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40 CFR Ch. I (7–1–16 Edition) § 50.1 

AMBIENT AIR QUALITY STANDARDS FOR 
OZONE 

AUTHORITY: 42 U.S.C. 7401, et seq. 

SOURCE: 36 FR 22384, Nov. 25, 1971, unless 
otherwise noted. 

§ 50.1 Definitions. 
(a) As used in this part, all terms not 

defined herein shall have the meaning 
given them by the Act. 

(b) Act means the Clean Air Act, as 
amended (42 U.S.C. 1857–18571, as 
amended by Pub. L. 91–604). 

(c) Agency means the Environmental 
Protection Agency. 

(d) Administrator means the Adminis-
trator of the Environmental Protection 
Agency. 

(e) Ambient air means that portion of 
the atmosphere, external to buildings, 
to which the general public has access. 

(f) Reference method means a method 
of sampling and analyzing the ambient 
air for an air pollutant that is specified 
as a reference method in an appendix 
to this part, or a method that has been 
designated as a reference method in ac-
cordance with part 53 of this chapter; it 
does not include a method for which a 
reference method designation has been 
cancelled in accordance with § 53.11 or 
§ 53.16 of this chapter. 

(g) Equivalent method means a method 
of sampling and analyzing the ambient 
air for an air pollutant that has been 
designated as an equivalent method in 
accordance with part 53 of this chapter; 
it does not include a method for which 
an equivalent method designation has 
been cancelled in accordance with 
§ 53.11 or § 53.16 of this chapter. 

(h) Traceable means that a local 
standard has been compared and cer-
tified either directly or via not more 
than one intermediate standard, to a 
primary standard such as a National 
Bureau of Standards Standard Ref-
erence Material (NBS SRM), or a 
USEPA/NBS-approved Certified Ref-
erence Material (CRM). 

(i) Indian country is as defined in 18 
U.S.C. 1151. 

(j) Exceptional event means an event 
that affects air quality, is not reason-
ably controllable or preventable, is an 
event caused by human activity that is 
unlikely to recur at a particular loca-
tion or a natural event, and is deter-
mined by the Administrator in accord-

ance with 40 CFR 50.14 to be an excep-
tional event. It does not include stag-
nation of air masses or meteorological 
inversions, a meteorological event in-
volving high temperatures or lack of 
precipitation, or air pollution relating 
to source noncompliance. 

(k) Natural event means an event in 
which human activity plays little or no 
direct causal role. 

(l) Exceedance with respect to a na-
tional ambient air quality standard 
means one occurrence of a measured or 
modeled concentration that exceeds 
the specified concentration level of 
such standard for the averaging period 
specified by the standard. 

[36 FR 22384, Nov. 25, 1971, as amended at 41 
FR 11253, Mar. 17, 1976; 48 FR 2529, Jan. 20, 
1983; 63 FR 7274, Feb. 12, 1998; 72 FR 13580, 
Mar. 22, 2007] 

§ 50.2 Scope. 

(a) National primary and secondary 
ambient air quality standards under 
section 109 of the Act are set forth in 
this part. 

(b) National primary ambient air 
quality standards define levels of air 
quality which the Administrator 
judges are necessary, with an adequate 
margin of safety, to protect the public 
health. National secondary ambient air 
quality standards define levels of air 
quality which the Administrator 
judges necessary to protect the public 
welfare from any known or anticipated 
adverse effects of a pollutant. Such 
standards are subject to revision, and 
additional primary and secondary 
standards may be promulgated as the 
Administrator deems necessary to pro-
tect the public health and welfare. 

(c) The promulgation of national pri-
mary and secondary ambient air qual-
ity standards shall not be considered in 
any manner to allow significant dete-
rioration of existing air quality in any 
portion of any State or Indian country. 

(d) The proposal, promulgation, or re-
vision of national primary and sec-
ondary ambient air quality standards 
shall not prohibit any State or Indian 
country from establishing ambient air 
quality standards for that State or 
area under a tribal CAA program or 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00016 Fmt 8010 Sfmt 8010 Y:\SGML\238152.XXX 238152eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



7 

Environmental Protection Agency § 50.5 

any portion thereof which are more 
stringent than the national standards. 

[36 FR 22384, Nov. 25, 1971, as amended at 63 
FR 7274, Feb. 12, 1998] 

§ 50.3 Reference conditions. 
All measurements of air quality that 

are expressed as mass per unit volume 
(e.g., micrograms per cubic meter) 
other than for particulate matter 
(PM2.5) standards contained in §§ 50.7, 
50.13, and 50.18, and lead standards con-
tained in § 50.16 shall be corrected to a 
reference temperature of 25 (deg) C and 
a reference pressure of 760 millimeters 
of mercury (1,013.2 millibars). Measure-
ments of PM2.5 for purposes of compari-
son to the standards contained in 
§§ 50.7, 50.13, and 50.18, and of lead for 
purposes of comparison to the stand-
ards contained in § 50.16 shall be re-
ported based on actual ambient air vol-
ume measured at the actual ambient 
temperature and pressure at the moni-
toring site during the measurement pe-
riod. 

[78 FR 3277, Jan. 15, 2013] 

§ 50.4 National primary ambient air 
quality standards for sulfur oxides 
(sulfur dioxide). 

(a) The level of the annual standard 
is 0.030 parts per million (ppm), not to 
be exceeded in a calendar year. The an-
nual arithmetic mean shall be rounded 
to three decimal places (fractional 
parts equal to or greater than 0.0005 
ppm shall be rounded up). 

(b) The level of the 24-hour standard 
is 0.14 parts per million (ppm), not to 
be exceeded more than once per cal-
endar year. The 24-hour averages shall 
be determined from successive non-
overlapping 24-hour blocks starting at 
midnight each calendar day and shall 
be rounded to two decimal places (frac-
tional parts equal to or greater than 
0.005 ppm shall be rounded up). 

(c) Sulfur oxides shall be measured in 
the ambient air as sulfur dioxide by the 
reference method described in appendix 
A to this part or by an equivalent 
method designated in accordance with 
part 53 of this chapter. 

(d) To demonstrate attainment, the 
annual arithmetic mean and the sec-
ond-highest 24-hour averages must be 
based upon hourly data that are at 

least 75 percent complete in each cal-
endar quarter. A 24-hour block average 
shall be considered valid if at least 75 
percent of the hourly averages for the 
24-hour period are available. In the 
event that only 18, 19, 20, 21, 22, or 23 
hourly averages are available, the 24- 
hour block average shall be computed 
as the sum of the available hourly 
averages using 18, 19, etc. as the divi-
sor. If fewer than 18 hourly averages 
are available, but the 24-hour average 
would exceed the level of the standard 
when zeros are substituted for the 
missing values, subject to the rounding 
rule of paragraph (b) of this section, 
then this shall be considered a valid 24- 
hour average. In this case, the 24-hour 
block average shall be computed as the 
sum of the available hourly averages 
divided by 24. 

(e) The standards set forth in this 
section will remain applicable to all 
areas notwithstanding the promulga-
tion of SO2 national ambient air qual-
ity standards (NAAQS) in § 50.17. The 
SO2 NAAQS set forth in this section 
will no longer apply to an area one 
year after the effective date of the des-
ignation of that area, pursuant to sec-
tion 107 of the Clean Air Act, for the 
SO2 NAAQS set forth in § 50.17; except 
that for areas designated nonattain-
ment for the SO2 NAAQS set forth in 
this section as of the effective date of 
§ 50.17, and areas not meeting the re-
quirements of a SIP call with respect 
to requirements for the SO2 NAAQS set 
forth in this section, the SO2 NAAQS 
set forth in this section will apply 
until that area submits, pursuant to 
section 191 of the Clean Air Act, and 
EPA approves, an implementation plan 
providing for attainment of the SO2 
NAAQS set forth in § 50.17. 

[61 FR 25579, May 22, 1996, as amended at 75 
FR 35592, June 22, 2010] 

§ 50.5 National secondary ambient air 
quality standard for sulfur oxides 
(sulfur dioxide). 

(a) The level of the 3-hour standard is 
0.5 parts per million (ppm), not to be 
exceeded more than once per calendar 
year. The 3-hour averages shall be de-
termined from successive nonoverlap-
ping 3-hour blocks starting at midnight 
each calendar day and shall be rounded 
to 1 decimal place (fractional parts 
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40 CFR Ch. I (7–1–16 Edition) § 50.6 

equal to or greater than 0.05 ppm shall 
be rounded up). 

(b) Sulfur oxides shall be measured in 
the ambient air as sulfur dioxide by the 
reference method described in appendix 
A of this part or by an equivalent 
method designated in accordance with 
part 53 of this chapter. 

(c) To demonstrate attainment, the 
second-highest 3-hour average must be 
based upon hourly data that are at 
least 75 percent complete in each cal-
endar quarter. A 3-hour block average 
shall be considered valid only if all 
three hourly averages for the 3-hour 
period are available. If only one or two 
hourly averages are available, but the 
3-hour average would exceed the level 
of the standard when zeros are sub-
stituted for the missing values, subject 
to the rounding rule of paragraph (a) of 
this section, then this shall be consid-
ered a valid 3-hour average. In all 
cases, the 3-hour block average shall be 
computed as the sum of the hourly 
averages divided by 3. 

[61 FR 25580, May 22, 1996] 

§ 50.6 National primary and secondary 
ambient air quality standards for 
PM 10. 

(a) The level of the national primary 
and secondary 24-hour ambient air 
quality standards for particulate mat-
ter is 150 micrograms per cubic meter 
(μg/m3), 24-hour average concentration. 
The standards are attained when the 
expected number of days per calendar 
year with a 24-hour average concentra-
tion above 150 μg/m3, as determined in 
accordance with appendix K to this 
part, is equal to or less than one. 

(b) [Reserved] 
(c) For the purpose of determining 

attainment of the primary and sec-
ondary standards, particulate matter 
shall be measured in the ambient air as 
PM10 (particles with an aerodynamic 
diameter less than or equal to a nomi-
nal 10 micrometers) by: 

(1) A reference method based on ap-
pendix J and designated in accordance 
with part 53 of this chapter, or 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 

[52 FR 24663, July 1, 1987, as amended at 62 
FR 38711, July 18, 1997; 65 FR 80779, Dec. 22, 
2000; 71 FR 61224, Oct. 17, 2006] 

§ 50.7 National primary and secondary 
ambient air quality standards for 
PM2.5. 

(a) The national primary and sec-
ondary ambient air quality standards 
for particulate matter are 15.0 
micrograms per cubic meter (μg/m3) an-
nual arithmetic mean concentration, 
and 65 μg/m3 24-hour average concentra-
tion measured in the ambient air as 
PM2.5 (particles with an aerodynamic 
diameter less than or equal to a nomi-
nal 2.5 micrometers) by either: 

(1) A reference method based on ap-
pendix L of this part and designated in 
accordance with part 53 of this chapter; 
or 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 

(b) The annual primary and sec-
ondary PM2.5 standards are met when 
the annual arithmetic mean concentra-
tion, as determined in accordance with 
appendix N of this part, is less than or 
equal to 15.0 micrograms per cubic 
meter. 

(c) The 24-hour primary and sec-
ondary PM2.5 standards are met when 
the 98th percentile 24-hour concentra-
tion, as determined in accordance with 
appendix N of this part, is less than or 
equal to 65 micrograms per cubic 
meter. 

[62 FR 38711, July 18, 1997, as amended at 69 
FR 45595, July 30, 2004] 

§ 50.8 National primary ambient air 
quality standards for carbon mon-
oxide. 

(a) The national primary ambient air 
quality standards for carbon monoxide 
are: 

(1) 9 parts per million (10 milligrams 
per cubic meter) for an 8-hour average 
concentration not to be exceeded more 
than once per year and 

(2) 35 parts per million (40 milligrams 
per cubic meter) for a 1-hour average 
concentration not to be exceeded more 
than once per year. 

(b) The levels of carbon monoxide in 
the ambient air shall be measured by: 

(1) A reference method based on ap-
pendix C and designated in accordance 
with part 53 of this chapter, or 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 
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Environmental Protection Agency § 50.11 

(c) An 8-hour average shall be consid-
ered valid if at least 75 percent of the 
hourly average for the 8-hour period 
are available. In the event that only 
six (or seven) hourly averages are 
available, the 8-hour average shall be 
computed on the basis of the hours 
available using six (or seven) as the di-
visor. 

(d) When summarizing data for 
comparision with the standards, aver-
ages shall be stated to one decimal 
place. Comparison of the data with the 
levels of the standards in parts per mil-
lion shall be made in terms of integers 
with fractional parts of 0.5 or greater 
rounding up. 

[50 FR 37501, Sept. 13, 1985] 

§ 50.9 National 1-hour primary and 
secondary ambient air quality 
standards for ozone. 

(a) The level of the national 1-hour 
primary and secondary ambient air 
quality standards for ozone measured 
by a reference method based on appen-
dix D to this part and designated in ac-
cordance with part 53 of this chapter, is 
0.12 parts per million (235 μg/m3). The 
standard is attained when the expected 
number of days per calendar year with 
maximum hourly average concentra-
tions above 0.12 parts per million (235 
μg/m3) is equal to or less than 1, as de-
termined by appendix H to this part. 

(b) The 1-hour standards set forth in 
this section will remain applicable to 
all areas notwithstanding the promul-
gation of 8-hour ozone standards under 
§ 50.10. The 1-hour NAAQS set forth in 
paragraph (a) of this section will no 
longer apply to an area one year after 
the effective date of the designation of 
that area for the 8-hour ozone NAAQS 
pursuant to section 107 of the Clean Air 
Act. Area designations and classifica-
tions with respect to the 1-hour stand-
ards are codified in 40 CFR part 81. 

[62 FR 38894, July 18, 1997, as amended at 65 
FR 45200, July 20, 2000; 68 FR 38163, June 26, 
2003, 69 FR 23996, Apr. 30, 2004; 77 FR 28441, 
May 14, 2012] 

§ 50.10 National 8-hour primary and 
secondary ambient air quality 
standards for ozone. 

(a) The level of the national 8-hour 
primary and secondary ambient air 
quality standards for ozone, measured 

by a reference method based on appen-
dix D to this part and designated in ac-
cordance with part 53 of this chapter, is 
0.08 parts per million (ppm), daily max-
imum 8-hour average. 

(b) The 8-hour primary and secondary 
ozone ambient air quality standards 
are met at an ambient air quality mon-
itoring site when the average of the an-
nual fourth-highest daily maximum 8- 
hour average ozone concentration is 
less than or equal to 0.08 ppm, as deter-
mined in accordance with appendix I to 
this part. 

(c) Until the effective date of the 
final Implementation of the 2008 Na-
tional Ambient Air Quality Standards 
for Ozone: State Implementation Plan 
Requirements Rule (final SIP Require-
ments Rule) to be codified at 40 CFR 
51.1100 et seq., the 1997 ozone NAAQS set 
forth in this section will continue in ef-
fect, notwithstanding the promulga-
tion of the 2008 ozone NAAQS under 
§ 50.15. The 1997 ozone NAAQS set forth 
in this section will no longer apply 
upon the effective date of the final SIP 
Requirements Rule. For purposes of 
the anti-backsliding requirements of 
§ 51.1105, § 51.165 and Appendix S to part 
51, the area designations and classifica-
tions with respect to the revoked 1997 
ozone NAAQS are codified in 40 CFR 
part 81. 

[62 FR 38894, July 18, 1997, as amended at 77 
FR 30170, May 21, 2012; 80 FR 12312, Mar. 6, 
2015] 

§ 50.11 National primary and sec-
ondary ambient air quality stand-
ards for oxides of nitrogen (with ni-
trogen dioxide as the indicator). 

(a) The level of the national primary 
annual ambient air quality standard 
for oxides of nitrogen is 53 parts per 
billion (ppb, which is 1 part in 
1,000,000,000), annual average con-
centration, measured in the ambient 
air as nitrogen dioxide. 

(b) The level of the national primary 
1-hour ambient air quality standard for 
oxides of nitrogen is 100 ppb, 1-hour av-
erage concentration, measured in the 
ambient air as nitrogen dioxide. 

(c) The level of the national sec-
ondary ambient air quality standard 
for nitrogen dioxide is 0.053 parts per 
million (100 micrograms per cubic 
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40 CFR Ch. I (7–1–16 Edition) § 50.12 

meter), annual arithmetic mean con-
centration. 

(d) The levels of the standards shall 
be measured by: 

(1) A reference method based on ap-
pendix F to this part; or 

(2) By a Federal equivalent method 
(FEM) designated in accordance with 
part 53 of this chapter. 

(e) The annual primary standard is 
met when the annual average con-
centration in a calendar year is less 
than or equal to 53 ppb, as determined 
in accordance with appendix S of this 
part for the annual standard. 

(f) The 1-hour primary standard is 
met when the three-year average of the 
annual 98th percentile of the daily 
maximum 1-hour average concentra-
tion is less than or equal to 100 ppb, as 
determined in accordance with appen-
dix S of this part for the 1-hour stand-
ard. 

(g) The secondary standard is at-
tained when the annual arithmetic 
mean concentration in a calendar year 
is less than or equal to 0.053 ppm, 
rounded to three decimal places (frac-
tional parts equal to or greater than 
0.0005 ppm must be rounded up). To 
demonstrate attainment, an annual 
mean must be based upon hourly data 
that are at least 75 percent complete or 
upon data derived from manual meth-
ods that are at least 75 percent com-
plete for the scheduled sampling days 
in each calendar quarter. 

[75 FR 6531, Feb. 9, 2010] 

§ 50.12 National primary and sec-
ondary ambient air quality stand-
ards for lead. 

(a) National primary and secondary 
ambient air quality standards for lead 
and its compounds, measured as ele-
mental lead by a reference method 
based on appendix G to this part, or by 
an equivalent method, are: 1.5 
micrograms per cubic meter, maximum 
arithmetic mean averaged over a cal-
endar quarter. 

(b) The standards set forth in this 
section will remain applicable to all 
areas notwithstanding the promulga-
tion of lead national ambient air qual-
ity standards (NAAQS) in § 50.16. The 
lead NAAQS set forth in this section 
will no longer apply to an area one 
year after the effective date of the des-

ignation of that area, pursuant to sec-
tion 107 of the Clean Air Act, for the 
lead NAAQS set forth in § 50.16; except 
that for areas designated nonattain-
ment for the lead NAAQS set forth in 
this section as of the effective date of 
§ 50.16, the lead NAAQS set forth in this 
section will apply until that area sub-
mits, pursuant to section 191 of the 
Clean Air Act, and EPA approves, an 
implementation plan providing for at-
tainment and/or maintenance of the 
lead NAAQS set forth in § 50.16. 

(Secs. 109, 301(a) Clean Air Act as amended 
(42 U.S.C. 7409, 7601(a))) 

[43 FR 46258, Oct. 5, 1978, as amended at 73 FR 
67051, Nov. 12, 2008] 

§ 50.13 National primary and sec-
ondary ambient air quality stand-
ards for PM2.5. 

(a) The national primary and sec-
ondary ambient air quality standards 
for particulate matter are 15.0 
micrograms per cubic meter (μg/m3) an-
nual arithmetic mean concentration, 
and 35 μg/m3 24-hour average concentra-
tion measured in the ambient air as 
PM2.5 (particles with an aerodynamic 
diameter less than or equal to a nomi-
nal 2.5 micrometers) by either: 

(1) A reference method based on ap-
pendix L of this part and designated in 
accordance with part 53 of this chapter; 
or 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 

(b) The annual primary and sec-
ondary PM2.5 standards are met when 
the annual arithmetic mean concentra-
tion, as determined in accordance with 
appendix N of this part, is less than or 
equal to 15.0 μg/m3. 

(c) The 24-hour primary and sec-
ondary PM2.5 standards are met when 
the 98th percentile 24-hour concentra-
tion, as determined in accordance with 
appendix N of this part, is less than or 
equal to 35 μg/m3. 

[71 FR 61224, Oct. 17, 2006] 

§ 50.14 Treatment of air quality moni-
toring data influenced by excep-
tional events. 

(a) Requirements. (1) A State may re-
quest EPA to exclude data showing 
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Environmental Protection Agency § 50.14 

exceedances or violations of the na-
tional ambient air quality standard 
that are directly due to an exceptional 
event from use in determinations by 
demonstrating to EPA’s satisfaction 
that such event caused a specific air 
pollution concentration at a particular 
air quality monitoring location. 

(2) Demonstration to justify data ex-
clusion may include any reliable and 
accurate data, but must demonstrate a 
clear causal relationship between the 
measured exceedance or violation of 
such standard and the event in accord-
ance with paragraph (c)(3)(iv) of this 
section. 

(b) Determinations by EPA. (1) EPA 
shall exclude data from use in deter-
minations of exceedances and NAAQS 
violations where a State demonstrates 
to EPA’s satisfaction that an excep-
tional event caused a specific air pollu-
tion concentration in excess of one or 
more national ambient air quality 
standards at a particular air quality 
monitoring location and otherwise sat-
isfies the requirements of this section. 

(2) EPA shall exclude data from use 
in determinations of exceedances and 
NAAQS violations where a State dem-
onstrates to EPA’s satisfaction that 
emissions from fireworks displays 
caused a specific air pollution con-
centration in excess of one or more na-
tional ambient air quality standards at 
a particular air quality monitoring lo-
cation and otherwise satisfies the re-
quirements of this section. Such data 
will be treated in the same manner as 
exceptional events under this rule, pro-
vided a State demonstrates that such 
use of fireworks is significantly inte-
gral to traditional national, ethnic, or 
other cultural events including, but 
not limited to July Fourth celebra-
tions which satisfy the requirements of 
this section. 

(3) EPA shall exclude data from use 
in determinations of exceedances and 
NAAQS violations, where a State dem-
onstrates to EPA’s satisfaction that 
emissions from prescribed fires caused 
a specific air pollution concentration 
in excess of one or more national ambi-
ent air quality standards at a par-
ticular air quality monitoring location 
and otherwise satisfies the require-
ments of this section provided that 
such emissions are from prescribed 

fires that EPA determines meets the 
definition in § 50.1(j), and provided that 
the State has certified to EPA that it 
has adopted and is implementing a 
Smoke Management Program or the 
State has ensured that the burner em-
ployed basic smoke management prac-
tices. If an exceptional event occurs 
using the basic smoke management 
practices approach, the State must un-
dertake a review of its approach to en-
sure public health is being protected 
and must include consideration of de-
velopment of a SMP. 

(4) [Reserved] 
(c) Schedules and Procedures. (1) Pub-

lic notification. 
(i) All States and, where applicable, 

their political subdivisions must notify 
the public promptly whenever an event 
occurs or is reasonably anticipated to 
occur which may result in the exceed-
ance of an applicable air quality stand-
ard. 

(ii) [Reserved] 
(2) Flagging of data. 
(i) A State shall notify EPA of its in-

tent to exclude one or more measured 
exceedances of an applicable ambient 
air quality standard as being due to an 
exceptional event by placing a flag in 
the appropriate field for the data 
record of concern which has been sub-
mitted to the AQS database. 

(ii) Flags placed on data in accord-
ance with this section shall be deemed 
informational only, and the data shall 
not be excluded from determinations 
with respect to exceedances or viola-
tions of the national ambient air qual-
ity standards unless and until, fol-
lowing the State’s submittal of its 
demonstration pursuant to paragraph 
(c)(3) of this section and EPA review, 
EPA notifies the State of its concur-
rence by placing a concurrence flag in 
the appropriate field for the data 
record in the AQS database. 

(iii) Flags placed on data as being due 
to an exceptional event together with 
an initial description of the event shall 
be submitted to EPA not later than 
July 1st of the calendar year following 
the year in which the flagged measure-
ment occurred, except as allowed under 
paragraph (c)(2)(vi) of this section. 

(iv)–(v) [Reserved] 
(vi) Table 1 identifies the data sub-

mission process for a new or revised 
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NAAQS. This process shall apply to 
those data that will or may influence 

the initial designation of areas for any 
new or revised NAAQS. 

TABLE 1—SCHEDULE FOR FLAGGING AND DOCUMENTATION SUBMISSION FOR DATA INFLUENCED BY 
EXCEPTIONAL EVENTS FOR USE IN INITIAL AREA DESIGNATIONS 

Exceptional events/regulatory action Exceptional events deadline schedule d 

Flagging and initial event description deadline for 
data years 1, 2 and 3.a.

If state and tribal initial designation recommendations for a new/revised 
NAAQS are due August through January, then the flagging and initial 
event description deadline will be the July 1 prior to the recommendation 
deadline. If state and tribal recommendations for a new/revised NAAQS 
are due February through July, then the flagging and initial event descrip-
tion deadline will be the January 1 prior to the recommendation deadline. 

Exceptional events demonstration submittal dead-
line for data years 1, 2 and 3.a.

No later than the date that state and tribal recommendations are due to 
EPA. 

Flagging, initial event description and exceptional 
events demonstration submittal deadline for 
data year 4 b and, where applicable, data year 
5.c.

By the last day of the month that is 1 year and 7 months after promulgation 
of a new/revised NAAQS, unless either option a or b applies. 

a. If the EPA follows a 3-year designation schedule, the deadline is 2 years 
and 7 months after promulgation of a new/revised NAAQS. 

b. If the EPA notifies the state/tribe that it intends to complete the initial 
area designations process according to a schedule between 2 and 3 
years, the deadline is 5 months prior to the date specified for final des-
ignations decisions in such EPA notification. 

a Where data years 1, 2, and 3 are those years expected to be considered in state and tribal recommendations. 
b Where data year 4 is the additional year of data that the EPA may consider when it makes final area designations for a new/ 

revised NAAQS under the standard designations schedule. 
c Where data year 5 is the additional year of data that the EPA may consider when it makes final area designations for a new/ 

revised NAAQS under an extended designations schedule. 
d The date by which air agencies must certify their ambient air quality monitoring data in AQS is annually on May 1 of the year 

following the year of data collection as specified in 40 CFR 58.15(a)(2). In some cases, however, air agencies may choose to 
certify a prior year’s data in advance of May 1 of the following year, particularly if the EPA has indicated its intent to promulgate 
final designations in the first 8 months of the calendar year. Data flagging, initial event description and exceptional events dem-
onstration deadlines for ‘‘early certified’’ data will follow the deadlines for ‘‘year 4’’ and ‘‘year 5’’ data. 

(3) Submission of demonstrations. (i) 
Except as allowed under paragraph 
(c)(2)(vi) of this section, a State that 
has flagged data as being due to an ex-
ceptional event and is requesting ex-
clusion of the affected measurement 
data shall, after notice and oppor-
tunity for public comment, submit a 
demonstration to justify data exclu-
sion to EPA not later than the lesser of 
3 years following the end of the cal-
endar quarter in which the flagged con-
centration was recorded or 12 months 
prior to the date that a regulatory de-
cision must be made by EPA. A State 
must submit the public comments it 
received along with its demonstration 
to EPA. 

(ii)–(iii) [Reserved] 
(iv) The demonstration to justify 

data exclusion shall provide evidence 
that: 

(A) The event satisfies the criteria 
set forth in 40 CFR 50.1(j); 

(B) There is a clear causal relation-
ship between the measurement under 
consideration and the event that is 
claimed to have affected the air qual-
ity in the area; 

(C) The event is associated with a 
measured concentration in excess of 
normal historical fluctuations, includ-
ing background; and 

(D) There would have been no exceed-
ance or violation but for the event. 

(v) With the submission of the dem-
onstration, the State must document 
that the public comment process was 
followed. 

[72 FR 13580, Mar. 22, 2007; 72 FR 28612, May 
22, 2007; 73 FR 67051, Nov. 12, 2008; 74 FR 70598, 
Nov. 21, 2008; 74 FR 23312, May 19, 2009; 75 FR 
6531, Feb. 9, 2010; 75 FR 35592, June 22, 2010; 78 
FR 3277, Jan. 15, 2013; 80 FR 65452, Oct. 26, 
2015] 

§ 50.15 National primary and sec-
ondary ambient air quality stand-
ards for ozone. 

(a) The level of the national 8-hour 
primary and secondary ambient air 
quality standards for ozone (O3) is 0.075 
parts per million (ppm), daily max-
imum 8-hour average, measured by a 
reference method based on appendix D 
to this part and designated in accord-
ance with part 53 of this chapter or an 
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equivalent method designated in ac-
cordance with part 53 of this chapter. 

(b) The 8-hour primary and secondary 
O3 ambient air quality standards are 
met at an ambient air quality moni-
toring site when the 3-year average of 
the annual fourth-highest daily max-
imum 8-hour average O3 concentration 
is less than or equal to 0.075 ppm, as de-
termined in accordance with appendix 
P to this part. 

[73 FR 16511, Mar. 27, 2008] 

§ 50.16 National primary and sec-
ondary ambient air quality stand-
ards for lead. 

(a) The national primary and sec-
ondary ambient air quality standards 
for lead (Pb) and its compounds are 0.15 
micrograms per cubic meter, arith-
metic mean concentration over a 3- 
month period, measured in the ambient 
air as Pb either by: 

(1) A reference method based on ap-
pendix G of this part and designated in 
accordance with part 53 of this chapter 
or; 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 

(b) The national primary and sec-
ondary ambient air quality standards 
for Pb are met when the maximum 
arithmetic 3-month mean concentra-
tion for a 3-year period, as determined 
in accordance with appendix R of this 
part, is less than or equal to 0.15 
micrograms per cubic meter. 

[73 FR 67052, Nov. 12, 2008] 

§ 50.17 National primary ambient air 
quality standards for sulfur oxides 
(sulfur dioxide). 

(a) The level of the national primary 
1-hour annual ambient air quality 
standard for oxides of sulfur is 75 parts 
per billion (ppb, which is 1 part in 
1,000,000,000), measured in the ambient 
air as sulfur dioxide (SO2). 

(b) The 1-hour primary standard is 
met at an ambient air quality moni-
toring site when the three-year average 
of the annual (99th percentile) of the 
daily maximum 1-hour average con-
centrations is less than or equal to 75 
ppb, as determined in accordance with 
appendix T of this part. 

(c) The level of the standard shall be 
measured by a reference method based 

on appendix A or A–1 of this part, or by 
a Federal Equivalent Method (FEM) 
designated in accordance with part 53 
of this chapter. 

[75 FR 35592, June 22, 2010] 

§ 50.18 National primary ambient air 
quality standards for PM2.5. 

(a) The national primary ambient air 
quality standards for PM2.5 are 12.0 
micrograms per cubic meter (μg/m3) an-
nual arithmetic mean concentration 
and 35 μg/m3 24-hour average concentra-
tion measured in the ambient air as 
PM2.5 (particles with an aerodynamic 
diameter less than or equal to a nomi-
nal 2.5 micrometers) by either: 

(1) A reference method based on ap-
pendix L to this part and designated in 
accordance with part 53 of this chapter; 
or 

(2) An equivalent method designated 
in accordance with part 53 of this chap-
ter. 

(b) The primary annual PM2.5 stand-
ard is met when the annual arithmetic 
mean concentration, as determined in 
accordance with appendix N of this 
part, is less than or equal to 12.0 μg/m3. 

(c) The primary 24-hour PM2.5 stand-
ard is met when the 98th percentile 24- 
hour concentration, as determined in 
accordance with appendix N of this 
part, is less than or equal to 35 μg/m3. 

[78 FR 3277, Jan. 15, 2013] 

§ 50.19 National primary and sec-
ondary ambient air quality stand-
ards for ozone. 

(a) The level of the national 8-hour 
primary ambient air quality standard 
for ozone (O3) is 0.070 parts per million 
(ppm), daily maximum 8-hour average, 
measured by a reference method based 
on appendix D to this part and des-
ignated in accordance with part 53 of 
this chapter or an equivalent method 
designated in accordance with part 53 
of this chapter. 

(b) The 8-hour primary O3 ambient 
air quality standard is met at an ambi-
ent air quality monitoring site when 
the 3-year average of the annual 
fourth-highest daily maximum 8-hour 
average O3 concentration is less than 
or equal to 0.070 ppm, as determined in 
accordance with appendix U to this 
part. 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00023 Fmt 8010 Sfmt 8010 Y:\SGML\238152.XXX 238152eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



14 

40 CFR Ch. I (7–1–16 Edition) Pt. 50, App. A–1 

(c) The level of the national sec-
ondary ambient air quality standard 
for O3 is 0.070 ppm, daily maximum 8- 
hour average, measured by a reference 
method based on appendix D to this 
part and designated in accordance with 
part 53 of this chapter or an equivalent 
method designated in accordance with 
part 53 of this chapter. 

(d) The 8-hour secondary O3 ambient 
air quality standard is met at an ambi-
ent air quality monitoring site when 
the 3-year average of the annual 
fourth-highest daily maximum 8-hour 
average O3 concentration is less than 
or equal to 0.070 ppm, as determined in 
accordance with appendix U to this 
part. 

[80 FR 65452, Oct. 26, 2015] 

APPENDIX A–1 TO PART 50—REFERENCE 
MEASUREMENT PRINCIPLE AND CALI-
BRATION PROCEDURE FOR THE MEAS-
UREMENT OF SULFUR DIOXIDE IN THE 
ATMOSPHERE (ULTRAVIOLET FLUO-
RESCENCE METHOD) 

1.0 APPLICABILITY 

1.1 This ultraviolet fluorescence (UVF) 
method provides a measurement of the con-
centration of sulfur dioxide (SO2) in ambient 
air for determining compliance with the na-
tional primary and secondary ambient air 
quality standards for sulfur oxides (sulfur di-
oxide) as specified in § 50.4, § 50.5, and § 50.17 
of this chapter. The method is applicable to 
the measurement of ambient SO2 concentra-
tions using continuous (real-time) sampling. 
Additional quality assurance procedures and 
guidance are provided in part 58, appendix A, 
of this chapter and in Reference 3. 

2.0 PRINCIPLE 

2.1 This reference method is based on auto-
mated measurement of the intensity of the 
characteristic fluorescence released by SO2 
in an ambient air sample contained in a 
measurement cell of an analyzer when the 
air sample is irradiated by ultraviolet (UV) 
light passed through the cell. The fluores-
cent light released by the SO2 is also in the 
ultraviolet region, but at longer wavelengths 
than the excitation light. Typically, opti-
mum instrumental measurement of SO2 con-
centrations is obtained with an excitation 
wavelength in a band between approximately 
190 to 230 nm, and measurement of the SO2 
fluorescence in a broad band around 320 nm, 
but these wavelengths are not necessarily 
constraints of this reference method. Gen-
erally, the measurement system (analyzer) 
also requires means to reduce the effects of 
aromatic hydrocarbon species, and possibly 

other compounds, in the air sample to con-
trol measurement interferences from these 
compounds, which may be present in the am-
bient air. References 1 and 2 describe UVF 
method. 

2.2 The measurement system is calibrated 
by referencing the instrumental fluorescence 
measurements to SO2 standard concentra-
tions traceable to a National Institute of 
Standards and Technology (NIST) primary 
standard for SO2 (see Calibration Procedure 
below). 

2.3 An analyzer implementing this meas-
urement principle is shown schematically in 
Figure 1. Designs should include a measure-
ment cell, a UV light source of appropriate 
wavelength, a UV detector system with ap-
propriate wave length sensitivity, a pump 
and flow control system for sampling the 
ambient air and moving it into the measure-
ment cell, sample air conditioning compo-
nents as necessary to minimize measurement 
interferences, suitable control and measure-
ment processing capability, and other appa-
ratus as may be necessary. The analyzer 
must be designed to provide accurate, re-
peatable, and continuous measurements of 
SO2 concentrations in ambient air, with 
measurement performance as specified in 
Subpart B of Part 53 of this chapter. 

2.4 Sampling considerations: The use of a 
particle filter on the sample inlet line of a 
UVF SO2 analyzer is required to prevent in-
terference, malfunction, or damage due to 
particles in the sampled air. 

3.0 INTERFERENCES 

3.1 The effects of the principal potential 
interferences may need to be mitigated to 
meet the interference equivalent require-
ments of part 53 of this chapter. Aromatic 
hydrocarbons such as xylene and naph-
thalene can fluoresce and act as strong posi-
tive interferences. These gases can be re-
moved by using a permeation type scrubber 
(hydrocarbon ‘‘kicker’’). Nitrogen oxide (NO) 
in high concentrations can also fluoresce and 
cause positive interference. Optical filtering 
can be employed to improve the rejection of 
interference from high NO. Ozone can absorb 
UV light given off by the SO2 molecule and 
cause a measurement offset. This effect can 
be reduced by minimizing the measurement 
path length between the area where SO2 fluo-
rescence occurs and the photomultiplier tube 
detector (e.g., <5 cm). A hydrocarbon scrub-
ber, optical filter and appropriate distancing 
of the measurement path length may be re-
quired method components to reduce inter-
ference. 

4.0 CALIBRATION PROCEDURE 

Atmospheres containing accurately known 
concentrations of sulfur dioxide are prepared 
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using a compressed gas transfer standard di-
luted with accurately metered clean air flow 
rates. 

4.1 Apparatus: Figure 2 shows a typical ge-
neric system suitable for diluting a SO2 gas 
cylinder concentration standard with clean 
air through a mixing chamber to produce the 
desired calibration concentration standards. 
A valve may be used to conveniently divert 
the SO2 from the sampling manifold to pro-
vide clean zero air at the output manifold for 
zero adjustment. The system may be made 
up using common laboratory components, or 
it may be a commercially manufactured sys-
tem. In either case, the principle compo-
nents are as follows: 

4.1.1 SO2 standard gas flow control and 
measurement devices (or a combined device) 
capable of regulating and maintaining the 
standard gas flow rate constant to within ±2 
percent and measuring the gas flow rate ac-
curate to within ±2, properly calibrated to a 
NIST-traceable standard. 

4.1.2 Dilution air flow control and measure-
ment devices (or a combined device) capable 
of regulating and maintaining the air flow 
rate constant to within ±2 percent and meas-
uring the air flow rate accurate to within ±2, 
properly calibrated to a NIST-traceable 
standard. 

4.1.3 Mixing chamber, of an inert material 
such as glass and of proper design to provide 
thorough mixing of pollutant gas and diluent 
air streams. 

4.1.4 Sampling manifold, constructed of 
glass, polytetrafluoroethylene (PTFE Tef-
lon TM), or other suitably inert material and 
of sufficient diameter to insure a minimum 
pressure drop at the analyzer connection, 
with a vent designed to insure a minimum 
over-pressure (relative to ambient air pres-
sure) at the analyzer connection and to pre-
vent ambient air from entering the manifold. 

4.1.5 Standard gas pressure regulator, of 
clean stainless steel with a stainless steel di-
aphragm, suitable for use with a high pres-
sure SO2 gas cylinder. 

4.1.6 Reagents 

4.1.6.1 SO2 gas concentration transfer 
standard having a certified SO2 concentra-
tion of not less than 10 ppm, in N2, traceable 
to a NIST Standard Reference Material 
(SRM). 

4.1.6.2 Clean zero air, free of contaminants 
that could cause a detectable response or a 
change in sensitivity of the analyzer. Since 
ultraviolet fluorescence analyzers may be 
sensitive to aromatic hydrocarbons and O2- 
to-N2 ratios, it is important that the clean 
zero air contains less than 0.1 ppm aromatic 
hydrocarbons and O2 and N2 percentages ap-
proximately the same as in ambient air. A 
procedure for generating zero air is given in 
reference 1. 

4.2 Procedure 

4.2.1 Obtain a suitable calibration appa-
ratus, such as the one shown schematically 
in Figure 1, and verify that all materials in 
contact with the pollutant are of glass, Tef-
lon TM, or other suitably inert material and 
completely clean. 

4.2.2 Purge the SO2 standard gas lines and 
pressure regulator to remove any residual 
air. 

4.2.3 Ensure that there are no leaks in the 
system and that the flow measuring devices 
are properly and accurately calibrated under 
the conditions of use against a reliable vol-
ume or flow rate standard such as a soap- 
bubble meter or a wet-test meter traceable 
to a NIST standard. All volumetric flow 
rates should be corrected to the same ref-
erence temperature and pressure by using 
the formula below: 

F Fc m=
+( )

298 15

760 273 15

.

.

P

T
m

m

Where: 
Fc = corrected flow rate (L/min at 25 °C and 

760 mm Hg), 
Fm = measured flow rate, (at temperature, Tm 

and pressure, Pm), 
Pm = measured pressure in mm Hg, (abso-

lute), and 
Tm = measured temperature in degrees Cel-

sius. 

4.2.4 Allow the SO2 analyzer under calibra-
tion to sample zero air until a stable re-

sponse is obtained, then make the proper 
zero adjustment. 

4.2.5 Adjust the airflow to provide an SO2 
concentration of approximately 80 percent of 
the upper measurement range limit of the 
SO2 instrument and verify that the total air 
flow of the calibration system exceeds the 
demand of all analyzers sampling from the 
output manifold (with the excess vented). 

4.2.6 Calculate the actual SO2 calibration 
concentration standard as: 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00025 Fmt 8010 Sfmt 8002 Y:\SGML\238152.XXX 238152 E
R

22
JN

10
.0

00
<

/M
A

T
H

>

eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



16 

40 CFR Ch. I (7–1–16 Edition) Pt. 50, App. A–1 

SO C
F

F
p

t
2[ ] =

Where: 
C = the concentration of the SO2 gas stand-

ard 
Fp = the flow rate of SO2 gas standard 
Ft = the total air flow rate of pollutant and 

diluent gases 

4.2.7 When the analyzer response has sta-
bilized, adjust the SO2 span control to obtain 
the desired response equivalent to the cal-
culated standard concentration. If substan-
tial adjustment of the span control is need-
ed, it may be necessary to re-check the zero 
and span adjustments by repeating steps 4.2.4 
through 4.2.7 until no further adjustments 
are needed. 

4.2.8 Adjust the flow rate(s) to provide sev-
eral other SO2 calibration concentrations 
over the analyzer’s measurement range. At 
least five different concentrations evenly 
spaced throughout the analyzer’s range are 
suggested. 

4.2.9 Plot the analyzer response (vertical or 
Y-axis) versus SO2 concentration (horizontal 
or X-axis). Compute the linear regression 
slope and intercept and plot the regression 
line to verify that no point deviates from 
this line by more than 2 percent of the max-
imum concentration tested. 

NOTE: Additional information on calibra-
tion and pollutant standards is provided in 
Section 12 of Reference 3. 

5.0 FREQUENCY OF CALIBRATION 

The frequency of calibration, as well as the 
number of points necessary to establish the 

calibration curve and the frequency of other 
performance checking will vary by analyzer; 
however, the minimum frequency, accept-
ance criteria, and subsequent actions are 
specified in Reference 3, Appendix D: Meas-
urement Quality Objectives and Validation 
Template for SO2 (page 9 of 30). The user’s 
quality control program should provide 
guidelines for initial establishment of these 
variables and for subsequent alteration as 
operational experience is accumulated. Man-
ufacturers of analyzers should include in 
their instruction/operation manuals infor-
mation and guidance as to these variables 
and on other matters of operation, calibra-
tion, routine maintenance, and quality con-
trol. 

6.0 REFERENCES FOR SO2 METHOD 

1. H. Okabe, P. L. Splitstone, and J. J. Ball, 
‘‘Ambient and Source SO2 Detector 
Based on a Fluorescence Method’’, Jour-
nal of the Air Control Pollution Association, 
vol. 23, p. 514–516 (1973). 

2. F. P. Schwarz, H. Okabe, and J. K. Whit-
taker, ‘‘Fluorescence Detection of Sulfur 
Dioxide in Air at the Parts per Billion 
Level,’’ Analytical Chemistry, vol. 46, pp. 
1024–1028 (1974). 

3. QA Handbook for Air Pollution Measurement 
Systems—Volume II. Ambient Air Quality 
Monitoring Programs. U.S. 
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[75 FR 35593, June 22, 2010] 

APPENDIX A–2 TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
SULFUR DIOXIDE IN THE ATMOS-
PHERE (PARAROSANILINE METHOD) 

1.0 Applicability. 
1.1 This method provides a measurement of 

the concentration of sulfur dioxide (SO2) in 
ambient air for determining compliance with 
the primary and secondary national ambient 
air quality standards for sulfur oxides (sulfur 
dioxide) as specified in § 50.4 and § 50.5 of this 
chapter. The method is applicable to the 
measurement of ambient SO2 concentrations 
using sampling periods ranging from 30 min-
utes to 24 hours. Additional quality assur-
ance procedures and guidance are provided in 
part 58, appendixes A and B, of this chapter 
and in references 1 and 2. 

2.0 Principle. 
2.1 A measured volume of air is bubbled 

through a solution of 0.04 M potassium 
tetrachloromercurate (TCM). The SO2 
present in the air stream reacts with the 

TCM solution to form a stable 
monochlorosulfonatomercurate(3) complex. 
Once formed, this complex resists air oxida-
tion(4, 5) and is stable in the presence of 
strong oxidants such as ozone and oxides of 
nitrogen. During subsequent analysis, the 
complex is reacted with acid-bleached 
pararosaniline dye and formaldehyde to form 
an intensely colored pararosaniline methyl 
sulfonic acid. 

(6) The optical density of this species is de-
termined spectrophotometrically at 548 nm 
and is directly related to the amount of SO2 
collected. The total volume of air sampled, 
corrected to EPA reference conditions (25 °C, 
760 mm Hg [101 kPa]), is determined from the 
measured flow rate and the sampling time. 
The concentration of SO2 in the ambient air 
is computed and expressed in micrograms per 
standard cubic meter (μg/std m3). 

