year y (e.g., for the range of
101 to 150, n would be 3). Thus, Poos, y = the
nth largest value (e.g., for the range of 101 to
150, the 98th percentile value would be the
third highest value in the sorted series of
daily values.

TABLE 1

The 98th percentile for year y
(Po.0sy), is the nt» maximum
24-hour average value for the
year where n is the listed num-
ber

Annual number of creditable
samples for year y (cny)

1 to 50
51to 100 .
101 to 150
151 to 200 ...
201 to 250 ...
251 to 300 ...
301 to 350 ...
351 to 366 ...

ONOGOAON =

(b) The 24-hour PM,s NAAQS DV is then
calculated by averaging the annual 98th per-
centiles using equation 4 of this appendix:
Po,%y

Equation 4

Po.gg =

Where:
Poos = the 24-hour PM,s NAAQS DV; and
Poos, y = the annual 98th percentile for year
Yy

| S
3 ZP0.98,y

=1

(c) The 24-hour PM,s NAAQS DV is round-
ed according to the conventions in section
4.3 of this appendix before a comparison with
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the level of the primary and secondary 24-
hour NAAQS are made.

[78 FR 32717, Jan. 15, 2013]

APPENDIX O TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION OF
COARSE PARTICULATE MATTER AS
PM, o5 IN THE ATMOSPHERE

1.0 Applicability and Definition

1.1 This method provides for the measure-
ment of the mass concentration of coarse
particulate matter (PMos) in ambient air
over a 24-hour period. In conjunction with
additional analysis, this method may be used
to develop speciated data.

1.2 For the purpose of this method,
PM,0»5 is defined as particulate matter hav-
ing an aerodynamic diameter in the nominal
range of 2.5 to 10 micrometers, inclusive.

1.3 For this reference method, PMo2s
concentrations shall be measured as the
arithmetic difference between separate but
concurrent, collocated measurements of
PM,o and PM,s, where the PM,, measure-
ments are obtained with a specially approved
sampler, identified as a ‘“‘PMjo. sampler,”
that meets more demanding performance re-
quirements than conventional PM;, samplers
described in appendix J of this part. Meas-
urements obtained with a PM,,. sampler are
identified as ‘““PM,o. measurements’ to dis-
tinguish them from conventional PM;, meas-
urements obtained with conventional PM,o
samplers. ’I‘hus, PM1072_5 = PM]()C — PM2_5.

1.4 The PM,o. and PM, s gravimetric meas-
urement processes are considered to be non-
destructive, and the PM;o. and PM, s samples
obtained in the PM,o s measurement process
can be subjected to subsequent physical or
chemical analyses.

1.5 Quality assessment procedures are
provided in part 58, appendix A of this chap-
ter. The quality assurance procedures and
guidance provided in reference 1 in section 13
of this appendix, although written specifi-
cally for PM,s, are generally applicable for
PM,o., and, hence, PMio.s measurements
under this method, as well.

1.6 A method based on specific model
PM,o. and PM,s samplers will be considered
a reference method for purposes of part 58 of
this chapter only if:

(a) The PMjo. and PM,s samplers and the
associated operational procedures meet the
requirements specified in this appendix and
all applicable requirements in part 53 of this
chapter, and

(b) The method based on the specific sam-
plers and associated operational procedures
have been designated as a reference method
in accordance with part 53 of this chapter.

1.7 PM,o>s methods based on samplers
that meet nearly all specifications set forth
in this method but have one or more signifi-
cant but minor deviations or modifications
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from those specifications may be designated
as ‘‘Class I’ equivalent methods for PM o5
in accordance with part 53 of this chapter.

1.8 PM,s measurements obtained inci-
dental to the PM,o>s measurements by this
method shall be considered to have been ob-
tained with a reference method for PM,s in
accordance with appendix L of this part.

1.9 PM,o. measurements obtained inci-
dental to the PM,p»s measurements by this
method shall be considered to have been ob-
tained with a reference method for PM,, in
accordance with appendix J of this part, pro-
vided that:

(a) The PM;o. measurements are adjusted
to EPA reference conditions (25 °C and 760
millimeters of mercury), and

(b) Such PM,o. measurements are appro-
priately identified to differentiate them
from PM,, measurements obtained with
other (conventional) methods for PM,, des-
ignated in accordance with part 53 of this
chapter as reference or equivalent methods
for PM,.

2.0 Principle

2.1 Separate, collocated, electrically pow-
ered air samplers for PM,o. and PM, s concur-
rently draw ambient air at identical, con-
stant volumetric flow rates into specially
shaped inlets and through one or more iner-
tial particle size separators where the sus-
pended particulate matter in the PM,, or
PM., s size range, as applicable, is separated
for collection on a polytetrafluoroethylene
(PTFE) filter over the specified sampling pe-
riod. The air samplers and other aspects of
this PM,os reference method are specified
either explicitly in this appendix or by ref-
erence to other applicable regulations or
quality assurance guidance.

2.2 Each PM;,. and PM,s sample collec-
tion filter is weighed (after moisture and
temperature conditioning) before and after
sample collection to determine the net
weight (mass) gain due to collected PM,o. or
PM,s. The total volume of air sampled by
each sampler is determined by the sampler
from the measured flow rate at local ambi-
ent temperature and pressure and the sam-
pling time. The mass concentrations of both
PMjo. and PM,s in the ambient air are com-
puted as the total mass of collected particles
in the PM,, or PM,s size range, as appro-
priate, divided by the total volume of air
sampled by the respective samplers, and ex-
pressed in micrograms per cubic meter (ug/
m3)at local temperature and pressure condi-
tions. The mass concentration of PMip»s is
determined as the PM,o. concentration value
less the corresponding, concurrently meas-
ured PM, s concentration value.

2.3 Most requirements for PM,p.s ref-
erence methods are similar or identical to
the requirements for PM,s reference meth-
ods as set forth in appendix L. to this part.
To insure uniformity, applicable appendix L
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