3.0 Range. 
3.1 The lower limit of detection of SO2 in 10 

mL of TCM is 0.75 μg (based on collaborative 
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test results).(7) This represents a concentra-
tion of 25 μg SO2/m3 (0.01 ppm) in an air sam-
ple of 30 standard liters (short-term sam-
pling) and a concentration of 13 μg SO2/m3 
(0.005 ppm) in an air sample of 288 standard 
liters (long-term sampling). Concentrations 
less than 25 μg SO2/m3 can be measured by 
sampling larger volumes of ambient air; 
however, the collection efficiency falls off 
rapidly at low concentrations.(8, 9) Beer’s 
law is adhered to up to 34 μg of SO2 in 25 mL 
of final solution. This upper limit of the 
analysis range represents a concentration of 
1,130 μg SO2/m3 (0.43 ppm) in an air sample of 
30 standard liters and a concentration of 590 
μg SO2/m3 (0.23 ppm) in an air sample of 288 
standard liters. Higher concentrations can be 
measured by collecting a smaller volume of 
air, by increasing the volume of absorbing 
solution, or by diluting a suitable portion of 
the collected sample with absorbing solution 
prior to analysis. 

4.0 Interferences. 
4.1 The effects of the principal potential 

interferences have been minimized or elimi-
nated in the following manner: Nitrogen ox-
ides by the addition of sulfamic acid,(10, 11) 
heavy metals by the addition of ethylene-
diamine tetracetic acid disodium salt 
(EDTA) and phosphoric acid,(10, 12) and 
ozone by time delay.(10) Up to 60 μg Fe (III), 
22 μg V (V), 10 μg Cu (II), 10 μg Mn (II), and 
10 μg Cr (III) in 10 mL absorbing reagent can 
be tolerated in the procedure.(10) No signifi-
cant interference has been encountered with 
2.3 μg NH3.(13) 

5.0 Precision and Accuracy. 
5.1 The precision of the analysis is 4.6 per-

cent (at the 95 percent confidence level) 
based on the analysis of standard sulfite 
samples.(10) 

5.2 Collaborative test results (14) based on 
the analysis of synthetic test atmospheres 
(SO2 in scrubbed air) using the 24-hour sam-
pling procedure and the sulfite-TCM calibra-
tion procedure show that: 

• The replication error varies linearly with 
concentration from ±2.5 μg/m3 at con-
centrations of 100 μg/m3 to ±7 μg/m3 at con-
centrations of 400 μg/m3. 

• The day-to-day variability within an indi-
vidual laboratory (repeatability) varies 
linearly with concentration from ±18.1 μg/ 
m3 at levels of 100 μg/m3 to ±50.9 μg/m3 at 
levels of 400 μg/m3. 

• The day-to-day variability between two or 
more laboratories (reproducibility) varies 
linearly with concentration from ±36.9 μg/ 
m3 at levels of 100 μg/m3 to ±103.5 μ g/m3 at 
levels of 400 μg/m3. 

• The method has a concentration-dependent 
bias, which becomes significant at the 95 
percent confidence level at the high con-
centration level. Observed values tend to 
be lower than the expected SO2 concentra-
tion level. 

6.0 Stability. 
6.1 By sampling in a controlled tempera-

ture environment of 15° ±10 °C, greater than 
98.9 percent of the SO2–TCM complex is re-
tained at the completion of sampling. (15) If 
kept at 5 °C following the completion of sam-
pling, the collected sample has been found to 
be stable for up to 30 days. (10) The presence 
of EDTA enhances the stability of SO2 in the 
TCM solution and the rate of decay is inde-
pendent of the concentration of SO2. (16) 

7.0 Apparatus. 
7.1 Sampling. 
7.1.1 Sample probe: A sample probe meeting 

the requirements of section 7 of 40 CFR part 
58, appendix E (Teflon ® or glass with resi-
dence time less than 20 sec.) is used to trans-
port ambient air to the sampling train loca-
tion. The end of the probe should be designed 
or oriented to preclude the sampling of pre-
cipitation, large particles, etc. A suitable 
probe can be constructed from Teflon ® tub-
ing connected to an inverted funnel. 

7.1.2 Absorber—short-term sampling: An all 
glass midget impinger having a solution ca-
pacity of 30 mL and a stem clearance of 4 ±1 
mm from the bottom of the vessel is used for 
sampling periods of 30 minutes and 1 hour (or 
any period considerably less than 24 hours). 
Such an impinger is shown in Figure 1. These 
impingers are commercially available from 
distributors such as Ace Glass, Incorporated. 

7.1.3 Absorber—24-hour sampling: A poly-
propylene tube 32 mm in diameter and 164 
mm long (available from Bel Art Products, 
Pequammock, NJ) is used as the absorber. 
The cap of the absorber must be a poly-
propylene cap with two ports (rubber stop-
pers are unacceptable because the absorbing 
reagent can react with the stopper to yield 
erroneously high SO2 concentrations). A 
glass impinger stem, 6 mm in diameter and 
158 mm long, is inserted into one port of the 
absorber cap. The tip of the stem is tapered 
to a small diameter orifice (0.4 ±0.1 mm) such 
that a No. 79 jeweler’s drill bit will pass 
through the opening but a No. 78 drill bit 
will not. Clearance from the bottom of the 
absorber to the tip of the stem must be 6 ±2 
mm. Glass stems can be fabricated by any 
reputable glass blower or can be obtained 
from a scientific supply firm. Upon receipt, 
the orifice test should be performed to verify 
the orifice size. The 50 mL volume level 
should be permanently marked on the ab-
sorber. The assembled absorber is shown in 
Figure 2. 

7.1.4 Moisture trap: A moisture trap con-
structed of a glass trap as shown in Figure 1 
or a polypropylene tube as shown in Figure 
2 is placed between the absorber tube and 
flow control device to prevent entrained liq-
uid from reaching the flow control device. 
The tube is packed with indicating silica gel 
as shown in Figure 2. Glass wool may be sub-
stituted for silica gel when collecting short- 
term samples (1 hour or less) as shown in 
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Figure 1, or for long term (24 hour) samples 
if flow changes are not routinely encoun-
tered. 

7.1.5 Cap seals: The absorber and moisture 
trap caps must seal securely to prevent leaks 

during use. Heat-shrink material as shown in 
Figure 2 can be used to retain the cap seals 
if there is any chance of the caps coming 
loose during sampling, shipment, or storage. 
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7.1.6 Flow control device: A calibrated ro-
tameter and needle valve combination capa-
ble of maintaining and measuring air flow to 
within ±2 percent is suitable for short-term 
sampling but may not be used for long-term 
sampling. A critical orifice can be used for 
regulating flow rate for both long-term and 
short-term sampling. A 22-gauge hypodermic 
needle 25 mm long may be used as a critical 
orifice to yield a flow rate of approximately 
1 L/min for a 30-minute sampling period. 
When sampling for 1 hour, a 23-gauge hypo-
dermic needle 16 mm in length will provide a 
flow rate of approximately 0.5 L/min. Flow 
control for a 24-hour sample may be provided 
by a 27-gauge hypodermic needle critical ori-
fice that is 9.5 mm in length. The flow rate 
should be in the range of 0.18 to 0.22 L/min. 

7.1.7 Flow measurement device: Device cali-
brated as specified in 9.4.1 and used to meas-
ure sample flow rate at the monitoring site. 

7.1.8 Membrane particle filter: A membrane 
filter of 0.8 to 2 μm porosity is used to pro-
tect the flow controller from particles dur-
ing long-term sampling. This item is op-
tional for short-term sampling. 

7.1.9 Vacuum pump: A vacuum pump 
equipped with a vacuum gauge and capable 
of maintaining at least 70 kPa (0.7 atm) vac-
uum differential across the flow control de-
vice at the specified flow rate is required for 
sampling. 

7.1.10 Temperature control device: The tem-
perature of the absorbing solution during 
sampling must be maintained at 15° ±10 °C. 
As soon as possible following sampling and 
until analysis, the temperature of the col-
lected sample must be maintained at 5° ±5 °C. 
Where an extended period of time may elapse 
before the collected sample can be moved to 
the lower storage temperature, a collection 
temperature near the lower limit of the 15 
±10 °C range should be used to minimize 
losses during this period. Thermoelectric 
coolers specifically designed for this tem-
perature control are available commercially 
and normally operate in the range of 5° to 15 
°C. Small refrigerators can be modified to 
provide the required temperature control; 
however, inlet lines must be insulated from 
the lower temperatures to prevent condensa-
tion when sampling under humid conditions. 
A small heating pad may be necessary when 
sampling at low temperatures (<7 °C) to pre-
vent the absorbing solution from freez-
ing.(17) 

7.1.11 Sampling train container: The absorb-
ing solution must be shielded from light dur-
ing and after sampling. Most commercially 
available sampler trains are enclosed in a 
light-proof box. 

7.1.12 Timer: A timer is recommended to 
initiate and to stop sampling for the 24-hour 
period. The timer is not a required piece of 
equipment; however, without the timer a 
technician would be required to start and 
stop the sampling manually. An elapsed time 

meter is also recommended to determine the 
duration of the sampling period. 

7.2 Shipping. 
7.2.1 Shipping container: A shipping con-

tainer that can maintain a temperature of 5° 
±5 °C is used for transporting the sample 
from the collection site to the analytical 
laboratory. Ice coolers or refrigerated ship-
ping containers have been found to be satis-
factory. The use of eutectic cold packs in-
stead of ice will give a more stable tempera-
ture control. Such equipment is available 
from Cole-Parmer Company, 7425 North Oak 
Park Avenue, Chicago, IL 60648. 

7.3 Analysis. 
7.3.1 Spectrophotometer: A spectrophotom-

eter suitable for measurement of 
absorbances at 548 nm with an effective spec-
tral bandwidth of less than 15 nm is required 
for analysis. If the spectrophotometer reads 
out in transmittance, convert to absorbance 
as follows: 

A T= log ( / ) ( )10 1 1
where: 

A = absorbance, and 
T = transmittance (0<≥T<1). 

A standard wavelength filter traceable to 
the National Bureau of Standards is used to 
verify the wavelength calibration according 
to the procedure enclosed with the filter. 
The wavelength calibration must be verified 
upon initial receipt of the instrument and 
after each 160 hours of normal use or every 6 
months, whichever occurs first. 

7.3.2 Spectrophotometer cells: A set of 1-cm 
path length cells suitable for use in the visi-
ble region is used during analysis. If the cells 
are unmatched, a matching correction factor 
must be determined according to Section 
10.1. 

7.3.3 Temperature control device: The color 
development step during analysis must be 
conducted in an environment that is in the 
range of 20° to 30 °C and controlled to ±1 °C. 
Both calibration and sample analysis must 
be performed under identical conditions 
(within 1 °C). Adequate temperature control 
may be obtained by means of constant tem-
perature baths, water baths with manual 
temperature control, or temperature con-
trolled rooms. 

7.3.4 Glassware: Class A volumetric glass-
ware of various capacities is required for pre-
paring and standardizing reagents and stand-
ards and for dispensing solutions during 
analysis. These included pipets, volumetric 
flasks, and burets. 

7.3.5 TCM waste receptacle: A glass waste re-
ceptacle is required for the storage of spent 
TCM solution. This vessel should be 
stoppered and stored in a hood at all times. 

8.0 Reagents. 
8.1 Sampling. 
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8.1.1 Distilled water: Purity of distilled 
water must be verified by the following pro-
cedure:(18) 
• Place 0.20 mL of potassium permanganate 

solution (0.316 g/L), 500 mL of distilled 
water, and 1mL of concentrated sulfuric 
acid in a chemically resistant glass bottle, 
stopper the bottle, and allow to stand. 

• If the permanganate color (pink) does not 
disappear completely after a period of 1 
hour at room temperature, the water is 
suitable for use. 

• If the permanganate color does disappear, 
the water can be purified by redistilling 
with one crystal each of barium hydroxide 
and potassium permanganate in an all 
glass still. 

8.1.2 Absorbing reagent (0.04 M potassium 
tetrachloromercurate [TCM]): Dissolve 10.86 
g mercuric chloride, 0.066 g EDTA, and 6.0 g 
potassium chloride in distilled water and di-
lute to volume with distilled water in a 1,000- 
mL volumetric flask. (Caution: Mercuric 
chloride is highly poisonous. If spilled on 
skin, flush with water immediately.) The pH 
of this reagent should be between 3.0 and 5.0 
(10) Check the pH of the absorbing solution 
by using pH indicating paper or a pH meter. 
If the pH of the solution is not between 3.0 
and 5.0, dispose of the solution according to 
one of the disposal techniques described in 
Section 13.0. The absorbing reagent is nor-
mally stable for 6 months. If a precipitate 
forms, dispose of the reagent according to 
one of the procedures described in Section 
13.0. 

8.2 Analysis. 
8.2.1 Sulfamic acid (0.6%): Dissolve 0.6 g sul-

famic acid in 100 mL distilled water. Perpare 
fresh daily. 

8.2.2 Formaldehyde (0.2%): Dilute 5 mL 
formaldehyde solution (36 to 38 percent) to 
1,000 mL with distilled water. Prepare fresh 
daily. 

8.2.3 Stock iodine solution (0.1 N): Place 12.7 
g resublimed iodine in a 250-mL beaker and 
add 40 g potassium iodide and 25 mL water. 
Stir until dissolved, transfer to a 1,000 mL 
volumetric flask and dilute to volume with 
distilled water. 

8.2.4 Iodine solution (0.01 N): Prepare ap-
proximately 0.01 N iodine solution by dilut-
ing 50 mL of stock iodine solution (Section 
8.2.3) to 500 mL with distilled water. 

8.2.5 Starch indicator solution: Triturate 0.4 
g soluble starch and 0.002 g mercuric iodide 
(preservative) with enough distilled water to 
form a paste. Add the paste slowly to 200 mL 
of boiling distilled water and continue boil-
ing until clear. Cool and transfer the solu-
tion to a glass stopperd bottle. 

8.2.6 1 N hydrochloric acid: Slowly and while 
stirring, add 86 mL of concentrated hydro-
chloric acid to 500 mL of distilled water. 
Allow to cool and dilute to 1,000 mL with dis-
tilled water. 

8.2.7 Potassium iodate solution: Accurately 
weigh to the nearest 0.1 mg, 1.5 g (record 
weight) of primary standard grade potassium 
iodate that has been previously dried at 180 
°C for at least 3 hours and cooled in a 
dessicator. Dissolve, then dilute to volume in 
a 500-mL volumetric flask with distilled 
water. 

8.2.8 Stock sodium thiosulfate solution (0.1 N): 
Prepare a stock solution by dissolving 25 g 
sodium thiosulfate (Na2 S2 O3 ÷ 5H2 O) in 1,000 
mL freshly boiled, cooled, distilled water and 
adding 0.1 g sodium carbonate to the solu-
tion. Allow the solution to stand at least 1 
day before standardizing. To standardize, ac-
curately pipet 50 mL of potassium iodate so-
lution (Section 8.2.7) into a 500-mL iodine 
flask and add 2.0 g of potassium iodide and 10 
mL of 1 N HCl. Stopper the flask and allow 
to stand for 5 minutes. Titrate the solution 
with stock sodium thiosulfate solution (Sec-
tion 8.2.8) to a pale yellow color. Add 5 mL of 
starch solution (Section 8.2.5) and titrate 
until the blue color just disappears. Cal-
culate the normality (Ns) of the stock so-
dium thiosulfate solution as follows: 

N
W

M
S = × 2 80 2. ( )

where: 
M = volume of thiosulfate required in mL, 

and 
W = weight of potassium iodate in g (re-

corded weight in Section 8.2.7). 

2 80
10 0 1

35 67

3

.
( ) . ( )

. ( )
= ×conversion of g to mg fraction iodate used

equivalent weight of potassium iodate

8.2.9 Working sodium thiosulfate titrant (0.01 
N): Accurately pipet 100 mL of stock sodium 
thiosulfate solution (Section 8.2.8) into a 
1,000-mL volumetric flask and dilute to vol-
ume with freshly boiled, cooled, distilled 
water. Calculate the normality of the work-
ing sodium thiosulfate titrant (NT) as fol-
lows: 

N NT S= × 0 100 3. ( )
8.2.10 Standardized sulfite solution for the 

preparation of working sulfite-TCM solution: 
Dissolve 0.30 g sodium metabisulfite (Na2 S2 
O5) or 0.40 g sodium sulfite (Na2 SO3) in 500 
mL of recently boiled, cooled, distilled 
water. (Sulfite solution is unstable; it is 
therefore important to use water of the high-
est purity to minimize this instability.) This 
solution contains the equivalent of 320 to 400 
μg SO2/mL. The actual concentration of the 
solution is determined by adding excess io-
dine and back-titrating with standard so-
dium thiosulfate solution. To back-titrate, 
pipet 50 mL of the 0.01 N iodine solution 
(Section 8.2.4) into each of two 500-mL iodine 
flasks (A and B). To flask A (blank) add 25 
mL distilled water, and to flask B (sample) 
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pipet 25 mL sulfite solution. Stopper the 
flasks and allow to stand for 5 minutes. Pre-
pare the working sulfite-TCM solution (Sec-
tion 8.2.11) immediately prior to adding the 
iodine solution to the flasks. Using a buret 
containing standardized 0.01 N thiosulfate 
titrant (Section 8.2.9), titrate the solution in 
each flask to a pale yellow color. Then add 5 
mL starch solution (Section 8.2.5) and con-

tinue the titration until the blue color just 
disappears. 

8.2.11 Working sulfite-TCM solution: Accu-
rately pipet 5 mL of the standard sulfite so-
lution (Section 8.2.10) into a 250-mL volu-
metric flask and dilute to volume with 0.04 
M TCM. Calculate the concentration of sul-
fur dioxide in the working solution as fol-
lows: 

C gSO mL
A B N

TCM SO
T

/ /
( ) ( , )

. ( )2 2

32 000

25
0 02 4μ( ) =

− ( )
×

where: 
A = volume of thiosulfate titrant required 

for the blank, mL; 
B = volume of thiosulfate titrant required 

for the sample, mL; 
NT = normality of the thiosulfate titrant, 

from equation (3); 
32,000 = milliequivalent weight of SO2, μg; 
25 = volume of standard sulfite solution, mL; 

and 
0.02 = dilution factor. 

This solution is stable for 30 days if kept at 
5 °C. (16) If not kept at 5 °C, prepare fresh 
daily. 

8.2.12 Purified pararosaniline (PRA) stock so-
lution (0.2% nominal): 

8.2.12.1 Dye specifications— 
• The dye must have a maximum absorbance 

at a wavelength of 540 nm when assayed in 
a buffered solution of 0.1 M sodium ace-
tate-acetic acid; 

• The absorbance of the reagent blank, 
which is temperature sensitive (0.015 ab-
sorbance unit/ °C), must not exceed 0.170 at 
22 °C with a 1-cm optical path length when 
the blank is prepared according to the 
specified procedure; 

• The calibration curve (Section 10.0) must 
have a slope equal to 0.030 ±0.002 absorb-
ance unit/μg SO2 with a 1-cm optical path 
length when the dye is pure and the sulfite 
solution is properly standardized. 

8.2.12.2 Preparation of stock PRA solution—A 
specially purified (99 to 100 percent pure) so-
lution of pararosaniline, which meets the 
above specifications, is commercially avail-
able in the required 0.20 percent concentra-
tion (Harleco Co.). Alternatively, the dye 
may be purified, a stock solution prepared, 
and then assayed according to the procedure 
as described below.(10) 

8.2.12.3 Purification procedure for PRA— 
1. Place 100 mL each of 1-butanol and 1 N 

HCl in a large separatory funnel (250-mL) 
and allow to equilibrate. Note: Certain 
batches of 1-butanol contain oxidants that 
create an SO2 demand. Before using, check 
by placing 20 mL of 1-butanol and 5 mL of 20 

percent potassium iodide (KI) solution in a 
50-mL separatory funnel and shake thor-
oughly. If a yellow color appears in the alco-
hol phase, redistill the 1-butanol from silver 
oxide and collect the middle fraction or pur-
chase a new supply of 1-butanol. 

2. Weigh 100 mg of pararosaniline hydro-
chloride dye (PRA) in a small beaker. Add 50 
mL of the equilibrated acid (drain in acid 
from the bottom of the separatory funnel in 
1.) to the beaker and let stand for several 
minutes. Discard the remaining acid phase in 
the separatory funnel. 

3. To a 125-mL separatory funnel, add 50 
mL of the equilibrated 1-butanol (draw the 1- 
butanol from the top of the separatory fun-
nel in 1.). Transfer the acid solution (from 2.) 
containing the dye to the funnel and shake 
carefully to extract. The violet impurity will 
transfer to the organic phase. 

4. Transfer the lower aqueous phase into 
another separatory funnel, add 20 mL of 
equilibrated 1-butanol, and extract again. 

5. Repeat the extraction procedure with 
three more 10-mL portions of equilibrated 1- 
butanol. 

6. After the final extraction, filter the acid 
phase through a cotton plug into a 50-mL 
volumetric flask and bring to volume with 1 
N HCl. This stock reagent will be a yellowish 
red. 

7. To check the purity of the PRA, perform 
the assay and adjustment of concentration 
(Section 8.2.12.4) and prepare a reagent blank 
(Section 11.2); the absorbance of this reagent 
blank at 540 nm should be less than 0.170 at 
22 °C. If the absorbance is greater than 0.170 
under these conditions, further extractions 
should be performed. 

8.2.12.4 PRA assay procedure—The con-
centration of pararosaniline hydrochloride 
(PRA) need be assayed only once after purifi-
cation. It is also recommended that commer-
cial solutions of pararosaniline be assayed 
when first purchased. The assay procedure is 
as follows:(10) 

1. Prepare 1 M acetate-acetic acid buffer 
stock solution with a pH of 4.79 by dissolving 
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13.61 g of sodium acetate trihydrate in dis-
tilled water in a 100-mL volumetric flask. 
Add 5.70 mL of glacial acetic acid and dilute 
to volume with distilled water. 

2. Pipet 1 mL of the stock PRA solution ob-
tained from the purification process or from 
a commercial source into a 100-mL volu-
metric flask and dilute to volume with dis-
tilled water. 

3. Transfer a 5–mL aliquot of the diluted 
PRA solution from 2. into a 50–mL volu-
metric flask. Add 5mL of 1 M acetate-acetic 
acid buffer solution from 1. and dilute the 
mixture to volume with distilled water. Let 
the mixture stand for 1 hour. 

4. Measure the absorbance of the above so-
lution at 540 nm with a spectrophotometer 
against a distilled water reference. Compute 
the percentage of nominal concentration of 
PRA by 

% ( )PRA
A K

W
=

×
5

where: 
A = measured absorbance of the final mix-

ture (absorbance units); 
W = weight in grams of the PRA dye used in 

the assay to prepare 50 mL of stock solu-
tion (for example, 0.100 g of dye was used 
to prepare 50 mL of solution in the puri-
fication procedure; when obtained from 
commercial sources, use the stated con-
centration to compute W; for 98% PRA, 
W = .098 g.); and 

K = 21.3 for spectrophotometers having a 
spectral bandwidth of less than 15 nm 
and a path length of 1 cm. 

8.2.13 Pararosaniline reagent: To a 250–mL 
volumetric flask, add 20 mL of stock PRA so-
lution. Add an additional 0.2 mL of stock so-
lution for each percentage that the stock as-
says below 100 percent. Then add 25 mL of 3 
M phosphoric acid and dilute to volume with 
distilled water. The reagent is stable for at 
least 9 months. Store away from heat and 
light. 

9.0 Sampling Procedure. 
9.1 General Considerations. Procedures are 

described for short-term sampling (30-minute 
and 1-hour) and for long-term sampling (24- 
hour). Different combinations of absorbing 
reagent volume, sampling rate, and sampling 
time can be selected to meet special needs. 
For combinations other than those specifi-
cally described, the conditions must be ad-

justed so that linearity is maintained be-
tween absorbance and concentration over the 
dynamic range. Absorbing reagent volumes 
less than 10 mL are not recommended. The 
collection efficiency is above 98 percent for 
the conditions described; however, the effi-
ciency may be substantially lower when 
sampling concentrations below 25 μgSO2/ 
m3.(8,9) 

9.2 30-Minute and 1-Hour Sampling. Place 10 
mL of TCM absorbing reagent in a midget 
impinger and seal the impinger with a thin 
film of silicon stopcock grease (around the 
ground glass joint). Insert the sealed im-
pinger into the sampling train as shown in 
Figure 1, making sure that all connections 
between the various components are leak 
tight. Greaseless ball joint fittings, heat 
shrinkable Teflon ® tubing, or Teflon ® tube 
fittings may be used to attain leakfree con-
ditions for portions of the sampling train 
that come into contact with air containing 
SO2. Shield the absorbing reagent from di-
rect sunlight by covering the impinger with 
aluminum foil or by enclosing the sampling 
train in a light-proof box. Determine the 
flow rate according to Section 9.4.2. Collect 
the sample at 1 ±0.10 L/min for 30-minute 
sampling or 0.500 ±0.05 L/min for 1-hour sam-
pling. Record the exact sampling time in 
minutes, as the sample volume will later be 
determined using the sampling flow rate and 
the sampling time. Record the atmospheric 
pressure and temperature. 

9.3 24-Hour Sampling. Place 50 mL of TCM 
absorbing solution in a large absorber, close 
the cap, and, if needed, apply the heat shrink 
material as shown in Figure 3. Verify that 
the reagent level is at the 50 mL mark on the 
absorber. Insert the sealed absorber into the 
sampling train as shown in Figure 2. At this 
time verify that the absorber temperature is 
controlled to 15 ±10 °C. During sampling, the 
absorber temperature must be controlled to 
prevent decomposition of the collected com-
plex. From the onset of sampling until anal-
ysis, the absorbing solution must be pro-
tected from direct sunlight. Determine the 
flow rate according to Section 9.4.2. Collect 
the sample for 24 hours from midnight to 
midnight at a flow rate of 0.200 ±0.020 L/min. 
A start/stop timer is helpful for initiating 
and stopping sampling and an elapsed time 
meter will be useful for determining the 
sampling time. 
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9.4 Flow Measurement. 
9.4.1 Calibration: Flow measuring devices 

used for the on-site flow measurements re-
quired in 9.4.2 must be calibrated against a 
reliable flow or volume standard such as an 
NBS traceable bubble flowmeter or cali-
brated wet test meter. Rotameters or crit-
ical orifices used in the sampling train may 
be calibrated, if desired, as a quality control 
check, but such calibration shall not replace 
the on-site flow measurements required by 
9.4.2. In-line rotameters, if they are to be 
calibrated, should be calibrated in situ, with 
the appropriate volume of solution in the ab-
sorber. 

9.4.2 Determination of flow rate at sampling 
site: For short-term samples, the standard 
flow rate is determined at the sampling site 
at the initiation and completion of sample 
collection with a calibrated flow measuring 
device connected to the inlet of the absorber. 

For 24-hour samples, the standard flow rate 
is determined at the time the absorber is 
placed in the sampling train and again when 
the absorber is removed from the train for 
shipment to the analytical laboratory with a 
calibrated flow measuring device connected 
to the inlet of the sampling train. The flow 
rate determination must be made with all 
components of the sampling system in oper-
ation (e.g., the absorber temperature con-
troller and any sample box heaters must also 
be operating). Equation 6 may be used to de-
termine the standard flow rate when a cali-
brated positive displacement meter is used 
as the flow measuring device. Other types of 
calibrated flow measuring devices may also 
be used to determine the flow rate at the 
sampling site provided that the user applies 
any appropriate corrections to devices for 
which output is dependent on temperature or 
pressure. 
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Q Q
P RH P

P Tstd act
b H O

std meter

= ×
− −

×
+( )

( ) . .

. .
( )

1 29816

27316
62

where: 

Qstd = flow rate at standard conditions, std L/ 
min (25 °C and 760 mm Hg); 

Qact = flow rate at monitoring site conditions, 
L/min; 

Pb = barometric pressure at monitoring site 
conditions, mm Hg or kPa; 

RH = fractional relative humidity of the air 
being measured; 

PH2O = vapor pressure of water at the tem-
perature of the air in the flow or volume 
standard, in the same units as Pb, (for 

wet volume standards only, i.e., bubble 
flowmeter or wet test meter; for dry 
standards, i.e., dry test meter, PH2O = 0); 

Pstd = standard barometric pressure, in the 
same units as Pb (760 mm Hg or 101 kPa); 
and 

Tmeter = temperature of the air in the flow or 
volume standard, °C (e.g., bubble flow-
meter). 

If a barometer is not available, the fol-
lowing equation may be used to determine 
the barometric pressure: 

P H mm Hg or P H kPab b= − = −760 076 101 01 7. ( ) , . ( ) ( )

where: 

H = sampling site elevation above sea level 
in meters. 

If the initial flow rate (Qi) differs from the 
flow rate of the critical orifice or the flow 
rate indicated by the flowmeter in the sam-
pling train (Qc) by more than 5 percent as de-
termined by equation (8), check for leaks and 
redetermine Qi. 

% ( ) Diff
Q Q

Q

i c

c

=
−

×100 8

Invalidate the sample if the difference be-
tween the initial (Qi) and final (Qf) flow rates 
is more than 5 percent as determined by 
equation (9): 

% ( ) Diff
Q Q

Q
i f

f

=
−

×100 9

9.5 Sample Storage and Shipment. Remove 
the impinger or absorber from the sampling 
train and stopper immediately. Verify that 
the temperature of the absorber is not above 
25 °C. Mark the level of the solution with a 
temporary (e.g., grease pencil) mark. If the 
sample will not be analyzed within 12 hours 
of sampling, it must be stored at 5° ±5 °C 
until analysis. Analysis must occur within 30 
days. If the sample is transported or shipped 
for a period exceeding 12 hours, it is rec-
ommended that thermal coolers using 
eutectic ice packs, refrigerated shipping con-
tainers, etc., be used for periods up to 48 
hours. (17) Measure the temperature of the 
absorber solution when the shipment is re-
ceived. Invalidate the sample if the tempera-

ture is above 10 °C. Store the sample at 5° ±5 
°C until it is analyzed. 

10.0 Analytical Calibration. 
10.1 Spectrophotometer Cell Matching. If un-

matched spectrophotometer cells are used, 
an absorbance correction factor must be de-
termined as follows: 

1. Fill all cells with distilled water and des-
ignate the one that has the lowest absorb-
ance at 548 nm as the reference. (This ref-
erence cell should be marked as such and 
continually used for this purpose throughout 
all future analyses.) 

2. Zero the spectrophotometer with the ref-
erence cell. 

3. Determine the absorbance of the remain-
ing cells (Ac) in relation to the reference cell 
and record these values for future use. Mark 
all cells in a manner that adequately identi-
fies the correction. 

The corrected absorbance during future 
analyses using each cell is determining as 
follows: 

A A Aobs c= − ( )10
where: 

A = corrected absorbance, 
Aobs = uncorrected absorbance, and 
Ac = cell correction. 

10.2 Static Calibration Procedure (Option 1). 
Prepare a dilute working sulfite-TCM solu-
tion by diluting 10 mL of the working sul-
fite-TCM solution (Section 8.2.11) to 100 mL 
with TCM absorbing reagent. Following the 
table below, accurately pipet the indicated 
volumes of the sulfite-TCM solutions into a 
series of 25-mL volumetric flasks. Add TCM 
absorbing reagent as indicated to bring the 
volume in each flask to 10 mL. 
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Sulfite-TCM solution 

Volume 
of sulfite- 
TCM so-

lution 

Volume 
of TCM, 

mL 

Total μg 
SO2 

(approx.* 

Working ......................... 4.0 6.0 28.8 
Working ......................... 3.0 7.0 21.6 
Working ......................... 2.0 8.0 14.4 
Dilute working ................ 10.0 0.0 7.2 
Dilute working ................ 5.0 5.0 3.6 

0.0 10.0 0.0 

*Based on working sulfite-TCM solution concentration of 7.2 
μg SO2/mL; the actual total μg SO2 must be calculated using 
equation 11 below. 

To each volumetric flask, add 1 mL 0.6% 
sulfamic acid (Section 8.2.1), accurately 
pipet 2 mL 0.2% formaldehyde solution (Sec-
tion 8.2.2), then add 5 mL pararosaniline so-
lution (Section 8.2.13). Start a laboratory 

timer that has been set for 30 minutes. Bring 
all flasks to volume with recently boiled and 
cooled distilled water and mix thoroughly. 
The color must be developed (during the 30- 
minute period) in a temperature environ-
ment in the range of 20° to 30 °C, which is 
controlled to ±1 °C. For increased precision, 
a constant temperature bath is rec-
ommended during the color development 
step. After 30 minutes, determine the cor-
rected absorbance of each standard at 548 nm 
against a distilled water reference (Section 
10.1). Denote this absorbance as (A). Distilled 
water is used in the reference cell rather 
than the reagant blank because of the tem-
perature sensitivity of the reagent blank. 
Calculate the total micrograms SO2 in each 
solution: 

μg SO V C DTCM SO TCM SO 2 22 11= × ×/ / ( )

where: 

VTCM/SO2 = volume of sulfite-TCM solution 
used, mL; 

CTCM/SO2 = concentration of sulfur dioxide in 
the working sulfite-TCM, μg SO2/mL 
(from equation 4); and 

D = dilution factor (D = 1 for the working 
sulfite-TCM solution; D = 0.1 for the di-
luted working sulfite-TCM solution). 

A calibration equation is determined using 
the method of linear least squares (Section 
12.1). The total micrograms SO2 contained in 
each solution is the x variable, and the cor-
rected absorbance (eq. 10) associated with 
each solution is the y variable. For the cali-
bration to be valid, the slope must be in the 
range of 0.030 ±0.002 absorbance unit/μg SO2, 
the intercept as determined by the least 
squares method must be equal to or less than 
0.170 absorbance unit when the color is devel-
oped at 22 °C (add 0.015 to this 0.170 specifica-
tion for each °C above 22 °C) and the correla-
tion coefficient must be greater than 0.998. If 
these criteria are not met, it may be the re-
sult of an impure dye and/or an improperly 
standardized sulfite-TCM solution. A calibra-
tion factor (Bs) is determined by calculating 
the reciprocal of the slope and is subse-
quently used for calculating the sample con-
centration (Section 12.3). 

10.3 Dynamic Calibration Procedures (Option 
2). Atmospheres containing accurately 
known concentrations of sulfur dioxide are 
prepared using permeation devices. In the 
systems for generating these atmospheres, 
the permeation device emits gaseous SO2 at 
a known, low, constant rate, provided the 
temperature of the device is held constant 
(±0.1 °C) and the device has been accurately 
calibrated at the temperature of use. The 
SO2 permeating from the device is carried by 

a low flow of dry carrier gas to a mixing 
chamber where it is diluted with SO2-free air 
to the desired concentration and supplied to 
a vented manifold. A typical system is shown 
schematically in Figure 4 and this system 
and other similar systems have been de-
scribed in detail by O’Keeffe and Ortman; (19) 
Scaringelli, Frey, and Saltzman, (20) and 
Scaringelli, O’Keeffe, Rosenberg, and Bell. 
(21) Permeation devices may be prepared or 
purchased and in both cases must be trace-
able either to a National Bureau of Stand-
ards (NBS) Standard Reference Material 
(SRM 1625, SRM 1626, SRM 1627) or to an 
NBS/EPA-approved commercially available 
Certified Reference Material (CRM). CRM’s 
are described in Reference 22, and a list of 
CRM sources is available from the address 
shown for Reference 22. A recommended pro-
tocol for certifying a permeation device to 
an NBS SRM or CRM is given in Section 2.0.7 
of Reference 2. Device permeation rates of 0.2 
to 0.4 μg/min, inert gas flows of about 50 mL/ 
min, and dilution air flow rates from 1.1 to 15 
L/min conveniently yield standard 
atmospheres in the range of 25 to 600 μg SO2/ 
m3 (0.010 to 0.230 ppm). 

10.3.1 Calibration Option 2A (30-minute and 
1-hour samples): Generate a series of six 
standard atmospheres of SO2 (e.g., 0, 50, 100, 
200, 350, 500, 750 μg/m3) by adjusting the dilu-
tion flow rates appropriately. The concentra-
tion of SO2 in each atmosphere is calculated 
as follows: 

C
P

Q Q
a

r

d p

=
×

+

10
12

3

( )

where: 
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Ca = concentration of SO2 at standard condi-
tions, μg/m3; 

Pr = permeation rate, μg/min; 

Qd = flow rate of dilution air, std L/min; and 
Qp = flow rate of carrier gas across perme-

ation device, std L/min. 
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Be sure that the total flow rate of the 
standard exceeds the flow demand of the 
sample train, with the excess flow vented at 
atmospheric pressure. Sample each atmos-
phere using similar apparatus as shown in 
Figure 1 and under the same conditions as 
field sampling (i.e., use same absorbing rea-
gent volume and sample same volume of air 
at an equivalent flow rate). Due to the 
length of the sampling periods required, this 
method is not recommended for 24-hour sam-
pling. At the completion of sampling, quan-
titatively transfer the contents of each im-
pinger to one of a series of 25-mL volumetric 
flasks (if 10 mL of absorbing solution was 
used) using small amounts of distilled water 
for rinse (<5mL). If >10 mL of absorbing solu-
tion was used, bring the absorber solution in 
each impinger to orginal volume with dis-
tilled H2 O and pipet 10-mL portions from 
each impinger into a series of 25-mL volu-
metric flasks. If the color development steps 
are not to be started within 12 hours of sam-
pling, store the solutions at 5° ±5 °C. Cal-
culate the total micrograms SO2 in each so-
lution as follows: 

μgSO
C Q t V

V
a s a

b
2

310
13=

× × × × −

( )

where: 

Ca = concentration of SO2 in the standard at-
mosphere, μg/m3; 

Os = sampling flow rate, std L/min; 
t = sampling time, min; 
Va = volume of absorbing solution used for 

color development (10 mL); and 
Vb = volume of absorbing solution used for 

sampling, mL. 

Add the remaining reagents for color de-
velopment in the same manner as in Section 
10.2 for static solutions. Calculate a calibra-
tion equation and a calibration factor (Bg) 
according to Section 10.2, adhering to all the 
specified criteria. 

10.3.2 Calibration Option 2B (24-hour sam-
ples): Generate a standard atmosphere con-
taining approximately 1,050 μg SO2/m3 and 
calculate the exact concentration according 
to equation 12. Set up a series of six absorb-
ers according to Figure 2 and connect to a 
common manifold for sampling the standard 
atmosphere. Be sure that the total flow rate 
of the standard exceeds the flow demand at 
the sample manifold, with the excess flow 
vented at atmospheric pressure. The absorb-
ers are then allowed to sample the atmos-
phere for varying time periods to yield solu-
tions containing 0, 0.2, 0.6, 1.0, 1.4, 1.8, and 2.2 
μg SO2/mL solution. The sampling times re-
quired to attain these solution concentra-
tions are calculated as follows: 

t
V C

C Q

b s

a s

=
×

× ×
−

10
14

3
( )

where: 

t = sampling time, min; 
Vb = volume of absorbing solution used for 

sampling (50 mL); 
Cs = desired concentration of SO2 in the ab-

sorbing solution, μg/mL; 
Ca = concentration of the standard atmos-

phere calculated according to equation 
12, μg/m3; and 

Qs = sampling flow rate, std L/min. 

At the completion of sampling, bring the 
absorber solutions to original volume with 
distilled water. Pipet a 10-mL portion from 
each absorber into one of a series of 25-mL 
volumetric flasks. If the color development 
steps are not to be started within 12 hours of 
sampling, store the solutions at 5° ±5 °C. Add 
the remaining reagents for color develop-
ment in the same manner as in Section 10.2 
for static solutions. Calculate the total μg 
SO2 in each standard as follows: 

μgSO
C Q t V

V

a s a

b

2

3
10

15=
× × × ×

−

( )

where: 

Va = volume of absorbing solution used for 
color development (10 mL). 

All other parameters are defined in equation 
14. 

Calculate a calibration equation and a 
calibration factor (Bt) according to Section 
10.2 adhering to all the specified criteria. 

11.0 Sample Preparation and Analysis. 
11.1 Sample Preparation. Remove the sam-

ples from the shipping container. If the ship-
ment period exceeded 12 hours from the com-
pletion of sampling, verify that the tempera-
ture is below 10 °C. Also, compare the solu-
tion level to the temporary level mark on 
the absorber. If either the temperature is 
above 10 °C or there was significant loss 
(more than 10 mL) of the sample during ship-
ping, make an appropriate notation in the 
record and invalidate the sample. Prepare 
the samples for analysis as follows: 

1. For 30-minute or 1-hour samples: Quan-
titatively transfer the entire 10 mL amount 
of absorbing solution to a 25-mL volumetric 
flask and rinse with a small amount (<5 mL) 
of distilled water. 

2. For 24-hour samples: If the volume of the 
sample is less than the original 50-mL vol-
ume (permanent mark on the absorber), ad-
just the volume back to the original volume 
with distilled water to compensate for water 
lost to evaporation during sampling. If the 
final volume is greater than the original vol-
ume, the volume must be measured using a 
graduated cylinder. To analyze, pipet 10 mL 
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of the solution into a 25-mL volumetric 
flask. 

11.2 Sample Analysis. For each set of deter-
minations, prepare a reagent blank by add-
ing 10 mL TCM absorbing solution to a 25- 
mL volumetric flask, and two control stand-
ards containing approximately 5 and 15 μg 
SO2, respectively. The control standards are 
prepared according to Section 10.2 or 10.3. 
The analysis is carried out as follows: 

1. Allow the sample to stand 20 minutes 
after the completion of sampling to allow 
any ozone to decompose (if applicable). 

2. To each 25-mL volumetric flask con-
taining reagent blank, sample, or control 
standard, add 1 mL of 0.6% sulfamic acid 
(Section 8.2.1) and allow to react for 10 min. 

3. Accurately pipet 2 mL of 0.2% formalde-
hyde solution (Section 8.2.2) and then 5 mL 
of pararosaniline solution (Section 8.2.13) 
into each flask. Start a laboratory timer set 
at 30 minutes. 

4. Bring each flask to volume with recently 
boiled and cooled distilled water and mix 
thoroughly. 

5. During the 30 minutes, the solutions 
must be in a temperature controlled environ-
ment in the range of 20° to 30 °C maintained 
to ±1 °C. This temperature must also be with-
in 1 °C of that used during calibration. 

6. After 30 minutes and before 60 minutes, 
determine the corrected absorbances (equa-
tion 10) of each solution at 548 nm using 1-cm 
optical path length cells against a distilled 
water reference (Section 10.1). (Distilled water 
is used as a reference instead of the reagent 
blank because of the sensitivity of the reagent 
blank to temperature.) 

7. Do not allow the colored solution to 
stand in the cells because a film may be de-
posited. Clean the cells with isopropyl alco-
hol after use. 

8. The reagent blank must be within 0.03 
absorbance units of the intercept of the cali-
bration equation determined in Section 10. 

11.3 Absorbance range. If the absorbance of 
the sample solution ranges between 1.0 and 
2.0, the sample can be diluted 1:1 with a por-
tion of the reagent blank and the absorbance 
redetermined within 5 minutes. Solutions 
with higher absorbances can be diluted up to 
sixfold with the reagent blank in order to ob-
tain scale readings of less than 1.0 absorb-
ance unit. However, it is recommended that 
a smaller portion (<10 mL) of the original 
sample be reanalyzed (if possible) if the sam-
ple requires a dilution greater than 1:1. 

11.4 Reagent disposal. All reagents con-
taining mercury compounds must be stored 
and disposed of using one of the procedures 
contained in Section 13. Until disposal, the 
discarded solutions can be stored in closed 
glass containers and should be left in a fume 
hood. 

12.0 Calculations. 
12.1 Calibration Slope, Intercept, and Correla-

tion Coefficient. The method of least squares 

is used to calculate a calibration equation in 
the form of: 

y mx b= + ( )16
where: 

y = corrected absorbance, 
m = slope, absorbance unit/μg SO2, 
x = micrograms of SO2, 
b = y intercept (absorbance units). 

The slope (m), intercept (b), and correla-
tion coefficient (r) are calculated as follows: 

m
n xy x y

n x x
= ∑ − ∑ ∑

∑ − ∑
( )( )

( )
( )2 2 17

b
y m x

n
=

∑ − ∑
( )18

r
m xy x y n

y y n
=

∑ − ∑ ∑

∑ − ∑

( / )

( ) /
( )

2 2
19

where n is the number of calibration points. 
A data form (Figure 5) is supplied for eas-

ily organizing calibration data when the 
slope, intercept, and correlation coefficient 
are calculated by hand. 

12.2 Total Sample Volume. Determine the 
sampling volume at standard conditions as 
follows: 

V
Q Q

tstd
i f=

+
×

2
20( )

where: 

Vstd = sampling volume in std L, 
Qi = standard flow rate determined at the 

initiation of sampling in std L/min, 
Qf = standard flow rate determined at the 

completion of sampling is std L/min, and 
t = total sampling time, min. 

12.3 Sulfur Dioxide Concentration. Calculate 
and report the concentration of each sample 
as follows: 

μg SO m
A A B

V

V

V

o x

std

b

a

2

3
3

10
21/

( )( )( )
( )=

−
×

where: 

A = corrected absorbance of the sample solu-
tion, from equation (10); 

Ao = corrected absorbance of the reagent 
blank, using equation (10); 

BX = calibration factor equal to Bs, Bg, or Bt 
depending on the calibration procedure 
used, the reciprocal of the slope of the 
calibration equation; 

Va = volume of absorber solution analyzed, 
mL; 

Vb = total volume of solution in absorber (see 
11.1–2), mL; and 

Vstd = standard air volume sampled, std L 
(from Section 12.2). 
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DATA FORM 
[For hand calculations] 

Calibra-
tion point 

no. 

Micro- 
grams So2 

Absor- 
bance units 

(x) (y) x2 xy y2 
1 ........... .................. ................... .......... .......... ........
2 ........... .................. ................... .......... .......... ........
3 ........... .................. ................... .......... .......... ........
4 ........... .................. ................... .......... .......... ........
5 ........... .................. ................... .......... .......... ........
6 ........... .................. ................... .......... .......... ........

S x=lll S y=lll S x2=lll Sxylll

Sy2
lll  

n=lll (number of pairs of coordinates.) 
llllllllllllllllllllllll

FIGURE 5. Data form for hand calculations. 

12.4 Control Standards. Calculate the ana-
lyzed micrograms of SO2 in each control 
standard as follows: 

C A A Bq o x= −( ) × ( )22
where: 

Cq = analyzed μg SO2 in each control stand-
ard, 

A = corrected absorbance of the control 
standard, and 

Ao = corrected absorbance of the reagent 
blank. 

The difference between the true and ana-
lyzed values of the control standards must 
not be greater than 1 μg. If the difference is 
greater than 1 μg, the source of the discrep-
ancy must be identified and corrected. 

12.5 Conversion of μg/m3 to ppm (v/v). If de-
sired, the concentration of sulfur dioxide at 
reference conditions can be converted to ppm 
SO2 (v/v) as follows: 

ppm SO
g SO

m
 

 
2

2

3

4
3 82 10 23= × ×

−μ
. ( )

13.0 The TCM absorbing solution and any 
reagents containing mercury compounds 
must be treated and disposed of by one of the 
methods discussed below. Both methods re-
move greater than 99.99 percent of the mer-
cury. 

13.1 Disposal of Mercury-Containing Solu-
tions. 

13.2 Method for Forming an Amalgam. 
1. Place the waste solution in an uncapped 

vessel in a hood. 
2. For each liter of waste solution, add ap-

proximately 10 g of sodium carbonate until 
neutralization has occurred (NaOH may have 
to be used). 

3. Following neutralization, add 10 g of 
granular zinc or magnesium. 

4. Stir the solution in a hood for 24 hours. 
Caution must be exercised as hydrogen gas is 
evolved by this treatment process. 

5. After 24 hours, allow the solution to 
stand without stirring to allow the mercury 
amalgam (solid black material) to settle to 
the bottom of the waste receptacle. 

6. Upon settling, decant and discard the su-
pernatant liquid. 

7. Quantitatively transfer the solid mate-
rial to a container and allow to dry. 

8. The solid material can be sent to a mer-
cury reclaiming plant. It must not be dis-
carded. 

13.3 Method Using Aluminum Foil Strips. 
1. Place the waste solution in an uncapped 

vessel in a hood. 
2. For each liter of waste solution, add ap-

proximately 10 g of aluminum foil strips. If 
all the aluminum is consumed and no gas is 
evolved, add an additional 10 g of foil. Repeat 
until the foil is no longer consumed and 
allow the gas to evolve for 24 hours. 

3. Decant the supernatant liquid and dis-
card. 

4. Transfer the elemental mercury that has 
settled to the bottom of the vessel to a stor-
age container. 

5. The mercury can be sent to a mercury 
reclaiming plant. It must not be discarded. 

14.0 References for SO2 Method. 
1. Quality Assurance Handbook for Air Pol-

lution Measurement Systems, Volume I, 
Principles. EPA–600/9–76–005, U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC 27711, 1976. 

2. Quality Assurance Handbook for Air Pol-
lution Measurement Systems, Volume II, 
Ambient Air Specific Methods. EPA–600/4–77– 
027a, U.S. Environmental Protection Agency, 
Research Triangle Park, NC 27711, 1977. 

3. Dasqupta, P. K., and K. B. DeCesare. Sta-
bility of Sulfur Dioxide in Formaldehyde and 
Its Anomalous Behavior in 
Tetrachloromercurate (II). Submitted for 
publication in Atmospheric Environment, 1982. 

4. West, P. W., and G. C. Gaeke. Fixation of 
Sulfur Dioxide as Disulfitomercurate (II) and 
Subsequent Colorimetric Estimation. Anal. 
Chem., 28:1816, 1956. 

5. Ephraim, F. Inorganic Chemistry. P. C. 
L. Thorne and E. R. Roberts, Eds., 5th Edi-
tion, Interscience, 1948, p. 562. 

6. Lyles, G. R., F. B. Dowling, and V. J. 
Blanchard. Quantitative Determination of 
Formaldehyde in the Parts Per Hundred Mil-
lion Concentration Level. J. Air. Poll. Cont. 
Assoc., Vol. 15(106), 1965. 

7. McKee, H. C., R. E. Childers, and O. 
Saenz, Jr. Collaborative Study of Reference 
Method for Determination of Sulfur Dioxide 
in the Atmosphere (Pararosaniline Method). 
EPA-APTD-0903, U.S. Environmental Protec-
tion Agency, Research Triangle Park, NC 
27711, September 1971. 

8. Urone, P., J. B. Evans, and C. M. Noyes. 
Tracer Techniques in Sulfur—Air Pollution 
Studies Apparatus and Studies of Sulfur Di-
oxide Colorimetric and Conductometric 
Methods. Anal. Chem., 37: 1104, 1965. 
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ied by an Isotopic Tracer Method. Intern. J. 
Air Water Poll., 9:333, 1965. 

10. Scaringelli, F. P., B. E. Saltzman, and 
S. A. Frey. Spectrophotometric Determina-
tion of Atmospheric Sulfur Dioxide. Anal. 
Chem., 39: 1709, 1967. 

11. Pate, J. B., B. E. Ammons, G. A. Swan-
son, and J. P. Lodge, Jr. Nitrite Interference 
in Spectrophotometric Determination of At-
mospheric Sulfur Dioxide. Anal. Chem., 
37:942, 1965. 

12. Zurlo, N., and A. M. Griffini. Measure-
ment of the Sulfur Dioxide Content of the 
Air in the Presence of Oxides of Nitrogen and 
Heavy Metals. Medicina Lavoro, 53:330, 1962. 

13. Rehme, K. A., and F. P. Scaringelli. Ef-
fect of Ammonia on the Spectrophotometric 
Determination of Atmospheric Concentra-
tions of Sulfur Dioxide. Anal. Chem., 47:2474, 
1975. 

14. McCoy, R. A., D. E. Camann, and H. C. 
McKee. Collaborative Study of Reference 
Method for Determination of Sulfur Dioxide 
in the Atmosphere (Pararosaniline Method) 
(24-Hour Sampling). EPA–650/4–74–027, U.S. 
Environmental Protection Agency, Research 
Triangle Park, NC 27711, December 1973. 

15. Fuerst, R. G. Improved Temperature 
Stability of Sulfur Dioxide Samples Col-
lected by the Federal Reference Method. 
EPA–600/4–78–018, U.S. Environmental Pro-
tection Agency, Research Triangle Park, NC 
27711, April 1978. 

16. Scaringelli, F. P., L. Elfers, D. Norris, 
and S. Hochheiser. Enhanced Stability of 
Sulfur Dioxide in Solution. Anal. Chem., 
42:1818, 1970. 

17. Martin, B. E. Sulfur Dioxide Bubbler 
Temperature Study. EPA–600/4–77–040, U.S. 
Environmental Protection Agency, Research 
Triangle Park, NC 27711, August 1977. 

18. American Society for Testing and Mate-
rials. ASTM Standards, Water; Atmospheric 
Analysis. Part 23. Philadelphia, PA, October 
1968, p. 226. 

19. O’Keeffe, A. E., and G. C. Ortman. Pri-
mary Standards for Trace Gas Analysis. 
Anal. Chem., 38:760, 1966. 

20. Scaringelli, F. P., S. A. Frey, and B. E. 
Saltzman. Evaluation of Teflon Permeation 
Tubes for Use with Sulfur Dioxide. Amer. 
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metrically. Anal. Chem., 42:871, 1970. 
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Traceability of Gas Mixtures to Certain Na-
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erence Materials. EPA–600/7–81–010, U.S. En-
vironmental Protection Agency, Environ-
mental Monitoring Systems Laboratory 

(MD–77), Research Triangle Park, NC 27711, 
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[47 FR 54899, Dec. 6, 1982; 48 FR 17355, Apr. 22, 
1983. Redesignated at 75 FR 35595, June 22, 
2010] 

APPENDIX B TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
SUSPENDED PARTICULATE MATTER IN 
THE ATMOSPHERE (HIGH-VOLUME 
METHOD) 

1.0 Applicability. 
1.1 This method provides a measurement of 

the mass concentration of total suspended 
particulate matter (TSP) in ambient air for 
determining compliance with the primary 
and secondary national ambient air quality 
standards for particulate matter as specified 
in § 50.6 and § 50.7 of this chapter. The meas-
urement process is nondestructive, and the 
size of the sample collected is usually ade-
quate for subsequent chemical analysis. 
Quality assurance procedures and guidance 
are provided in part 58, appendixes A and B, 
of this chapter and in References 1 and 2. 

2.0 Principle. 
2.1 An air sampler, properly located at the 

measurement site, draws a measured quan-
tity of ambient air into a covered housing 
and through a filter during a 24-hr (nominal) 
sampling period. The sampler flow rate and 
the geometry of the shelter favor the collec-
tion of particles up to 25–50 μm (aerodynamic 
diameter), depending on wind speed and di-
rection.(3) The filters used are specified to 
have a minimum collection efficiency of 99 
percent for 0.3 μm (DOP) particles (see Sec-
tion 7.1.4). 

2.2 The filter is weighed (after moisture 
equilibration) before and after use to deter-
mine the net weight (mass) gain. The total 
volume of air sampled, corrected to EPA 
standard conditions (25 °C, 760 mm Hg [101 
kPa]), is determined from the measured flow 
rate and the sampling time. The concentra-
tion of total suspended particulate matter in 
the ambient air is computed as the mass of 
collected particles divided by the volume of 
air sampled, corrected to standard condi-
tions, and is expressed in micrograms per 
standard cubic meter (μg/std m3). For sam-
ples collected at temperatures and pressures 
significantly different than standard condi-
tions, these corrected concentrations may 
differ substantially from actual concentra-
tions (micrograms per actual cubic meter), 
particularly at high elevations. The actual 
particulate matter concentration can be cal-
culated from the corrected concentration 
using the actual temperature and pressure 
during the sampling period. 

3.0 Range. 
3.1 The approximate concentration range 

of the method is 2 to 750 μg/std m3. The upper 
limit is determined by the point at which the 
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*At elevated altitudes, the effectiveness of 
automatic flow controllers may be reduced 
because of a reduction in the maximum sam-
pler flow. 

sampler can no longer maintain the specified 
flow rate due to the increased pressure drop 
of the loaded filter. This point is affected by 
particle size distribution, moisture content 
of the collected particles, and variability 
from filter to filter, among other things. The 
lower limit is determined by the sensitivity 
of the balance (see Section 7.10) and by in-
herent sources of error (see Section 6). 

3.2 At wind speeds between 1.3 and 4.5 m/sec 
(3 and 10 mph), the high-volume air sampler 
has been found to collect particles up to 25 to 
50 μm, depending on wind speed and direc-
tion.(3) For the filter specified in Section 7.1, 
there is effectively no lower limit on the par-
ticle size collected. 

4.0 Precision. 
4.1 Based upon collaborative testing, the 

relative standard deviation (coefficient of 
variation) for single analyst precision (re-
peatability) of the method is 3.0 percent. The 
corresponding value for interlaboratory pre-
cision (reproducibility) is 3.7 percent.(4) 

5.0 Accuracy. 
5.1 The absolute accuracy of the method is 

undefined because of the complex nature of 
atmospheric particulate matter and the dif-
ficulty in determining the ‘‘true’’ particulate 
matter concentration. This method provides 
a measure of particulate matter concentra-
tion suitable for the purpose specified under 
Section 1.0, Applicability. 

6.0 Inherent Sources of Error. 
6.1 Airflow variation. The weight of mate-

rial collected on the filter represents the (in-
tegrated) sum of the product of the instanta-
neous flow rate times the instantaneous par-
ticle concentration. Therefore, dividing this 
weight by the average flow rate over the 
sampling period yields the true particulate 
matter concentration only when the flow 
rate is constant over the period. The error 
resulting from a nonconstant flow rate de-
pends on the magnitude of the instantaneous 
changes in the flow rate and in the particu-
late matter concentration. Normally, such 
errors are not large, but they can be greatly 
reduced by equipping the sampler with an 
automatic flow controlling mechanism that 
maintains constant flow during the sampling 
period. Use of a contant flow controller is 
recommended.* 

6.2 Air volume measurement. If the flow rate 
changes substantially or nonuniformly dur-
ing the sampling period, appreciable error in 
the estimated air volume may result from 
using the average of the presampling and 
postsampling flow rates. Greater air volume 
measurement accuracy may be achieved by 
(1) equipping the sampler with a flow con-
trolling mechanism that maintains constant 

air flow during the sampling period,* (2) 
using a calibrated, continuous flow rate re-
cording device to record the actual flow rate 
during the samping period and integrating 
the flow rate over the period, or (3) any other 
means that will accurately measure the 
total air volume sampled during the sam-
pling period. Use of a continuous flow re-
corder is recommended, particularly if the 
sampler is not equipped with a constant flow 
controller. 

6.3 Loss of volatiles. Volatile particles col-
lected on the filter may be lost during subse-
quent sampling or during shipment and/or 
storage of the filter prior to the 
postsampling weighing.(5) Although such 
losses are largely unavoidable, the filter 
should be reweighed as soon after sampling 
as practical. 

6.4 Artifact particulate matter. Artifact par-
ticulate matter can be formed on the surface 
of alkaline glass fiber filters by oxidation of 
acid gases in the sample air, resulting in a 
higher than true TSP determination.(6 7) 
This effect usually occurs early in the sam-
ple period and is a function of the filter pH 
and the presence of acid gases. It is generally 
believed to account for only a small percent-
age of the filter weight gain, but the effect 
may become more significant where rel-
atively small particulate weights are col-
lected. 

6.5 Humidity. Glass fiber filters are com-
paratively insensitive to changes in relative 
humidity, but collected particulate matter 
can be hygroscopic.(8) The moisture condi-
tioning procedure minimizes but may not 
completely eliminate error due to moisture. 

6.6 Filter handling. Careful handling of the 
filter between the presampling and 
postsampling weighings is necessary to avoid 
errors due to loss of fibers or particles from 
the filter. A filter paper cartridge or cassette 
used to protect the filter can minimize han-
dling errors. (See Reference 2, Section 2). 

6.7 Nonsampled particulate matter. Particu-
late matter may be deposited on the filter by 
wind during periods when the sampler is in-
operative. (9) It is recommended that errors 
from this source be minimized by an auto-
matic mechanical device that keeps the fil-
ter covered during nonsampling periods, or 
by timely installation and retrieval of filters 
to minimize the nonsampling periods prior 
to and following operation. 

6.8 Timing errors. Samplers are normally 
controlled by clock timers set to start and 
stop the sampler at midnight. Errors in the 
nominal 1,440-min sampling period may re-
sult from a power interruption during the 
sampling period or from a discrepancy be-
tween the start or stop time recorded on the 
filter information record and the actual 
start or stop time of the sampler. Such dis-
crepancies may be caused by (1) poor resolu-
tion of the timer set-points, (2) timer error 
due to power interruption, (3) missetting of 
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(†) See note at beginning of Section 7 of 
this appendix. 

‡ These specifications are in actual air vol-
ume units; to convert to EPA standard air 
volume units, multiply the specifications by 
(Pb/Pstd)(298/T) where Pb and T are the baro-
metric pressure in mm Hg (or kPa) and the 
temperature in K at the sampler, and Pstd is 
760 mm Hg (or 101 kPa). 

the timer, or (4) timer malfunction. In gen-
eral, digital electronic timers have much 
better set-point resolution than mechanical 
timers, but require a battery backup system 
to maintain continuity of operation after a 
power interruption. A continuous flow re-
corder or elapsed time meter provides an in-
dication of the sampler run-time, as well as 
indication of any power interruption during 
the sampling period and is therefore rec-
ommended. 

6.9 Recirculation of sampler exhaust. Under 
stagnant wind conditions, sampler exhaust 
air can be resampled. This effect does not ap-
pear to affect the TSP measurement sub-
stantially, but may result in increased car-
bon and copper in the collected sample. (10) 
This problem can be reduced by ducting the 
exhaust air well away, preferably downwind, 
from the sampler. 

7.0 Apparatus. 
(See References 1 and 2 for quality assur-

ance information.) 

NOTE: Samplers purchased prior to the ef-
fective date of this amendment are not sub-
ject to specifications preceded by (†). 

7.1 Filter. (Filters supplied by the Environ-
mental Protection Agency can be assumed to 
meet the following criteria. Additional speci-
fications are required if the sample is to be 
analyzed chemically.) 

7.1.1 Size: 20.3 ±0.2 × 25.4 ±0.2 cm (nominal 8 
× 10 in). 

7.1.2 Nominal exposed area: 406.5 cm2 (63 in2). 
7.1.3. Material: Glass fiber or other rel-

atively inert, nonhygroscopic material. (8) 
7.1.4 Collection efficiency: 99 percent min-

imum as measured by the DOP test (ASTM– 
2986) for particles of 0.3 μm diameter. 

7.1.5 Recommended pressure drop range: 42–54 
mm Hg (5.6–7.2 kPa) at a flow rate of 1.5 std 
m3/min through the nominal exposed area. 

7.1.6 pH: 6 to 10. (11) 
7.1.7 Integrity: 2.4 mg maximum weight 

loss. (11) 
7.1.8 Pinholes: None. 
7.1.9 Tear strength: 500 g minimum for 20 

mm wide strip cut from filter in weakest di-
mension. (See ASTM Test D828–60). 

7.1.10 Brittleness: No cracks or material sep-
arations after single lengthwise crease. 

7.2 Sampler. The air sampler shall provide 
means for drawing the air sample, via re-
duced pressure, through the filter at a uni-
form face velocity. 

7.2.1 The sampler shall have suitable means 
to: 

a. Hold and seal the filter to the sampler 
housing. 

b. Allow the filter to be changed conven-
iently. 

c. Preclude leaks that would cause error in 
the measurement of the air volume passing 
through the filter. 

d. (†) Manually adjust the flow rate to ac-
commodate variations in filter pressure drop 
and site line voltage and altitude. The ad-
justment may be accomplished by an auto-
matic flow controller or by a manual flow 
adjustment device. Any manual adjustment 
device must be designed with positive 
detents or other means to avoid uninten-
tional changes in the setting. 

7.2.2 Minimum sample flow rate, heavily load-
ed filter: 1.1 m3/min (39 ft3/min).‡ 

7.2.3 Maximum sample flow rate, clean filter: 
1.7 m3/min (60 ft3/min).‡ 

7.2.4 Blower Motor: The motor must be ca-
pable of continuous operation for 24-hr peri-
ods. 

7.3 Sampler shelter. 
7.3.1 The sampler shelter shall: 
a. Maintain the filter in a horizontal posi-

tion at least 1 m above the sampler sup-
porting surface so that sample air is drawn 
downward through the filter. 

b. Be rectangular in shape with a gabled 
roof, similar to the design shown in Figure 1. 

c. Cover and protect the filter and sampler 
from precipitation and other weather. 

d. Discharge exhaust air at least 40 cm 
from the sample air inlet. 

e. Be designed to minimize the collection 
of dust from the supporting surface by incor-
porating a baffle between the exhaust outlet 
and the supporting surface. 

7.3.2 The sampler cover or roof shall over-
hang the sampler housing somewhat, as 
shown in Figure 1, and shall be mounted so 
as to form an air inlet gap between the cover 
and the sampler housing walls. † This sample 
air inlet should be approximately uniform on 
all sides of the sampler. † The area of the 
sample air inlet must be sized to provide an 
effective particle capture air velocity of be-
tween 20 and 35 cm/sec at the recommended 
operational flow rate. The capture velocity 
is the sample air flow rate divided by the 
inlet area measured in a horizontal plane at 
the lower edge of the cover. † Ideally, the 
inlet area and operational flow rate should 
be selected to obtain a capture air velocity 
of 25 ±2 cm/sec. 

7.4 Flow rate measurement devices. 
7.4.1 The sampler shall incorporate a flow 

rate measurement device capable of indi-
cating the total sampler flow rate. Two com-
mon types of flow indicators covered in the 
calibration procedure are (1) an electronic 
mass flowmeter and (2) an orifice or orifices 
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located in the sample air stream together 
with a suitable pressure indicator such as a 
manometer, or aneroid pressure gauge. A 
pressure recorder may be used with an ori-
fice to provide a continuous record of the 
flow. Other types of flow indicators (includ-
ing rotameters) having comparable precision 
and accuracy are also acceptable. 

7.4.2 † The flow rate measurement device 
must be capable of being calibrated and read 
in units corresponding to a flow rate which 
is readable to the nearest 0.02 std m3/min 
over the range 1.0 to 1.8 std m3/min. 

7.5 Thermometer, to indicate the approxi-
mate air temperature at the flow rate meas-
urement orifice, when temperature correc-
tions are used. 

7.5.1 Range: ¥40° to + 50 °C (223–323 K). 
7.5.2 Resolution: 2 °C (2 K). 
7.6 Barometer, to indicate barometric pres-

sure at the flow rate measurement orifice, 
when pressure corrections are used. 

7.6.1 Range: 500 to 800 mm Hg (66–106 kPa). 
7.6.2 Resolution: ±5 mm Hg (0.67 kPa). 
7.7 Timing/control device. 
7.7.1 The timing device must be capable of 

starting and stopping the sampler to obtain 
an elapsed run-time of 24 hr ±1 hr (1,440 ±60 
min). 

7.7.2 Accuracy of time setting: ±30 min, or 
better. (See Section 6.8). 

7.8 Flow rate transfer standard, traceable to 
a primary standard. (See Section 9.2.) 

7.8.1 Approximate range: 1.0 to 1.8 m3/min. 
7.8.2 Resolution: 0.02 m3/min. 
7.8.3 Reproducibility: ±2 percent (2 times co-

efficient of variation) over normal ranges of 
ambient temperature and pressure for the 
stated flow rate range. (See Reference 2, Sec-
tion 2.) 

7.8.4 Maximum pressure drop at 1.7 std m3/ 
min; 50 cm H2 O (5 kPa). 

7.8.5 The flow rate transfer standard must 
connect without leaks to the inlet of the 
sampler and measure the flow rate of the 
total air sample. 

7.8.6 The flow rate transfer standard must 
include a means to vary the sampler flow 
rate over the range of 1.0 to 1.8 m3/min (35– 
64 ft3/min) by introducing various levels of 
flow resistance between the sampler and the 
transfer standard inlet. 

7.8.7 The conventional type of flow transfer 
standard consists of: An orifice unit with 
adapter that connects to the inlet of the 
sampler, a manometer or other device to 
measure orifice pressure drop, a means to 
vary the flow through the sampler unit, a 
thermometer to measure the ambient tem-
perature, and a barometer to measure ambi-
ent pressure. Two such devices are shown in 
Figures 2a and 2b. Figure 2a shows multiple 
fixed resistance plates, which necessitate 
disassembly of the unit each time the flow 
resistance is changed. A preferable design, il-
lustrated in Figure 2b, has a variable flow re-
striction that can be adjusted externally 

without disassembly of the unit. Use of a 
conventional, orifice-type transfer standard 
is assumed in the calibration procedure (Sec-
tion 9). However, the use of other types of 
transfer standards meeting the above speci-
fications, such as the one shown in Figure 2c, 
may be approved; see the note following Sec-
tion 9.1. 

7.9 Filter conditioning environment 
7.9.1 Controlled temperature: between 15° and 

30 °C with less than ±3 °C variation during 
equilibration period. 

7.9.2 Controlled humidity: Less than 50 per-
cent relative humidity, constant within ±5 
percent. 

7.10 Analytical balance. 
7.10.1 Sensitivity: 0.1 mg. 
7.10.2 Weighing chamber designed to accept 

an unfolded 20.3 × 25.4 cm (8 × 10 in) filter. 
7.11 Area light source, similar to X-ray film 

viewer, to backlight filters for visual inspec-
tion. 

7.12 Numbering device, capable of printing 
identification numbers on the filters before 
they are placed in the filter conditioning en-
vironment, if not numbered by the supplier. 

8.0 Procedure. 
(See References 1 and 2 for quality assur-

ance information.) 
8.1 Number each filter, if not already num-

bered, near its edge with a unique identifica-
tion number. 

8.2 Backlight each filter and inspect for 
pinholes, particles, and other imperfections; 
filters with visible imperfections must not 
be used. 

8.3 Equilibrate each filter in the condi-
tioning environment for at least 24-hr. 

8.4 Following equilibration, weigh each fil-
ter to the nearest milligram and record this 
tare weight (Wi) with the filter identification 
number. 

8.5 Do not bend or fold the filter before col-
lection of the sample. 

8.6 Open the shelter and install a num-
bered, preweighed filter in the sampler, fol-
lowing the sampler manufacturer’s instruc-
tions. During inclement weather, pre-
cautions must be taken while changing fil-
ters to prevent damage to the clean filter 
and loss of sample from or damage to the ex-
posed filter. Filter cassettes that can be 
loaded and unloaded in the laboratory may 
be used to minimize this problem (See Sec-
tion 6.6). 

8.7 Close the shelter and run the sampler 
for at least 5 min to establish run-tempera-
ture conditions. 

8.8 Record the flow indicator reading and, 
if needed, the barometric pressure (P3

3) and 
the ambient temperature (T3

3) see NOTE fol-
lowing step 8.12). Stop the sampler. Deter-
mine the sampler flow rate (see Section 10.1); 
if it is outside the acceptable range (1.1 to 1.7 
m3/min [39–60 ft3/min]), use a different filter, 
or adjust the sampler flow rate. Warning: 
Substantial flow adjustments may affect the 
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calibration of the orifice-type flow indica-
tors and may necessitate recalibration. 

8.9 Record the sampler identification infor-
mation (filter number, site location or iden-
tification number, sample date, and starting 
time). 

8.10 Set the timer to start and stop the 
sampler such that the sampler runs 24-hrs, 
from midnight to midnight (local time). 

8.11 As soon as practical following the sam-
pling period, run the sampler for at least 5 
min to again establish run-temperature con-
ditions. 

8.12 Record the flow indicator reading and, 
if needed, the barometric pressure (P3

3) and 
the ambient temperature (T3

3). 
NOTE: No onsite pressure or temperature 

measurements are necessary if the sampler 
flow indicator does not require pressure or 
temperature corrections (e.g., a mass flow-
meter) or if average barometric pressure and 
seasonal average temperature for the site are 
incorporated into the sampler calibration 
(see step 9.3.9). For individual pressure and 
temperature corrections, the ambient pres-
sure and temperature can be obtained by on-
site measurements or from a nearby weather 
station. Barometric pressure readings ob-
tained from airports must be station pres-
sure, not corrected to sea level, and may 
need to be corrected for differences in ele-
vation between the sampler site and the air-
port. For samplers having flow recorders but 
not constant flow controllers, the average 
temperature and pressure at the site during 
the sampling period should be estimated from 
weather bureau or other available data. 

8.13 Stop the sampler and carefully remove 
the filter, following the sampler manufactur-
er’s instructions. Touch only the outer edges 
of the filter. See the precautions in step 8.6. 

8.14 Fold the filter in half lengthwise so 
that only surfaces with collected particulate 
matter are in contact and place it in the fil-
ter holder (glassine envelope or manila fold-
er). 

8.15 Record the ending time or elapsed time 
on the filter information record, either from 
the stop set-point time, from an elapsed time 
indicator, or from a continuous flow record. 
The sample period must be 1,440 ±60 min. for 
a valid sample. 

8.16 Record on the filter information record 
any other factors, such as meteorological 
conditions, construction activity, fires or 
dust storms, etc., that might be pertinent to 
the measurement. If the sample is known to 
be defective, void it at this time. 

8.17 Equilibrate the exposed filter in the 
conditioning environment for at least 24-hrs. 

8.18 Immediately after equilibration, re-
weigh the filter to the nearest milligram and 
record the gross weight with the filter iden-
tification number. See Section 10 for TSP 
concentration calculations. 

9.0 Calibration. 

9.1 Calibration of the high volume sam-
pler’s flow indicating or control device is 
necessary to establish traceability of the 
field measurement to a primary standard via 
a flow rate transfer standard. Figure 3a illus-
trates the certification of the flow rate 
transfer standard and Figure 3b illustrates 
its use in calibrating a sampler flow indi-
cator. Determination of the corrected flow 
rate from the sampler flow indicator, illus-
trated in Figure 3c, is addressed in Section 
10.1 

NOTE: The following calibration procedure 
applies to a conventional orifice-type flow 
transfer standard and an orifice-type flow in-
dicator in the sampler (the most common 
types). For samplers using a pressure re-
corder having a square-root scale, 3 other ac-
ceptable calibration procedures are provided 
in Reference 12. Other types of transfer 
standards may be used if the manufacturer 
or user provides an appropriately modified 
calibration procedure that has been approved 
by EPA under Section 2.8 of appendix C to 
part 58 of this chapter. 

9.2 Certification of the flow rate transfer 
standard. 

9.2.1 Equipment required: Positive displace-
ment standard volume meter traceable to 
the National Bureau of Standards (such as a 
Roots meter or equivalent), stop-watch, ma-
nometer, thermometer, and barometer. 

9.2.2 Connect the flow rate transfer stand-
ard to the inlet of the standard volume 
meter. Connect the manometer to measure 
the pressure at the inlet of the standard vol-
ume meter. Connect the orifice manometer 
to the pressure tap on the transfer standard. 
Connect a high-volume air pump (such as a 
high-volume sampler blower) to the outlet 
side of the standard volume meter. See Fig-
ure 3a. 

9.2.3 Check for leaks by temporarily clamp-
ing both manometer lines (to avoid fluid 
loss) and blocking the orifice with a large-di-
ameter rubber stopper, wide cellophane tape, 
or other suitable means. Start the high-vol-
ume air pump and note any change in the 
standard volume meter reading. The reading 
should remain constant. If the reading 
changes, locate any leaks by listening for a 
whistling sound and/or retightening all con-
nections, making sure that all gaskets are 
properly installed. 

9.2.4 After satisfactorily completing the 
leak check as described above, unclamp both 
manometer lines and zero both manometers. 

9.2.5 Achieve the appropriate flow rate 
through the system, either by means of the 
variable flow resistance in the transfer 
standard or by varying the voltage to the air 
pump. (Use of resistance plates as shown in 
Figure 1a is discouraged because the above 
leak check must be repeated each time a new 
resistance plate is installed.) At least five 
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different but constant flow rates, evenly dis-
tributed, with at least three in the specified 
flow rate interval (1.1 to 1.7 m3/min [39–60 ft3/ 
min]), are required. 

9.2.6 Measure and record the certification 
data on a form similar to the one illustrated 
in Figure 4 according to the following steps. 

9.2.7 Observe the barometric pressure and 
record as P1 (item 8 in Figure 4). 

9.2.8 Read the ambient temperature in the 
vicinity of the standard volume meter and 
record it as T1 (item 9 in Figure 4). 

9.2.9 Start the blower motor, adjust the 
flow, and allow the system to run for at least 
1 min for a constant motor speed to be at-
tained. 

9.2.10 Observe the standard volume meter 
reading and simultaneously start a stop-
watch. Record the initial meter reading (Vi) 
in column 1 of Figure 4. 

9.2.11 Maintain this constant flow rate 
until at least 3 m3 of air have passed through 
the standard volume meter. Record the 
standard volume meter inlet pressure ma-
nometer reading as DP (column 5 in Figure 
4), and the orifice manometer reading as DH 
(column 7 in Figure 4). Be sure to indicate 
the correct units of measurement. 

9.2.12 After at least 3 m3 of air have passed 
through the system, observe the standard 
volume meter reading while simultaneously 
stopping the stopwatch. Record the final 
meter reading (Vf) in column 2 and the 
elapsed time (t) in column 3 of Figure 4. 

9.2.13 Calculate the volume measured by 
the standard volume meter at meter condi-
tions of temperature and pressures as Vm = 
Vf¥Vi. Record in column 4 of Figure 4. 

9.2.14 Correct this volume to standard vol-
ume (std m3) as follows: 

V V
P P

P

T

T
std m

std

std=
−1

1

Δ

where: 
Vstd = standard volume, std m3; 
Vm = actual volume measured by the stand-

ard volume meter; 
P1 = barometric pressure during calibration, 

mm Hg or kPa; 
DP = differential pressure at inlet to volume 

meter, mm Hg or kPa; 
Pstd = 760 mm Hg or 101 kPa; 
Tstd = 298 K; 
T1 = ambient temperature during calibra-

tion, K. 
Calculate the standard flow rate (std m3/min) 

as follows: 

Q
V

t
std

std=

where: 
Qstd = standard volumetric flow rate, std m3/ 

min 
t = elapsed time, minutes. 

Record Qstd to the nearest 0.01 std m3/min 
in column 6 of Figure 4. 

9.2.15 Repeat steps 9.2.9 through 9.2.14 for 
at least four additional constant flow rates, 
evenly spaced over the approximate range of 
1.0 to 1.8 std m3/min (35–64 ft3/min). 

9.2.16 For each flow, compute 

√DDH (P1/Pstd)(298/T1) 

(column 7a of Figure 4) and plot these value 
against Qstd as shown in Figure 3a. Be sure to 
use consistent units (mm Hg or kPa) for bar-
ometric pressure. Draw the orifice transfer 
standard certification curve or calculate the 
linear least squares slope (m) and intercept 
(b) of the certification curve: 

√DDH (P1/Pstd)(298/T1) 

= mQstd + b. See Figures 3 and 4. A certifi-
cation graph should be readable to 0.02 std 
m3/min. 

9.2.17 Recalibrate the transfer standard an-
nually or as required by applicable quality 
control procedures. (See Reference 2.) 

9.3 Calibration of sampler flow indicator. 

NOTE: For samplers equipped with a flow 
controlling device, the flow controller must 
be disabled to allow flow changes during 
calibration of the sampler’s flow indicator, 
or the alternate calibration of the flow con-
troller given in 9.4 may be used. For sam-
plers using an orifice-type flow indicator 
downstream of the motor, do not vary the 
flow rate by adjusting the voltage or power 
supplied to the sampler. 

9.3.1 A form similar to the one illustrated 
in Figure 5 should be used to record the cali-
bration data. 

9.3.2 Connect the transfer standard to the 
inlet of the sampler. Connect the orifice ma-
nometer to the orifice pressure tap, as illus-
trated in Figure 3b. Make sure there are no 
leaks between the orifice unit and the sam-
pler. 

9.3.3 Operate the sampler for at least 5 
minutes to establish thermal equilibrium 
prior to the calibration. 

9.3.4 Measure and record the ambient tem-
perature, T2, and the barometric pressure, 
P2, during calibration. 

9.3.5 Adjust the variable resistance or, if 
applicable, insert the appropriate resistance 
plate (or no plate) to achieve the desired 
flow rate. 

9.3.6 Let the sampler run for at least 2 min 
to re-establish the run-temperature condi-
tions. Read and record the pressure drop 
across the orifice (DH) and the sampler flow 
rate indication (I) in the appropriate col-
umns of Figure 5. 

9.3.7 Calculate √DDH(P2/Pstd)(298/T2) and de-
termine the flow rate at standard conditions 
(Qstd) either graphically from the certifi-
cation curve or by calculating Qstd from the 
least square slope and intercept of the trans-
fer standard’s transposed certification curve: 
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Qstd = 1/m √DH(P2/Pstd)(298/T2)¥b. Record the 
value of Qstd on Figure 5. 

9.3.8 Repeat steps 9.3.5, 9.3.6, and 9.3.7 for 
several additional flow rates distributed over 
a range that includes 1.1 to 1.7 std m3/min. 

9.3.9 Determine the calibration curve by 
plotting values of the appropriate expression 
involving I, selected from table 1, against 
Qstd. The choice of expression from table 1 de-
pends on the flow rate measurement device 
used (see Section 7.4.1) and also on whether 
the calibration curve is to incorporate geo-
graphic average barometric pressure (Pa) and 
seasonal average temperature (Ta) for the 
site to approximate actual pressure and tem-
perature. Where Pa and Ta can be determined 
for a site for a seasonal period such that the 
actual barometric pressure and temperature 
at the site do not vary by more than ±60 mm 
Hg (8 kPa) from Pa or ±15 °C from Ta, respec-
tively, then using Pa and Ta avoids the need 
for subsequent pressure and temperature cal-
culation when the sampler is used. The geo-
graphic average barometric pressure (Pa) 
may be estimated from an altitude-pressure 
table or by making an (approximate) ele-
vation correction of ¥26 mm Hg (¥3.46 kPa) 
for each 305 m (1,000 ft) above sea level (760 
mm Hg or 101 kPa). The seasonal average 
temperature (Ta) may be estimated from 
weather station or other records. Be sure to 
use consistent units (mm Hg or kPa) for bar-
ometric pressure. 

9.3.10 Draw the sampler calibration curve 
or calculate the linear least squares slope 
(m), intercept (b), and correlation coefficient 
of the calibration curve: [Expression from 
table 1]= mQstd + b. See Figures 3 and 5. Cali-

bration curves should be readable to 0.02 std 
m3/min. 

9.3.11 For a sampler equipped with a flow 
controller, the flow controlling mechanism 
should be re-enabled and set to a flow near 
the lower flow limit to allow maximum con-
trol range. The sample flow rate should be 
verified at this time with a clean filter in-
stalled. Then add two or more filters to the 
sampler to see if the flow controller main-
tains a constant flow; this is particularly im-
portant at high altitudes where the range of 
the flow controller may be reduced. 

9.4 Alternate calibration of flow-controlled 
samplers. A flow-controlled sampler may be 
calibrated solely at its controlled flow rate, 
provided that previous operating history of 
the sampler demonstrates that the flow rate 
is stable and reliable. In this case, the flow 
indicator may remain uncalibrated but 
should be used to indicate any relative 
change between initial and final flows, and 
the sampler should be recalibrated more 
often to minimize potential loss of samples 
because of controller malfunction. 

9.4.1 Set the flow controller for a flow near 
the lower limit of the flow range to allow 
maximum control range. 

9.4.2 Install a clean filter in the sampler 
and carry out steps 9.3.2, 9.3.3, 9.3.4, 9.3.6, and 
9.3.7. 

9.4.3 Following calibration, add one or two 
additional clean filters to the sampler, re-
connect the transfer standard, and operate 
the sampler to verify that the controller 
maintains the same calibrated flow rate; this 
is particularly important at high altitudes 
where the flow control range may be re-
duced. 
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10.0 Calculations of TSP Concentration. 
10.1 Determine the average sampler flow 

rate during the sampling period according to 
either 10.1.1 or 10.1.2 below. 

10.1.1 For a sampler without a continuous 
flow recorder, determine the appropriate ex-
pression to be used from table 2 cor-
responding to the one from table 1 used in 
step 9.3.9. Using this appropriate expression, 
determine Qstd for the initial flow rate from 

the sampler calibration curve, either graphi-
cally or from the transposed regression equa-
tion: 

Qstd = 
1/m ([Appropriate expression from table 
2]¥b) 

Similarly, determine Qstd from the final flow 
reading, and calculate the average flow Qstd 
as one-half the sum of the initial and final 
flow rates. 
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10.1.2 For a sampler with a continuous flow 
recorder, determine the average flow rate de-
vice reading, I, for the period. Determine the 
appropriate expression from table 2 cor-
responding to the one from table 1 used in 
step 9.3.9. Then using this expression and the 
average flow rate reading, determine Qstd 
from the sampler calibration curve, either 
graphically or from the transposed regres-
sion equation: 

Qstd = 

1/m ([Appropriate expression from table 
2]¥b) 

If the trace shows substantial flow change 
during the sampling period, greater accuracy 
may be achieved by dividing the sampling 
period into intervals and calculating an av-
erage reading before determining Qstd. 

10.2 Calculate the total air volume sampled 
as: 

V ¥ Qstd × t 

where: 

V = total air volume sampled, in standard 
volume units, std m3/; 

Qstd = average standard flow rate, std m3/min; 
t = sampling time, min. 

10.3 Calculate and report the particulate 
matter concentration as: 

TSP
W W

V

f i=
− ×( ) 10

6

where: 

TSP = mass concentration of total suspended 
particulate matter, μg/std m3; 

Wi = initial weight of clean filter, g; 
Wf = final weight of exposed filter, g; 
V = air volume sampled, converted to stand-

ard conditions, std m3, 
106 = conversion of g to μg. 

10.4 If desired, the actual particulate mat-
ter concentration (see Section 2.2) can be 
calculated as follows: 

(TSP)a = TSP (P3/Pstd)(298/T3) 

where: 

(TSP)a = actual concentration at field condi-
tions, μg/m3; 

TSP = concentration at standard conditions, 
μg/std m3; 

P3 = average barometric pressure during 
sampling period, mm Hg; 

Pstd = 760 mn Hg (or 101 kPa); 
T3 = average ambient temperature during 

sampling period, K. 
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[47 FR 54912, Dec. 6, 1982; 48 FR 17355, Apr. 22, 1983] 

APPENDIX C TO PART 50—MEASUREMENT 
PRINCIPLE AND CALIBRATION PROCE-
DURE FOR THE MEASUREMENT OF 
CARBON MONOXIDE IN THE ATMOS-
PHERE (NON-DISPERSIVE INFRARED 
PHOTOMETRY) 

1.0 APPLICABILITY 

1.1 This non-dispersive infrared photom-
etry (NDIR) Federal Reference Method 
(FRM) provides measurements of the con-
centration of carbon monoxide (CO) in ambi-

ent air for determining compliance with the 
primary and secondary National Ambient 
Air Quality Standards (NAAQS) for CO as 
specified in § 50.8 of this chapter. The method 
is applicable to continuous sampling and 
measurement of ambient CO concentrations 
suitable for determining 1-hour or longer av-
erage measurements. The method may also 
provide measurements of shorter averaging 
times, subject to specific analyzer perform-
ance limitations. Additional CO monitoring 
quality assurance procedures and guidance 
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are provided in part 58, appendix A, of this 
chapter and in reference 1 of this appendix C. 

2.0 MEASUREMENT PRINCIPLE 

2.1 Measurements of CO in ambient air are 
based on automated measurement of the ab-
sorption of infrared radiation by CO in an 
ambient air sample drawn into an analyzer 
employing non-wavelength-dispersive, infra-
red photometry (NDIR method). Infrared en-
ergy from a source in the photometer is 
passed through a cell containing the air sam-
ple to be analyzed, and the quantitative ab-
sorption of energy by CO in the sample cell 
is measured by a suitable detector. The pho-
tometer is sensitized specifically to CO by 
employing CO gas in a filter cell in the opti-
cal path, which, when compared to a dif-
ferential optical path without a CO filter 
cell, limits the measured absorption to one 
or more of the characteristic wavelengths at 
which CO strongly absorbs. However, to meet 
measurement performance requirements, 
various optical filters, reference cells, rotat-
ing gas filter cells, dual-beam configura-
tions, moisture traps, or other means may 
also be used to further enhance sensitivity 
and stability of the photometer and to mini-
mize potential measurement interference 
from water vapor, carbon dioxide (CO2), or 
other species. Also, various schemes may be 
used to provide a suitable zero reference for 
the photometer, and optional automatic 
compensation may be provided for the actual 
pressure and temperature of the air sample 
in the measurement cell. The measured in-
frared absorption, converted to a digital 
reading or an electrical output signal, indi-
cates the measured CO concentration. 

2.2 The measurement system is calibrated 
by referencing the analyzer’s CO measure-
ments to CO concentration standards trace-
able to a National Institute of Standards and 
Technology (NIST) primary standard for CO, 
as described in the associated calibration 
procedure specified in section 4 of this ref-
erence method. 

2.3 An analyzer implementing this meas-
urement principle will be considered a ref-
erence method only if it has been designated 
as a reference method in accordance with 
part 53 of this chapter. 

2.4 Sampling considerations. The use of a 
particle filter in the sample inlet line of a 
CO FRM analyzer is optional and left to the 
discretion of the user unless such a filter is 
specified or recommended by the analyzer 
manufacturer in the analyzer’s associated 
operation or instruction manual. 

3.0 INTERFERENCES 

3.1 The NDIR measurement principle is po-
tentially susceptible to interference from 
water vapor and CO2, which have some infra-
red absorption at wavelengths in common 
with CO and normally exist in the atmos-

phere. Various instrumental techniques can 
be used to effectively minimize these inter-
ferences. 

4.0 CALIBRATION PROCEDURES 

4.1 Principle. Either of two methods may be 
selected for dynamic multipoint calibration 
of FRM CO analyzers, using test gases of ac-
curately known CO concentrations obtained 
from one or more compressed gas cylinders 
certified as CO transfer standards: 

4.1.1 Dilution method: A single certified 
standard cylinder of CO is quantitatively di-
luted as necessary with zero air to obtain the 
various calibration concentration standards 
needed. 

4.1.2 Multiple-cylinder method: Multiple, in-
dividually certified standard cylinders of CO 
are used for each of the various calibration 
concentration standards needed. 

4.1.3 Additional information on calibration 
may be found in Section 12 of reference 1. 

4.2 Apparatus. The major components and 
typical configurations of the calibration sys-
tems for the two calibration methods are 
shown in Figures 1 and 2. Either system may 
be made up using common laboratory com-
ponents, or it may be a commercially manu-
factured system. In either case, the principal 
components are as follows: 

4.2.1 CO standard gas flow control and 
measurement devices (or a combined device) 
capable of regulating and maintaining the 
standard gas flow rate constant to within ±2 
percent and measuring the gas flow rate ac-
curate to within ±2 percent, properly cali-
brated to a NIST-traceable standard. 

4.2.2 For the dilution method (Figure 1), di-
lution air flow control and measurement de-
vices (or a combined device) capable of regu-
lating and maintaining the air flow rate con-
stant to within ±2 percent and measuring the 
air flow rate accurate to within ±2 percent, 
properly calibrated to a NIST-traceable 
standard. 

4.2.3 Standard gas pressure regulator(s) for 
the standard CO cylinder(s), suitable for use 
with a high-pressure CO gas cylinder and 
having a non-reactive diaphragm and inter-
nal parts and a suitable delivery pressure. 

4.2.4 Mixing chamber for the dilution meth-
od of an inert material and of proper design 
to provide thorough mixing of CO standard 
gas and diluent air streams. 

4.2.5 Output sampling manifold, con-
structed of an inert material and of suffi-
cient diameter to ensure an insignificant 
pressure drop at the analyzer connection. 
The system must have a vent designed to en-
sure nearly atmospheric pressure at the ana-
lyzer connection port and to prevent ambi-
ent air from entering the manifold. 

4.3 Reagents 

4.3.1 CO gas concentration transfer stand-
ard(s) of CO in air, containing an appropriate 
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concentration of CO suitable for the selected 
operating range of the analyzer under cali-
bration and traceable to a NIST standard 
reference material (SRM). If the CO analyzer 
has significant sensitivity to CO2, the CO 
standard(s) should also contain 350 to 400 
ppm CO2 to replicate the typical CO2 con-
centration in ambient air. However, if the 
zero air dilution ratio used for the dilution 
method is not less than 100:1 and the zero air 
contains ambient levels of CO2, then the CO 
standard may be contained in nitrogen and 
need not contain CO2. 

4.3.2 For the dilution method, clean zero 
air, free of contaminants that could cause a 
detectable response on or a change in sensi-
tivity of the CO analyzer. The zero air should 
contain <0.1 ppm CO. 

4.4 Procedure Using the Dilution Method 

4.4.1 Assemble or obtain a suitable dy-
namic dilution calibration system such as 

the one shown schematically in Figure 1. 
Generally, all calibration gases including 
zero air must be introduced into the sample 
inlet of the analyzer. However, if the ana-
lyzer has special, approved zero and span in-
lets and automatic valves to specifically 
allow introduction of calibration standards 
at near atmospheric pressure, such inlets 
may be used for calibration in lieu of the 
sample inlet. For specific operating instruc-
tions, refer to the manufacturer’s manual. 

4.4.2 Ensure that there are no leaks in the 
calibration system and that all flowmeters 
are properly and accurately calibrated, 
under the conditions of use, if appropriate, 
against a reliable volume or flow rate stand-
ard such as a soap-bubble meter or wet-test 
meter traceable to a NIST standard. All vol-
umetric flow rates should be corrected to the 
same temperature and pressure such as 298.15 
K (25 °C) and 760 mm Hg (101 kPa), using a 
correction formula such as the following: 

Where: 

Fc = corrected flow rate (L/min at 25 °C and 
760 mm Hg), 

Fm = measured flow rate (at temperature Tm 
and pressure Pm), 

Pm = measured pressure in mm Hg (absolute), 
and 

Tm = measured temperature in degrees Cel-
sius. 

4.4.3 Select the operating range of the CO 
analyzer to be calibrated. Connect the meas-
urement signal output of the analyzer to an 
appropriate readout instrument to allow the 
analyzer’s measurement output to be con-
tinuously monitored during the calibration. 
Where possible, this readout instrument 
should be the same one used to record rou-
tine monitoring data, or, at least, an instru-
ment that is as closely representative of that 
system as feasible. 

4.4.4 Connect the inlet of the CO analyzer 
to the output-sampling manifold of the cali-
bration system. 

4.4.5 Adjust the calibration system to de-
liver zero air to the output manifold. The 
total air flow must exceed the total demand 
of the analyzer(s) connected to the output 
manifold to ensure that no ambient air is 
pulled into the manifold vent. Allow the ana-
lyzer to sample zero air until a stable re-
sponse is obtained. After the response has 
stabilized, adjust the analyzer zero reading. 

4.4.6 Adjust the zero air flow rate and the 
CO gas flow rate from the standard CO cyl-
inder to provide a diluted CO concentration 
of approximately 80 percent of the measure-
ment upper range limit (URL) of the oper-
ating range of the analyzer. The total air 
flow rate must exceed the total demand of 
the analyzer(s) connected to the output 
manifold to ensure that no ambient air is 
pulled into the manifold vent. The exact CO 
concentration is calculated from: 

Where: 

[CO]OUT = diluted CO concentration at the 
output manifold (ppm), 

[CO]STD = concentration of the undiluted CO 
standard (ppm), 
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FCO = flow rate of the CO standard (L/min), 
and 

FD = flow rate of the dilution air (L/min). 
Sample this CO concentration until a stable 
response is obtained. Adjust the analyzer 
span control to obtain the desired analyzer 
response reading equivalent to the cal-
culated standard concentration. If substan-
tial adjustment of the analyzer span control 
is required, it may be necessary to recheck 
the zero and span adjustments by repeating 
steps 4.4.5 and 4.4.6. Record the CO con-
centration and the analyzer’s final response. 

4.4.7 Generate several additional con-
centrations (at least three evenly spaced 
points across the remaining scale are sug-
gested to verify linearity) by decreasing FCO 
or increasing FD. Be sure the total flow ex-
ceeds the analyzer’s total flow demand. For 
each concentration generated, calculate the 
exact CO concentration using equation (2). 
Record the concentration and the analyzer’s 
stable response for each concentration. Plot 
the analyzer responses (vertical or y-axis) 
versus the corresponding CO concentrations 
(horizontal or x-axis). Calculate the linear 
regression slope and intercept of the calibra-
tion curve and verify that no point deviates 
from this line by more than 2 percent of the 
highest concentration tested. 

4.5 Procedure Using the Multiple-Cylinder 
Method. Use the procedure for the dilution 
method with the following changes: 

4.5.1 Use a multi-cylinder, dynamic cali-
bration system such as the typical one 
shown in Figure 2. 

4.5.2 The flowmeter need not be accurately 
calibrated, provided the flow in the output 
manifold can be verified to exceed the ana-
lyzer’s flow demand. 

4.5.3 The various CO calibration concentra-
tions required in Steps 4.4.5, 4.4.6, and 4.4.7 
are obtained without dilution by selecting 
zero air or the appropriate certified standard 
cylinder. 

4.6 Frequency of Calibration. The frequency 
of calibration, as well as the number of 
points necessary to establish the calibration 
curve and the frequency of other perform-
ance checking, will vary by analyzer. How-
ever, the minimum frequency, acceptance 
criteria, and subsequent actions are specified 
in reference 1, appendix D, ‘‘Measurement 
Quality Objectives and Validation Template 
for CO’’ (page 5 of 30). The user’s quality con-
trol program should provide guidelines for 
initial establishment of these variables and 
for subsequent alteration as operational ex-
perience is accumulated. Manufacturers of 
CO analyzers should include in their instruc-
tion/operation manuals information and 
guidance as to these variables and on other 
matters of operation, calibration, routine 
maintenance, and quality control. 

5.0 REFERENCE 

1. QA Handbook for Air Pollution Measure-
ment Systems—Volume II. Ambient Air Quality 
Monitoring Program. U.S. EPA. EPA–454/B–08– 
003 (2008). 
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[76 FR 54323, Aug. 31, 2011] 

APPENDIX D TO PART 50—REFERENCE 
MEASUREMENT PRINCIPLE AND CALI-
BRATION PROCEDURE FOR THE MEAS-
UREMENT OF OZONE IN THE ATMOS-
PHERE (CHEMILUMINESCENCE METH-
OD) 

1.0 Applicability. 
1.1 This chemiluminescence method pro-

vides reference measurements of the con-
centration of ozone (O3) in ambient air for 
determining compliance with the national 
primary and secondary ambient air quality 
standards for O3 as specified in 40 CFR part 
50. This automated method is applicable to 
the measurement of ambient O3 concentra-
tions using continuous (real-time) sampling 
and analysis. Additional quality assurance 
procedures and guidance are provided in 40 
CFR part 58, appendix A, and in Reference 14. 

2.0 Measurement Principle. 
2.1 This reference method is based on con-

tinuous automated measurement of the in-
tensity of the characteristic 
chemiluminescence released by the gas phase 
reaction of O3 in sampled air with either 
ethylene (C2H4) or nitric oxide (NO) gas. An 
ambient air sample stream and a specific 
flowing concentration of either C2H4 (ET–CL 
method) or NO (NO–CL method) are mixed in 
a measurement cell, where the resulting 
chemiluminescence is quantitatively meas-
ured by a sensitive photo-detector. Ref-
erences 8–11 describe the chemiluminescence 
measurement principle. 

2.2 The measurement system is calibrated 
by referencing the instrumental 
chemiluminescence measurements to cer-
tified O3 standard concentrations generated 
in a dynamic flow system and assayed by 
photometry to be traceable to a National In-
stitute of Standards and Technology (NIST) 
standard reference photometer for O3 (see 
Section 4, Calibration Procedure, below). 

2.3 An analyzer implementing this meas-
urement principle is shown schematically in 
Figure 1. Designs implementing this meas-
urement principle must include: an appro-
priately designed mixing and measurement 
cell; a suitable quantitative photometric 
measurement system with adequate sensi-
tivity and wavelength specificity for O3; a 
pump, flow control, and sample conditioning 
system for sampling the ambient air and 
moving it into and through the measurement 
cell; a sample air dryer as necessary to meet 
the water vapor interference limit require-
ment specified in subpart B of part 53 of this 
chapter; a means to supply, meter, and mix 
a constant, flowing stream of either C2H4 or 
NO gas of fixed concentration with the sam-
ple air flow in the measurement cell; suit-
able electronic control and measurement 
processing capability; and other associated 
apparatus as may be necessary. The analyzer 
must be designed and constructed to provide 
accurate, repeatable, and continuous meas-
urements of O3 concentrations in ambient 
air, with measurement performance that 
meets the requirements specified in subpart 
B of part 53 of this chapter. 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00060 Fmt 8010 Sfmt 8002 Y:\SGML\238152.XXX 238152 E
R

31
A

U
11

.0
04

<
/G

P
H

>

eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



51 

Environmental Protection Agency Pt. 50, App. D 

2.4 An analyzer implementing this meas-
urement principle and calibration procedure 
will be considered a federal reference method 
(FRM) only if it has been designated as a ref-
erence method in accordance with part 53 of 
this chapter. 

2.5 Sampling considerations. The use of a 
particle filter on the sample inlet line of a 
chemiluminescence O3 FRM analyzer is re-
quired to prevent buildup of particulate mat-
ter in the measurement cell and inlet compo-
nents. This filter must be changed weekly 
(or at least often as specified in the manufac-
turer’s operation/instruction manual), and 
the sample inlet system used with the ana-
lyzer must be kept clean, to avoid loss of O3 
in the O3 sample air prior to the concentra-
tion measurement. 

3.0 Interferences. 
3.1 Except as described in 3.2 below, the 

chemiluminescence measurement system is 
inherently free of significant interferences 
from other pollutant substances that may be 
present in ambient air. 

3.2 A small sensitivity to variations in the 
humidity of the sample air is minimized by 
a sample air dryer. Potential loss of O3 in the 
inlet air filter and in the air sample handling 
components of the analyzer and associated 
exterior air sampling components due to 

buildup of airborne particulate matter is 
minimized by filter replacement and clean-
ing of the other inlet components. 

4.0 Calibration Procedure. 
4.1 Principle. The calibration procedure is 

based on the photometric assay of O3 con-
centrations in a dynamic flow system. The 
concentration of O3 in an absorption cell is 
determined from a measurement of the 
amount of 254 nm light absorbed by the sam-
ple. This determination requires knowledge 
of (1) the absorption coefficient (a) of O3 at 
254 nm, (2) the optical path length (l) 
through the sample, (3) the transmittance of 
the sample at a nominal wavelength of 254 
nm, and (4) the temperature (T) and pressure 
(P) of the sample. The transmittance is de-
fined as the ratio I/I0, where I is the intensity 
of light which passes through the cell and is 
sensed by the detector when the cell con-
tains an O3 sample, and I0 is the intensity of 
light which passes through the cell and is 
sensed by the detector when the cell con-
tains zero air. It is assumed that all condi-
tions of the system, except for the contents 
of the absorption cell, are identical during 
measurement of I and I0. The quantities de-
fined above are related by the Beer-Lambert 
absorption law, 

Where: 

a = absorption coefficient of O3 at 254 nm = 
308 ±4 atm¥1 cm¥1 at 0 °C and 760 
torr,1, 2, 3, 4, 5, 6, 7 

c = O3 concentration in atmospheres, and 
l = optical path length in cm. 

A stable O3 generator is used to produce O3 
concentrations over the required calibration 
concentration range. Each O3 concentration 
is determined from the measurement of the 
transmittance (I/I0) of the sample at 254 nm 
with a photometer of path length l and cal-
culated from the equation, 

The calculated O3 concentrations must be 
corrected for O3 losses, which may occur in 
the photometer, and for the temperature and 
pressure of the sample. 

4.2 Applicability. This procedure is applica-
ble to the calibration of ambient air O3 ana-

lyzers, either directly or by means of a 
transfer standard certified by this procedure. 
Transfer standards must meet the require-
ments and specifications set forth in Ref-
erence 12. 
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4.3 Apparatus. A complete UV calibration 
system consists of an O3 generator, an out-
put port or manifold, a photometer, an ap-
propriate source of zero air, and other com-
ponents as necessary. The configuration 
must provide a stable O3 concentration at 
the system output and allow the photometer 
to accurately assay the output concentra-
tion to the precision specified for the pho-
tometer (4.3.1). Figure 2 shows a commonly 
used configuration and serves to illustrate 
the calibration procedure, which follows. 
Other configurations may require appro-
priate variations in the procedural steps. All 
connections between components in the cali-
bration system downstream of the O3 gener-
ator must be of glass, Teflon, or other rel-
atively inert materials. Additional informa-
tion regarding the assembly of a UV photo-
metric calibration apparatus is given in Ref-
erence 13. For certification of transfer stand-
ards which provide their own source of O3, 
the transfer standard may replace the O3 
generator and possibly other components 
shown in Figure 2; see Reference 12 for guid-
ance. 

4.3.1 UV photometer. The photometer con-
sists of a low-pressure mercury discharge 
lamp, (optional) collimation optics, an ab-
sorption cell, a detector, and signal-proc-
essing electronics, as illustrated in Figure 2. 
It must be capable of measuring the trans-
mittance, I/I0, at a wavelength of 254 nm with 
sufficient precision such that the standard 
deviation of the concentration measure-
ments does not exceed the greater of 0.005 
ppm or 3% of the concentration. Because the 
low-pressure mercury lamp radiates at sev-
eral wavelengths, the photometer must in-
corporate suitable means to assure that no 
O3 is generated in the cell by the lamp, and 
that at least 99.5% of the radiation sensed by 
the detector is 254 nm radiation. (This can be 
readily achieved by prudent selection of op-
tical filter and detector response character-
istics.) The length of the light path through 
the absorption cell must be known with an 
accuracy of at least 99.5%. In addition, the 
cell and associated plumbing must be de-
signed to minimize loss of O3 from contact 
with cell walls and gas handling components. 
See Reference 13 for additional information. 

4.3.2 Air flow controllers. Air flow control-
lers are devices capable of regulating air 
flows as necessary to meet the output sta-
bility and photometer precision require-
ments. 

4.3.3 Ozone generator. The ozone generator 
used must be capable of generating stable 
levels of O3 over the required concentration 
range. 

4.3.4 Output manifold. The output manifold 
must be constructed of glass, Teflon, or 
other relatively inert material, and should 
be of sufficient diameter to insure a neg-
ligible pressure drop at the photometer con-
nection and other output ports. The system 

must have a vent designed to insure atmos-
pheric pressure in the manifold and to pre-
vent ambient air from entering the manifold. 

4.3.5 Two-way valve. A manual or auto-
matic two-way valve, or other means is used 
to switch the photometer flow between zero 
air and the O3 concentration. 

4.3.6 Temperature indicator. A device to indi-
cate temperature must be used that is accu-
rate to ±1 °C. 

4.3.7 Barometer or pressure indicator. A de-
vice to indicate barometric pressure must be 
used that is accurate to ±2 torr. 

4.4 Reagents. 
4.4.1 Zero air. The zero air must be free of 

contaminants which would cause a detect-
able response from the O3 analyzer, and it 
must be free of NO, C2H4, and other species 
which react with O3. A procedure for gener-
ating suitable zero air is given in Reference 
13. As shown in Figure 2, the zero air sup-
plied to the photometer cell for the I0 ref-
erence measurement must be derived from 
the same source as the zero air used for gen-
eration of the O3 concentration to be assayed 
(I measurement). When using the photometer 
to certify a transfer standard having its own 
source of O3, see Reference 12 for guidance on 
meeting this requirement. 

4.5 Procedure. 
4.5.1 General operation. The calibration pho-

tometer must be dedicated exclusively to use 
as a calibration standard. It must always be 
used with clean, filtered calibration gases, 
and never used for ambient air sampling. A 
number of advantages are realized by locat-
ing the calibration photometer in a clean 
laboratory where it can be stationary, pro-
tected from the physical shock of transpor-
tation, operated by a responsible analyst, 
and used as a common standard for all field 
calibrations via transfer standards. 

4.5.2 Preparation. Proper operation of the 
photometer is of critical importance to the 
accuracy of this procedure. Upon initial op-
eration of the photometer, the following 
steps must be carried out with all quan-
titative results or indications recorded in a 
chronological record, either in tabular form 
or plotted on a graphical chart. As the per-
formance and stability record of the photom-
eter is established, the frequency of these 
steps may be reduced to be consistent with 
the documented stability of the photometer 
and the guidance provided in Reference 12. 

4.5.2.1 Instruction manual. Carry out all set 
up and adjustment procedures or checks as 
described in the operation or instruction 
manual associated with the photometer. 

4.5.2.2 System check. Check the photometer 
system for integrity, leaks, cleanliness, 
proper flow rates, etc. Service or replace fil-
ters and zero air scrubbers or other 
consumable materials, as necessary. 
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4.5.2.3 Linearity. Verify that the photom-
eter manufacturer has adequately estab-
lished that the linearity error of the photom-
eter is less than 3%, or test the linearity by 
dilution as follows: Generate and assay an O3 
concentration near the upper range limit of 
the system or appropriate calibration scale 

for the instrument, then accurately dilute 
that concentration with zero air and re- 
assay it. Repeat at several different dilution 
ratios. Compare the assay of the original 
concentration with the assay of the diluted 
concentration divided by the dilution ratio, 
as follows 

Where: 
E = linearity error, percent 
A1 = assay of the original concentration 
A2 = assay of the diluted concentration 
R = dilution ratio = flow of original con-

centration divided by the total flow 

The linearity error must be less than 5%. 
Since the accuracy of the measured flow- 
rates will affect the linearity error as meas-
ured this way, the test is not necessarily 
conclusive. Additional information on 
verifying linearity is contained in Reference 
13. 

4.5.2.4 Inter-comparison. The photometer 
must be inter-compared annually, either di-
rectly or via transfer standards, with a NIST 
standard reference photometer (SRP) or cali-
bration photometers used by other agencies 
or laboratories. 

4.5.2.5 Ozone losses. Some portion of the O3 
may be lost upon contact with the photom-
eter cell walls and gas handling components. 
The magnitude of this loss must be deter-
mined and used to correct the calculated O3 
concentration. This loss must not exceed 5%. 
Some guidelines for quantitatively deter-
mining this loss are discussed in Reference 
13. 

4.5.3 Assay of O3 concentrations. The oper-
ator must carry out the following steps to 
properly assay O3 concentrations. 

4.5.3.1 Allow the photometer system to 
warm up and stabilize. 

4.5.3.2 Verify that the flow rate through 
the photometer absorption cell, F, allows the 
cell to be flushed in a reasonably short pe-
riod of time (2 liter/min is a typical flow). 
The precision of the measurements is in-

versely related to the time required for 
flushing, since the photometer drift error in-
creases with time. 

4.5.3.3 Ensure that the flow rate into the 
output manifold is at least 1 liter/min great-
er than the total flow rate required by the 
photometer and any other flow demand con-
nected to the manifold. 

4.5.3.4 Ensure that the flow rate of zero air, 
Fz, is at least 1 liter/min greater than the 
flow rate required by the photometer. 

4.5.3.5 With zero air flowing in the output 
manifold, actuate the two-way valve to allow 
the photometer to sample first the manifold 
zero air, then Fz. The two photometer read-
ings must be equal (I = I0). 

NOTE: In some commercially available 
photometers, the operation of the two-way 
valve and various other operations in section 
4.5.3 may be carried out automatically by 
the photometer. 

4.5.3.6 Adjust the O3 generator to produce 
an O3 concentration as needed. 

4.5.3.7 Actuate the two-way valve to allow 
the photometer to sample zero air until the 
absorption cell is thoroughly flushed and 
record the stable measured value of Io. 

4.5.3.8 Actuate the two-way valve to allow 
the photometer to sample the O3 concentra-
tion until the absorption cell is thoroughly 
flushed and record the stable measured value 
of I. 

4.5.3.9 Record the temperature and pressure 
of the sample in the photometer absorption 
cell. (See Reference 13 for guidance.) 

4.5.3.10 Calculate the O3 concentration 
from equation 4. An average of several deter-
minations will provide better precision. 

Where: 

[O3]OUT = O3 concentration, ppm 
a = absorption coefficient of O3 at 254 nm = 

308 atm¥1 cm¥1 at 0 °C and 760 torr 
l = optical path length, cm 

T = sample temperature, K 
P = sample pressure, torr 
L = correction factor for O3 losses from 

4.5.2.5 = (1¥fraction of O3 lost). 
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NOTE: Some commercial photometers may 
automatically evaluate all or part of equa-
tion 4. It is the operator’s responsibility to 
verify that all of the information required 
for equation 4 is obtained, either automati-
cally by the photometer or manually. For 
‘‘automatic’’ photometers which evaluate 
the first term of equation 4 based on a linear 
approximation, a manual correction may be 
required, particularly at higher O3 levels. 
See the photometer instruction manual and 
Reference 13 for guidance. 

4.5.3.11 Obtain additional O3 concentration 
standards as necessary by repeating steps 
4.5.3.6 to 4.5.3.10 or by Option 1. 

4.5.4 Certification of transfer standards. A 
transfer standard is certified by relating the 
output of the transfer standard to one or 
more O3 calibration standards as determined 
according to section 4.5.3. The exact proce-
dure varies depending on the nature and de-
sign of the transfer standard. Consult Ref-
erence 12 for guidance. 

4.5.5 Calibration of ozone analyzers. Ozone 
analyzers must be calibrated as follows, 
using O3 standards obtained directly accord-
ing to section 4.5.3 or by means of a certified 
transfer standard. 

4.5.5.1 Allow sufficient time for the O3 ana-
lyzer and the photometer or transfer stand-
ard to warm-up and stabilize. 

4.5.5.2 Allow the O3 analyzer to sample zero 
air until a stable response is obtained and 
then adjust the O3 analyzer’s zero control. 
Offsetting the analyzer’s zero adjustment to 
+5% of scale is recommended to facilitate ob-
serving negative zero drift (if any). Record 
the stable zero air response as ‘‘Z’’. 

4.5.5.3 Generate an O3 concentration stand-
ard of approximately 80% of the desired 
upper range limit (URL) of the O3 analyzer. 
Allow the O3 analyzer to sample this O3 con-

centration standard until a stable response 
is obtained. 

4.5.5.4 Adjust the O3 analyzer’s span control 
to obtain the desired response equivalent to 
the calculated standard concentration. 
Record the O3 concentration and the cor-
responding analyzer response. If substantial 
adjustment of the span control is necessary, 
recheck the zero and span adjustments by re-
peating steps 4.5.5.2 to 4.5.5.4. 

4.5.5.5 Generate additional O3 concentra-
tion standards (a minimum of 5 are rec-
ommended) over the calibration scale of the 
O3 analyzer by adjusting the O3 source or by 
Option 1. For each O3 concentration stand-
ard, record the O3 concentration and the cor-
responding analyzer response. 

4.5.5.6 Plot the O3 analyzer responses 
(vertical or Y-axis) versus the corresponding 
O3 standard concentrations (horizontal or X- 
axis). Compute the linear regression slope 
and intercept and plot the regression line to 
verify that no point deviates from this line 
by more than 2 percent of the maximum con-
centration tested. 

4.5.5.7 Option 1: The various O3 concentra-
tions required in steps 4.5.3.11 and 4.5.5.5 may 
be obtained by dilution of the O3 concentra-
tion generated in steps 4.5.3.6 and 4.5.5.3. 
With this option, accurate flow measure-
ments are required. The dynamic calibration 
system may be modified as shown in Figure 
3 to allow for dilution air to be metered in 
downstream of the O3 generator. A mixing 
chamber between the O3 generator and the 
output manifold is also required. The flow 
rate through the O3 generator (Fo) and the 
dilution air flow rate (FD) are measured with 
a flow or volume standard that is traceable 
to a NIST flow or volume calibration stand-
ard. Each O3 concentration generated by di-
lution is calculated from: 

Where: 

[O3]′OUT = diluted O3 concentration, ppm 
FO = flow rate through the O3 generator, 

liter/min 
FD = diluent air flow rate, liter/min 

NOTE: Additional information on calibra-
tion and pollutant standards is provided in 
Section 12 of Reference 14. 

5.0 Frequency of Calibration. 
5.1 The frequency of calibration, as well as 

the number of points necessary to establish 
the calibration curve, and the frequency of 
other performance checking will vary by an-
alyzer; however, the minimum frequency, ac-
ceptance criteria, and subsequent actions are 
specified in Appendix D of Reference 14: 

Measurement Quality Objectives and Valida-
tion Templates. The user’s quality control 
program shall provide guidelines for initial 
establishment of these variables and for sub-
sequent alteration as operational experience 
is accumulated. Manufacturers of analyzers 
should include in their instruction/operation 
manuals information and guidance as to 
these variables and on other matters of oper-
ation, calibration, routine maintenance, and 
quality control. 

6.0 References. 
1. E.C.Y. Inn and Y. Tanaka, ‘‘Absorption co-
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[80 FR 65453, Oct. 26, 2015] 

APPENDIX E TO PART 50 [RESERVED] 

APPENDIX F TO PART 50—MEASUREMENT 
PRINCIPLE AND CALIBRATION PROCE-
DURE FOR THE MEASUREMENT OF NI-
TROGEN DIOXIDE IN THE ATMOSPHERE 
(GAS PHASE CHEMILUMINESCENCE) 

PRINCIPLE AND APPLICABILITY 

1. Atmospheric concentrations of nitrogen 
dioxide (NO2) are measured indirectly by 
photometrically measuring the light inten-
sity, at wavelengths greater than 600 nano-
meters, resulting from the 
chemiluminescent reaction of nitric oxide 
(NO) with ozone (O3). (1,2,3) NO2 is first quan-
titatively reduced to NO(4,5,6) by means of a 
converter. NO, which commonly exists in 
ambient air together with NO2, passes 
through the converter unchanged causing a 
resultant total NOX concentration equal to 
NO + NO2. A sample of the input air is also 
measured without having passed through the 

converted. This latter NO measurement is 
subtracted from the former measurement 
(NO + NO2) to yield the final NO2 measure-
ment. The NO and NO + NO2 measurements 
may be made concurrently with dual sys-
tems, or cyclically with the same system 
provided the cycle time does not exceed 1 
minute. 

2. Sampling considerations. 
2.1 Chemiluminescence NO/NOX/NO2 ana-

lyzers will respond to other nitrogen con-
taining compounds, such as peroxyacetyl ni-
trate (PAN), which might be reduced to NO 
in the thermal converter. (7) Atmospheric 
concentrations of these potential inter-
ferences are generally low relative to NO2 
and valid NO2 measurements may be ob-
tained. In certain geographical areas, where 
the concentration of these potential inter-
ferences is known or suspected to be high 
relative to NO2, the use of an equivalent 
method for the measurement of NO2 is rec-
ommended. 

2.2 The use of integrating flasks on the 
sample inlet line of chemiluminescence NO/ 
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NOX/NO2 analyzers is optional and left to 
couraged. The sample residence time be-
tween the sampling point and the analyzer 
should be kept to a minimum to avoid erro-
neous NO2 measurements resulting from the 
reaction of ambient levels of NO and O3 in 
the sampling system. 

2.3 The use of particulate filters on the 
sample inlet line of chemiluminescence NO/ 
NOX/NO2 analyzers is optional and left to the 
discretion of the user or the manufacturer. 
Use of the filter should depend on the ana-
lyzer’s susceptibility to interference, mal-
function, or damage due to particulates. 
Users are cautioned that particulate matter 
concentrated on a filter may cause erroneous 
NO2 measurements and therefore filters 
should be changed frequently. 

3. An analyzer based on this principle will 
be considered a reference method only if it 
has been designated as a reference method in 
accordance with part 53 of this chapter. 

CALIBRATION 

1. Alternative A—Gas phase titration (GPT) 
of an NO standard with O3. 

Major equipment required: Stable O3 gener-
ator. Chemiluminescence NO/NOX/NO2 ana-
lyzer with strip chart recorder(s). NO con-
centration standard. 

1.1 Principle. This calibration technique is 
based upon the rapid gas phase reaction be-
tween NO and O3 to produce stoichiometric 
quantities of NO2 in accordance with the fol-
lowing equation: (8) 

NO O NO O+ → +3 2 2 1( )
The quantitative nature of this reaction is 
such that when the NO concentration is 
known, the concentration of NO2 can be de-
termined. Ozone is added to excess NO in a 
dynamic calibration system, and the NO 
channel of the chemiluminescence NO/NOX/ 
NO2 analyzer is used as an indicator of 
changes in NO concentration. Upon the addi-
tion of O3, the decrease in NO concentration 
observed on the calibrated NO channel is 
equivalent to the concentration of NO2 pro-
duced. The amount of NO2 generated may be 
varied by adding variable amounts of O3 from 
a stable uncalibrated O3 generator. (9) 

1.2 Apparatus. Figure 1, a schematic of a 
typical GPT apparatus, shows the suggested 
configuration of the components listed 
below. All connections between components 
in the calibration system downstream from 
the O3 generator should be of glass, Teflon ®, 
or other non-reactive material. 

1.2.1 Air flow controllers. Devices capable of 
maintaining constant air flows within ±2% of 
the required flowrate. 

1.2.2 NO flow controller. A device capable of 
maintaining constant NO flows within ±2% 
of the required flowrate. Component parts in 
contact with the NO should be of a non-reac-
tive material. 

1.2.3 Air flowmeters. Calibrated flowmeters 
capable of measuring and monitoring air 
flowrates with an accuracy of ±2% of the 
measured flowrate. 

1.2.4 NO flowmeter. A calibrated flowmeter 
capable of measuring and monitoring NO 
flowrates with an accuracy of ±2% of the 
measured flowrate. (Rotameters have been 
reported to operate unreliably when meas-
uring low NO flows and are not rec-
ommended.) 

1.2.5 Pressure regulator for standard NO cyl-
inder. This regulator must have a nonreac-
tive diaphragm and internal parts and a suit-
able delivery pressure. 

1.2.6 Ozone generator. The generator must 
be capable of generating sufficient and stable 
levels of O3 for reaction with NO to generate 
NO2 concentrations in the range required. 
Ozone generators of the electric discharge 
type may produce NO and NO2 and are not 
recommended. 

1.2.7 Valve. A valve may be used as shown 
in Figure 1 to divert the NO flow when zero 
air is required at the manifold. The valve 
should be constructed of glass, Teflon ®, or 
other nonreactive material. 

1.2.8 Reaction chamber. A chamber, con-
structed of glass, Teflon ®, or other nonreac-
tive material, for the quantitative reaction 
of O3 with excess NO. The chamber should be 
of sufficient volume (VRC) such that the resi-
dence time (tR) meets the requirements spec-
ified in 1.4. For practical reasons, tR should 
be less than 2 minutes. 

1.2.9 Mixing chamber. A chamber con-
structed of glass, Teflon ®, or other nonreac-
tive material and designed to provide thor-
ough mixing of reaction products and diluent 
air. The residence time is not critical when 
the dynamic parameter specification given 
in 1.4 is met. 

1.2.10 Output manifold. The output manifold 
should be constructed of glass, Teflon ®, or 
other non-reactive material and should be of 
sufficient diameter to insure an insignificant 
pressure drop at the analyzer connection. 
The system must have a vent designed to in-
sure atmospheric pressure at the manifold 
and to prevent ambient air from entering the 
manifold. 

1.3 Reagents. 
1.3.1 NO concentration standard. Gas cyl-

inder standard containing 50 to 100 ppm NO 
in N2 with less than 1 ppm NO2. This stand-
ard must be traceable to a National Bureau 
of Standards (NBS) NO in N2 Standard Ref-
erence Material (SRM 1683 or SRM 1684), an 
NBS NO2 Standard Reference Material (SRM 
1629), or an NBS/EPA-approved commercially 
available Certified Reference Material 
(CRM). CRM’s are described in Reference 14, 
and a list of CRM sources is available from 
the address shown for Reference 14. A rec-
ommended protocol for certifying NO gas 
cylinders against either an NO SRM or CRM 
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is given in section 2.0.7 of Reference 15. Ref-
erence 13 gives procedures for certifying an 
NO gas cylinder against an NBS NO2 SRM 
and for determining the amount of NO2 im-
purity in an NO cylinder. 

1.3.2 Zero air. Air, free of contaminants 
which will cause a detectable response on the 
NO/NOX/NO2 analyzer or which might react 
with either NO, O3, or NO2 in the gas phase 
titration. A procedure for generating zero air 
is given in reference 13. 

1.4 Dynamic parameter specification. 
1.4.1 The O3 generator air flowrate (F0) and 

NO flowrate (FNO) (see Figure 1) must be ad-
justed such that the following relationship 
holds: 

P tR RC R= ×[NO]  2.75 ppm-minutes (2)

[ ] [ ] ( )NO NO STDRC
F

F F
=

+
⎛
⎝⎜

⎞
⎠⎟

NO

O NO

3

t
V

F FR
RC

O

=
+

<
NO

2 minutes (4)

where: 

PR = dynamic parameter specification, deter-
mined empirically, to insure complete 
reaction of the available O3, ppm-minute 

[NO]RC = NO concentration in the reaction 
chamber, ppm 

R = residence time of the reactant gases in 
the reaction chamber, minute 

[NO]STD = concentration of the undiluted NO 
standard, ppm 

FNO = NO flowrate, scm3/min 
FO = O3 generator air flowrate, scm3/min 
VRC = volume of the reaction chamber, scm3 

1.4.2 The flow conditions to be used in the 
GPT system are determined by the following 
procedure: 

(a) Determine FT, the total flow required at 
the output manifold (FT = analyzer demand 
plus 10 to 50% excess). 

(b) Establish [NO]OUT as the highest NO 
concentration (ppm) which will be required 
at the output manifold. [NO]OUT should be 
approximately equivalent to 90% of the 
upper range limit (URL) of the NO2 con-
centration range to be covered. 

(c) Determine FNO as 

F
NO F

NONO
OUT T

STD

]

[ ]
=

×[
( )5

(d) Select a convenient or available reac-
tion chamber volume. Initially, a trial VRC 
may be selected to be in the range of ap-
proximately 200 to 500 scm3. 

(e) Compute FO as 

(f) Compute tR as 

t
V

F FR
RC=

+O NO

(7)

Verify that tR <2 minutes. If not, select a re-
action chamber with a smaller VRC. 

(g) Compute the diluent air flowrate as 

F F F FD T O= ' ' ( )NO 8
where: 

FD = diluent air flowrate, scm3/min 

(h) If FO turns out to be impractical for the 
desired system, select a reaction chamber 
having a different VRC and recompute FO and 
FD. 

NOTE: A dynamic parameter lower than 
2.75 ppm-minutes may be used if it can be de-
termined empirically that quantitative reac-
tion of O3 with NO occurs. A procedure for 
making this determination as well as a more 
detailed discussion of the above require-
ments and other related considerations is 
given in reference 13. 

1.5 Procedure. 
1.5.1 Assemble a dynamic calibration sys-

tem such as the one shown in Figure 1. 
1.5.2 Insure that all flowmeters are cali-

brated under the conditions of use against a 
reliable standard such as a soap-bubble 
meter or wet-test meter. All volumetric 
flowrates should be corrected to 25 °C and 760 
mm Hg. A discussion on the calibration of 
flowmeters is given in reference 13. 

1.5.3 Precautions must be taken to remove 
O2 and other contaminants from the NO pres-
sure regulator and delivery system prior to 
the start of calibration to avoid any conver-
sion of the standard NO to NO2. Failure to do 
so can cause significant errors in calibration. 
This problem may be minimized by (1) care-
fully evacuating the regulator, when pos-
sible, after the regulator has been connected 
to the cylinder and before opening the cyl-
inder valve; (2) thoroughly flushing the regu-
lator and delivery system with NO after 
opening the cylinder valve; (3) not removing 
the regulator from the cylinder between cali-
brations unless absolutely necessary. Fur-
ther discussion of these procedures is given 
in reference 13. 

1.5.4 Select the operating range of the NO/ 
NOX/NO2 analyzer to be calibrated. In order 
to obtain maximum precision and accuracy 
for NO2 calibration, all three channels of the 
analyzer should be set to the same range. If 
operation of the NO and NOX channels on 
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higher ranges is desired, subsequent re-
calibration of the NO and NOX channels on 
the higher ranges is recommended. 

NOTE: Some analyzer designs may require 
identical ranges for NO, NOX, and NO2 during 
operation of the analyzer. 

1.5.5 Connect the recorder output cable(s) 
of the NO/NOX/NO2 analyzer to the input ter-
minals of the strip chart recorder(s). All ad-
justments to the analyzer should be per-
formed based on the appropriate strip chart 
readings. References to analyzer responses in 
the procedures given below refer to recorder 
responses. 

1.5.6 Determine the GPT flow conditions 
required to meet the dynamic parameter 
specification as indicated in 1.4. 

1.5.7 Adjust the diluent air and O3 gener-
ator air flows to obtain the flows determined 
in section 1.4.2. The total air flow must ex-
ceed the total demand of the analyzer(s) con-
nected to the output manifold to insure that 
no ambient air is pulled into the manifold 
vent. Allow the analyzer to sample zero air 
until stable NO, NOX, and NO2 responses are 
obtained. After the responses have stabilized, 
adjust the analyzer zero control(s). 

NOTE: Some analyzers may have separate 
zero controls for NO, NOX, and NO2. Other 
analyzers may have separate zero controls 
only for NO and NOX, while still others may 
have only one zero control common to all 
three channels. 

Offsetting the analyzer zero adjustments 
to + 5 percent of scale is recommended to fa-
cilitate observing negative zero drift. Record 
the stable zero air responses as ZNO, ZNOX, 
and ZNO2. 

1.5.8 Preparation of NO and NOX calibration 
curves. 

1.5.8.1 Adjustment of NO span control. Adjust 
the NO flow from the standard NO cylinder 
to generate an NO concentration of approxi-
mately 80 percent of the upper range limit 
(URL) of the NO range. This exact NO con-
centration is calculated from: 

[ ]
[ ]

( )NO
F NO

F F F
OUT

NO STD

NO O D

=
×

+ +
9

where: 

[NO]OUT = diluted NO concentration at the 
output manifold, ppm 

Sample this NO concentration until the NO 
and NOX responses have stabilized. Adjust 
the NO span control to obtain a recorder re-
sponse as indicated below: 

recorder response (percent scale) = 

[ ]
( )

NO

URL
ZOUT

NO×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +100 10

where: 

URL = nominal upper range limit of the NO 
channel, ppm 

NOTE: Some analyzers may have separate 
span controls for NO, NOX, and NO2. Other 
analyzers may have separate span controls 
only for NO and NOX, while still others may 
have only one span control common to all 
three channels. When only one span control 
is available, the span adjustment is made on 
the NO channel of the analyzer. 

If substantial adjustment of the NO span 
control is necessary, it may be necessary to 
recheck the zero and span adjustments by re-
peating steps 1.5.7 and 1.5.8.1. Record the NO 
concentration and the analyzer’s NO re-
sponse. 

1.5.8.2 Adjustment of NOX span control. When 
adjusting the analyzer’s NOX span control, 
the presence of any NO2 impurity in the 
standard NO cylinder must be taken into ac-
count. Procedures for determining the 
amount of NO2 impurity in the standard NO 
cylinder are given in reference 13. The exact 
NOX concentration is calculated from: 

[ ]
[ ] [ ]

( )NO
F NO NO

F F F
X OUT

NO STD IMP

NO O D

=
× +( )

+ +

2 11

where: 

[NOX]OUT = diluted NOX concentration at the 
output manifold, ppm 

[NO2]IMP = concentration of NO2 impurity in 
the standard NO cylinder, ppm 

Adjust the NOX span control to obtain a re-
corder response as indicated below: 

recorder response (% scale) = 

[ ]
( )

NO

URL
ZX OUT

NOX
×

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +100 12

NOTE: If the analyzer has only one span 
control, the span adjustment is made on the 
NO channel and no further adjustment is 
made here for NOX. 

If substantial adjustment of the NOX span 
control is necessary, it may be necessary to 
recheck the zero and span adjustments by re-
peating steps 1.5.7 and 1.5.8.2. Record the NOX 
concentration and the analyzer’s NOX re-
sponse. 

1.5.8.3 Generate several additional con-
centrations (at least five evenly spaced 
points across the remaining scale are sug-
gested to verify linearity) by decreasing FNO 
or increasing FD. For each concentration 
generated, calculate the exact NO and NOX 
concentrations using equations (9) and (11) 
respectively. Record the analyzer’s NO and 
NOX responses for each concentration. Plot 
the analyzer responses versus the respective 
calculated NO and NOX concentrations and 
draw or calculate the NO and NOX calibra-
tion curves. For subsequent calibrations 
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where linearity can be assumed, these curves 
may be checked with a two-point calibration 
consisting of a zero air point and NO and 
NOX concentrations of approximately 80% of 
the URL. 

1.5.9 Preparation of NO2 calibration curve. 
1.5.9.1 Assuming the NO2 zero has been 

properly adjusted while sampling zero air in 
step 1.5.7, adjust FO and FD as determined in 
section 1.4.2. Adjust FNO to generate an NO 
concentration near 90% of the URL of the NO 
range. Sample this NO concentration until 
the NO and NOX responses have stabilized. 
Using the NO calibration curve obtained in 
section 1.5.8, measure and record the NO con-

centration as [NO]orig. Using the NOX calibra-
tion curve obtained in section 1.5.8, measure 
and record the NOX concentration as 
[NOX]orig. 

1.5.9.2 Adjust the O3 generator to generate 
sufficient O3 to produce a decrease in the NO 
concentration equivalent to approximately 
80% of the URL of the NO2 range. The de-
crease must not exceed 90% of the NO con-
centration determined in step 1.5.9.1. After 
the analyzer responses have stabilized, 
record the resultant NO and NOX concentra-
tions as [NO]rem and [NOX]rem. 

1.5.9.3 Calculate the resulting NO2 con-
centration from: 

[ ] [ ] [ ]
]

( )NO NO NOOUT orig rem
IMP

2 13= − +
×

+ +

F

F F F

NO

NO O D

[NO2

where: 
[NO2]OUT = diluted NO2 concentration at the 

output manifold, ppm 
[NO]orig = original NO concentration, prior to 

addition of O3, ppm 
[NO]rem = NO concentration remaining after 

addition of O3, ppm 
Adjust the NO2 span control to obtain a re-
corder response as indicated below: 
recorder response (% scale) = 

[ ]
( )

NO
ZOUT

NO
2 100 14

2
URL

×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +

NOTE: If the analyzer has only one or two 
span controls, the span adjustments are 
made on the NO channel or NO and NOX 
channels and no further adjustment is made 
here for NO2. 
If substantial adjustment of the NO2 span 
control is necessary, it may be necessary to 

recheck the zero and span adjustments by re-
peating steps 1.5.7 and 1.5.9.3. Record the NO2 
concentration and the corresponding ana-
lyzer NO2 and NOX responses. 

1.5.9.4 Maintaining the same FNO, FO, and 
FD as in section 1.5.9.1, adjust the ozone gen-
erator to obtain several other concentrations 
of NO2 over the NO2 range (at least five even-
ly spaced points across the remaining scale 
are suggested). Calculate each NO2 con-
centration using equation (13) and record the 
corresponding analyzer NO2 and NOX re-
sponses. Plot the analyzer’s NO2 responses 
versus the corresponding calculated NO2 con-
centrations and draw or calculate the NO2 
calibration curve. 

1.5.10 Determination of converter efficiency. 
1.5.10.1 For each NO2 concentration gen-

erated during the preparation of the NO2 
calibration curve (see section 1.5.9) calculate 
the concentration of NO2 converted from: 

NO NO NO NO
CONV OUT X orig X rem2 2 15[ ] = [ ] [ ] [ ]( )' ' ( )

where: 

[NO2]CONV = concentration of NO2 converted, 
ppm 

[NOX]orig = original NOX concentration prior 
to addition of O3, ppm 

[NOX]rem = NOX concentration remaining 
after addition of O3, ppm 

NOTE: Supplemental information on cali-
bration and other procedures in this method 
are given in reference 13. 

Plot [NO2]CONV (y-axis) versus [NO2]OUT (x- 
axis) and draw or calculate the converter ef-

ficiency curve. The slope of the curve times 
100 is the average converter efficiency, EC 
The average converter efficiency must be 
greater than 96%; if it is less than 96%, re-
place or service the converter. 

2. Alternative B—NO2 permeation device. 
Major equipment required: 
Stable O3 generator. 
Chemiluminescence NO/NOX/NO2 analyzer 

with strip chart recorder(s). 
NO concentration standard. 
NO2 concentration standard. 
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2.1 Principle. Atmospheres containing accu-
rately known concentrations of nitrogen di-
oxide are generated by means of a perme-
ation device. (10) The permeation device 
emits NO2 at a known constant rate provided 
the temperature of the device is held con-
stant (±0.1 °C) and the device has been accu-
rately calibrated at the temperature of use. 
The NO2 emitted from the device is diluted 
with zero air to produce NO2 concentrations 
suitable for calibration of the NO2 channel of 
the NO/NOX/NO2 analyzer. An NO concentra-
tion standard is used for calibration of the 
NO and NOX channels of the analyzer. 

2.2 Apparatus. A typical system suitable for 
generating the required NO and NO2 con-
centrations is shown in Figure 2. All connec-
tions between components downstream from 
the permeation device should be of glass, 
Teflon ®, or other non-reactive material. 

2.2.1 Air flow controllers. Devices capable of 
maintaining constant air flows within ±2% of 
the required flowrate. 

2.2.2 NO flow controller. A device capable of 
maintaining constant NO flows within ±2% 
of the required flowrate. Component parts in 
contact with the NO must be of a non-reac-
tive material. 

2.2.3 Air flowmeters. Calibrated flowmeters 
capable of measuring and monitoring air 
flowrates with an accuracy of ±2% of the 
measured flowrate. 

2.2.4 NO flowmeter. A calibrated flowmeter 
capable of measuring and monitoring NO 
flowrates with an accuracy of ±2% of the 
measured flowrate. (Rotameters have been 
reported to operate unreliably when meas-
uring low NO flows and are not rec-
ommended.) 

2.2.5 Pressure regulator for standard NO cyl-
inder. This regulator must have a non-reac-
tive diaphragm and internal parts and a suit-
able delivery pressure. 

2.2.6 Drier. Scrubber to remove moisture 
from the permeation device air system. The 
use of the drier is optional with NO2 perme-
ation devices not sensitive to moisture. 
(Refer to the supplier’s instructions for use 
of the permeation device.) 

2.2.7 Constant temperature chamber. Cham-
ber capable of housing the NO2 permeation 
device and maintaining its temperature to 
within ±0.1 °C. 

2.2.8 Temperature measuring device. Device 
capable of measuring and monitoring the 
temperature of the NO2 permeation device 
with an accuracy of ±0.05 °C. 

2.2.9 Valves. A valve may be used as shown 
in Figure 2 to divert the NO2 from the perme-
ation device when zero air or NO is required 
at the manifold. A second valve may be used 
to divert the NO flow when zero air or NO2 is 
required at the manifold. 

The valves should be constructed of glass, 
Teflon ®, or other nonreactive material. 

2.2.10 Mixing chamber. A chamber con-
structed of glass, Teflon ®, or other nonreac-

tive material and designed to provide thor-
ough mixing of pollutant gas streams and 
diluent air. 

2.2.11 Output manifold. The output manifold 
should be constructed of glass, Teflon ®, or 
other non-reactive material and should be of 
sufficient diameter to insure an insignificant 
pressure drop at the analyzer connection. 
The system must have a vent designed to in-
sure atmospheric pressure at the manifold 
and to prevent ambient air from entering the 
manifold. 

2.3 Reagents. 
2.3.1 Calibration standards. Calibration 

standards are required for both NO and NO2. 
The reference standard for the calibration 
may be either an NO or NO2 standard, and 
must be traceable to a National Bureau of 
Standards (NBS) NO in N2 Standard Ref-
erence Material (SRM 1683 or SRM 1684), and 
NBS NO2 Standard Reference Material (SRM 
1629), or an NBS/EPA-approved commercially 
available Certified Reference Material 
(CRM). CRM’s are described in Reference 14, 
and a list of CRM sources is available from 
the address shown for Reference 14. Ref-
erence 15 gives recommended procedures for 
certifying an NO gas cylinder against an NO 
SRM or CRM and for certifying an NO2 per-
meation device against an NO2 SRM. Ref-
erence 13 contains procedures for certifying 
an NO gas cylinder against an NO2 SRM and 
for certifying an NO2 permeation device 
against an NO SRM or CRM. A procedure for 
determining the amount of NO2 impurity in 
an NO cylinder is also contained in Ref-
erence 13. The NO or NO2 standard selected 
as the reference standard must be used to 
certify the other standard to ensure consist-
ency between the two standards. 

2.3.1.1 NO2 Concentration standard. A perme-
ation device suitable for generating NO2 con-
centrations at the required flow-rates over 
the required concentration range. If the per-
meation device is used as the reference 
standard, it must be traceable to an SRM or 
CRM as specified in 2.3.1. If an NO cylinder is 
used as the reference standard, the NO2 per-
meation device must be certified against the 
NO standard according to the procedure 
given in Reference 13. The use of the perme-
ation device should be in strict accordance 
with the instructions supplied with the de-
vice. Additional information regarding the 
use of permeation devices is given by 
Scaringelli et al. (11) and Rook et al. (12). 

2.3.1.2 NO Concentration standard. Gas cyl-
inder containing 50 to 100 ppm NO in N2 with 
less than 1 ppm NO2. If this cylinder is used 
as the reference standard, the cylinder must 
be traceable to an SRM or CRM as specified 
in 2.3.1. If an NO2 permeation device is used 
as the reference standard, the NO cylinder 
must be certified against the NO2 standard 
according to the procedure given in Ref-
erence 13. The cylinder should be recertified 
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on a regular basis as determined by the local 
quality control program. 

2.3.3 Zero air. Air, free of contaminants 
which might react with NO or NO2 or cause 
a detectable response on the NO/NOX/NO2 an-
alyzer. When using permeation devices that 
are sensitive to moisture, the zero air pass-
ing across the permeation device must be dry 
to avoid surface reactions on the device. 
(Refer to the supplier’s instructions for use 
of the permeation device.) A procedure for 
generating zero air is given in reference 13. 

2.4 Procedure. 
2.4.1 Assemble the calibration apparatus 

such as the typical one shown in Figure 2. 
2.4.2 Insure that all flowmeters are cali-

brated under the conditions of use against a 
reliable standard such as a soap bubble 
meter or wet-test meter. All volumetric 
flowrates should be corrected to 25 °C and 760 
mm Hg. A discussion on the calibration of 
flowmeters is given in reference 13. 

2.4.3 Install the permeation device in the 
constant temperature chamber. Provide a 
small fixed air flow (200–400 scm3/min) across 
the device. The permeation device should al-
ways have a continuous air flow across it to 
prevent large buildup of NO2 in the system 
and a consequent restabilization period. 
Record the flowrate as FP. Allow the device 
to stabilize at the calibration temperature 
for at least 24 hours. The temperature must 
be adjusted and controlled to within ±0.1 °C 
or less of the calibration temperature as 
monitored with the temperature measuring 
device. 

2.4.4 Precautions must be taken to remove 
O2 and other contaminants from the NO pres-
sure regulator and delivery system prior to 
the start of calibration to avoid any conver-
sion of the standard NO to NO2. Failure to do 
so can cause significant errors in calibration. 
This problem may be minimized by 

(1) Carefully evacuating the regulator, 
when possible, after the regulator has been 
connected to the cylinder and before opening 
the cylinder valve; 

(2) Thoroughly flushing the regulator and 
delivery system with NO after opening the 
cylinder valve; 

(3) Not removing the regulator from the 
cylinder between calibrations unless abso-
lutely necessary. Further discussion of these 
procedures is given in reference 13. 

2.4.5 Select the operating range of the NO/ 
NOX NO2 analyzer to be calibrated. In order 
to obtain maximum precision and accuracy 
for NO2 calibration, all three channels of the 
analyzer should be set to the same range. If 
operation of the NO and NOX channels on 
higher ranges is desired, subsequent re-
calibration of the NO and NOX channels on 
the higher ranges is recommended. 

NOTE: Some analyzer designs may require 
identical ranges for NO, NOX, and NO2 during 
operation of the analyzer. 

2.4.6 Connect the recorder output cable(s) 
of the NO/NOX/NO2 analyzer to the input ter-
minals of the strip chart recorder(s). All ad-
justments to the analyzer should be per-
formed based on the appropriate strip chart 
readings. References to analyzer responses in 
the procedures given below refer to recorder 
responses. 

2.4.7 Switch the valve to vent the flow from 
the permeation device and adjust the diluent 
air flowrate, FD, to provide zero air at the 
output manifold. The total air flow must ex-
ceed the total demand of the analyzer(s) con-
nected to the output manifold to insure that 
no ambient air is pulled into the manifold 
vent. Allow the analyzer to sample zero air 
until stable NO, NOX, and NO2 responses are 
obtained. After the responses have stabilized, 
adjust the analyzer zero control(s). 

NOTE: Some analyzers may have separate 
zero controls for NO, NOX, and NO2. Other 
analyzers may have separate zero controls 
only for NO and NOX, while still others may 
have only one zero common control to all 
three channels. 

Offsetting the analyzer zero adjustments to 
+ 5% of scale is recommended to facilitate 
observing negative zero drift. Record the sta-
ble zero air responses as ZNO, ZNOX, and ZNO2. 

2.4.8 Preparation of NO and NOX calibration 
curves. 

2.4.8.1 Adjustment of NO span control. Adjust 
the NO flow from the standard NO cylinder 
to generate an NO concentration of approxi-
mately 80% of the upper range limit (URL) of 
the NO range. The exact NO concentration is 
calculated from: 

[ ]
[ ]

( )NO
F NO

F F
OUT

NO STD

NO D

=
×

+
16

where: 

[NO]OUT = diluted NO concentration at the 
output manifold, ppm 

FNO = NO flowrate, scm3/min 
[NO]STD = concentration of the undiluted NO 

standard, ppm 
FD = diluent air flowrate, scm3/min 

Sample this NO concentration until the NO 
and NOX responses have stabilized. Adjust 
the NO span control to obtain a recorder re-
sponse as indicated below: 

recorder response (% scale) = 

= ×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +

[ ]
( )

NO
ZOUT

NO
URL

100 17

=
[ ]

×
⎛

⎝
⎜

⎞

⎠
⎟ +

NO
Z

X OUT
NOXURL

100 19( )

where: 
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URL = nominal upper range limit of the NO 
channel, ppm 

NOTE: Some analyzers may have separate 
span controls for NO, NOX, and NO2. Other 
analyzers may have separate span controls 
only for NO and NOX, while still others may 
have only one span control common to all 
three channels. When only one span control 
is available, the span adjustment is made on 
the NO channel of the analyzer. 
If substantial adjustment of the NO span 
control is necessary, it may be necessary to 
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.8.1. Record the NO 
concentration and the analyzer’s NO re-
sponse. 

2.4.8.2 Adjustment of NOX span control. When 
adjusting the analyzer’s NOX span control, 
the presence of any NO2 impurity in the 
standard NO cylinder must be taken into ac-
count. Procedures for determining the 
amount of NO2 impurity in the standard NO 
cylinder are given in reference 13. The exact 
NOX concentration is calculated from: 

[ ]
[ ] [ ]

( )NO
F NO NO

F F
OUT

NO STD IMP

NO D

X =
× +( )

+

2 18

where: 
[NOX]OUT = diluted NOX cencentration at the 

output manifold, ppm 
[NO2]IMP = concentration of NO2 impurity in 

the standard NO cylinder, ppm 
Adjust the NOX span control to obtain a con-
venient recorder response as indicated below: 
recorder response (% scale) 

= ×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +

[ ]
( )

NO
ZX OUT

NO
URL

X
100 19

NOTE: If the analyzer has only one span 
control, the span adjustment is made on the 
NO channel and no further adjustment is 
made here for NOX. 
If substantial adjustment of the NOX span 
control is necessary, it may be necessary to 
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.8.2. Record the NOX 
concentration and the analyzer’s NOX re-
sponse. 

2.4.8.3 Generate several additional con-
centrations (at least five evenly spaced 
points across the remaining scale are sug-
gested to verify linearity) by decreasing FNO 
or increasing FD. For each concentration 
generated, calculate the exact NO and NOX 
concentrations using equations (16) and (18) 
respectively. Record the analyzer’s NO and 
NOX responses for each concentration. Plot 
the analyzer responses versus the respective 
calculated NO and NOX concentrations and 
draw or calculate the NO and NOX calibra-
tion curves. For subsequent calibrations 
where linearity can be assumed, these curves 

may be checked with a two-point calibration 
consisting of a zero point and NO and NOX 
concentrations of approximately 80 percent 
of the URL. 

2.4.9 Preparation of NO2 calibration curve. 
2.4.9.1 Remove the NO flow. Assuming the 

NO2 zero has been properly adjusted while 
sampling zero air in step 2.4.7, switch the 
valve to provide NO2 at the output manifold. 

2.4.9.2 Adjust FD to generate an NO2 con-
centration of approximately 80 percent of the 
URL of the NO2 range. The total air flow 
must exceed the demand of the analyzer(s) 
under calibration. The actual concentration 
of NO2 is calculated from: 

[ ] ( )NO
R K

F F
OUT

P D

2 20=
×

+
where: 
[NO2]OUT = diluted NO2 concentration at the 

output manifold, ppm 
R = permeation rate, μg/min 
K = 0.532 μl NO2/μg NO2 (at 25 °C and 760 mm 

Hg) 
Fp = air flowrate across permeation device, 

scm3/min 
FD = diluent air flowrate, scm3/min 
Sample this NO2 concentration until the NOX 
and NO2 responses have stabilized. Adjust 
the NO2 span control to obtain a recorder re-
sponse as indicated below: 
recorder response (% scale) 

= ×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟ +

[ ]
( )

NO
ZOUT

NO
2

2100 21
URL

NOTE: If the analyzer has only one or two 
span controls, the span adjustments are 
made on the NO channel or NO and NOX 
channels and no further adjustment is made 
here for NO2. 
If substantial adjustment of the NO2 span 
control is necessary it may be necessary to 
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.9.2. Record the NO2 
concentration and the analyzer’s NO2 re-
sponse. Using the NOX calibration curve ob-
tained in step 2.4.8, measure and record the 
NOX concentration as [NOX]M. 

2.4.9.3 Adjust FD to obtain several other 
concentrations of NO2 over the NO2 range (at 
least five evenly spaced points across the re-
maining scale are suggested). Calculate each 
NO2 concentration using equation (20) and 
record the corresponding analyzer NO2 and 
NOX responses. Plot the analyzer’s NO2 re-
sponses versus the corresponding calculated 
NO2 concentrations and draw or calculate 
the NO2 calibration curve. 

2.4.10 Determination of converter efficiency. 
2.4.10.1 Plot [NOX]M (y-axis) versus [NO2]OUT 

(x-axis) and draw or calculate the converter 
efficiency curve. The slope of the curve 
times 100 is the average converter efficiency, 
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EC. The average converter efficiency must be 
greater than 96 percent; if it is less than 96 
percent, replace or service the converter. 

NOTE: Supplemental information on cali-
bration and other procedures in this method 
are given in reference 13. 

3. Frequency of calibration. The frequency of 
calibration, as well as the number of points 
necessary to establish the calibration curve 
and the frequency of other performance 
checks, will vary from one analyzer to an-
other. The user’s quality control program 
should provide guidelines for initial estab-
lishment of these variables and for subse-
quent alteration as operational experience is 
accumulated. Manufacturers of analyzers 
should include in their instruction/operation 
manuals information and guidance as to 
these variables and on other matters of oper-
ation, calibration, and quality control. 
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APPENDIX G TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
LEAD IN TOTAL SUSPENDED PARTICU-
LATE MATTER 

1.0 Scope and Applicability 

Based on review of the air quality criteria 
and national ambient air quality standard 
(NAAQS) for lead (Pb) completed in 2008, the 
EPA made revisions to the primary and sec-
ondary NAAQS for Pb to protect public 
health and welfare. The EPA revised the 
level from 1.5 μg/m3 to 0.15 μg/m3 while re-
taining the current indicator of Pb in total 
suspended particulate matter (Pb-TSP). 

Pb-TSP is collected for 24 hours on a TSP 
filter as described in Appendix B of part 50, 
the Reference Method for the Determination 
of Suspended Particulate Matter in the At-
mosphere (High-Volume Method). This meth-
od is for the analysis of Pb from TSP filters 
by Inductively Coupled Plasma Mass Spec-
trometry (ICP–MS) using a heated ultrasonic 
bath with nitric acid (HNO3) and hydro-
chloric acid (HCl) or a heated block (hot 
block) digester with HNO3 for filter extrac-
tion. 

This method is based on the EPA’s Office 
of Solid Waste (SW–846) Method 6020A—In-
ductively Coupled Plasma Mass Spectrom-
etry (U.S. EPA, 2007). Wording in certain sec-
tions of this method is paraphrased or taken 
directly from Method 6020A. 

1.1 ICP–MS is applicable for the sub-μg/mL 
(ppb) determination of Pb in a wide variety 
of matrices. Results reported for monitoring 
or compliance purposes are calculated in μg/ 
m3 at local conditions (LC). This procedure 
describes a method for the acid extraction of 
Pb in particulate matter collected on glass 
fiber, quartz, or PTFE filters and measure-
ment of the extracted Pb using ICP–MS. 

1.2 Due to variations in the isotopic abun-
dance of Pb, the value for total Pb must be 
based on the sum of the signal intensities for 
isotopic masses, 206, 207, and 208. Most in-
strument software packages are able to sum 
the primary isotope signal intensities auto-
matically. 

1.3 ICP–MS requires the use of an internal 
standard. 115In (Indium), 165Ho (Holmium), 
and 209Bi (Bismuth) are recommended inter-
nal standards for the determination of Pb. 

1.4 Use of this method is restricted to use 
by, or under supervision of, properly trained 
and experienced laboratory personnel. Re-
quirements include training and experience 
in inorganic sample preparation, including 
acid extraction, and also knowledge in the 
recognition and in the correction of spectral, 
chemical and physical interference in ICP– 
MS. 

2.0 Summary of Method 

2.1 This method describes the acid extrac-
tion of Pb in particulate matter collected on 

glass fiber, quartz, or PTFE ambient air fil-
ters with subsequent measurement of Pb by 
ICP–MS. Estimates of the Method Detection 
Limit (MDL) or sensitivity of the method are 
provided in Tables 1, 3 and 5 and determined 
using Pb-spiked filters or filter strips ana-
lyzed in accordance with the guidance pro-
vided in 40 CFR 136, Appendix B—Determina-
tion and procedures for the Determination of 
the Method Detection Limit—Revision 1.1. 
The analytical range of the method is 0.00024 
μg/m3 to 0.60 μg/m3, and based on the low and 
high calibration curve standards and a nomi-
nal filter sample volume of 2000 m3. 

2.2 This method includes two extraction 
methods. In the first method, a solution of 
HNO3 and HCl is added to the filters or filter 
strips in plastic digestion tubes and the 
tubes are placed in a heated ultrasonic bath 
for one hour to facilitate the extraction of 
Pb. Following ultrasonication, the samples 
are brought to a final volume of 40 mL (50 
mL for PTFE filters), vortex mixed or shak-
en vigorously, and centrifuged prior to 
aliquots being taken for ICP–MS analysis. In 
the second method, a solution of dilute HNO3 
is added to the filter strips in plastic diges-
tion tubes and the tubes placed into the hot 
block digester. The filter strip is completely 
covered by the solution. The tubes are cov-
ered with polypropylene watch glasses and 
refluxed. After reflux, the samples are di-
luted to a final volume of 50 mL with reagent 
water and mixed before analysis. 

2.3 Calibration standards and check stand-
ards are prepared to matrix match the acid 
composition of the samples. ICP–MS analysis 
is then performed. With this method, the 
samples are first aspirated and the aerosol 
thus created is transported by a flow of 
argon gas into the plasma torch. The ions 
produced (e.g., Pb + 1) in the plasma are ex-
tracted via a differentially-pumped vacuum 
interface and are separated on the basis of 
their mass-to-charge ratio. The ions are 
quantified by a channel electron multiplier 
or a Faraday detector and the signal col-
lected is processed by the instrument’s soft-
ware. Interferences must be assessed and cor-
rected for, if present. 

3.0 Definitions 

Pb—Elemental or ionic lead 
HNO3—Nitric acid 
HCl—Hydrochloric acid 
ICP–MS—Inductively Coupled Plasma Mass 

Spectrometer 
MDL—Method detection limit 
RSD—Relative standard deviation 
RPD—Relative percent difference 
CB—Calibration Blank 
CAL—Calibration Standard 
ICB—Initial calibration blank 
CCB—Continuing calibration blank 
ICV—Initial calibration verification 
CCV—Continuing calibration verification 
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LLCV—Lower Level Calibration 
Verification, serves as the lower level ICV 
and lower level CCV 

RB—Reagent blank 
RBS—Reagent blank spike 
MSDS—Material Safety Data Sheet 
NIST—National Institute of Standards and 

Technology 
D.I. water—Deionized water 
SRM—NIST Standard Reference Material 
CRM—Certified Reference Material 
EPA—Environmental Protection Agency 
v/v—Volume to volume ratio 

4.0 Interferences 

4.1 Reagents, glassware, plasticware, and 
other sample processing hardware may yield 
artifacts and/or interferences to sample anal-
ysis. If reagent blanks, filter blanks, or qual-
ity control blanks yield results above the de-
tection limit, the source of contamination 
must be identified. All containers and re-
agents used in the processing of the samples 
must be checked for contamination prior to 
sample extraction and analysis. Reagents 
shall be diluted to match the final con-
centration of the extracts and analyzed for 
Pb. Labware shall be rinsed with dilute acid 
solution and the solution analyzed. Once a 
reagent or labware article (such as extrac-
tion tubes) from a manufacturer has been 
successfully screened, additional screening is 
not required unless contamination is sus-
pected. 

4.2 Isobaric elemental interferences in ICP– 
MS are caused by isotopes of different ele-
ments forming atomic ions with the same 
nominal mass-to-charge ratio (m/z) as the 
species of interest. There are no species 
found in ambient air that will result in iso-
baric interference with the three Pb isotopes 
(206, 207, and 208) being measured. 
Polyatomic interferences occur when two or 
more elements combine to form an ion with 
the same mass-to-charge ratio as the isotope 
being measured. Pb is not subject to inter-
ference from common polyatomic ions and 
no correction is required. 

4.3 The distribution of Pb isotopes is not 
constant. The analysis of total Pb should be 
based on the summation of signal intensities 
for the isotopic masses 206, 207, and 208. In 
most cases, the instrument software can per-
form the summation automatically. 

4.4 Physical interferences are associated 
with the sample nebulization and transport 
processes as well as with ion-transmission ef-
ficiencies. Dissolved solids can deposit on 
the nebulizer tip of a pneumatic nebulizer 
and on the interface skimmers of the ICP– 
MS. Nebulization and transport processes 
can be affected if a matrix component causes 
a change in surface tension or viscosity. 
Changes in matrix composition can cause 
significant signal suppression or enhance-
ment. These interferences are compensated 
for by use of internal standards. Sample dilu-

tion will reduce the effects of high levels of 
dissolved salts, but calibration standards 
must be prepared in the extraction medium 
and diluted accordingly. 

4.5 Memory interferences are related to 
sample transport and result when there is 
carryover from one sample to the next. Sam-
ple carryover can result from sample deposi-
tion on the sample and skimmer cones and 
from incomplete rinsing of the sample solu-
tion from the plasma torch and the spray 
chamber between samples. These memory ef-
fects are dependent upon both the analyte 
being measured and sample matrix and can 
be minimized through the use of suitable 
rinse times. 

5.0 Health and Safety Cautions 

5.1 The toxicity or carcinogenicity of re-
agents used in this method has not been 
fully established. Each chemical should be 
regarded as a potential health hazard and ex-
posure to these compounds should be as low 
as reasonably achievable. Each laboratory is 
responsible for maintaining a current file of 
OSHA regulations regarding the safe han-
dling of the chemicals specified in this meth-
od. A reference file of material safety data 
sheets (MSDSs) should be available to all 
personnel involved in the chemical analysis. 
Specifically, concentrated HNO3 presents 
various hazards and is moderately toxic and 
extremely irritating to skin and mucus 
membranes. Use this reagent in a fume hood 
whenever possible and if eye or skin contact 
occurs, flush with large volumes of water. 
Always wear safety glasses or a shield for 
eye protection, protective clothing, and ob-
serve proper mixing when working with 
these reagents. 

5.2 Concentrated HNO3 and HCl are mod-
erately toxic and extremely irritating to the 
skin. Use these reagents in a fume hood, and 
if eye and skin contact occurs, flush with 
large volumes of water. Always wear safety 
glasses or a shield for eye protection when 
working with these reagents. The component 
of this procedure requiring the greatest care 
is HNO3. HNO3 is a strong, corrosive, oxi-
dizing agent that requires protection of the 
eyes, skin, and clothing. Items to be worn 
during use of this reagent include: 

1. Safety goggles (or safety glasses with 
side shields), 

2. Acid resistant rubber gloves, and 
3. A protective garment such as a labora-

tory apron. HNO3 spilled on clothing will de-
stroy the fabric; contact with the skin un-
derneath will result in a burn. 

It is also essential that an eye wash foun-
tain or eye wash bottle be available during 
performance of this method. An eye wash 
bottle has a spout that covers the eye. If acid 
or any other corrosive gets into the eye, the 
water in this bottle is squirted onto the eye 
to wash out the harmful material. Eye wash-
ing should be performed with large amounts 
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of water immediately after exposure. Med-
ical help should be sought immediately after 
washing. If either acid, but especially HNO3, 
is spilled onto the skin, wash immediately 
with large amounts of water. Medical atten-
tion is not required unless the burn appears 
to be significant. Even after washing and 
drying, HNO3 may leave the skin slightly 
brown in color; this will heal and fade with 
time. 

5.3 Pb salts and Pb solutions are toxic. 
Great care must be taken to ensure that 
samples and standards are handled properly; 
wash hands thoroughly after handling. 

5.4 Care must be taken when using the ul-
trasonic bath and hot block digester as they 
are capable of causing mild burns. Users 
should refer to the safety guidance provided 
by the manufacturer of their specific equip-
ment. 

5.5 Analytical plasma sources emit radio 
frequency radiation in addition to intense 
ultra violet (UV) radiation. Suitable pre-
cautions should be taken to protect per-
sonnel from such hazards. The inductively 
coupled plasma should only be viewed with 
proper eye protection from UV emissions. 

6.0 Equipment 

6.1 Thermo Scientific X-Series ICP–MS or 
equivalent. The system must be capable of 
providing resolution better or equal to 1.0 
atomic mass unit (amu) at 10 percent peak 
height. The system must have a mass range 
from at least 7 to 240 amu that allows for the 
application of the internal standard tech-
nique. For the measurement of Pb, an instru-
ment with a collision or reaction cell is not 
required. 

6.2 Ultrasonic Extraction Equipment 

6.2.1 Heated ultrasonic bath capable of 
maintaining a temperature of 80 °C; VWR 
Model 750HT, 240W, or equivalent. Ultrasonic 
bath must meet the following performance 
criteria: 

1. Cut a strip of aluminum foil almost the 
width of the tank and double the depth. 

2. Turn the ultrasonic bath on and lower 
the foil into the bath vertically until almost 
touching the bottom of the tank and hold for 
10 seconds. 

3. Remove the foil from the tank and ob-
serve the distribution of perforations and 
small pin prick holes. The indentations 
should be fine and evenly distributed. The 
even distribution of indentations indicates 
the ultrasonic bath is acceptable for use. 

6.2.2 Laboratory centrifuge, Beckman GS– 
6, or equivalent. 

6.2.3 Vortex mixer, VWR Signature Digital 
Vortex Mixer, VWR Catalog No. 14005–824, or 
equivalent. 

6.3 Hot block extraction equipment 
6.3.1 Hot block digester, SCP Science 

DigiPrep Model MS, No. 010–500–205 block di-

gester capable of maintaining a temperature 
of 95 °C, or equivalent. 

6.4 Materials and Supplies 
• Argon gas supply, 99.99 percent purity or 

better. National Welders Microbulk, or 
equivalent. 

• Plastic digestion tubes with threaded 
caps for extraction and storage, SCP Science 
DigiTUBE® Item No. 010–500–063, or equiva-
lent. 

• Disposable polypropylene ribbed watch 
glasses (for heated block extraction), SCP 
Science Item No. 010–500–081, or equivalent. 

• Pipette, Rainin EDP2, 100 μL, ±1 percent 
accuracy, ≤1 percent RSD (precision), with 
disposable tips, or equivalent. 

• Pipette, Rainin EDP2, 1000 μL, ±1 percent 
accuracy, ≤1 percent RSD (precision), with 
disposable tips, or equivalent. 

• Pipette, Rainin EDP2, 1–10 mL, ±1 per-
cent accuracy, ≤1 percent RSD (precision), 
with disposable tips, or equivalent. 

• Pipette, Thermo Lab Systems, 5 mL, ±1 
percent accuracy, ≤1 percent RSD (preci-
sion), with disposable tips, or equivalent. 

• Plastic tweezer, VWR Catalog No. 89026– 
420, or equivalent. 

• Laboratory marker. 
• Ceramic knife, Kyocera LK–25, and non- 

metal ruler or other suitable cutting tools 
for making straight cuts for accurately 
measured strips. 

• Blank labels or labeling tape, VWR Cata-
log No. 36425–045, or equivalent. 

• Graduated cylinder, 1 L, VWR 89000–260, 
or equivalent. 

• Volumetric flask, Class A, 1 L, VWR 
Catalog No. 89025–778, or equivalent. 

• Millipore Element deionized water sys-
tem, or equivalent, capable of generating 
water with a resistivity of ≥17.9 MW-cm). 

• Disposable syringes, 10-mL, with 0.45 mi-
cron filters (must be Pb-free). 

• Plastic or PTFE wash bottles. 
• Glassware, Class A—volumetric flasks, 

pipettes, and graduated cylinders. 
• Glass fiber, quartz, or PTFE filters from 

the same filter manufacturer and lot used for 
sample collection for use in the determina-
tion of the MDL and for laboratory blanks. 

7.0 Reagents and Standards 

7.1 Reagent—or trace metals-grade chemi-
cals must be used in all tests. Unless other-
wise indicated, it is intended that all re-
agents conform to the specifications of the 
Committee on Analytical Reagents of the 
American Chemical Society, where such 
specifications are available. 

7.2 Concentrated nitric acid, 67–70 percent, 
SCP Science Catalog No. 250–037–177, or 
equivalent. 

7.3 Concentrated hydrochloric acid (for the 
ultrasonic extraction method), 33–36 percent, 
SCP Science Catalog No. 250–037–175, or 
equivalent. 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00080 Fmt 8010 Sfmt 8002 Y:\SGML\238152.XXX 238152eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



71 

Environmental Protection Agency Pt. 50, App. G 

5 Certificates of Analysis for these SRMs 
can be found at: http://www.nist.gov/srm/ 
index.cfm. 

7.4 Deionized water—All references to de-
ionized water in the method refer to deion-
ized water with a resistivity ≥17.9 MW-cm. 

7.5 Standard stock solutions may be com-
mercially purchased for each element or as a 
multi-element mix. Internal standards may 
be purchased as a mixed multi-element solu-
tion. The manufacturer’s expiration date and 
storage conditions must be adhered to. 

7.5.1 Lead standard, 1000 μg/mL, NIST 
traceable, commercially available with cer-
tificate of analysis. High Purity Standards 
Catalog No. 100028–1, or equivalent. 

7.5.2 Indium (In) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100024–1, or equivalent. 

7.5.3 Bismuth (Bi) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100006–1, or equivalent. 

7.5.4 Holmium (Ho) standard, 1000 μg/mL, 
NIST traceable, commercially available with 
certificate of analysis. High Purity Stand-
ards Catalog No. 100023–1, or equivalent. 

7.5.5 Second source lead standard, 1000 μg/ 
mL, NIST traceable, commercially available 
with certificate of analysis. Must be from a 
different vendor or lot than the standard de-
scribed in 7.5.1. Inorganic Ventures Catalog 
No. CGPB–1, or equivalent. 

7.5.6 Standard Reference Materials, NIST 
SRM 2583, 2586, 2587 or 1648, or equivalent.5 

Note: The In, Bi, and Ho internal standards 
may also be purchased as 10 μg/mL stand-
ards. Calibration standards are prepared by 
diluting stock standards to the appropriate 
levels in the same acid concentrations as in 
the final sample volume. The typical range 
for calibration standards is 0.001 to 2.00 μg/ 
mL. At a minimum, the curve must contain 
a blank and five Pb containing calibration 
standards. The calibration standards are 
stored at ambient laboratory temperature. 
Calibration standards must be prepared 
weekly and verified against a freshly pre-
pared ICV using a NIST-traceable source dif-
ferent from the calibration standards. 

7.6 Internal standards may be added to the 
test solution or by on-line addition. The 
nominal concentration for an internal stand-
ard is 0.010 μg/mL (10 ppb). Bismuth (Bi) or 
holmium (Ho) are the preferred internal 
standards for Pb, but indium (In) may be 
used in the event the sample contains Bi and 
high recoveries are observed. 

7.7 Three laboratory blank solutions are 
required for analysis: (1) The calibration 
blank is used in the construction of the cali-
bration curve and as a periodic check of sys-
tem cleanliness (ICB and CCB); (2) the rea-
gent blank (RB) is carried through the ex-

traction process to assess possible contami-
nation; and (3) the rinse blank is run be-
tween samples to clean the sample introduc-
tion system. If RBs or laboratory blanks 
yield results above the detection limit, the 
source of contamination must be identified. 
Screening of labware and reagents is ad-
dressed in Section 4.1. 

7.7.1 The calibration blank is prepared in 
the same acid matrix as the calibration 
standards and samples and contains all in-
ternal standards used in the analysis. 

7.7.2 The RB contains all reagents used in 
the extraction and is carried through the ex-
traction procedure at the same time as the 
samples. 

7.7.3 The rinse blank is a solution of 1 to 2 
percent HNO3 (v/v) in reagent grade water. A 
sufficient volume should be prepared to flush 
the system between all standards and sam-
ples analyzed. 

7.7.4 The EPA currently provides glass 
fiber, quartz, and PTFE filters to air moni-
toring agencies as requested annually. As 
part of the procurement process, these filters 
are tested for acceptance by the EPA. The 
current acceptance criteria for glass fiber 
and quartz filters is 15 μg per filter or 0.0075 
μg/m3 using a nominal sample volume of 2000 
m3 and 4.8 ng/cm2 or 0.0024 μg/m3 for PTFE 
filters using a nominal sample volume of 24 
m3. Acceptance test results for filters ob-
tained by the EPA are typically well below 
the criterion specified and also below the re-
cently revised Pb method performance detec-
tion limit of 0.0075 μg/m3; therefore, blank 
subtraction should not be performed. 

7.7.5 If filters are not provided by the EPA 
for sample collection and analysis, filter lot 
blanks should be analyzed for Pb content. 
For large filter lots (≤500 filters), randomly 
select 20 to 30 filters from the lot and ana-
lyze the filter or filter strips for Pb. For 
smaller filter lots, a lesser number of filters 
can be analyzed. Glass, quartz and PTFE fil-
ters must not have levels of Pb above the cri-
teria specified in section 7.7.4 and, therefore, 
blank correction should not be performed. If 
acceptance testing shows levels of Pb above 
the criteria in Section 7.7.4, corrective ac-
tion must be taken to reduce the levels be-
fore proceeding. 

7.8 The Initial Calibration Verification 
(ICV), Lower Level Calibration Verification 
(LLCV), and Continuing Calibration 
Verification (CCV) solutions are prepared 
from a different Pb source than the calibra-
tion curve standards and at a concentration 
that is either at or below the midpoint on 
the calibration curve, but within the calibra-
tion range. Both are prepared in the same 
acid matrix as the calibration standards. 
Note that the same solution may be used for 
both the ICV and CCV. The ICV/CCV and 
LLCV solutions must be prepared fresh 
daily. 
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7.9 Tuning Solution. Prepare a tuning solu-
tion according to the instrument manufac-
turer’s recommendations. This solution will 
be used to verify the mass calibration and 
resolution of the instrument. 

8.0 Quality Control (QC) 

8.1 Standard QC practices shall be em-
ployed to assess the validity of the data gen-
erated, including: MDL, RB, duplicate sam-
ples, spiked samples, serial dilutions, ICV, 
CCV, LLCV, ICB, CCB, and SRMs/CRMs. 

8.2 MDLs must be calculated in accordance 
with 40 CFR part 136, Appendix B. RBs with 
low-level standard spikes are used to esti-
mate the MDL. The low-level standard spike 
is added to at least 7 individual filter strips 
and then carried through the entire extrac-
tion procedure. This will result in at least 7 
individual samples to be used for the MDL. 
The recommended range for spiking the 
strips is 1 to 5 times the estimated MDL. 

8.3 For each batch of samples, one RB and 
one reagent blank spike (RBS) that is spiked 
at the same level as the sample spike (see 
Section 8.6) must be prepared and carried 
throughout the entire process. The results of 
the RB must be below 0.001 μg/mL. The re-
covery for the RBS must be within ±20 per-
cent of the expected value. If the RB yields 
a result above 0.001 μg/mL, the source of con-
tamination must be identified and the ex-
traction and analysis repeated. Reagents and 
labware must be suspected as sources of con-
tamination. Screening of reagents and 
labware is addressed in Section 4.1. 

8.4 Any samples that exceed the highest 
calibration standard must be diluted and 
rerun so that the concentration falls within 
the curve. The minimum dilution will be 1 to 
5 with matrix matched acid solution. 

8.5 The internal standard response must be 
monitored during the analysis. If the inter-
nal standard response falls below 70 percent 
or rises above 120 percent of expected due to 
possible matrix effects, the sample must be 
diluted and reanalyzed. The minimum dilu-
tion will be 1 to 5 with matrix matched acid 
solution. If the first dilution does not correct 
the problem, additional dilutions must be 
run until the internal standard falls within 
the specified range. 

8.6 For every batch of samples prepared, 
there must be one duplicate and one spike 
sample prepared. The spike added is to be at 
a level that falls within the calibration 
curve, normally the midpoint of the curve. 
The initial plus duplicate sample must yield 
a relative percent difference ≤20 percent. The 
spike must be within ±20 percent of the ex-
pected value. 

8.7 For each batch of samples, one extract 
must be diluted five-fold and analyzed. The 
corrected dilution result must be within ±10 
percent of the undiluted result. The sample 
chosen for the serial dilution shall have a 
concentration at or above 10X the lowest 
standard in the curve to ensure the diluted 
value falls within the curve. If the serial di-
lution fails, chemical or physical inter-
ference should be suspected. 

8.8 ICB, ICV, LLCV, CCB and CCV samples 
are to be run as shown in the following table. 

Sample Frequency Performance specification 

ICB ............................. Prior to first sample ................................................. Less than 0.001 μg/mL. 
ICV ............................. Prior to first sample ................................................. Within 90 to 110 percent of the expected value. 
LLCV .......................... Daily, before first sample and after last sample ..... ±10 percent of the expected value. 
CCB ........................... After every 10 extracted samples ........................... Less than 0.001 μg/mL. 
CCV ........................... After every 10 extracted samples ........................... Within 90–110 percent of the expected value. 

If any of these QC samples fails to meet 
specifications, the source of the unaccept-
able performance must be determined, the 
problem corrected, and any samples not 
bracketed by passing QC samples must be re-
analyzed. 

8.9 For each batch of samples, one certified 
reference material (CRM) must be combined 
with a blank filter strip and carried through 
the entire extraction procedure. The result 
must be within ±10 percent of the expected 
value. 

8.10 For each run, a LLCV must be ana-
lyzed. The LLCV must be prepared at a con-
centration not more than three times the 
lowest calibration standard and at a con-
centration not used in the calibration curve. 
The LLCV is used to assess performance at 
the low end of the curve. If the LLCV fails 
(±10 percent of the expected value) the run 

must be terminated, the problem corrected, 
the instrument recalibrated, and the anal-
ysis repeated. 

8.11 Pipettes used for volumetric transfer 
must have the calibration checked at least 
once every 6 months and pass ±1 percent ac-
curacy and ≤1 percent RSD (precision) based 
on five replicate readings. The pipettes must 
be checked weekly for accuracy with a single 
replicate. Any pipette that does not meet ±1 
percent accuracy on the weekly check must 
be removed from service, repaired, and pass a 
full calibration check before use. 

8.12 Samples with physical deformities are 
not quantitatively analyzable. The analyst 
should visually check filters prior to pro-
ceeding with preparation for holes, tears, or 
non-uniform deposit which would prevent 
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representative sampling. Document any de-
formities and qualify the data with flags ap-
propriately. Care must be taken to protect 
filters from contamination. Filters must be 
kept covered prior to sample preparation. 

9.0 ICP MS Calibration 
Follow the instrument manufacturer’s in-

structions for the routine maintenance, 
cleaning, and ignition procedures for the spe-
cific ICP–MS instrument being used. 

9.1 Ignite the plasma and wait for at least 
one half hour for the instrument to warm up 
before beginning any pre-analysis steps. 

9.2 For the Thermo X-Series with Xt 
cones, aspirate a 10 ng/mL tuning solution 
containing In, Bi, and Ce (Cerium). Monitor 
the intensities of In, Bi, Ce, and CeO (Cerium 
oxide) and adjust the instrument settings to 
achieve the highest In and Bi counts while 
minimizing the CeO/Ce oxide ratio. For other 
instruments, follow the manufacturer’s rec-
ommended practice. Tune to meet the in-
strument manufacturer’s specifications. 
After tuning, place the sample aspiration 
probe into a 2 percent HNO3 rinse solution 
for at least 5 minutes to flush the system. 

9.3 Aspirate a 5 ng/mL solution con-
taining Co, In, and Bi to perform a daily in-
strument stability check. Run 10 replicates 
of the solution. The percent RSD for the rep-
licates must be less than 3 percent at all 
masses. If the percent RSD is greater than 3 
percent, the sample introduction system, 
pump tubing, and tune should be examined, 
and the analysis repeated. Place the sample 
aspiration probe into a 2 percent HNO3 rinse 
solution for at least 5 minutes to flush the 
system. 

9.4 Load the calibration standards in the 
autosampler and analyze using the same 
method parameters that will be used to ana-
lyze samples. The curve must include one 
blank and at least 5 Pb-containing calibra-
tion standards. The correlation coefficient 
must be at least 0.998 for the curve to be ac-
cepted. The lowest standard must recover ±15 
percent of the expected value and the re-
maining standards must recover ±10 percent 
of the expected value to be accepted. 

9.5 Immediately after the calibration 
curve is completed, analyze an ICV and an 
ICB. The ICV must be prepared from a dif-
ferent source of Pb than the calibration 
standards. The ICV must recover 90–110 per-
cent of the expected value for the run to con-
tinue. The ICB must be less than 0.001 μg/mL. 
If either the ICV or the ICB fails, the run 
must be terminated, the problem identified 
and corrected, and the analysis re-started. 

9.6 A LLCV, CCV and a CCB must be run 
after the ICV and ICB. A CCV and CCB must 
be run at a frequency of not less than every 
10 extracted samples. A typical analytical 
run sequence would be: Calibration blank, 
Calibration standards, ICV, ICB, LLCV, CCV, 
CCB, Extracts 1–10, CCV, CCB, Extracts 11– 
20, CCV, CCB, Extracts 21–30, CCV, CCB, 

LLCV, CCV, CCB. Extracts are any field 
sample or QC samples that have been carried 
through the extraction process. The CCV so-
lution is prepared from a different source 
than the calibration standards and may be 
the same as the ICV solution. The LLCV 
must be within ±10 percent of expected value. 
The CCV value must be within ±10 percent of 
expected for the run to continue. The CCB 
must be less than 0.001 μg/mL. If either the 
CCV, LLCV, or CCB fails, the run must be 
terminated, the problem identified and cor-
rected, and the analysis re-started from the 
last passing CCV/LLCV/CCB set. 

9.7 A LLCV, CCV, and CCB set must be 
run at the end of the analysis. The LLCV 
must be within ±30 percent of expected value. 
If either the CCV, LLCV, or CCB fails, the 
run must be terminated, the problem identi-
fied and corrected, and the analysis re-start-
ed from the last passing CCV/LLCV/CCB set. 

10.0 Heated Ultrasonic Filter Strip 
Extraction 

All plasticware (e.g., Nalgene) and glass-
ware used in the extraction procedures is 
soaked in 1 percent HNO3 (v/v) for at least 24 
hours and rinsed with reagent water prior to 
use. All mechanical pipettes used must be 
calibrated to ±1 percent accuracy and ≤1 per-
cent RSD at a minimum of once every 6 
months. 

10.1 Sample Preparation—Heated Ultra-
sonic Bath 

10.1.1 Extraction solution (1.03M HNO3 + 
2.23M HCl). Prepare by adding 500 mL of de-
ionized water to a 1000 mL flask, adding 64.4 
mL of concentrated HNO3 and 182 mL of con-
centrated HCl, shaking to mix, allowing so-
lution to cool, diluting to volume with rea-
gent water, and inverting several times to 
mix. Extraction solution must be prepared at 
least weekly. 

10.1.2 Use a ceramic knife and non-metal 
ruler, or other cutting device that will not 
contaminate the filter with Pb. Cut a 3⁄4 inch 
× 8 inch strip from the glass fiber or quartz 
filter by cutting a strip from the edge of the 
filter where it has been folded along the 10 
inch side at least 1 inch from the right or 
left side to avoid the un-sampled area cov-
ered by the filter holder. The filters must be 
carefully handled to avoid dislodging depos-
its. 

10.1.3 Using plastic tweezers, roll the fil-
ter strip up in a coil and place the rolled 
strip in the bottom of a labeled 50 mL ex-
traction tube. In a fume hood, add 15.00 ±0.15 
mL of the extraction solution (see Section 
10.1.1) using a calibrated mechanical pipette. 
Ensure that the extraction solution com-
pletely covers the filter strip. 

10.1.4 Loosely cap the 50 mL extraction 
tube and place it upright in a plastic rack. 
When all samples have been prepared, place 
the racks in an uncovered heated ultrasonic 
water bath that has been preheated to 80 ±5 
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°C and ensure that the water level in the ul-
trasonic is above the level of the extraction 
solution in the tubes but well below the level 
of the extraction tube caps to avoid contami-
nation. Start the ultrasonic bath and allow 
the unit to run for 1 hour ±5 minutes at 80 ±5 
°C. 

10.1.5 Remove the rack(s) from the ultra-
sonic bath and allow the racks to cool. 

10.1.6 Add 25.00 ±0.25 mL of D.I. water with 
a calibrated mechanical pipette to bring the 
sample to a final volume of 40.0 ±0.4 mL. 
Tightly cap the tubes, and vortex mix or 
shake vigorously. Place the extraction tubes 
in an appropriate holder and centrifuge for 20 
minutes at 2500 revolutions per minute 
(RPM). 

CAUTION—Make sure that the centrifuge 
holder has a flat bottom to support the flat 
bottomed extraction tubes. 

10.1.7 Pour an aliquot of the solution into 
an autosampler vial for ICP–MS analysis to 
avoid the potential for contamination. Do 
not pipette an aliquot of solution into the 
autosampler vial. 

10.1.8 Decant the extract to a clean tube, 
cap tightly, and store the sample extract at 
ambient laboratory temperature. Extracts 
may be stored for up to 6 months from the 
date of extraction. 

10.2 47 mm PTFE Filter Extraction— 
Heated Ultrasonic Bath 

10.2.1 Extraction solution (1.03M HNO3 + 
2.23M HCl). Prepare by adding 500 mL of D.I. 
water to a 1000mL flask, adding 64.4 mL of 
concentrated HNO3 and 182 mL of con-
centrated HCl, shaking to mix, allowing so-
lution to cool, diluting to volume with rea-
gent water, and inverting several times to 
mix. Extraction solution must be prepared at 
least weekly. 

10.2.2 Using plastic tweezers, bend the 
PTFE filter into a U-shape and insert the fil-
ter into a labeled 50 mL extraction tube with 
the particle loaded side facing the center of 
the tube. Gently push the filter to the bot-
tom of the extraction tube. In a fume hood, 
add 25.00 ±0.15 mL of the extraction solution 
(see Section 10.2.1) using a calibrated me-
chanical pipette. Ensure that the extraction 
solution completely covers the filter. 

10.2.3 Loosely cap the 50 mL extraction 
tube and place it upright in a plastic rack. 
When all samples have been prepared, place 
the racks in an uncovered heated ultrasonic 
water bath that has been preheated to 80 ±5 
°C and ensure that the water level in the ul-
trasonic is above the level of the extraction 
solution in the tubes, but well below the 
level of the extraction tube caps to avoid 
contamination. Start the ultrasonic bath 
and allow the unit to run for 1 hour ±5 min-
utes at 80 ±5 °C. 

10.2.4 Remove the rack(s) from the ultra-
sonic bath and allow the racks to cool. 

10.2.5 Add 25.00 ±0.25 mL of D.I. water with 
a calibrated mechanical pipette to bring the 

sample to a final volume of 50.0 ±0.4 mL. 
Tightly cap the tubes, and vortex mix or 
shake vigorously. Allow samples to stand for 
one hour to allow complete diffusion of the 
extracted Pb. The sample is now ready for 
analysis. 

Note: Although PTFE filters have only 
been extracted using the ultrasonic extrac-
tion procedure in the development of this 
FRM, PTFE filters are inert and have very 
low Pb content. No issues are expected with 
the extraction of PTFE filters using the 
heated block digestion method. However, 
prior to using PTFE filters in the heated 
block extraction method, extraction method 
performance test using CRMs must be done 
to confirm performance (see Section 8.9). 

11.0 Hot Block Filter Strip Extraction 

All plasticware (e.g., Nalgene) and glass-
ware used in the extraction procedures is 
soaked in 1 percent HNO3 for at least 24 
hours and rinsed with reagent water prior to 
use. All mechanical pipettes used must be 
calibrated to ±1 percent accuracy and ≤1 per-
cent RSD at a minimum of once every 6 
months. 

11.1 Sample Preparation—Hot Block Di-
gestion 

11.1.1 Extraction solution (1:19, v/v HNO3). 
Prepare by adding 500 mL of D.I. water to a 
1000 mL flask, adding 50 mL of concentrated 
HNO3, shaking to mix, allowing solution to 
cool, diluting to volume with reagent water, 
and inverting several times to mix. The ex-
traction solution must be prepared at least 
weekly. 

11.1.2 Use a ceramic knife and non-metal 
ruler, or other cutting device that will not 
contaminate the filter with Pb. Cut a 1-inch 
× 8-inch strip from the glass fiber or quartz 
filter. Cut a strip from the edge of the filter 
where it has been folded along the 10-inch 
side at least 1 inch from the right or left side 
to avoid the un-sampled area covered by the 
filter holder. The filters must be carefully 
handled to avoid dislodging particle deposits. 

11.1.3 Using plastic tweezers, roll the fil-
ter strip up in a coil and place the rolled 
strip in the bottom of a labeled 50 mL ex-
traction tube. In a fume hood, add 20.0 ±0.15 
mL of the extraction solution (see Section 
11.1.1) using a calibrated mechanical pipette. 
Ensure that the extraction solution com-
pletely covers the filter strip. 

11.1.4 Place the extraction tube in the 
heated block digester and cover with a dis-
posable polyethylene ribbed watch glass. 
Heat at 95 ±5 °C for 1 hour and ensure that 
the sample does not evaporate to dryness. 
For proper heating, adjust the temperature 
control of the hot block such that an uncov-
ered vessel containing 50 mL of water placed 
in the center of the hot block can be main-
tained at a temperature approximately, but 
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no higher than 85C. Once the vessel is cov-
ered with a ribbed watch glass, the tempera-
ture of the water will increase to approxi-
mately 95 °C. 

11.1.5 Remove the rack(s) from the heated 
block digester and allow the samples to cool. 

11.1.6 Bring the samples to a final volume 
of 50 mL with D.I. water. Tightly cap the 
tubes, and vortex mix or shake vigorously 
for at least 5 seconds. Set aside (with the fil-
ter strip in the tube) for at least 30 minutes 
to allow the HNO3 trapped in the filter to dif-
fuse into the extraction solution. 

11.1.7 Shake thoroughly (with the filter 
strip in the digestion tube) and let settle for 
at least one hour. The sample is now ready 
for analysis. 

12.0 Measurement Procedure 

12.1 Follow the instrument manufactur-
er’s startup procedures for the ICP–MS. 

12.2 Set instrument parameters to the ap-
propriate operating conditions as presented 
in the instrument manufacturer’s operating 
manual and allow the instrument to warm 
up for at least 30 minutes. 

12.3 Calibrate the instrument per Section 
9.0 of this method. 

12.4 Verify the instrument is suitable for 
analysis as defined in Sections 9.2 and 9.3. 

12.5 As directed in Section 8.0 of this 
method, analyze an ICV and ICB imme-
diately after the calibration curve followed 
by a LLCV, then CCV and CCB. The accept-
ance requirements for these parameters are 
presented in Section 8.8. 

12.6 Analyze a CCV and a CCB after every 
10 extracted samples. 

12.7 Analyze a LLCV, CCV and CCB at the 
end of the analysis. 

12.8 A typical sample run will include 
field samples, field sample duplicates, spiked 
field sample extracts, serially diluted sam-
ples, the set of QC samples listed in Section 
8.8 above, and one or more CRMs or SRMs. 

12.9 Any samples that exceed the highest 
standard in the calibration curve must be di-
luted and reanalyzed so that the diluted con-
centration falls within the calibration curve. 

13.0 Results 
13.1 The filter results must be initially re-

ported in μg/mL as analyzed. Any additional 
dilutions must be accounted for. The inter-
nal standard recoveries must be included in 
the result calculation; this is done by the 
ICP–MS software for most commercially- 
available instruments. Final results should 
be reported in μg Pb/m3 to three significant 
figures as follows: 
C = ((μg Pb/mL * Vf * A)* D))/Vs 

Where: 

C = Concentration, μg Pb/m3 
μg Pb/mL = Lead concentration in solution 
Vf = Total extraction solution volume 
A = Area correction; 3⁄4″ × 8″ strip = 5.25 in2 

analyzed, A = 12.0 or 1″ × 8″ strip = 7 in2 
analyzed, A = 9.0 

D = dilution factor (if required) 
Vs = Actual volume of air sampled 

The calculation assumes the use of a 
standard 8-inch × 10-inch TSP filter which 
has a sampled area of 9-inch × 7-inch (63.0 in2) 
due to the 1⁄2-inch filter holder border around 
the outer edge. The 3⁄4-inch × 8-inch strip has 
a sampled area of 3⁄4-inch × 7-inch (5.25 in2). 
The 1-inch × 8-inch strip has a sampled area 
of 1-inch × 7-inch (7.0 in2). If filter lot blanks 
are provided for analysis, refer to Section 
7.7.5 of this method for guidance on testing. 

14.0 Method Performance 

Information in this section is an example 
of typical performance results achieved by 
this method. Actual performance must be 
demonstrated by each individual laboratory 
and instrument. 

14.1 Performance data have been collected 
to estimate MDLs for this method. MDLs 
were determined in accordance with 40 CFR 
136, Appendix B. MDLs were estimated for 
glass fiber, quartz, and PTFE filters using 
seven reagent/filter blank solutions spiked 
with low level Pb at three times the esti-
mated MDL of 0.001 μg/mL. Tables 1, 3, and 5 
shows the MDLs estimated using both the ul-
trasonic and hot block extraction methods 
for glass fiber and quartz filters and the ul-
trasonic method for PTFE filters. The MDLs 
are well below the EPA requirement of five 
percent of the current Pb NAAQS or 0.0075 
μg/m3. These MDLs are provided to dem-
onstrate the adequacy of the method’s per-
formance for Pb in TSP. Each laboratory 
using this method should determine MDLs in 
their laboratory and verify them annually. It 
is recommended that laboratories also per-
form the optional iterative procedure in 40 
CFR 136, Appendix B to verify the reason-
ableness of the estimated MDL and subse-
quent MDL determinations. 

14.2 Extraction method recovery tests 
with glass fiber and quartz filter strips, and 
PTFE filters spiked with NIST SRMs were 
performed using the ultrasonic/HNO3 and HCl 
filter extraction methods and measurement 
of the dissolved Pb with ICP–MS. Tables 2, 4, 
and 6 show recoveries obtained with these 
SRM. The recoveries for all SRMs were ≥90 
percent at the 95 percent confidence level. 
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TABLE 1—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/GLASS FIBER FILTER 
BLANKS SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

Hotblock 
extraction 
method 

μg/m3* μg/m3* 

n = 1 ...................................................................................................................................................... 0.0000702 0.000533 
n = 2 ...................................................................................................................................................... 0.0000715 0.000482 
n = 3 ...................................................................................................................................................... 0.0000611 0.000509 
n = 4 ...................................................................................................................................................... 0.0000587 0.000427 
n = 5 ...................................................................................................................................................... 0.0000608 0.000449 
n = 6 ...................................................................................................................................................... 0.0000607 0.000539 
n = 7 ...................................................................................................................................................... 0.0000616 0.000481 
Average ................................................................................................................................................. 0.0000635 0.000489 
Standard Deviation ................................................................................................................................ 0.0000051 0.000042 
MDL** .................................................................................................................................................... 0.0000161 0.000131 

* Assumes 2000 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 2—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO GLASS FIBER FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 100 ±4 98 ±1 103 ±8 101 ±0 
Block Digestion ..................................................................... 92 ±7 98 ±3 103 ±4 94 ±4 

TABLE 3—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/QUARTZ FILTER 
BLANKS SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

Hotblock 
extraction 
method 

μg/m3* μg/m3* 

n = 1 ...................................................................................................................................................... 0.000533 0.000274 
n = 2 ...................................................................................................................................................... 0.000552 0.000271 
n = 3 ...................................................................................................................................................... 0.000534 0.000281 
n = 4 ...................................................................................................................................................... 0.000684 0.000269 
n = 5 ...................................................................................................................................................... 0.000532 0.000278 
n = 6 ...................................................................................................................................................... 0.000532 0.000272 
n = 7 ...................................................................................................................................................... 0.000552 0.000261 
Average ................................................................................................................................................. 0.000560 0.000272 
Standard Deviation ................................................................................................................................ 0.000055 0.000007 
MDL** .................................................................................................................................................... 0.000174 0.000021 

* Assumes 2000 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 4—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO QUARTZ FIBER FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 101 ±6 95 ±1 91 ±5 93 ±1 
Block Digestion ..................................................................... 106 ±3 104 ±3 92 ±6 95 ±2 

TABLE 5—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/PTFE FILTER BLANKS 
SPIKED WITH LOW-LEVEL PB SOLUTION 

Ultrasonic 
extraction 
method 

μg/m3* 

n = 1 .......................................................................................................................................................................... 0.001775 
n = 2 .......................................................................................................................................................................... 0.001812 
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TABLE 5—METHOD DETECTION LIMITS DETERMINED BY ANALYSIS OF REAGENT/PTFE FILTER BLANKS 
SPIKED WITH LOW-LEVEL PB SOLUTION—Continued 

Ultrasonic 
extraction 
method 

μg/m3* 

n = 3 .......................................................................................................................................................................... 0.001773 
n = 4 .......................................................................................................................................................................... 0.001792 
n = 5 .......................................................................................................................................................................... 0.001712 
n = 6 .......................................................................................................................................................................... 0.001767 
n = 7 .......................................................................................................................................................................... 0.001778 
Average ..................................................................................................................................................................... 0.001773 
Standard Deviation .................................................................................................................................................... 0.000031 
MDL** ........................................................................................................................................................................ 0.000097 

* Assumes 24 m3 of air sampled. 
** MDL is 3.143 times the standard deviation of the results for seven sample replicates analyzed. 

TABLE 6—RECOVERIES OF LEAD FROM NIST SRMS SPIKED ONTO PTFE FILTERS 

Extraction method 

Recovery, ICP–MS, (percent) 

NIST 1547 
plant NIST 2709 soil NIST 2583 

dust 
NIST 2582 

paint 

Ultrasonic Bath ...................................................................... 104 ±5 93 ±1 108 ±11 96 ±3 

15.0 Pollution Prevention 

15.1 Pollution prevention encompasses 
any technique that reduces or eliminates the 
quantity and/or toxicity of waste at the 
point of generation. Numerous opportunities 
for pollution prevention exist in laboratory 
operations. Whenever feasible, laboratory 
personnel should use pollution prevention 
techniques to address their waste genera-
tion. The sources of pollution generated with 
this procedure are waste acid extracts and 
Pb-containing solutions. 

15.2 For information about pollution pre-
vention that may be applicable to labora-
tories and research institutions, consult Less 
is Better: Laboratory Chemical Management 
for Waste Reduction, available from the 
American Chemical Society’s Department of 
Government Relations and Science Policy, 
1155 16th St. NW., Washington, DC 20036, 
www.acs.org. 

16.0 Waste Management 

16.1 Laboratory waste management prac-
tices must be conducted consistent with all 
applicable rules and regulations. Labora-
tories are urged to protect air, water, and 
land by minimizing all releases from hood 
and bench operations, complying with the 
letter and spirit of any sewer and discharge 
permits and regulations, and by complying 
with all solid and hazardous waste regula-
tion. For further information on waste man-
agement, consult The Waste Management 
Manual for Laboratory Personnel available 
from the American Chemical Society listed 
in Section 15.2 of this method. 

16.2 Waste HNO3, HCl, and solutions con-
taining these reagents and/or Pb must be 
placed in labeled bottles and delivered to a 
commercial firm that specializes in removal 
of hazardous waste. 
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APPENDIX H TO PART 50—INTERPRETA-
TION OF THE 1-HOUR PRIMARY AND 
SECONDARY NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

1. GENERAL 

This appendix explains how to determine 
when the expected number of days per cal-
endar year with maximum hourly average 
concentrations above 0.12 ppm (235 μg/m3) is 
equal to or less than 1. An expanded discus-
sion of these procedures and associated ex-
amples are contained in the ‘‘Guideline for 
Interpretation of Ozone Air Quality Stand-
ards.’’ For purposes of clarity in the fol-
lowing discussion, it is convenient to use the 
term ‘‘exceedance’’ to describe a daily max-
imum hourly average ozone measurement 
that is greater than the level of the stand-
ard. Therefore, the phrase ‘‘expected number 
of days with maximum hourly average ozone 
concentrations above the level of the stand-
ard’’ may be simply stated as the ‘‘expected 
number of exceedances.’’ 

The basic principle in making this deter-
mination is relatively straightforward. Most 
of the complications that arise in deter-
mining the expected number of annual 
exceedances relate to accounting for incom-
plete sampling. In general, the average num-
ber of exceedances per calendar year must be 
less than or equal to 1. In its simplest form, 
the number of exceedances at a monitoring 
site would be recorded for each calendar year 
and then averaged over the past 3 calendar 
years to determine if this average is less 
than or equal to 1. 

2. INTERPRETATION OF EXPECTED 
EXCEEDANCES 

The ozone standard states that the ex-
pected number of exceedances per year must 
be less than or equal to 1. The statistical 
term ‘‘expected number’’ is basically an 
arithmetic average. The following example 
explains what it would mean for an area to 
be in compliance with this type of standard. 
Suppose a monitoring station records a valid 
daily maximum hourly average ozone value 
for every day of the year during the past 3 
years. At the end of each year, the number of 
days with maximum hourly concentrations 
above 0.12 ppm is determined and this num-
ber is averaged with the results of previous 
years. As long as this average remains ‘‘less 
than or equal to 1,’’ the area is in compli-
ance. 

3. ESTIMATING THE NUMBER OF EXCEEDANCES 
FOR A YEAR 

In general, a valid daily maximum hourly 
average value may not be available for each 
day of the year, and it will be necessary to 
account for these missing values when esti-
mating the number of exceedances for a par-

ticular calendar year. The purpose of these 
computations is to determine if the expected 
number of exceedances per year is less than 
or equal to 1. Thus, if a site has two or more 
observed exceedances each year, the stand-
ard is not met and it is not necessary to use 
the procedures of this section to account for 
incomplete sampling. 

The term ‘‘missing value’’ is used here in 
the general sense to describe all days that do 
not have an associated ozone measurement. 
In some cases, a measurement might actu-
ally have been missed but in other cases no 
measurement may have been scheduled for 
that day. A daily maximum ozone value is 
defined to be the highest hourly ozone value 
recorded for the day. This daily maximum 
value is considered to be valid if 75 percent of 
the hours from 9:01 a.m. to 9:00 p.m. (LST) 
were measured or if the highest hour is 
greater than the level of the standard. 

In some areas, the seasonal pattern of 
ozone is so pronounced that entire months 
need not be sampled because it is extremely 
unlikely that the standard would be exceed-
ed. Any such waiver of the ozone monitoring 
requirement would be handled under provi-
sions of 40 CFR, part 58. Some allowance 
should also be made for days for which valid 
daily maximum hourly values were not ob-
tained but which would quite likely have 
been below the standard. Such an allowance 
introduces a complication in that it becomes 
necessary to define under what conditions a 
missing value may be assumed to have been 
less than the level of the standard. The fol-
lowing criterion may be used for ozone: 

A missing daily maximum ozone value 
may be assumed to be less than the level of 
the standard if the valid daily maxima on 
both the preceding day and the following day 
do not exceed 75 percent of the level of the 
standard. 

Let z denote the number of missing daily 
maximum values that may be assumed to be 
less than the standard. Then the following 
formula shall be used to estimate the ex-
pected number of exceedances for the year: 

(*Indicates multiplication.) 

where: 

e = the estimated number of exceedances for 
the year, 

N = the number of required monitoring days 
in the year, 

n = the number of valid daily maxima, 
v = the number of daily values above the 

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

than the standard level. 

This estimated number of exceedances 
shall be rounded to one decimal place (frac-
tional parts equal to 0.05 round up). 
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It should be noted that N will be the total 
number of days in the year unless the appro-
priate Regional Administrator has granted a 
waiver under the provisions of 40 CFR part 
58. 

The above equation may be interpreted in-
tuitively in the following manner. The esti-
mated number of exceedances is equal to the 
observed number of exceedances (v) plus an 
increment that accounts for incomplete sam-
pling. There were (N-n) missing values for 
the year but a certain number of these, 
namely z, were assumed to be less than the 
standard. Therefore, (N-n-z) missing values 
are considered to include possible 
exceedances. The fraction of measured val-
ues that are above the level of the standard 
is v/n. It is assumed that this same fraction 
applies to the (N-n-z) missing values and 
that (v/n)*(N-n-z) of these values would also 
have exceeded the level of the standard. 

[44 FR 8220, Feb. 8, 1979, as amended at 62 FR 
38895, July 18, 1997] 

APPENDIX I TO PART 50—INTERPRETA-
TION OF THE 8-HOUR PRIMARY AND 
SECONDARY NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

1. General. 
This appendix explains the data handling 

conventions and computations necessary for 
determining whether the national 8-hour pri-
mary and secondary ambient air quality 
standards for ozone specified in § 50.10 are 
met at an ambient ozone air quality moni-
toring site. Ozone is measured in the ambi-
ent air by a reference method based on ap-
pendix D of this part. Data reporting, data 
handling, and computation procedures to be 
used in making comparisons between re-
ported ozone concentrations and the level of 
the ozone standard are specified in the fol-
lowing sections. Whether to exclude, retain, 
or make adjustments to the data affected by 
stratospheric ozone intrusion or other nat-
ural events is subject to the approval of the 
appropriate Regional Administrator. 

2. Primary and Secondary Ambient Air Qual-
ity Standards for Ozone. 

2.1 Data Reporting and Handling Conven-
tions. 

2.1.1 Computing 8-hour averages. Hourly av-
erage concentrations shall be reported in 
parts per million (ppm) to the third decimal 
place, with additional digits to the right 
being truncated. Running 8-hour averages 
shall be computed from the hourly ozone 
concentration data for each hour of the year 
and the result shall be stored in the first, or 
start, hour of the 8-hour period. An 8-hour 
average shall be considered valid if at least 
75% of the hourly averages for the 8-hour pe-
riod are available. In the event that only 6 
(or 7) hourly averages are available, the 8- 
hour average shall be computed on the basis 

of the hours available using 6 (or 7) as the di-
visor. (8-hour periods with three or more 
missing hours shall not be ignored if, after 
substituting one-half the minimum detect-
able limit for the missing hourly concentra-
tions, the 8-hour average concentration is 
greater than the level of the standard.) The 
computed 8-hour average ozone concentra-
tions shall be reported to three decimal 
places (the insignificant digits to the right of 
the third decimal place are truncated, con-
sistent with the data handling procedures for 
the reported data.) 

2.1.2 Daily maximum 8-hour average con-
centrations. (a) There are 24 possible running 
8-hour average ozone concentrations for each 
calendar day during the ozone monitoring 
season. (Ozone monitoring seasons vary by 
geographic location as designated in part 58, 
appendix D to this chapter.) The daily max-
imum 8-hour concentration for a given cal-
endar day is the highest of the 24 possible 8- 
hour average concentrations computed for 
that day. This process is repeated, yielding a 
daily maximum 8-hour average ozone con-
centration for each calendar day with ambi-
ent ozone monitoring data. Because the 8- 
hour averages are recorded in the start hour, 
the daily maximum 8-hour concentrations 
from two consecutive days may have some 
hourly concentrations in common. Gen-
erally, overlapping daily maximum 8-hour 
averages are not likely, except in those non- 
urban monitoring locations with less pro-
nounced diurnal variation in hourly con-
centrations. 

(b) An ozone monitoring day shall be 
counted as a valid day if valid 8-hour aver-
ages are available for at least 75% of possible 
hours in the day (i.e., at least 18 of the 24 
averages). In the event that less than 75% of 
the 8-hour averages are available, a day shall 
also be counted as a valid day if the daily 
maximum 8-hour average concentration for 
that day is greater than the level of the am-
bient standard. 

2.2 Primary and Secondary Standard-related 
Summary Statistic. The standard-related sum-
mary statistic is the annual fourth-highest 
daily maximum 8-hour ozone concentration, 
expressed in parts per million, averaged over 
three years. The 3-year average shall be com-
puted using the three most recent, consecu-
tive calendar years of monitoring data meet-
ing the data completeness requirements de-
scribed in this appendix. The computed 3- 
year average of the annual fourth-highest 
daily maximum 8-hour average ozone con-
centrations shall be expressed to three dec-
imal places (the remaining digits to the 
right are truncated.) 

2.3 Comparisons with the Primary and Sec-
ondary Ozone Standards. (a) The primary and 
secondary ozone ambient air quality stand-
ards are met at an ambient air quality moni-
toring site when the 3-year average of the 
annual fourth-highest daily maximum 8-hour 
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average ozone concentration is less than or 
equal to 0.08 ppm. The number of significant 
figures in the level of the standard dictates 
the rounding convention for comparing the 
computed 3-year average annual fourth-high-
est daily maximum 8-hour average ozone 
concentration with the level of the standard. 
The third decimal place of the computed 
value is rounded, with values equal to or 
greater than 5 rounding up. Thus, a com-
puted 3-year average ozone concentration of 
0.085 ppm is the smallest value that is great-
er than 0.08 ppm. 

(b) This comparison shall be based on three 
consecutive, complete calendar years of air 
quality monitoring data. This requirement is 
met for the three year period at a moni-
toring site if daily maximum 8-hour average 
concentrations are available for at least 90%, 
on average, of the days during the designated 
ozone monitoring season, with a minimum 
data completeness in any one year of at least 
75% of the designated sampling days. When 
computing whether the minimum data com-
pleteness requirements have been met, mete-
orological or ambient data may be sufficient 
to demonstrate that meteorological condi-
tions on missing days were not conducive to 
concentrations above the level of the stand-
ard. Missing days assumed less than the level 

of the standard are counted for the purpose 
of meeting the data completeness require-
ment, subject to the approval of the appro-
priate Regional Administrator. 

(c) Years with concentrations greater than 
the level of the standard shall not be ignored 
on the ground that they have less than com-
plete data. Thus, in computing the 3-year av-
erage fourth maximum concentration, cal-
endar years with less than 75% data com-
pleteness shall be included in the computa-
tion if the average annual fourth maximum 
8-hour concentration is greater than the 
level of the standard. 

(d) Comparisons with the primary and sec-
ondary ozone standards are demonstrated by 
examples 1 and 2 in paragraphs (d)(1) and (d) 
(2) respectively as follows: 

(1) As shown in example 1, the primary and 
secondary standards are met at this moni-
toring site because the 3-year average of the 
annual fourth-highest daily maximum 8-hour 
average ozone concentrations (i.e., 0.084 ppm) 
is less than or equal to 0.08 ppm. The data 
completeness requirement is also met be-
cause the average percent of days with valid 
ambient monitoring data is greater than 
90%, and no single year has less than 75% 
data completeness. 

EXAMPLE 1. AMBIENT MONITORING SITE ATTAINING THE PRIMARY AND SECONDARY OZONE STANDARDS 

Year Percent 
Valid Days 

1st Highest 
Daily Max 

8-hour 
Conc. (ppm) 

2nd Highest 
Daily Max 

8-hour 
Conc. (ppm) 

3rd Highest 
Daily Max 

8-hour 
Conc. (ppm) 

4th Highest 
Daily Max 

8-hour 
Conc. (ppm) 

5th Highest 
Daily Max 

8-hour 
Conc. (ppm) 

1993 ...................................................... 100% 0.092 0.091 0.090 0.088 0.085 

1994 ...................................................... 96% 0.090 0.089 0.086 0.084 0.080 

1995 ...................................................... 98% 0.087 0.085 0.083 0.080 0.075 

Average .................................. 98% 

(2) As shown in example 2, the primary and 
secondary standards are not met at this 
monitoring site because the 3-year average 
of the fourth-highest daily maximum 8-hour 
average ozone concentrations (i.e., 0.093 ppm) 
is greater than 0.08 ppm. Note that the ozone 

concentration data for 1994 is used in these 
computations, even though the data capture 
is less than 75%, because the average fourth- 
highest daily maximum 8-hour average con-
centration is greater than 0.08 ppm. 

EXAMPLE 2. AMBIENT MONITORING SITE FAILING TO MEET THE PRIMARY AND SECONDARY OZONE 
STANDARDS 

Year Percent 
Valid Days 

1st Highest 
Daily Max 

8-hour 
Conc. (ppm) 

2nd Highest 
Daily Max 

8-hour 
Conc. (ppm) 

3rd Highest 
Daily Max 

8-hour 
Conc. (ppm) 

4th Highest 
Daily Max 

8-hour 
Conc. (ppm) 

5th Highest 
Daily Max 

8-hour 
Conc. (ppm) 

1993 ...................................................... 96% 0.105 0.103 0.103 0.102 0.102 

1994 ...................................................... 74% 0.090 0.085 0.082 0.080 0.078 

1995 ...................................................... 98% 0.103 0.101 0.101 0.097 0.095 

Average .................................. 89% 
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3. Design Values for Primary and Secondary 
Ambient Air Quality Standards for Ozone. The 
air quality design value at a monitoring site 
is defined as that concentration that when 
reduced to the level of the standard ensures 
that the site meets the standard. For a con-
centration-based standard, the air quality 
design value is simply the standard-related 
test statistic. Thus, for the primary and sec-
ondary ozone standards, the 3-year average 
annual fourth-highest daily maximum 8-hour 
average ozone concentration is also the air 
quality design value for the site. 

[62 FR 38895, July 18, 1997] 

APPENDIX J TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
PARTICULATE MATTER AS PM10 IN 
THE ATMOSPHERE 

1.0 Applicability. 
1.1 This method provides for the measure-

ment of the mass concentration of particu-
late matter with an aerodynamic diameter 
less than or equal to a nominal 10 microm-
eters (PM1O) in ambient air over a 24-hour 
period for purposes of determining attain-
ment and maintenance of the primary and 
secondary national ambient air quality 
standards for particulate matter specified in 
§ 50.6 of this chapter. The measurement proc-
ess is nondestructive, and the PM10 sample 
can be subjected to subsequent physical or 
chemical analyses. Quality assurance proce-
dures and guidance are provided in part 58, 
appendices A and B, of this chapter and in 
References 1 and 2. 

2.0 Principle. 
2.1 An air sampler draws ambient air at a 

constant flow rate into a specially shaped 
inlet where the suspended particulate matter 
is inertially separated into one or more size 
fractions within the PM10 size range. Each 
size fraction in the PM1O size range is then 
collected on a separate filter over the speci-
fied sampling period. The particle size dis-
crimination characteristics (sampling effec-
tiveness and 50 percent cutpoint) of the sam-
pler inlet are prescribed as performance 
specifications in part 53 of this chapter. 

2.2 Each filter is weighed (after moisture 
equilibration) before and after use to deter-
mine the net weight (mass) gain due to col-
lected PM10. The total volume of air sam-
pled, corrected to EPA reference conditions 
(25 C, 101.3 kPa), is determined from the 
measured flow rate and the sampling time. 
The mass concentration of PM10 in the ambi-
ent air is computed as the total mass of col-
lected particles in the PM10 size range di-
vided by the volume of air sampled, and is 
expressed in micrograms per standard cubic 
meter (μg/std m3). For PM10 samples col-
lected at temperatures and pressures signifi-
cantly different from EPA reference condi-
tions, these corrected concentrations some-

times differ substantially from actual con-
centrations (in micrograms per actual cubic 
meter), particularly at high elevations. Al-
though not required, the actual PM10 con-
centration can be calculated from the cor-
rected concentration, using the average am-
bient temperature and barometric pressure 
during the sampling period. 

2.3 A method based on this principle will be 
considered a reference method only if (a) the 
associated sampler meets the requirements 
specified in this appendix and the require-
ments in part 53 of this chapter, and (b) the 
method has been designated as a reference 
method in accordance with part 53 of this 
chapter. 

3.0 Range. 
3.1 The lower limit of the mass concentra-

tion range is determined by the repeatability 
of filter tare weights, assuming the nominal 
air sample volume for the sampler. For sam-
plers having an automatic filter-changing 
mechanism, there may be no upper limit. 
For samplers that do not have an automatic 
filter-changing mechanism, the upper limit 
is determined by the filter mass loading be-
yond which the sampler no longer maintains 
the operating flow rate within specified lim-
its due to increased pressure drop across the 
loaded filter. This upper limit cannot be 
specified precisely because it is a complex 
function of the ambient particle size dis-
tribution and type, humidity, filter type, and 
perhaps other factors. Nevertheless, all sam-
plers should be capable of measuring 24-hour 
PM10 mass concentrations of at least 300 μg/ 
std m3 while maintaining the operating flow 
rate within the specified limits. 

4.0 Precision. 
4.1 The precision of PM10 samplers must be 

5 μg/m3 for PM10 concentrations below 80 μg/ 
m3 and 7 percent for PM10 concentrations 
above 80 μg/m3, as required by part 53 of this 
chapter, which prescribes a test procedure 
that determines the variation in the PM10 
concentration measurements of identical 
samplers under typical sampling conditions. 
Continual assessment of precision via collo-
cated samplers is required by part 58 of this 
chapter for PM10 samplers used in certain 
monitoring networks. 

5.0 Accuracy. 
5.1 Because the size of the particles making 

up ambient particulate matter varies over a 
wide range and the concentration of par-
ticles varies with particle size, it is difficult 
to define the absolute accuracy of PM10 sam-
plers. Part 53 of this chapter provides a spec-
ification for the sampling effectiveness of 
PM10 samplers. This specification requires 
that the expected mass concentration cal-
culated for a candidate PM10 sampler, when 
sampling a specified particle size distribu-
tion, be within ±10 percent of that calculated 
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for an ideal sampler whose sampling effec-
tiveness is explicitly specified. Also, the par-
ticle size for 50 percent sampling effective-
ness is required to be 10 ±0.5 micrometers. 
Other specifications related to accuracy 
apply to flow measurement and calibration, 
filter media, analytical (weighing) proce-
dures, and artifact. The flow rate accuracy of 
PM10 samplers used in certain monitoring 
networks is required by part 58 of this chap-
ter to be assessed periodically via flow rate 
audits. 

6.0 Potential Sources of Error. 
6.1 Volatile Particles. Volatile particles col-

lected on filters are often lost during ship-
ment and/or storage of the filters prior to 
the post-sampling weighing 3. Although ship-
ment or storage of loaded filters is some-
times unavoidable, filters should be re-
weighed as soon as practical to minimize 
these losses. 

6.2 Artifacts. Positive errors in PM10 con-
centration measurements may result from 
retention of gaseous species on filters. 4 5 
Such errors include the retention of sulfur 
dioxide and nitric acid. Retention of sulfur 
dioxide on filters, followed by oxidation to 
sulfate, is referred to as artifact sulfate for-
mation, a phenomenon which increases with 
increasing filter alkalinity. 6 Little or no ar-
tifact sulfate formation should occur using 
filters that meet the alkalinity specification 
in section 7.2.4. Artifact nitrate formation, 
resulting primarily from retention of nitric 
acid, occurs to varying degrees on many fil-
ter types, including glass fiber, cellulose 
ester, and many quartz fiber filters. 5 7 8 9 10 
Loss of true atmospheric particulate nitrate 
during or following sampling may also occur 
due to dissociation or chemical reaction. 
This phenomenon has been observed on Tef-
lon ® filters 8 and inferred for quartz fiber fil-
ters. 11 12 The magnitude of nitrate artifact 
errors in PM10 mass concentration measure-
ments will vary with location and ambient 
temperature; however, for most sampling lo-
cations, these errors are expected to be 
small. 

6.3 Humidity. The effects of ambient humid-
ity on the sample are unavoidable. The filter 
equilibration procedure in section 9.0 is de-
signed to minimize the effects of moisture on 
the filter medium. 

6.4 Filter Handling. Careful handling of fil-
ters between presampling and postsampling 
weighings is necessary to avoid errors due to 
damaged filters or loss of collected particles 
from the filters. Use of a filter cartridge or 
cassette may reduce the magnitude of these 
errors. Filters must also meet the integrity 
specification in section 7.2.3. 

6.5 Flow Rate Variation. Variations in the 
sampler’s operating flow rate may alter the 
particle size discrimination characteristics 
of the sampler inlet. The magnitude of this 
error will depend on the sensitivity of the 
inlet to variations in flow rate and on the 

particle distribution in the atmosphere dur-
ing the sampling period. The use of a flow 
control device (section 7.1.3) is required to 
minimize this error. 

6.6 Air Volume Determination. Errors in the 
air volume determination may result from 
errors in the flow rate and/or sampling time 
measurements. The flow control device 
serves to minimize errors in the flow rate de-
termination, and an elapsed time meter (sec-
tion 7.1.5) is required to minimize the error 
in the sampling time measurement. 

7.0 Apparatus. 
7.1 PM10 Sampler. 
7.1.1 The sampler shall be designed to: 
a. Draw the air sample into the sampler 

inlet and through the particle collection fil-
ter at a uniform face velocity. 

b. Hold and seal the filter in a horizontal 
position so that sample air is drawn down-
ward through the filter. 

c. Allow the filter to be installed and re-
moved conveniently. 

d. Protect the filter and sampler from pre-
cipitation and prevent insects and other de-
bris from being sampled. 

e. Minimize air leaks that would cause 
error in the measurement of the air volume 
passing through the filter. 

f. Discharge exhaust air at a sufficient dis-
tance from the sampler inlet to minimize the 
sampling of exhaust air. 

g. Minimize the collection of dust from the 
supporting surface. 

7.1.2 The sampler shall have a sample air 
inlet system that, when operated within a 
specified flow rate range, provides particle 
size discrimination characteristics meeting 
all of the applicable performance specifica-
tions prescribed in part 53 of this chapter. 
The sampler inlet shall show no significant 
wind direction dependence. The latter re-
quirement can generally be satisfied by an 
inlet shape that is circularly symmetrical 
about a vertical axis. 

7.1.3 The sampler shall have a flow control 
device capable of maintaining the sampler’s 
operating flow rate within the flow rate lim-
its specified for the sampler inlet over nor-
mal variations in line voltage and filter pres-
sure drop. 

7.1.4 The sampler shall provide a means to 
measure the total flow rate during the sam-
pling period. A continuous flow recorder is 
recommended but not required. The flow 
measurement device shall be accurate to ±2 
percent. 

7.1.5 A timing/control device capable of 
starting and stopping the sampler shall be 
used to obtain a sample collection period of 
24 ±1 hr (1,440 ±60 min). An elapsed time 
meter, accurate to within ±15 minutes, shall 
be used to measure sampling time. This 
meter is optional for samplers with contin-
uous flow recorders if the sampling time 
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measurement obtained by means of the re-
corder meets the ±15 minute accuracy speci-
fication. 

7.1.6 The sampler shall have an associated 
operation or instruction manual as required 
by part 53 of this chapter which includes de-
tailed instructions on the calibration, oper-
ation, and maintenance of the sampler. 

7.2 Filters. 
7.2.1 Filter Medium. No commercially avail-

able filter medium is ideal in all respects for 
all samplers. The user’s goals in sampling de-
termine the relative importance of various 
filter characteristics (e.g., cost, ease of han-
dling, physical and chemical characteristics, 
etc.) and, consequently, determine the 
choice among acceptable filters. Further-
more, certain types of filters may not be 
suitable for use with some samplers, particu-
larly under heavy loading conditions (high 
mass concentrations), because of high or 
rapid increase in the filter flow resistance 
that would exceed the capability of the sam-
pler’s flow control device. However, samplers 
equipped with automatic filter-changing 
mechanisms may allow use of these types of 
filters. The specifications given below are 
minimum requirements to ensure accept-
ability of the filter medium for measurement 
of PM10 mass concentrations. Other filter 
evaluation criteria should be considered to 
meet individual sampling and analysis objec-
tives. 

7.2.2 Collection Efficiency. ≥99 percent, as 
measured by the DOP test (ASTM–2986) with 
0.3 μm particles at the sampler’s operating 
face velocity. 

7.2.3 Integrity. ±5 μg/m3 (assuming sampler’s 
nominal 24-hour air sample volume). Integ-
rity is measured as the PM10 concentration 
equivalent corresponding to the average dif-
ference between the initial and the final 
weights of a random sample of test filters 
that are weighed and handled under actual 
or simulated sampling conditions, but have 
no air sample passed through them (i.e., fil-
ter blanks). As a minimum, the test proce-
dure must include initial equilibration and 
weighing, installation on an inoperative 
sampler, removal from the sampler, and final 
equilibration and weighing. 

7.2.4 Alkalinity. <25 microequivalents/gram 
of filter, as measured by the procedure given 
in Reference 13 following at least two 
months storage in a clean environment (free 
from contamination by acidic gases) at room 
temperature and humidity. 

7.3 Flow Rate Transfer Standard. The flow 
rate transfer standard must be suitable for 
the sampler’s operating flow rate and must 
be calibrated against a primary flow or vol-
ume standard that is traceable to the Na-
tional Bureau of Standards (NBS). The flow 
rate transfer standard must be capable of 
measuring the sampler’s operating flow rate 
with an accuracy of ±2 percent. 

7.4 Filter Conditioning Environment. 

7.4.1 Temperature range: 15 to 30 C. 
7.4.2 Temperature control: ±3 C. 
7.4.3 Humidity range: 20% to 45% RH. 
7.4.4 Humidity control: ±5% RH. 
7.5 Analytical Balance. The analytical bal-

ance must be suitable for weighing the type 
and size of filters required by the sampler. 
The range and sensitivity required will de-
pend on the filter tare weights and mass 
loadings. Typically, an analytical balance 
with a sensitivity of 0.1 mg is required for 
high volume samplers (flow rates >0.5 m3/ 
min). Lower volume samplers (flow rates <0.5 
m3/min) will require a more sensitive bal-
ance. 

8.0 Calibration. 
8.1 General Requirements. 
8.1.1 Calibration of the sampler’s flow 

measurement device is required to establish 
traceability of subsequent flow measure-
ments to a primary standard. A flow rate 
transfer standard calibrated against a pri-
mary flow or volume standard shall be used 
to calibrate or verify the accuracy of the 
sampler’s flow measurement device. 

8.1.2 Particle size discrimination by iner-
tial separation requires that specific air ve-
locities be maintained in the sampler’s air 
inlet system. Therefore, the flow rate 
through the sampler’s inlet must be main-
tained throughout the sampling period with-
in the design flow rate range specified by the 
manufacturer. Design flow rates are speci-
fied as actual volumetric flow rates, meas-
ured at existing conditions of temperature 
and pressure (Qa). In contrast, mass con-
centrations of PM10 are computed using flow 
rates corrected to EPA reference conditions 
of temperature and pressure (Qstd). 

8.2 Flow Rate Calibration Procedure. 
8.2.1 PM10 samplers employ various types 

of flow control and flow measurement de-
vices. The specific procedure used for flow 
rate calibration or verification will vary de-
pending on the type of flow controller and 
flow indicator employed. Calibration in 
terms of actual volumetric flow rates (Qa) is 
generally recommended, but other measures 
of flow rate (e.g., Qstd) may be used provided 
the requirements of section 8.1 are met. The 
general procedure given here is based on ac-
tual volumetric flow units (Qa) and serves to 
illustrate the steps involved in the calibra-
tion of a PM10 sampler. Consult the sampler 
manufacturer’s instruction manual and Ref-
erence 2 for specific guidance on calibration. 
Reference 14 provides additional information 
on the use of the commonly used measures of 
flow rate and their interrelationships. 

8.2.2 Calibrate the flow rate transfer stand-
ard against a primary flow or volume stand-
ard traceable to NBS. Establish a calibration 
relationship (e.g., an equation or family of 
curves) such that traceability to the primary 
standard is accurate to within 2 percent over 
the expected range of ambient conditions 
(i.e., temperatures and pressures) under 
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which the transfer standard will be used. Re-
calibrate the transfer standard periodically. 

8.2.3 Following the sampler manufacturer’s 
instruction manual, remove the sampler 
inlet and connect the flow rate transfer 
standard to the sampler such that the trans-
fer standard accurately measures the sam-
pler’s flow rate. Make sure there are no leaks 
between the transfer standard and the sam-
pler. 

8.2.4 Choose a minimum of three flow rates 
(actual m3/min), spaced over the acceptable 
flow rate range specified for the inlet (see 
7.1.2) that can be obtained by suitable adjust-
ment of the sampler flow rate. In accordance 
with the sampler manufacturer’s instruction 
manual, obtain or verify the calibration re-
lationship between the flow rate (actual m3/ 
min) as indicated by the transfer standard 
and the sampler’s flow indicator response. 
Record the ambient temperature and baro-
metric pressure. Temperature and pressure 
corrections to subsequent flow indicator 
readings may be required for certain types of 
flow measurement devices. When such cor-
rections are necessary, correction on an indi-
vidual or daily basis is preferable. However, 
seasonal average temperature and average 
barometric pressure for the sampling site 
may be incorporated into the sampler cali-
bration to avoid daily corrections. Consult 
the sampler manufacturer’s instruction man-
ual and Reference 2 for additional guidance. 

8.2.5 Following calibration, verify that the 
sampler is operating at its design flow rate 
(actual m3/min) with a clean filter in place. 

8.2.6 Replace the sampler inlet. 
9.0 Procedure. 
9.1 The sampler shall be operated in ac-

cordance with the specific guidance provided 
in the sampler manufacturer’s instruction 
manual and in Reference 2. The general pro-
cedure given here assumes that the sampler’s 
flow rate calibration is based on flow rates 
at ambient conditions (Qa) and serves to il-
lustrate the steps involved in the operation 
of a PM10 sampler. 

9.2 Inspect each filter for pinholes, par-
ticles, and other imperfections. Establish a 
filter information record and assign an iden-
tification number to each filter. 

9.3 Equilibrate each filter in the condi-
tioning environment (see 7.4) for at least 24 
hours. 

9.4 Following equilibration, weigh each fil-
ter and record the presampling weight with 
the filter identification number. 

9.5 Install a preweighed filter in the sam-
pler following the instructions provided in 
the sampler manufacturer’s instruction man-
ual. 

9.6 Turn on the sampler and allow it to es-
tablish run-temperature conditions. Record 
the flow indicator reading and, if needed, the 
ambient temperature and barometric pres-
sure. Determine the sampler flow rate (ac-
tual m3/min) in accordance with the instruc-

tions provided in the sampler manufacturer’s 
instruction manual. NOTE.—No onsite tem-
perature or pressure measurements are nec-
essary if the sampler’s flow indicator does 
not require temperature or pressure correc-
tions or if seasonal average temperature and 
average barometric pressure for the sam-
pling site are incorporated into the sampler 
calibration (see step 8.2.4). If individual or 
daily temperature and pressure corrections 
are required, ambient temperature and baro-
metric pressure can be obtained by on-site 
measurements or from a nearby weather sta-
tion. Barometric pressure readings obtained 
from airports must be station pressure, not 
corrected to sea level, and may need to be 
corrected for differences in elevation be-
tween the sampling site and the airport. 

9.7 If the flow rate is outside the accept-
able range specified by the manufacturer, 
check for leaks, and if necessary, adjust the 
flow rate to the specified setpoint. Stop the 
sampler. 

9.8 Set the timer to start and stop the sam-
pler at appropriate times. Set the elapsed 
time meter to zero or record the initial 
meter reading. 

9.9 Record the sample information (site lo-
cation or identification number, sample 
date, filter identification number, and sam-
pler model and serial number). 

9.10 Sample for 24 ±1 hours. 
9.11 Determine and record the average flow 

rate (Q̄a) in actual m3/min for the sampling 
period in accordance with the instructions 
provided in the sampler manufacturer’s in-
struction manual. Record the elapsed time 
meter final reading and, if needed, the aver-
age ambient temperature and barometric 
pressure for the sampling period (see note 
following step 9.6). 

9.12 Carefully remove the filter from the 
sampler, following the sampler manufactur-
er’s instruction manual. Touch only the 
outer edges of the filter. 

9.13 Place the filter in a protective holder 
or container (e.g., petri dish, glassine enve-
lope, or manila folder). 

9.14 Record any factors such as meteoro-
logical conditions, construction activity, 
fires or dust storms, etc., that might be per-
tinent to the measurement on the filter in-
formation record. 

9.15 Transport the exposed sample filter to 
the filter conditioning environment as soon 
as possible for equilibration and subsequent 
weighing. 

9.16 Equilibrate the exposed filter in the 
conditioning environment for at least 24 
hours under the same temperature and hu-
midity conditions used for presampling filter 
equilibration (see 9.3). 

9.17 Immediately after equilibration, re-
weigh the filter and record the postsampling 
weight with the filter identification number. 

10.0 Sampler Maintenance. 
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10.1 The PM10 sampler shall be maintained 
in strict accordance with the maintenance 
procedures specified in the sampler manufac-
turer’s instruction manual. 

11.0 Calculations. 
11.1 Calculate the average flow rate over 

the sampling period corrected to EPA ref-
erence conditions as Q̄std. When the sampler’s 
flow indicator is calibrated in actual volu-
metric units (Qa), Q̄std is calculated as: 

Q̄std = Q̄a × (Pav/Tav)(Tstd/Pstd) 

where 

Q̄std = average flow rate at EPA reference 
conditions, std m3/min; 

Q̄a = average flow rate at ambient conditions, 
m3/min; 

Pav = average barometric pressure during the 
sampling period or average barometric 
pressure for the sampling site, kPa (or 
mm Hg); 

Tav = average ambient temperature during 
the sampling period or seasonal average 
ambient temperature for the sampling 
site, K; 

Tstd = standard temperature, defined as 298 K; 
Pstd = standard pressure, defined as 101.3 kPa 

(or 760 mm Hg). 

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

Vstd = Q̄std × t 

where 

Vstd = total air sampled in standard volume 
units, std m3; 

t = sampling time, min. 

11.3 Calculate the PM10 concentration as: 

PM10 = (Wf¥Wi) × 106/Vstd 

where 

PM10 = mass concentration of PM10, μg/std 
m3; 

Wf, Wi = final and initial weights of filter col-
lecting PM1O particles, g; 

106 = conversion of g to μg. 

NOTE: If more than one size fraction in the 
PM10 size range is collected by the sampler, 
the sum of the net weight gain by each col-
lection filter [S(Wf¥Wi)] is used to calculate 
the PM10 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 standards specified in 40 CFR 50.6. 
For the primary and secondary standards, 
particulate matter is measured in the ambi-
ent air as PM10 (particles with an aero-
dynamic diameter less than or equal to a 
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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 the arithmetic mean of 
the estimated number of exceedances per 
year, as per Section 3.1. 

Daily value for PM10 refers to the 24-hour 
average concentration of PM10 calculated or 
measured from midnight to midnight (local 
time). 

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

Expected 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 Standards 

(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 Reserved 

2.3 Data Requirements 

(a) 40 CFR 58.12 specifies the required min-
imum frequency of sampling for PM10. For 
the purposes of making comparisons with 
the particulate matter standards, all data 
produced by State and Local Air Monitoring 
Stations (SLAMS) and other sites submitted 
to EPA in accordance with the part 58 re-
quirements must be used, and a minimum of 
75 percent of the scheduled PM10 samples per 
quarter are required. 

(b) To demonstrate attainment of the 24- 
hour standards at a monitoring site, the 
monitor must provide sufficient data to per-
form the required calculations 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 addi-
tional representative years of data meeting 
the 75 percent criterion are utilized. Data 
not meeting these criteria may also suffice 
to show attainment; however, such excep-
tions will have to be approved by the appro-
priate Regional Administrator 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 section 3.0 of 
this appendix, this criterion does not apply 
when less data is sufficient to unambig-
uously 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). In both cases, expected an-
nual values must exceed the levels allowed 
by the standards. 

2.4 Adjustment for Exceptional Events and 
Trends 

(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 
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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 PM10 sampling is scheduled less fre-
quently than every day, or if some scheduled 
samples are missed, a PM10 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: 

  Equation 1

e v
N

nq q
q

q

= ×
⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

Where: 
eq = the estimated number of exceedances for 

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

calendar quarter q; 
Nq = the number of days in calendar quarter 

q; 
nq = the number of days in calendar quarter 

q with PM10 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

e eq
q

=
=

∑
1

4

(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 58.12; 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: 

eq = 1 × 92/39 = 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 num-
ber of exceedances is estimated by: (1⁄3) × (4.7 
+ 0 + 0) = 1.57 or 1.6. Since 1.6 exceeds the al-
lowable 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 58.12. Accord-
ingly, the first observed exceedance would 
not be adjusted for incomplete sampling. 
During the next 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 be-
fore, no exceedances were observed for the 
two previous years, then the estimated 
exceedances for the 3-year period would then 
be (1⁄3) × (2.2 + 0.0 + 0.0) = 0.7, and the moni-
toring 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 equation for the estimation 
of exceedances. Such an adjustment is need-
ed to eliminate the bias in the estimate of 
the quarterly and annual number of 
exceedances that would occur if the chance 
of an exceedance 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: 

  Equation 3
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Where: 

eq = the estimated number of exceedances for 
the quarter; 

Nq = 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 
kj = the number of actual samples in stratum 

j. 

(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 PM10 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: 

Eq = (92/14) × (2/6 + 0 + . . . + 0) = 2.19. 

[71 FR 61224, Oct. 17, 2006] 

APPENDIX L TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
FINE PARTICULATE MATTER AS PM2.5 
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 (PM2.5) 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 and § 50.13 of 
this part are met. The measurement process 
is considered to be nondestructive, and the 
PM2.5 sample obtained can be subjected to 
subsequent physical or chemical analyses. 
Quality assessment procedures are provided 
in part 58, appendix A of this chapter, and 
quality assurance guidance are provided in 
references 1, 2, and 3 in section 13.0 of this 
appendix. 
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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 PM2.5 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 
PM2.5 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 
through an inertial particle size separator 
(impactor) where the suspended particulate 
matter in the PM2.5 size range is separated 
for collection on a polytetrafluoroethylene 
(PTFE) filter over the specified sampling pe-
riod. The air sampler and other aspects of 
this reference method are specified either ex-
plicitly in this appendix or generally with 
reference to other applicable regulations or 
quality assurance guidance. 

2.2 Each filter is weighed (after moisture 
and temperature conditioning) before and 
after sample collection to determine the net 
gain due to collected PM2.5. The total volume 
of air sampled is determined by the sampler 
from the measured flow rate at actual ambi-
ent temperature and pressure and the sam-
pling time. The mass concentration of PM2.5 
in the ambient air is computed as the total 
mass of collected particles in the PM2.5 size 
range divided by the actual volume of air 
sampled, and is expressed in micrograms per 
cubic meter of air (μg/m3). 

3.0 PM2.5 Measurement Range. 
3.1 Lower concentration limit. The lower de-

tection limit of the mass concentration 
measurement range is estimated to be ap-
proximately 2 μg/m3, based on noted mass 
changes in field blanks in conjunction with 
the 24 m3 nominal total air sample volume 
specified for the 24-hour sample. 

3.2 Upper concentration limit. The upper 
limit of the mass concentration range is de-
termined by the filter mass loading beyond 
which the sampler can no longer maintain 
the operating flow rate within specified lim-
its due to increased pressure drop across the 
loaded filter. This upper limit cannot be 
specified precisely because it is a complex 
function of the ambient particle size dis-
tribution and type, humidity, the individual 
filter used, the capacity of the sampler flow 
rate control system, and perhaps other fac-
tors. Nevertheless, all samplers are esti-
mated to be capable of measuring 24-hour 
PM2.5 mass concentrations of at least 200 μg/ 

m3 while maintaining the operating flow rate 
within the specified limits. 

3.3 Sample period. The required sample pe-
riod for PM2.5 concentration measurements 
by this method shall be 1,380 to 1500 minutes 
(23 to 25 hours). However, when a sample pe-
riod is less than 1,380 minutes, the measured 
concentration (as determined by the col-
lected PM2.5 mass divided by the actual sam-
pled air volume), multiplied by the actual 
number of minutes in the sample period and 
divided by 1,440, may be used as if it were a 
valid concentration measurement for the 
specific purpose of determining a violation of 
the NAAQS. This value assumes that the 
PM2.5 concentration is zero for the remaining 
portion of the sample period and therefore 
represents the minimum concentration that 
could have been measured for the full 24-hour 
sample period. Accordingly, if the value thus 
calculated is high enough to be an exceed-
ance, such an exceedance would be a valid 
exceedance for the sample period. When re-
ported to AIRS, this data value should re-
ceive a special code to identify it as not to be 
commingled with normal concentration 
measurements or used for other purposes. 

4.0 Accuracy. 
4.1 Because the size and volatility of the 

particles making up ambient particulate 
matter vary over a wide range and the mass 
concentration of particles varies with par-
ticle size, it is difficult to define the accu-
racy of PM2.5 measurements in an absolute 
sense. The accuracy of PM2.5 measurements 
is therefore defined in a relative sense, ref-
erenced to measurements provided by this 
reference method. Accordingly, accuracy 
shall be defined as the degree of agreement 
between a subject field PM2.5 sampler and a 
collocated PM2.5 reference method audit 
sampler operating simultaneously at the 
monitoring site location of the subject sam-
pler and includes both random (precision) 
and systematic (bias) errors. The require-
ments for this field sampler audit procedure 
are set forth in part 58, appendix A of this 
chapter. 

4.2 Measurement system bias. Results of col-
located measurements where the duplicate 
sampler is a reference method sampler are 
used to assess a portion of the measurement 
system bias according to the schedule and 
procedure specified in part 58, appendix A of 
this chapter. 

4.3 Audits with reference method samplers to 
determine system accuracy and bias. According 
to the schedule and procedure specified in 
part 58, appendix A of this chapter, a ref-
erence method sampler is required to be lo-
cated at each of selected PM2.5 SLAMS sites 
as a duplicate sampler. The results from the 
primary sampler and the duplicate reference 
method sampler are used to calculate accu-
racy of the primary sampler on a quarterly 
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basis, bias of the primary sampler on an an-
nual basis, and bias of a single reporting or-
ganization on an annual basis. Reference 2 in 
section 13.0 of this appendix provides addi-
tional information and guidance on these 
reference method audits. 

4.4 Flow rate accuracy and bias. Part 58, ap-
pendix A of this chapter requires that the 
flow rate accuracy and bias of individual 
PM2.5 samplers used in SLAMS monitoring 
networks be assessed periodically via audits 
of each sampler’s operational flow rate. In 
addition, part 58, appendix A of this chapter 
requires that flow rate bias for each ref-
erence and equivalent method operated by 
each reporting organization be assessed 
quarterly and annually. Reference 2 in sec-
tion 13.0 of this appendix provides additional 
information and guidance on flow rate accu-
racy audits and calculations for accuracy 
and bias. 

5.0 Precision. A data quality objective of 10 
percent coefficient of variation or better has 
been established for the operational preci-
sion of PM2.5 monitoring data. 

5.1 Tests to establish initial operational 
precision for each reference method sampler 
are specified as a part of the requirements 
for designation as a reference method under 
§ 53.58 of this chapter. 

5.2 Measurement System Precision. Collo-
cated sampler results, where the duplicate 
sampler is not a reference method sampler 
but is a sampler of the same designated 
method as the primary sampler, are used to 
assess measurement system precision ac-
cording to the schedule and procedure speci-
fied in part 58, appendix A of this chapter. 
Part 58, appendix A of this chapter requires 
that these collocated sampler measurements 
be used to calculate quarterly and annual 
precision estimates for each primary sam-
pler and for each designated method em-
ployed by each reporting organization. Ref-
erence 2 in section 13.0 of this appendix pro-
vides additional information and guidance 
on this requirement. 

6.0 Filter for PM2.5 Sample Collection. Any fil-
ter manufacturer or vendor who sells or of-
fers to sell filters specifically identified for 
use with this PM2.5 reference method shall 
certify that the required number of filters 
from each lot of filters offered for sale as 
such have been tested as specified in this sec-
tion 6.0 and meet all of the following design 
and performance specifications. 

6.1 Size. Circular, 46.2 mm diameter ±0.25 
mm. 

6.2 Medium. Polytetrafluoroethylene 
(PTFE Teflon), with integral support ring. 

6.3 Support ring. Polymethylpentene (PMP) 
or equivalent inert material, 0.38 ±0.04 mm 
thick, outer diameter 46.2 mm ±0.25 mm, and 
width of 3.68 mm (±0.00, ¥0.51 mm). 

6.4 Pore size. 2 μm as measured by ASTM F 
316–94. 

6.5 Filter thickness. 30 to 50 μm. 

6.6 Maximum pressure drop (clean filter). 30 
cm H2O column @ 16.67 L/min clean air flow. 

6.7 Maximum moisture pickup. Not more 
than 10 μg weight increase after 24-hour ex-
posure to air of 40 percent relative humidity, 
relative to weight after 24-hour exposure to 
air of 35 percent relative humidity. 

6.8 Collection efficiency. Greater than 99.7 
percent, as measured by the DOP test (ASTM 
D 2986–91) with 0.3 μm particles at the sam-
pler’s operating face velocity. 

6.9 Filter weight stability. Filter weight loss 
shall be less than 20 μg, as measured in each 
of the following two tests specified in sec-
tions 6.9.1 and 6.9.2 of this appendix. The fol-
lowing conditions apply to both of these 
tests: Filter weight loss shall be the average 
difference between the initial and the final 
filter weights of a random sample of test fil-
ters selected from each lot prior to sale. The 
number of filters tested shall be not less 
than 0.1 percent of the filters of each manu-
facturing lot, or 10 filters, whichever is 
greater. The filters shall be weighed under 
laboratory conditions and shall have had no 
air sample passed through them, i.e., filter 
blanks. Each test procedure must include 
initial conditioning and weighing, the test, 
and final conditioning and weighing. Condi-
tioning and weighing shall be in accordance 
with sections 8.0 through 8.2 of this appendix 
and general guidance provided in reference 2 
of section 13.0 of this appendix. 

6.9.1 Test for loose, surface particle contami-
nation. After the initial weighing, install 
each test filter, in turn, in a filter cassette 
(Figures L–27, L–28, and L–29 of this appen-
dix) and drop the cassette from a height of 25 
cm to a flat hard surface, such as a particle- 
free wood bench. Repeat two times, for a 
total of three drop tests for each test filter. 
Remove the test filter from the cassette and 
weigh the filter. The average change in 
weight must be less than 20 μg. 

6.9.2 Test for temperature stability. After 
weighing each filter, place the test filters in 
a drying oven set at 40 °C ±2 °C for not less 
than 48 hours. Remove, condition, and re-
weigh each test filter. The average change in 
weight must be less than 20 μg. 

6.10 Alkalinity. Less than 25 microequiva-
lents/gram of filter, as measured by the guid-
ance given in reference 2 in section 13.0 of 
this appendix. 

6.11 Supplemental requirements. Although 
not required for determination of PM2.5 mass 
concentration under this reference method, 
additional specifications for the filter must 
be developed by users who intend to subject 
PM2.5 filter samples to subsequent chemical 
analysis. These supplemental specifications 
include background chemical contamination 
of the filter and any other filter parameters 
that may be required by the method of chem-
ical analysis. All such supplemental filter 
specifications must be compatible with and 
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secondary to the primary filter specifica-
tions given in this section 6.0 of this appen-
dix. 

7.0 PM2.5 Sampler. 
7.1 Configuration. The sampler shall consist 

of a sample air inlet, downtube, particle size 
separator (impactor), filter holder assembly, 
air pump and flow rate control system, flow 
rate measurement device, ambient and filter 
temperature monitoring system, barometric 
pressure measurement system, timer, out-
door environmental enclosure, and suitable 
mechanical, electrical, or electronic control 
capability to meet or exceed the design and 
functional performance as specified in this 
section 7.0 of this appendix. The performance 
specifications require that the sampler: 

(a) Provide automatic control of sample 
volumetric flow rate and other operational 
parameters. 

(b) Monitor these operational parameters 
as well as ambient temperature and pressure. 

(c) Provide this information to the sampler 
operator at the end of each sample period in 
digital form, as specified in table L–1 of sec-
tion 7.4.19 of this appendix. 

7.2 Nature of specifications. The PM2.5 sam-
pler is specified by a combination of design 
and performance requirements. The sample 
inlet, downtube, particle size discriminator, 
filter cassette, and the internal configura-
tion of the filter holder assembly are speci-
fied explicitly by design figures and associ-
ated mechanical dimensions, tolerances, ma-
terials, surface finishes, assembly instruc-
tions, and other necessary specifications. All 
other aspects of the sampler are specified by 
required operational function and perform-
ance, and the design of these other aspects 
(including the design of the lower portion of 
the filter holder assembly) is optional, sub-
ject to acceptable operational performance. 
Test procedures to demonstrate compliance 
with both the design and performance re-
quirements are set forth in subpart E of part 
53 of this chapter. 

7.3 Design specifications. Except as indicated 
in this section 7.3 of this appendix, these 
components must be manufactured or repro-
duced exactly as specified, in an ISO 9001- 
registered facility, with registration ini-
tially approved and subsequently maintained 
during the period of manufacture. See 
§ 53.1(t) of this chapter for the definition of 
an ISO-registered facility. Minor modifica-
tions or variances to one or more compo-
nents that clearly would not affect the aero-
dynamic performance of the inlet, downtube, 
impactor, or filter cassette will be consid-
ered for specific approval. Any such proposed 
modifications shall be described and sub-
mitted to the EPA for specific individual ac-
ceptability either as part of a reference or 
equivalent method application under part 53 
of this chapter or in writing in advance of 
such an intended application under part 53 of 
this chapter. 

7.3.1 Sample inlet assembly. The sample inlet 
assembly, consisting of the inlet, downtube, 
and impactor shall be configured and assem-
bled as indicated in Figure L–1 of this appen-
dix and shall meet all associated require-
ments. A portion of this assembly shall also 
be subject to the maximum overall sampler 
leak rate specification under section 7.4.6 of 
this appendix. 

7.3.2 Inlet. The sample inlet shall be fab-
ricated as indicated in Figures L–2 through 
L–18 of this appendix and shall meet all asso-
ciated requirements. 

7.3.3 Downtube. The downtube shall be fab-
ricated as indicated in Figure L–19 of this ap-
pendix and shall meet all associated require-
ments. 

7.3.4 Particle size separator. The sampler 
shall be configured with either one of the 
two alternative particle size separators de-
scribed in this section 7.3.4. One separator is 
an impactor-type separator (WINS impactor) 
described in sections 7.3.4.1, 7.3.4.2, and 7.3.4.3 
of this appendix. The alternative separator is 
a cyclone-type separator (VSCC TM) de-
scribed in section 7.3.4.4 of this appendix. 

7.3.4.1 The impactor (particle size sepa-
rator) shall be fabricated as indicated in Fig-
ures L–20 through L–24 of this appendix and 
shall meet all associated requirements. Fol-
lowing the manufacture and finishing of each 
upper impactor housing (Figure L–21 of this 
appendix), the dimension of the impaction 
jet must be verified by the manufacturer 
using Class ZZ go/no-go plug gauges that are 
traceable to NIST. 

7.3.4.2 Impactor filter specifications: 
(a) Size. Circular, 35 to 37 mm diameter. 
(b) Medium. Borosilicate glass fiber, with-

out binder. 
(c) Pore size. 1 to 1.5 micrometer, as meas-

ured by ASTM F 316–80. 
(d) Thickness. 300 to 500 micrometers. 
7.3.4.3 Impactor oil specifications: 
(a) Composition. Dioctyl sebacate (DOS), 

single-compound diffusion oil. 
(b) Vapor pressure. Maximum 2 × 10¥8 mm 

Hg at 25 °C. 
(c) Viscosity. 36 to 40 centistokes at 25 °C. 
(d) Density. 1.06 to 1.07 g/cm3 at 25 °C. 
(e) Quantity. 1 mL ±0.1 mL. 
7.3.4.4 The cyclone-type separator is iden-

tified as a BGI VSCC TM Very Sharp Cut Cy-
clone particle size separator specified as part 
of EPA-designated equivalent method 
EQPM–0202–142 (67 FR 15567, April 2, 2002) and 
as manufactured by BGI Incorporated, 58 
Guinan Street, Waltham, Massachusetts 
20451. 

7.3.5 Filter holder assembly. The sampler 
shall have a sample filter holder assembly to 
adapt and seal to the down tube and to hold 
and seal the specified filter, under section 6.0 
of this appendix, in the sample air stream in 
a horizontal position below the downtube 
such that the sample air passes downward 
through the filter at a uniform face velocity. 
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The upper portion of this assembly shall be 
fabricated as indicated in Figures L–25 and 
L–26 of this appendix and shall accept and 
seal with the filter cassette, which shall be 
fabricated as indicated in Figures L–27 
through L–29 of this appendix. 

(a) The lower portion of the filter holder 
assembly shall be of a design and construc-
tion that: 

(1) Mates with the upper portion of the as-
sembly to complete the filter holder assem-
bly, 

(2) Completes both the external air seal 
and the internal filter cassette seal such 
that all seals are reliable over repeated filter 
changings, and 

(3) Facilitates repeated changing of the fil-
ter cassette by the sampler operator. 

(b) Leak-test performance requirements 
for the filter holder assembly are included in 
section 7.4.6 of this appendix. 

(c) If additional or multiple filters are 
stored in the sampler as part of an auto-
matic sequential sample capability, all such 
filters, unless they are currently and di-
rectly installed in a sampling channel or 
sampling configuration (either active or in-
active), shall be covered or (preferably) 
sealed in such a way as to: 

(1) Preclude significant exposure of the fil-
ter to possible contamination or accumula-
tion of dust, insects, or other material that 
may be present in the ambient air, sampler, 
or sampler ventilation air during storage pe-
riods either before or after sampling; and 

(2) To minimize loss of volatile or semi- 
volatile PM sample components during stor-
age of the filter following the sample period. 

7.3.6 Flow rate measurement adapter. A flow 
rate measurement adapter as specified in 
Figure L–30 of this appendix shall be fur-
nished with each sampler. 

7.3.7 Surface finish. All internal surfaces ex-
posed to sample air prior to the filter shall 
be treated electrolytically in a sulfuric acid 
bath to produce a clear, uniform anodized 
surface finish of not less than 1000 mg/ft2 
(1.08 mg/cm2) in accordance with military 
standard specification (mil. spec.) 8625F, 
Type II, Class 1 in reference 4 of section 13.0 
of this appendix. This anodic surface coating 
shall not be dyed or pigmented. Following 
anodization, the surfaces shall be sealed by 
immersion in boiling deionized water for not 
less than 15 minutes. Section 53.51(d)(2) of 
this chapter should also be consulted. 

7.3.8 Sampling height. The sampler shall be 
equipped with legs, a stand, or other means 
to maintain the sampler in a stable, upright 
position and such that the center of the sam-
ple air entrance to the inlet, during sample 
collection, is maintained in a horizontal 
plane and is 2.0 ±0.2 meters above the floor or 
other horizontal supporting surface. Suitable 
bolt holes, brackets, tie-downs, or other 
means should be provided to facilitate me-
chanically securing the sample to the sup-

porting surface to prevent toppling of the 
sampler due to wind. 

7.4 Performance specifications. 
7.4.1 Sample flow rate. Proper operation of 

the impactor requires that specific air ve-
locities be maintained through the device. 
Therefore, the design sample air flow rate 
through the inlet shall be 16.67 L/min (1.000 
m3/hour) measured as actual volumetric flow 
rate at the temperature and pressure of the 
sample air entering the inlet. 

7.4.2 Sample air flow rate control system. The 
sampler shall have a sample air flow rate 
control system which shall be capable of pro-
viding a sample air volumetric flow rate 
within the specified range, under section 
7.4.1 of this appendix, for the specified filter, 
under section 6.0 of this appendix, at any at-
mospheric conditions specified, under sec-
tion 7.4.7 of this appendix, at a filter pressure 
drop equal to that of a clean filter plus up to 
75 cm water column (55 mm Hg), and over the 
specified range of supply line voltage, under 
section 7.4.15.1 of this appendix. This flow 
control system shall allow for operator ad-
justment of the operational flow rate of the 
sampler over a range of at least ±15 percent 
of the flow rate specified in section 7.4.1 of 
this appendix. 

7.4.3 Sample flow rate regulation. The sample 
flow rate shall be regulated such that for the 
specified filter, under section 6.0 of this ap-
pendix, at any atmospheric conditions speci-
fied, under section 7.4.7 of this appendix, at a 
filter pressure drop equal to that of a clean 
filter plus up to 75 cm water column (55 mm 
Hg), and over the specified range of supply 
line voltage, under section 7.4.15.1 of this ap-
pendix, the flow rate is regulated as follows: 

7.4.3.1 The volumetric flow rate, measured 
or averaged over intervals of not more than 
5 minutes over a 24-hour period, shall not 
vary more than ±5 percent from the specified 
16.67 L/min flow rate over the entire sample 
period. 

7.4.3.2 The coefficient of variation (sample 
standard deviation divided by the mean) of 
the flow rate, measured over a 24-hour pe-
riod, shall not be greater than 2 percent. 

7.4.3.3 The amplitude of short-term flow 
rate pulsations, such as may originate from 
some types of vacuum pumps, shall be at-
tenuated such that they do not cause signifi-
cant flow measurement error or affect the 
collection of particles on the particle collec-
tion filter. 

7.4.4 Flow rate cut off. The sampler’s sample 
air flow rate control system shall terminate 
sample collection and stop all sample flow 
for the remainder of the sample period in the 
event that the sample flow rate deviates by 
more than 10 percent from the sampler de-
sign flow rate specified in section 7.4.1 of this 
appendix for more than 60 seconds. However, 
this sampler cut-off provision shall not apply 
during periods when the sampler is inoper-
ative due to a temporary power interruption, 
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and the elapsed time of the inoperative pe-
riod shall not be included in the total sample 
time measured and reported by the sampler, 
under section 7.4.13 of this appendix. 

7.4.5 Flow rate measurement. 
7.4.5.1 The sampler shall provide a means 

to measure and indicate the instantaneous 
sample air flow rate, which shall be meas-
ured as volumetric flow rate at the tempera-
ture and pressure of the sample air entering 
the inlet, with an accuracy of ±2 percent. 
The measured flow rate shall be available for 
display to the sampler operator at any time 
in either sampling or standby modes, and the 
measurement shall be updated at least every 
30 seconds. The sampler shall also provide a 
simple means by which the sampler operator 
can manually start the sample flow tempo-
rarily during non-sampling modes of oper-
ation, for the purpose of checking the sample 
flow rate or the flow rate measurement sys-
tem. 

7.4.5.2 During each sample period, the sam-
pler’s flow rate measurement system shall 
automatically monitor the sample volu-
metric flow rate, obtaining flow rate meas-
urements at intervals of not greater than 30 
seconds. 

(a) Using these interval flow rate measure-
ments, the sampler shall determine or cal-
culate the following flow-related parameters, 
scaled in the specified engineering units: 

(1) The instantaneous or interval-average 
flow rate, in L/min. 

(2) The value of the average sample flow 
rate for the sample period, in L/min. 

(3) The value of the coefficient of variation 
(sample standard deviation divided by the 
average) of the sample flow rate for the sam-
ple period, in percent. 

(4) The occurrence of any time interval 
during the sample period in which the meas-
ured sample flow rate exceeds a range of ±5 
percent of the average flow rate for the sam-
ple period for more than 5 minutes, in which 
case a warning flag indicator shall be set. 

(5) The value of the integrated total sam-
ple volume for the sample period, in m3. 

(b) Determination or calculation of these 
values shall properly exclude periods when 
the sampler is inoperative due to temporary 
interruption of electrical power, under sec-
tion 7.4.13 of this appendix, or flow rate cut 
off, under section 7.4.4 of this appendix. 

(c) These parameters shall be accessible to 
the sampler operator as specified in table L– 
1 of section 7.4.19 of this appendix. In addi-
tion, it is strongly encouraged that the flow 
rate for each 5-minute interval during the 
sample period be available to the operator 
following the end of the sample period. 

7.4.6 Leak test capability. 
7.4.6.1 External leakage. The sampler shall 

include an external air leak-test capability 
consisting of components, accessory hard-
ware, operator interface controls, a written 
procedure in the associated Operation/In-

struction Manual, under section 7.4.18 of this 
appendix, and all other necessary functional 
capability to permit and facilitate the sam-
pler operator to conveniently carry out a 
leak test of the sampler at a field moni-
toring site without additional equipment. 
The sampler components to be subjected to 
this leak test include all components and 
their interconnections in which external air 
leakage would or could cause an error in the 
sampler’s measurement of the total volume 
of sample air that passes through the sample 
filter. 

(a) The suggested technique for the oper-
ator to use for this leak test is as follows: 

(1) Remove the sampler inlet and installs 
the flow rate measurement adapter supplied 
with the sampler, under section 7.3.6 of this 
appendix. 

(2) Close the valve on the flow rate meas-
urement adapter and use the sampler air 
pump to draw a partial vacuum in the sam-
pler, including (at least) the impactor, filter 
holder assembly (filter in place), flow meas-
urement device, and interconnections be-
tween these devices, of at least 55 mm Hg (75 
cm water column), measured at a location 
downstream of the filter holder assembly. 

(3) Plug the flow system downstream of 
these components to isolate the components 
under vacuum from the pump, such as with a 
built-in valve. 

(4) Stop the pump. 
(5) Measure the trapped vacuum in the 

sampler with a built-in pressure measuring 
device. 

(6) (i) Measure the vacuum in the sampler 
with the built-in pressure measuring device 
again at a later time at least 10 minutes 
after the first pressure measurement. 

(ii) CAUTION: Following completion of the 
test, the adaptor valve should be opened 
slowly to limit the flow rate of air into the 
sampler. Excessive air flow rate may blow 
oil out of the impactor. 

(7) Upon completion of the test, open the 
adaptor valve, remove the adaptor and plugs, 
and restore the sampler to the normal oper-
ating configuration. 

(b) The associated leak test procedure 
shall require that for successful passage of 
this test, the difference between the two 
pressure measurements shall not be greater 
than the number of mm of Hg specified for 
the sampler by the manufacturer, based on 
the actual internal volume of the sampler, 
that indicates a leak of less than 80 mL/min. 

(c) Variations of the suggested technique 
or an alternative external leak test tech-
nique may be required for samplers whose 
design or configuration would make the sug-
gested technique impossible or impractical. 
The specific proposed external leak test pro-
cedure, or particularly an alternative leak 
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test technique, proposed for a particular can-
didate sampler may be described and sub-
mitted to the EPA for specific individual ac-
ceptability either as part of a reference or 
equivalent method application under part 53 
of this chapter or in writing in advance of 
such an intended application under part 53 of 
this chapter. 

7.4.6.2 Internal, filter bypass leakage. The 
sampler shall include an internal, filter by-
pass leak-check capability consisting of 
components, accessory hardware, operator 
interface controls, a written procedure in the 
Operation/Instruction Manual, and all other 
necessary functional capability to permit 
and facilitate the sampler operator to con-
veniently carry out a test for internal filter 
bypass leakage in the sampler at a field 
monitoring site without additional equip-
ment. The purpose of the test is to determine 
that any portion of the sample flow rate that 
leaks past the sample filter without passing 
through the filter is insignificant relative to 
the design flow rate for the sampler. 

(a) The suggested technique for the oper-
ator to use for this leak test is as follows: 

(1) Carry out an external leak test as pro-
vided under section 7.4.6.1 of this appendix 
which indicates successful passage of the 
prescribed external leak test. 

(2) Install a flow-impervious membrane 
material in the filter cassette, either with or 
without a filter, as appropriate, which effec-
tively prevents air flow through the filter. 

(3) Use the sampler air pump to draw a par-
tial vacuum in the sampler, downstream of 
the filter holder assembly, of at least 55 mm 
Hg (75 cm water column). 

(4) Plug the flow system downstream of the 
filter holder to isolate the components under 
vacuum from the pump, such as with a built- 
in valve. 

(5) Stop the pump. 
(6) Measure the trapped vacuum in the 

sampler with a built-in pressure measuring 
device. 

(7) Measure the vacuum in the sampler 
with the built-in pressure measuring device 
again at a later time at least 10 minutes 
after the first pressure measurement. 

(8) Remove the flow plug and membrane 
and restore the sampler to the normal oper-
ating configuration. 

(b) The associated leak test procedure 
shall require that for successful passage of 
this test, the difference between the two 
pressure measurements shall not be greater 
than the number of mm of Hg specified for 
the sampler by the manufacturer, based on 
the actual internal volume of the portion of 
the sampler under vacuum, that indicates a 
leak of less than 80 mL/min. 

(c) Variations of the suggested technique 
or an alternative internal, filter bypass leak 
test technique may be required for samplers 
whose design or configuration would make 
the suggested technique impossible or im-

practical. The specific proposed internal leak 
test procedure, or particularly an alternative 
internal leak test technique proposed for a 
particular candidate sampler may be de-
scribed and submitted to the EPA for spe-
cific individual acceptability either as part 
of a reference or equivalent method applica-
tion under part 53 of this chapter or in writ-
ing in advance of such intended application 
under part 53 of this chapter. 

7.4.7 Range of operational conditions. The 
sampler is required to operate properly and 
meet all requirements specified in this ap-
pendix over the following operational ranges. 

7.4.7.1 Ambient temperature. ¥30 to = 45 °C 
(Note: Although for practical reasons, the 
temperature range over which samplers are 
required to be tested under part 53 of this 
chapter is ¥20 to = 40 °C, the sampler shall 
be designed to operate properly over this 
wider temperature range.). 

7.4.7.2 Ambient relative humidity. 0 to 100 
percent. 

7.4.7.3 Barometric pressure range. 600 to 800 
mm Hg. 

7.4.8 Ambient temperature sensor. The sam-
pler shall have capability to measure the 
temperature of the ambient air surrounding 
the sampler over the range of ¥30 to = 45 °C, 
with a resolution of 0.1 °C and accuracy of 
±2.0 °C, referenced as described in reference 3 
in section 13.0 of this appendix, with and 
without maximum solar insolation. 

7.4.8.1 The ambient temperature sensor 
shall be mounted external to the sampler en-
closure and shall have a passive, naturally 
ventilated sun shield. The sensor shall be lo-
cated such that the entire sun shield is at 
least 5 cm above the horizontal plane of the 
sampler case or enclosure (disregarding the 
inlet and downtube) and external to the 
vertical plane of the nearest side or protu-
berance of the sampler case or enclosure. 
The maximum temperature measurement 
error of the ambient temperature measure-
ment system shall be less than 1.6 °C at 1 m/ 
s wind speed and 1000 W/m2 solar radiation 
intensity. 

7.4.8.2 The ambient temperature sensor 
shall be of such a design and mounted in 
such a way as to facilitate its convenient 
dismounting and immersion in a liquid for 
calibration and comparison to the filter tem-
perature sensor, under section 7.4.11 of this 
appendix. 

7.4.8.3 This ambient temperature measure-
ment shall be updated at least every 30 sec-
onds during both sampling and standby (non- 
sampling) modes of operation. A visual indi-
cation of the current (most recent) value of 
the ambient temperature measurement, up-
dated at least every 30 seconds, shall be 
available to the sampler operator during 
both sampling and standby (non-sampling) 
modes of operation, as specified in table L–1 
of section 7.4.19 of this appendix. 
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7.4.8.4 This ambient temperature measure-
ment shall be used for the purpose of moni-
toring filter temperature deviation from am-
bient temperature, as required by section 
7.4.11 of this appendix, and may be used for 
purposes of effecting filter temperature con-
trol, under section 7.4.10 of this appendix, or 
computation of volumetric flow rate, under 
sections 7.4.1 to 7.4.5 of this appendix, if ap-
propriate. 

7.4.8.5 Following the end of each sample pe-
riod, the sampler shall report the maximum, 
minimum, and average temperature for the 
sample period, as specified in table L–1 of 
section 7.4.19 of this appendix. 

7.4.9 Ambient barometric sensor. The sampler 
shall have capability to measure the baro-
metric pressure of the air surrounding the 
sampler over a range of 600 to 800 mm Hg ref-
erenced as described in reference 3 in section 
13.0 of this appendix; also see part 53, subpart 
E of this chapter. This barometric pressure 
measurement shall have a resolution of 5 
mm Hg and an accuracy of ±10 mm Hg and 
shall be updated at least every 30 seconds. A 
visual indication of the value of the current 
(most recent) barometric pressure measure-
ment, updated at least every 30 seconds, 
shall be available to the sampler operator 
during both sampling and standby (non-sam-
pling) modes of operation, as specified in 
table L–1 of section 7.4.19 of this appendix. 
This barometric pressure measurement may 
be used for purposes of computation of volu-
metric flow rate, under sections 7.4.1 to 7.4.5 
of this appendix, if appropriate. Following 
the end of a sample period, the sampler shall 
report the maximum, minimum, and mean 
barometric pressures for the sample period, 
as specified in table L–1 of section 7.4.19 of 
this appendix. 

7.4.10 Filter temperature control (sampling 
and post-sampling). The sampler shall provide 
a means to limit the temperature rise of the 
sample filter (all sample filters for sequen-
tial samplers), from insolation and other 
sources, to no more 5 °C above the tempera-
ture of the ambient air surrounding the sam-
pler, during both sampling and post-sam-
pling periods of operation. The post-sam-
pling period is the non-sampling period be-
tween the end of the active sampling period 
and the time of retrieval of the sample filter 
by the sampler operator. 

7.4.11 Filter temperature sensor(s). 
7.4.11.1 The sampler shall have the capa-

bility to monitor the temperature of the 
sample filter (all sample filters for sequen-
tial samplers) over the range of ¥30 to = 45 
°C during both sampling and non-sampling 
periods. While the exact location of this tem-
perature sensor is not explicitly specified, 
the filter temperature measurement system 
must demonstrate agreement, within 1 °C, 
with a test temperature sensor located with-
in 1 cm of the center of the filter down-
stream of the filter during both sampling 

and non-sampling modes, as specified in the 
filter temperature measurement test de-
scribed in part 53, subpart E of this chapter. 
This filter temperature measurement shall 
have a resolution of 0.1 °C and accuracy of 
±1.0 °C, referenced as described in reference 3 
in section 13.0 of this appendix. This tem-
perature sensor shall be of such a design and 
mounted in such a way as to facilitate its 
reasonably convenient dismounting and im-
mersion in a liquid for calibration and com-
parison to the ambient temperature sensor 
under section 7.4.8 of this appendix. 

7.4.11.2 The filter temperature measure-
ment shall be updated at least every 30 sec-
onds during both sampling and standby (non- 
sampling) modes of operation. A visual indi-
cation of the current (most recent) value of 
the filter temperature measurement, up-
dated at least every 30 seconds, shall be 
available to the sampler operator during 
both sampling and standby (non-sampling) 
modes of operation, as specified in table L–1 
of section 7.4.19 of this appendix. 

7.4.11.3 For sequential samplers, the tem-
perature of each filter shall be measured in-
dividually unless it can be shown, as speci-
fied in the filter temperature measurement 
test described in § 53.57 of this chapter, that 
the temperature of each filter can be rep-
resented by fewer temperature sensors. 

7.4.11.4 The sampler shall also provide a 
warning flag indicator following any occur-
rence in which the filter temperature (any 
filter temperature for sequential samplers) 
exceeds the ambient temperature by more 
than 5 °C for more than 30 consecutive min-
utes during either the sampling or post-sam-
pling periods of operation, as specified in 
table L–1 of section 7.4.19 of this appendix, 
under section 10.12 of this appendix, regard-
ing sample validity when a warning flag oc-
curs. It is further recommended (not re-
quired) that the sampler be capable of re-
cording the maximum differential between 
the measured filter temperature and the am-
bient temperature and its time and date of 
occurrence during both sampling and post- 
sampling (non-sampling) modes of operation 
and providing for those data to be accessible 
to the sampler operator following the end of 
the sample period, as suggested in table L–1 
of section 7.4.19 of this appendix. 

7.4.12 Clock/timer system. 
(a) The sampler shall have a programmable 

real-time clock timing/control system that: 
(1) Is capable of maintaining local time 

and date, including year, month, day-of- 
month, hour, minute, and second to an accu-
racy of ±1.0 minute per month. 

(2) Provides a visual indication of the cur-
rent system time, including year, month, 
day-of-month, hour, and minute, updated at 
least each minute, for operator verification. 

(3) Provides appropriate operator controls 
for setting the correct local time and date. 
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(4) Is capable of starting the sample collec-
tion period and sample air flow at a specific, 
operator-settable time and date, and stop-
ping the sample air flow and terminating the 
sampler collection period 24 hours (1440 min-
utes) later, or at a specific, operator-settable 
time and date. 

(b) These start and stop times shall be 
readily settable by the sampler operator to 
within ±1.0 minute. The system shall provide 
a visual indication of the current start and 
stop time settings, readable to ±1.0 minute, 
for verification by the operator, and the 
start and stop times shall also be available 
via the data output port, as specified in table 
L–1 of section 7.4.19 of this appendix. Upon 
execution of a programmed sample period 
start, the sampler shall automatically reset 
all sample period information and warning 
flag indications pertaining to a previous 
sample period. Refer also to section 7.4.15.4 
of this appendix regarding retention of cur-
rent date and time and programmed start 
and stop times during a temporary electrical 
power interruption. 

7.4.13 Sample time determination. The sam-
pler shall be capable of determining the 
elapsed sample collection time for each PM2.5 
sample, accurate to within ±1.0 minute, 
measured as the time between the start of 
the sampling period, under section 7.4.12 of 
this appendix and the termination of the 
sample period, under section 7.4.12 of this ap-
pendix or section 7.4.4 of this appendix. This 
elapsed sample time shall not include peri-
ods when the sampler is inoperative due to a 
temporary interruption of electrical power, 
under section 7.4.15.4 of this appendix. In the 
event that the elapsed sample time deter-
mined for the sample period is not within the 
range specified for the required sample pe-
riod in section 3.3 of this appendix, the sam-
pler shall set a warning flag indicator. The 
date and time of the start of the sample pe-
riod, the value of the elapsed sample time for 
the sample period, and the flag indicator sta-
tus shall be available to the sampler oper-
ator following the end of the sample period, 
as specified in table L–1 of section 7.4.19 of 
this appendix. 

7.4.14 Outdoor environmental enclosure. The 
sampler shall have an outdoor enclosure (or 
enclosures) suitable to protect the filter and 
other non-weatherproof components of the 
sampler from precipitation, wind, dust, ex-
tremes of temperature and humidity; to help 
maintain temperature control of the filter 
(or filters, for sequential samplers); and to 
provide reasonable security for sampler com-
ponents and settings. 

7.4.15 Electrical power supply. 
7.4.15.1 The sampler shall be operable and 

function as specified herein when operated 
on an electrical power supply voltage of 105 
to 125 volts AC (RMS) at a frequency of 59 to 
61 Hz. Optional operation as specified at ad-
ditional power supply voltages and/or fre-

quencies shall not be precluded by this re-
quirement. 

7.4.15.2 The design and construction of the 
sampler shall comply with all applicable Na-
tional Electrical Code and Underwriters Lab-
oratories electrical safety requirements. 

7.4.15.3 The design of all electrical and 
electronic controls shall be such as to pro-
vide reasonable resistance to interference or 
malfunction from ordinary or typical levels 
of stray electromagnetic fields (EMF) as 
may be found at various monitoring sites 
and from typical levels of electrical tran-
sients or electronic noise as may often or oc-
casionally be present on various electrical 
power lines. 

7.4.15.4 In the event of temporary loss of 
electrical supply power to the sampler, the 
sampler shall not be required to sample or 
provide other specified functions during such 
loss of power, except that the internal clock/ 
timer system shall maintain its local time 
and date setting within ±1 minute per week, 
and the sampler shall retain all other time 
and programmable settings and all data re-
quired to be available to the sampler oper-
ator following each sample period for at 
least 7 days without electrical supply power. 
When electrical power is absent at the oper-
ator-set time for starting a sample period or 
is interrupted during a sample period, the 
sampler shall automatically start or resume 
sampling when electrical power is restored, 
if such restoration of power occurs before the 
operator-set stop time for the sample period. 

7.4.15.5 The sampler shall have the capa-
bility to record and retain a record of the 
year, month, day-of-month, hour, and 
minute of the start of each power interrup-
tion of more than 1 minute duration, up to 10 
such power interruptions per sample period. 
(More than 10 such power interruptions shall 
invalidate the sample, except where an ex-
ceedance is measured, under section 3.3 of 
this appendix.) The sampler shall provide for 
these power interruption data to be available 
to the sampler operator following the end of 
the sample period, as specified in table L–1 of 
section 7.4.19 of this appendix. 

7.4.16 Control devices and operator interface. 
The sampler shall have mechanical, elec-
trical, or electronic controls, control de-
vices, electrical or electronic circuits as nec-
essary to provide the timing, flow rate meas-
urement and control, temperature control, 
data storage and computation, operator 
interface, and other functions specified. Op-
erator-accessible controls, data displays, and 
interface devices shall be designed to be sim-
ple, straightforward, reliable, and easy to 
learn, read, and operate under field condi-
tions. The sampler shall have provision for 
operator input and storage of up to 64 char-
acters of numeric (or alphanumeric) data for 
purposes of site, sampler, and sample identi-
fication. This information shall be available 
to the sampler operator for verification and 
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change and for output via the data output 
port along with other data following the end 
of a sample period, as specified in table L–1 
of section 7.4.19 of this appendix. All data re-
quired to be available to the operator fol-
lowing a sample collection period or ob-
tained during standby mode in a post-sam-
pling period shall be retained by the sampler 
until reset, either manually by the operator 
or automatically by the sampler upon initi-
ation of a new sample collection period. 

7.4.17 Data output port requirement. The 
sampler shall have a standard RS–232C data 
output connection through which digital 
data may be exported to an external data 
storage or transmission device. All informa-
tion which is required to be available at the 
end of each sample period shall be accessible 
through this data output connection. The in-
formation that shall be accessible though 
this output port is summarized in table L–1 
of section 7.4.19 of this appendix. Since no 
specific format for the output data is pro-
vided, the sampler manufacturer or vendor 
shall make available to sampler purchasers 
appropriate computer software capable of re-
ceiving exported sampler data and correctly 
translating the data into a standard spread-
sheet format and optionally any other for-
mats as may be useful to sampler users. This 

requirement shall not preclude the sampler 
from offering other types of output connec-
tions in addition to the required RS–232C 
port. 

7.4.18 Operation/instruction manual. The 
sampler shall include an associated com-
prehensive operation or instruction manual, 
as required by part 53 of this chapter, which 
includes detailed operating instructions on 
the setup, operation, calibration, and main-
tenance of the sampler. This manual shall 
provide complete and detailed descriptions of 
the operational and calibration procedures 
prescribed for field use of the sampler and all 
instruments utilized as part of this reference 
method. The manual shall include adequate 
warning of potential safety hazards that may 
result from normal use or malfunction of the 
method and a description of necessary safety 
precautions. The manual shall also include a 
clear description of all procedures pertaining 
to installation, operation, periodic and cor-
rective maintenance, and troubleshooting, 
and shall include parts identification dia-
grams. 

7.4.19 Data reporting requirements. The var-
ious information that the sampler is re-
quired to provide and how it is to be provided 
is summarized in the following table L–1. 

TABLE L–1 TO APPENDIX L OF PART 50—SUMMARY OF INFORMATION TO BE PROVIDED BY THE 
SAMPLER 

Information to be 
provided 

Appen-
dix L 

section 
ref-

erence 

Availability Format 

Anytime 1 End of 
period 2 

Visual 
display 3 

Data 
output 4 

Digital 
reading 5 Units 

Flow rate, 30-sec-
ond maximum 
interval.

7.4.5.1 ✓ .................... ✓ * XX.X ................... L/min 

Flow rate, aver-
age for the 
sample period.

7.4.5.2 * ✓ * ✓ XX.X ................... L/min 

Flow rate, CV, for 
sample period.

7.4.5.2 * ✓ * ✓ XX.X ................... % 

Flow rate, 5-min. 
average out of 
spec. (FLAG 6).

7.4.5.2 ✓ ✓ ✓ ✓■ On/Off 

Sample volume, 
total.

7.4.5.2 * ✓ ✓ ✓ XX.X ................... m3 

Temperature, am-
bient, 30-sec-
ond interval.

7.4.8 .... ✓ .................... ✓ .................... XX.X ................... °C 

Temperature, am-
bient, min., 
max., average 
for the sample 
period.

7.4.8 .... * ✓ ✓ ✓■ XX.X ................... °C 

Baro. pressure, 
ambient, 30- 
second interval.

7.4.9 .... ✓ .................... ✓ .................... XXX .................... mm Hg 

Baro. pressure, 
ambient, min., 
max., average 
for the sample 
period.

7.4.9 .... * ✓ ✓ ✓■ XXX .................... mm Hg 

Filter temperature, 
30-second inter-
val.

7.4.11 .. ✓ .................... ✓ .................... XX.X ................... °C 
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TABLE L–1 TO APPENDIX L OF PART 50—SUMMARY OF INFORMATION TO BE PROVIDED BY THE 
SAMPLER—Continued 

Information to be 
provided 

Appen-
dix L 

section 
ref-

erence 

Availability Format 

Anytime 1 End of 
period 2 

Visual 
display 3 

Data 
output 4 

Digital 
reading 5 Units 

Filter temp. dif-
ferential, 30- 
second interval, 
out of spec. 
(FLAG 6).

7.4.11 .. * ✓ ✓ ✓■ On/Off 

Filter temp., max-
imum differen-
tial from ambi-
ent, date, time 
of occurrence.

7.4.11 .. * * * * X.X, YY/MM/DD 
HH.mm.

°C, Yr/Mon/Day 
Hrs. min 

Date and Time .... 7.4.12 .. ✓ .................... ✓ .................... YY/MM/DD 
HH.mm.

Yr/Mon/Day Hrs. 
min 

Sample start and 
stop time set-
tings.

7.4.12 .. ✓ ✓ ✓ ✓ YY/MM/DD 
HH.mm.

Yr/Mon/Day Hrs. 
min 

Sample period 
start time.

7.4.12 .. .................... ✓ ✓ ✓ YY/MM/DD 
HH.mm.

Yr/Mon/Day Hrs. 
min 

Elapsed sample 
time.

7.4.13 .. * ✓ ✓ ✓ HH.mm ............... Hrs. min 

Elapsed sample 
time, out of 
spec. (FLAG 6).

7.4.13 .. .................... ✓ ✓ ✓■ On/Off 

Power interrup-
tions ≤1 min., 
start time of first 
10.

7.4.15.5 * ✓ * ✓ 1HH.mm, 
2HH.mm, etc..

Hrs. min 

User-entered in-
formation, such 
as sampler and 
site identifica-
tion.

7.4.16 .. ✓ ✓ ✓ ✓■ As entered.

✓ Provision of this information is required. 
* Provision of this information is optional. If information related to the entire sample period is optionally provided prior to the 

end of the sample period, the value provided should be the value calculated for the portion of the sampler period completed up 
to the time the information is provided. 

■ Indicates that this information is also required to be provided to the Air Quality System (AQS) data bank; see § 58.16 of this 
chapter. For ambient temperature and barometric pressure, only the average for the sample period must be reported. 

1. Information is required to be available to the operator at any time the sampler is operating, whether sampling or not. 
2. Information relates to the entire sampler period and must be provided following the end of the sample period until reset 

manually by the operator or automatically by the sampler upon the start of a new sample period. 
3. Information shall be available to the operator visually. 
4. Information is to be available as digital data at the sampler’s data output port specified in section 7.4.16 of this appendix fol-

lowing the end of the sample period until reset manually by the operator or automatically by the sampler upon the start of a new 
sample period. 

5. Digital readings, both visual and data output, shall have not less than the number of significant digits and resolution speci-
fied. 

6. Flag warnings may be displayed to the operator by a single flag indicator or each flag may be displayed individually. Only a 
set (on) flag warning must be indicated; an off (unset) flag may be indicated by the absence of a flag warning. Sampler users 
should refer to section 10.12 of this appendix regarding the validity of samples for which the sampler provided an associated flag 
warning. 

8.0 Filter Weighing. See reference 2 in sec-
tion 13.0 of this appendix, for additional, 
more detailed guidance. 

8.1 Analytical balance. The analytical bal-
ance used to weigh filters must be suitable 
for weighing the type and size of filters spec-
ified, under section 6.0 of this appendix, and 
have a readability of ±1 μg. The balance shall 
be calibrated as specified by the manufac-
turer at installation and recalibrated imme-
diately prior to each weighing session. See 
reference 2 in section 13.0 of this appendix for 
additional guidance. 

8.2 Filter conditioning. All sample filters 
used shall be conditioned immediately before 
both the pre- and post-sampling weighings as 
specified below. See reference 2 in section 
13.0 of this appendix for additional guidance. 

8.2.1 Mean temperature. 20 - 23 °C. 
8.2.2 Temperature control. ±2 °C over 24 

hours. 
8.2.3 Mean humidity. Generally, 30–40 per-

cent relative humidity; however, where it 
can be shown that the mean ambient relative 
humidity during sampling is less than 30 per-
cent, conditioning is permissible at a mean 
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relative humidity within ±5 relative humid-
ity percent of the mean ambient relative hu-
midity during sampling, but not less than 20 
percent. 

8.2.4 Humidity control. ±5 relative humidity 
percent over 24 hours. 

8.2.5 Conditioning time. Not less than 24 
hours. 

8.3 Weighing procedure. 
8.3.1 New filters should be placed in the 

conditioning environment immediately upon 
arrival and stored there until the pre-sam-
pling weighing. See reference 2 in section 13.0 
of this appendix for additional guidance. 

8.3.2 The analytical balance shall be lo-
cated in the same controlled environment in 
which the filters are conditioned. The filters 
shall be weighed immediately following the 
conditioning period without intermediate or 
transient exposure to other conditions or en-
vironments. 

8.3.3 Filters must be conditioned at the 
same conditions (humidity within ±5 relative 
humidity percent) before both the pre- and 
post-sampling weighings. 

8.3.4 Both the pre- and post-sampling 
weighings should be carried out on the same 
analytical balance, using an effective tech-
nique to neutralize static charges on the fil-
ter, under reference 2 in section 13.0 of this 
appendix. If possible, both weighings should 
be carried out by the same analyst. 

8.3.5 The pre-sampling (tare) weighing shall 
be within 30 days of the sampling period. 

8.3.6 The post-sampling conditioning and 
weighing shall be completed within 240 hours 
(10 days) after the end of the sample period, 
unless the filter sample is maintained at 
temperatures below the average ambient 
temperature during sampling (or 4 °C or 
below for average sampling temperatures 
less than 4 °C) during the time between re-
trieval from the sampler and the start of the 
conditioning, in which case the period shall 
not exceed 30 days. Reference 2 in section 
13.0 of this appendix has additional guidance 
on transport of cooled filters. 

8.3.7 Filter blanks. 
8.3.7.1 New field blank filters shall be 

weighed along with the pre-sampling (tare) 
weighing of each lot of PM2.5 filters. These 
blank filters shall be transported to the sam-
pling site, installed in the sampler, retrieved 
from the sampler without sampling, and re-
weighed as a quality control check. 

8.3.7.2 New laboratory blank filters shall be 
weighed along with the pre-sampling (tare) 
weighing of each set of PM2.5 filters. These 
laboratory blank filters should remain in the 
laboratory in protective containers during 
the field sampling and should be reweighed 
as a quality control check. 

8.3.8 Additional guidance for proper filter 
weighing and related quality assurance ac-
tivities is provided in reference 2 in section 
13.0 of this appendix. 

9.0 Calibration. Reference 2 in section 13.0 of 
this appendix contains additional guidance. 

9.1 General requirements. 
9.1.1 Multipoint calibration and single- 

point verification of the sampler’s flow rate 
measurement device must be performed peri-
odically to establish and maintain 
traceability of subsequent flow measure-
ments to a flow rate standard. 

9.1.2 An authoritative flow rate standard 
shall be used for calibrating or verifying the 
sampler’s flow rate measurement device with 
an accuracy of ±2 percent. The flow rate 
standard shall be a separate, stand-alone de-
vice designed to connect to the flow rate 
measurement adapter, Figure L–30 of this ap-
pendix. This flow rate standard must have 
its own certification and be traceable to a 
National Institute of Standards and Tech-
nology (NIST) primary standard for volume 
or flow rate. If adjustments to the sampler’s 
flow rate measurement system calibration 
are to be made in conjunction with an audit 
of the sampler’s flow measurement system, 
such adjustments shall be made following 
the audit. Reference 2 in section 13.0 of this 
appendix contains additional guidance. 

9.1.3 The sampler’s flow rate measurement 
device shall be re-calibrated after 
electromechanical maintenance or transport 
of the sampler. 

9.2 Flow rate calibration/verification proce-
dure. 

9.2.1 PM2.5 samplers may employ various 
types of flow control and flow measurement 
devices. The specific procedure used for cali-
bration or verification of the flow rate meas-
urement device will vary depending on the 
type of flow rate controller and flow rate 
measurement employed. Calibration shall be 
in terms of actual ambient volumetric flow 
rates (Qa), measured at the sampler’s inlet 
downtube. The generic procedure given here 
serves to illustrate the general steps in-
volved in the calibration of a PM2.5 sampler. 
The sampler operation/instruction manual 
required under section 7.4.18 of this appendix 
and the Quality Assurance Handbook in ref-
erence 2 in section 13.0 of this appendix pro-
vide more specific and detailed guidance for 
calibration. 

9.2.2 The flow rate standard used for flow 
rate calibration shall have its own certifi-
cation and be traceable to a NIST primary 
standard for volume or flow rate. A calibra-
tion relationship for the flow rate standard, 
e.g., an equation, curve, or family of curves 
relating actual flow rate (Qa) to the flow rate 
indicator reading, shall be established that is 
accurate to within 2 percent over the ex-
pected range of ambient temperatures and 
pressures at which the flow rate standard 
may be used. The flow rate standard must be 
re-calibrated or re-verified at least annually. 

9.2.3 The sampler flow rate measurement 
device shall be calibrated or verified by re-
moving the sampler inlet and connecting the 
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flow rate standard to the sampler’s downtube 
in accordance with the operation/instruction 
manual, such that the flow rate standard ac-
curately measures the sampler’s flow rate. 
The sampler operator shall first carry out a 
sampler leak check and confirm that the 
sampler passes the leak test and then verify 
that no leaks exist between the flow rate 
standard and the sampler. 

9.2.4 The calibration relationship between 
the flow rate (in actual L/min) indicated by 
the flow rate standard and by the sampler’s 
flow rate measurement device shall be estab-
lished or verified in accordance with the 
sampler operation/instruction manual. Tem-
perature and pressure corrections to the flow 
rate indicated by the flow rate standard may 
be required for certain types of flow rate 
standards. Calibration of the sampler’s flow 
rate measurement device shall consist of at 
least three separate flow rate measurements 
(multipoint calibration) evenly spaced with-
in the range of ¥10 percent to = 10 percent of 
the sampler’s operational flow rate, section 
7.4.1 of this appendix. Verification of the 
sampler’s flow rate shall consist of one flow 
rate measurement at the sampler’s oper-
ational flow rate. The sampler operation/in-
struction manual and reference 2 in section 
13.0 of this appendix provide additional guid-
ance. 

9.2.5 If during a flow rate verification the 
reading of the sampler’s flow rate indicator 
or measurement device differs by ±4 percent 
or more from the flow rate measured by the 
flow rate standard, a new multipoint calibra-
tion shall be performed and the flow rate 
verification must then be repeated. 

9.2.6 Following the calibration or 
verification, the flow rate standard shall be 
removed from the sampler and the sampler 
inlet shall be reinstalled. Then the sampler’s 
normal operating flow rate (in L/min) shall 
be determined with a clean filter in place. If 
the flow rate indicated by the sampler differs 
by ±2 percent or more from the required sam-
pler flow rate, the sampler flow rate must be 
adjusted to the required flow rate, under sec-
tion 7.4.1 of this appendix. 

9.3 Periodic calibration or verification of 
the calibration of the sampler’s ambient 
temperature, filter temperature, and baro-
metric pressure measurement systems is also 
required. Reference 3 of section 13.0 of this 
appendix contains additional guidance. 

10.0 PM2.5 Measurement Procedure. The de-
tailed procedure for obtaining valid PM2.5 
measurements with each specific sampler 
designated as part of a reference method for 
PM2.5 under part 53 of this chapter shall be 
provided in the sampler-specific operation or 
instruction manual required by section 7.4.18 
of this appendix. Supplemental guidance is 
provided in section 2.12 of the Quality Assur-
ance Handbook listed in reference 2 in sec-
tion 13.0 of this appendix. The generic proce-
dure given here serves to illustrate the gen-

eral steps involved in the PM2.5 sample col-
lection and measurement, using a PM2.5 ref-
erence method sampler. 

10.1 The sampler shall be set up, calibrated, 
and operated in accordance with the specific, 
detailed guidance provided in the specific 
sampler’s operation or instruction manual 
and in accordance with a specific quality as-
surance program developed and established 
by the user, based on applicable supple-
mentary guidance provided in reference 2 in 
section 13.0 of this appendix. 

10.2 Each new sample filter shall be in-
spected for correct type and size and for pin-
holes, particles, and other imperfections. Un-
acceptable filters should be discarded. A 
unique identification number shall be as-
signed to each filter, and an information 
record shall be established for each filter. If 
the filter identification number is not or 
cannot be marked directly on the filter, al-
ternative means, such as a number-identified 
storage container, must be established to 
maintain positive filter identification. 

10.3 Each filter shall be conditioned in the 
conditioning environment in accordance 
with the requirements specified in section 8.2 
of this appendix. 

10.4 Following conditioning, each filter 
shall be weighed in accordance with the re-
quirements specified in section 8.0 of this ap-
pendix and the presampling weight recorded 
with the filter identification number. 

10.5 A numbered and preweighed filter shall 
be installed in the sampler following the in-
structions provided in the sampler operation 
or instruction manual. 

10.6 The sampler shall be checked and pre-
pared for sample collection in accordance 
with instructions provided in the sampler op-
eration or instruction manual and with the 
specific quality assurance program estab-
lished for the sampler by the user. 

10.7 The sampler’s timer shall be set to 
start the sample collection at the beginning 
of the desired sample period and stop the 
sample collection 24 hours later. 

10.8 Information related to the sample col-
lection (site location or identification num-
ber, sample date, filter identification num-
ber, and sampler model and serial number) 
shall be recorded and, if appropriate, entered 
into the sampler. 

10.9 The sampler shall be allowed to collect 
the PM2.5 sample during the set 24-hour time 
period. 

10.10 Within 177 hours (7 days, 9 hours) of 
the end of the sample collection period, the 
filter, while still contained in the filter cas-
sette, shall be carefully removed from the 
sampler, following the procedure provided in 
the sampler operation or instruction manual 
and the quality assurance program, and 
placed in a protective container. The protec-
tive container shall contain no loose mate-
rial that could be transferred to the filter. 
The protective container shall hold the filter 
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cassette securely such that the cover shall 
not come in contact with the filter’s sur-
faces. Reference 2 in section 13.0 of this ap-
pendix contains additional information. 

10.11 The total sample volume in actual m3 
for the sampling period and the elapsed sam-
ple time shall be obtained from the sampler 
and recorded in accordance with the instruc-
tions provided in the sampler operation or 
instruction manual. All sampler warning 
flag indications and other information re-
quired by the local quality assurance pro-
gram shall also be recorded. 

10.12 All factors related to the validity or 
representativeness of the sample, such as 
sampler tampering or malfunctions, unusual 
meteorological conditions, construction ac-
tivity, fires or dust storms, etc. shall be re-
corded as required by the local quality assur-
ance program. The occurrence of a flag warn-
ing during a sample period shall not nec-
essarily indicate an invalid sample but rath-
er shall indicate the need for specific review 
of the QC data by a quality assurance officer 
to determine sample validity. 

10.13 After retrieval from the sampler, the 
exposed filter containing the PM2.5 sample 
should be transported to the filter condi-
tioning environment as soon as possible, 
ideally to arrive at the conditioning environ-
ment within 24 hours for conditioning and 
subsequent weighing. During the period be-
tween filter retrieval from the sampler and 
the start of the conditioning, the filter shall 
be maintained as cool as practical and con-
tinuously protected from exposure to tem-
peratures over 25 °C to protect the integrity 
of the sample and minimize loss of volatile 
components during transport and storage. 
See section 8.3.6 of this appendix regarding 
time limits for completing the post-sampling 
weighing. See reference 2 in section 13.0 of 
this appendix for additional guidance on 
transporting filter samplers to the condi-
tioning and weighing laboratory. 

10.14. The exposed filter containing the 
PM2.5 sample shall be re-conditioned in the 
conditioning environment in accordance 
with the requirements specified in section 8.2 
of this appendix. 

10.15. The filter shall be reweighed imme-
diately after conditioning in accordance 
with the requirements specified in section 8.0 
of this appendix, and the postsampling 
weight shall be recorded with the filter iden-
tification number. 

10.16 The PM2.5 concentration shall be cal-
culated as specified in section 12.0 of this ap-
pendix. 

11.0 Sampler Maintenance. The sampler 
shall be maintained as described by the sam-
pler’s manufacturer in the sampler-specific 
operation or instruction manual required 
under section 7.4.18 of this appendix and in 
accordance with the specific quality assur-
ance program developed and established by 
the user based on applicable supplementary 
guidance provided in reference 2 in section 
13.0 of this appendix. 

12.0 Calculations 
12.1 (a) The PM2.5 concentration is cal-

culated as: 

PM2.5 = (Wf ¥ Wi)/Va 

where: 

PM2.5 = mass concentration of PM2.5, μg/m3; 
Wf, Wi = final and initial weights, respec-

tively, of the filter used to collect the 
PM2.5 particle sample, μg; 

Va = total air volume sampled in actual vol-
ume units, as provided by the sampler, 
m3. 

NOTE: Total sample time must be between 
1,380 and 1,500 minutes (23 and 25 hrs) for a 
fully valid PM2.5 sample; however, see also 
section 3.3 of this appendix. 

13.0 References. 
1. Quality Assurance Handbook for Air Pol-

lution Measurement Systems, Volume I, 
Principles. EPA/600/R–94/038a, April 1994. 
Available from CERI, ORD Publications, 
U.S. Environmental Protection Agency, 26 
West Martin Luther King Drive, Cincinnati, 
Ohio 45268. 

2. Quality Assurance Guidance Document 
2.12. Monitoring PM2.5 in Ambient Air Using 
Designated Reference or Class I Equivalent 
Methods. U.S. EPA, National Exposure Re-
search Laboratory. Research Triangle Park, 
NC, November 1988 or later edition. Cur-
rently available at: http://www.epa.gov/ttn/ 
amtic/pmqainf.html. 

3. Quality Assurance Handbook for Air Pol-
lution Measurement Systems, Volume IV: 
Meteorological Measurements, (Revised Edi-
tion) EPA/600/R–94/038d, March, 1995. Avail-
able from CERI, ORD Publications, U.S. En-
vironmental Protection Agency, 26 West 
Martin Luther King Drive, Cincinnati, Ohio 
45268. 

4. Military standard specification (mil. 
spec.) 8625F, Type II, Class 1 as listed in De-
partment of Defense Index of Specifications 
and Standards (DODISS), available from 
DODSSP-Customer Service, Standardization 
Documents Order Desk, 700 Robbins Avenue, 
Building 4D, Philadelphia, PA 1911–5094. 

14.0 Figures L–1 through L–30 to Appendix L. 
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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 PM2.5 

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 
PM2.5 are met, specifically the primary and 
secondary annual and 24-hour PM2.5 NAAQS 
specified in § 50.7, 50.13, and 50.18. PM2.5 is de-
fined, in general terms, as particles with an 
aerodynamic diameter less than or equal to 
a nominal 2.5 micrometers. PM2.5 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 PM2.5 NAAQS. 
The data handling and computation proce-
dures to be used to construct annual and 24- 
hour NAAQS metrics from reported PM2.5 
mass concentrations, and the associated in-
structions for comparing these calculated 
metrics to the levels of the PM2.5 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., PM2.5 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-

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 PM2.5 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 PM2.5 
NAAQS design value (DV) or a 24-hour PM2.5 
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 PM2.5 annual 
mean mass concentrations for each eligible 
monitoring site is referred to as the ‘‘annual 
PM2.5 NAAQS DV’’. 

(2) The 3-year average of annual 98th per-
centile 24-hour average PM2.5 mass con-
centration values recorded at each eligible 
monitoring site is referred to as the ‘‘24-hour 
(or daily) PM2.5 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 PM2.5 NAAQS. 
For the 24-hour PM2.5 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 substi-
tution test substitutes actual ‘‘high’’ reported 
daily PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 NAAQS, suitable monitors in-
clude all FRMs, and all FEMs/ARMs except 

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 
PM2.5 NAAQS DV with incomplete data are 
judged to be valid for NAAQS comparisons. 
There are two TDVs: TDVmin to determine if 
the NAAQS is not met and is used in the 
‘‘minimum quarterly value’’ data substi-
tution test and TDVmax 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 PM2.5 NAAQS. 

(b) Monitors meeting the network tech-
nical requirements detailed in § 58.11 of this 
chapter are suitable for comparison with the 
NAAQS for PM2.5. 

(c) Section 58.12 of this chapter specifies 
the required minimum frequency of sampling 
for PM2.5. 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 PM2.5 

(a) Except as otherwise provided in this ap-
pendix, all valid FRM/FEM/ARM PM2.5 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 § 58.15 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) PM2.5 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 (μg/m3) 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 PM2.5 data are available to 
EPA but not reported to AQS, the same trun-
cation protocol shall be applied to that data. 
In situations where PM2.5 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 PM2.5 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 PM2.5 NAAQS 
(i.e., greater than or equal to 35.5 μg/m3). 
Twenty-four hour average PM2.5 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 PM2.5 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 

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 PM2.5 NAAQS 

4.1 Annual PM2.5 NAAQS 

(a) The primary annual PM2.5 NAAQS is 
met when the annual PM2.5 NAAQS DV is 
less than or equal to 12.0 μg/m3 at each eligi-
ble monitoring site. The secondary annual 
PM2.5 NAAQS is met when the annual PM2.5 
NAAQS DV is less than or equal to 15.0 μg/m3 
at each eligible monitoring site. 

(b) Three years of valid annual means are 
required to produce a valid annual PM2.5 
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 PM2.5 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 PM2.5 NAAQS. Furthermore, where 
the explicit 75 percent data capture and/or 11 
sample minimum requirements are not met, 
the 3-year annual PM2.5 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 PM2.5 NAAQS 
DV, the annual PM2.5 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 PM2.5 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 PM2.5 NAAQS test DV 
(TDVmin) that is greater than the level of the 
standard, then the annual PM2.5 NAAQS DV 
is deemed to have passed the diagnostic test 
and is valid, and the annual PM2.5 NAAQS is 
deemed to have been violated in that 3-year 
period. 

(ii) An annual PM2.5 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 PM2.5 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 PM2.5 
NAAQS test DV (TDVmax) that is less than or 
equal to the level of the standard, then the 
annual PM2.5 NAAQS DV is deemed to have 
passed the diagnostic test and is valid, and 
the annual PM2.5 NAAQS is deemed to have 
been met in that 3-year period. 

(d) An annual PM2.5 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 PM2.5 NAAQS DVs are given in section 
4.4 of this appendix. 

4.2 Twenty-four-hour PM2.5 NAAQS 

(a) The primary and secondary 24-hour 
PM2.5 NAAQS are met when the 24-hour PM2.5 
NAAQS DV at each eligible monitoring site 
is less than or equal to 35 μg/m3. 

(b) Three years of valid annual PM2.5 98th 
percentile mass concentrations are required 
to produce a valid 24-hour PM2.5 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 valid, 
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 PM2.5 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 PM2.5 NAAQS 
DV, the 24-hour PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 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 PM2.5 NAAQS 
DV is deemed to have passed the diagnostic 
test and is valid, and the 24-hour PM2.5 
NAAQS is deemed to have been met in that 
3-year period. 

(d) A 24-hour PM2.5 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 

nearby concentrations in determining 
whether to use such data. 

(e) The procedures and equations for calcu-
lating the 24-hour PM2.5 NAAQS DVs are 
given in section 4.5 of this appendix. 

4.3 Rounding Conventions. For the pur-
poses of comparing calculated PM2.5 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 PM2.5 NAAQS DVs shall be 
rounded to the nearest tenth of a μg/m3 (deci-
mals x.x5 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 PM2.5 NAAQS DVs 
shall be rounded to the nearest 1 μg/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 PM2.5 NAAQS. 

(a) An annual mean value for PM2.5 is de-
termined by first averaging the daily values 
of a calendar quarter using equation 1 of this 
appendix: 

Where: 
X̄q,y = the mean for quarter q of the year y; 
nq = the number of daily values in the quar-

ter; and 

xi q,y = the ith value in quarter q for year y. 

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

Where: 

X̄y = the annual mean concentration for year 
y (y = 1, 2, or 3); and 

X̄q,y = the mean for quarter q of year y (result 
of equation 1). 

(c) The annual PM2.5 NAAQS DV is cal-
culated using equation 3 of this appendix: 
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Where: 
X̄ = the annual PM2.5 NAAQS DV; and 
X̄y = the annual mean for year y (result of 

equation 2) 
(d) The annual PM2.5 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 
PM2.5 NAAQS are made. 

4.5 Procedures and Equations for the 24-Hour 
PM2.5 NAAQS 

(a) When the data for a particular site and 
year 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 

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 (cny) (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, P0.98, 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 

Annual number of creditable 
samples for year y (cny) 

The 98th percentile for year y 
(P0.98,y), is the nth maximum 

24-hour average value for the 
year where n is the listed num-

ber 

1 to 50 ................................. 1 
51 to 100 ............................. 2 
101 to 150 ........................... 3 
151 to 200 ........................... 4 
201 to 250 ........................... 5 
251 to 300 ........................... 6 
301 to 350 ........................... 7 
351 to 366 ........................... 8 

(b) The 24-hour PM2.5 NAAQS DV is then 
calculated by averaging the annual 98th per-
centiles using equation 4 of this appendix: 
P0.98,y 

Where: 
P̄0.98 = the 24-hour PM2.5 NAAQS DV; and 
P0.98, y = the annual 98th percentile for year 

y 

(c) The 24-hour PM2.5 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 3277, Jan. 15, 2013] 

APPENDIX O TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
COARSE PARTICULATE MATTER AS 
PM10–2.5 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 (PM10–2.5) 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, 
PM10–2.5 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, PM10–2.5 
concentrations shall be measured as the 
arithmetic difference between separate but 
concurrent, collocated measurements of 
PM10 and PM2.5, where the PM10 measure-
ments are obtained with a specially approved 
sampler, identified as a ‘‘PM10c sampler,’’ 
that meets more demanding performance re-
quirements than conventional PM10 samplers 
described in appendix J of this part. Meas-
urements obtained with a PM10c sampler are 
identified as ‘‘PM10c measurements’’ to dis-
tinguish them from conventional PM10 meas-
urements obtained with conventional PM10 
samplers. Thus, PM10–2.5 = PM10c ¥ PM2.5. 

1.4 The PM10c and PM2.5 gravimetric meas-
urement processes are considered to be non-
destructive, and the PM10c and PM2.5 samples 
obtained in the PM10–2.5 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 PM2.5, are generally applicable for 
PM10c, and, hence, PM10–2.5 measurements 
under this method, as well. 

1.6 A method based on specific model 
PM10c and PM2.5 samplers will be considered 
a reference method for purposes of part 58 of 
this chapter only if: 

(a) The PM10c and PM2.5 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 PM10–2.5 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 

from those specifications may be designated 
as ‘‘Class I’’ equivalent methods for PM10–2.5 
in accordance with part 53 of this chapter. 

1.8 PM2.5 measurements obtained inci-
dental to the PM10–2.5 measurements by this 
method shall be considered to have been ob-
tained with a reference method for PM2.5 in 
accordance with appendix L of this part. 

1.9 PM10c measurements obtained inci-
dental to the PM10–2.5 measurements by this 
method shall be considered to have been ob-
tained with a reference method for PM10 in 
accordance with appendix J of this part, pro-
vided that: 

(a) The PM10c measurements are adjusted 
to EPA reference conditions (25 °C and 760 
millimeters of mercury), and 

(b) Such PM10c measurements are appro-
priately identified to differentiate them 
from PM10 measurements obtained with 
other (conventional) methods for PM10 des-
ignated in accordance with part 53 of this 
chapter as reference or equivalent methods 
for PM10. 

2.0 Principle 

2.1 Separate, collocated, electrically pow-
ered air samplers for PM10c and PM2.5 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 PM10 or 
PM2.5 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 PM10–2.5 reference method are specified 
either explicitly in this appendix or by ref-
erence to other applicable regulations or 
quality assurance guidance. 

2.2 Each PM10c and PM2.5 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 PM10c or 
PM2.5. 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 
PM10c and PM2.5 in the ambient air are com-
puted as the total mass of collected particles 
in the PM10 or PM2.5 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 (μg/ 
m3)at local temperature and pressure condi-
tions. The mass concentration of PM10–2.5 is 
determined as the PM10c concentration value 
less the corresponding, concurrently meas-
ured PM2.5 concentration value. 

2.3 Most requirements for PM10–2.5 ref-
erence methods are similar or identical to 
the requirements for PM2.5 reference meth-
ods as set forth in appendix L to this part. 
To insure uniformity, applicable appendix L 
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requirements are incorporated herein by ref-
erence in the sections where indicated rather 
than repeated in this appendix. 

3.0 PM10–2.5 Measurement Range 

3.1 Lower concentration limit. The lower de-
tection limit of the mass concentration 
measurement range is estimated to be ap-
proximately 3 μg/m3, based on the observed 
precision of PM2.5 measurements in the na-
tional PM2.5 monitoring network, the prob-
able similar level of precision for the 
matched PM10c measurements, and the addi-
tional variability arising from the differen-
tial nature of the measurement process. This 
value is provided merely as a guide to the 
significance of low PM10–2.5 concentration 
measurements. 

3.2 Upper concentration limit. The upper 
limit of the mass concentration range is de-
termined principally by the PM10c filter mass 
loading beyond which the sampler can no 
longer maintain the operating flow rate 
within specified limits due to increased pres-
sure drop across the loaded filter. This upper 
limit cannot be specified precisely because it 
is a complex function of the ambient particle 
size distribution and type, humidity, the in-
dividual filter used, the capacity of the sam-
pler flow rate control system, and perhaps 
other factors. All PM10c samplers are esti-
mated to be capable of measuring 24-hour 
mass concentrations of at least 200 μg/m3 
while maintaining the operating flow rate 
within the specified limits. The upper limit 
for the PM10–2.5 measurement is likely to be 
somewhat lower because the PM10–2.5 con-
centration represents only a fraction of the 
PM10 concentration. 

3.3 Sample period. The required sample pe-
riod for PM10–2.5 concentration measurements 
by this method shall be at least 1,380 min-
utes but not more than 1,500 minutes (23 to 
25 hours), and the start times of the PM2.5 
and PM10c samples are within 10 minutes and 
the stop times of the samples are also within 
10 minutes (see section 10.4 of this appendix). 

4.0 Accuracy (bias) 

4.1 Because the size, density, and vola-
tility of the particles making up ambient 
particulate matter vary over wide ranges 
and the mass concentration of particles var-
ies with particle size, it is difficult to define 
the accuracy of PM10–2.5 measurements in an 
absolute sense. Furthermore, generation of 
credible PM10–2.5 concentration standards at 
field monitoring sites and presenting or in-
troducing such standards reliably to sam-
plers or monitors to assess accuracy is still 
generally impractical. The accuracy of 
PM10–2.5 measurements is therefore defined in 
a relative sense as bias, referenced to meas-
urements provided by other reference meth-
od samplers or based on flow rate 

verification audits or checks, or on other 
performance evaluation procedures. 

4.2 Measurement system bias for moni-
toring data is assessed according to the pro-
cedures and schedule set forth in part 58, ap-
pendix A of this chapter. The goal for the 
measurement uncertainty (as bias) for moni-
toring data is defined in part 58, appendix A 
of this chapter as an upper 95 percent con-
fidence limit for the absolute bias of 15 per-
cent. Reference 1 in section 13 of this appen-
dix provides additional information and 
guidance on flow rate accuracy audits and 
assessment of bias. 

5.0 Precision 

5.1 Tests to establish initial measurement 
precision for each sampler of the reference 
method sampler pair are specified as a part 
of the requirements for designation as a ref-
erence method under part 53 of this chapter. 

5.2 Measurement system precision is as-
sessed according to the procedures and 
schedule set forth in appendix A to part 58 of 
this chapter. The goal for acceptable meas-
urement uncertainty, as precision, of moni-
toring data is defined in part 58, appendix A 
of this chapter as an upper 95 percent con-
fidence limit for the coefficient of variation 
(CV) of 15 percent. Reference 1 in section 13 
of this appendix provides additional informa-
tion and guidance on this requirement. 

6.0 Filters for PM10c and PM2.5 Sample Col-
lection. Sample collection filters for both 
PM10c and PM2.5 measurements shall be iden-
tical and as specified in section 6 of appendix 
L to this part. 

7.0 Sampler. The PM10–2.5 sampler shall 
consist of a PM10c sampler and a PM2.5 sam-
pler, as follows: 

7.1 The PM2.5 sampler shall be as specified 
in section 7 of appendix L to this part. 

7.2 The PM10c sampler shall be of like 
manufacturer, design, configuration, and 
fabrication to that of the PM2.5 sampler and 
as specified in section 7 of appendix L to this 
part, except as follows: 

7.2.1 The particle size separator specified 
in section 7.3.4 of appendix L to this part 
shall be eliminated and replaced by a 
downtube extension fabricated as specified in 
Figure O–1 of this appendix. 

7.2.2 The sampler shall be identified as a 
PM10c sampler on its identification label re-
quired under § 53.9(d) of this chapter. 

7.2.3 The average temperature and aver-
age barometric pressure measured by the 
sampler during the sample period, as de-
scribed in Table L–1 of appendix L to this 
part, need not be reported to EPA’s AQS 
data base, as required by section 7.4.19 and 
Table L–1 of appendix L to this part, pro-
vided such measurements for the sample pe-
riod determined by the associated PM2.5 sam-
pler are reported as required. 
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7.3 In addition to the operation/instruc-
tion manual required by section 7.4.18 of ap-
pendix L to this part for each sampler, sup-
plemental operational instructions shall be 
provided for the simultaneous operation of 
the samplers as a pair to collect concurrent 
PM10c and PM2.5 samples. The supplemental 
instructions shall cover any special proce-
dures or guidance for installation and setup 
of the samplers for PM10–2.5 measurements, 
such as synchronization of the samplers’ 
clocks or timers, proper programming for 
collection of concurrent samples, and any 
other pertinent issues related to the simulta-
neous, coordinated operation of the two sam-
plers. 

7.4 Capability for electrical interconnec-
tion of the samplers to simplify sample pe-
riod programming and further ensure simul-
taneous operation is encouraged but not re-
quired. Any such capability for interconnec-
tion shall not supplant each sampler’s capa-
bility to operate independently, as required 
by section 7 of appendix L of this part. 

8.0 Filter Weighing 

8.1 Conditioning and weighing for both 
PM10c and PM2.5 sample filters shall be as 
specified in section 8 of appendix L to this 
part. See reference 1 of section 13 of this ap-
pendix for additional, more detailed guid-
ance. 

8.2 Handling, conditioning, and weighing 
for both PM10c and PM2.5 sample filters shall 
be matched such that the corresponding 
PM10c and PM2.5 filters of each filter pair re-
ceive uniform treatment. The PM10c and 
PM2.5 sample filters should be weighed on the 
same balance, preferably in the same weigh-
ing session and by the same analyst. 

8.3 Due care shall be exercised to accu-
rately maintain the paired relationship of 
each set of concurrently collected PM10c and 
PM2.5 sample filters and their net weight 
gain data and to avoid misidentification or 
reversal of the filter samples or weight data. 
See Reference 1 of section 13 of this appendix 
for additional guidance. 

9.0 Calibration. Calibration of the flow 
rate, temperature measurement, and pres-
sure measurement systems for both the 
PM10c and PM2.5 samplers shall be as speci-
fied in section 9 of appendix L to this part. 

10.0 PM10–2.5 Measurement Procedure 

10.1 The PM10c and PM2.5 samplers shall be 
installed at the monitoring site such that 
their ambient air inlets differ in vertical 
height by not more than 0.2 meter, if pos-
sible, but in any case not more than 1 meter, 
and the vertical axes of their inlets are sepa-
rated by at least 1 meter but not more than 
4 meters, horizontally. 

10.2 The measurement procedure for PM10c 
shall be as specified in section 10 of appendix 

L to this part, with ‘‘PM10c’’ substituted for 
‘‘PM2.5’’ wherever it occurs in that section. 

10.3 The measurement procedure for PM2.5 
shall be as specified in section 10 of appendix 
L to this part. 

10.4 For the PM10–2.5 measurement, the 
PM10c and PM2.5 samplers shall be pro-
grammed to operate on the same schedule 
and such that the sample period start times 
are within 5 minutes and the sample dura-
tion times are within 5 minutes. 

10.5 Retrieval, transport, and storage of 
each PM10c and PM2.5 sample pair following 
sample collection shall be matched to the ex-
tent practical such that both samples experi-
ence uniform conditions. 

11.0 Sampler Maintenance. Both PM10c and 
PM2.5 samplers shall be maintained as de-
scribed in section 11 of appendix L to this 
part. 

12.0 Calculations 

12.1 Both concurrent PM10c and PM2.5 
measurements must be available, valid, and 
meet the conditions of section 10.4 of this ap-
pendix to determine the PM10–2.5 mass con-
centration. 

12.2 The PM10c mass concentration is cal-
culated using equation 1 of this section: 

Equation 1

PM
W W

Vc
f i

a
10 =

−( )

Where: 
PM10c = mass concentration of PM10c, μg/m3; 
Wf, Wi = final and initial masses (weights), 

respectively, of the filter used to collect 
the PM10c particle sample, μg; 

Va = total air volume sampled by the PM10c 
sampler in actual volume units measured 
at local conditions of temperature and 
pressure, as provided by the sampler, m3. 

NOTE: Total sample time must be between 
1,380 and 1,500 minutes (23 and 25 hrs) for a 
fully valid PM10c sample; however, see also 
section 3.3 of this appendix. 

12.3 The PM2.5 mass concentration is cal-
culated as specified in section 12 of appendix 
L to this part. 

12.4 The PM10
¥

2.5 mass concentration, in 
μg/m3, is calculated using Equation 2 of this 
section: 

  Equation 2

PM PM PMc10 2 5 10 2 5− = −. .

13.0 Reference 

1. Quality Assurance Guidance Document 
2.12. Monitoring PM2.5 in Ambient Air Using 
Designated Reference or Class I Equivalent 
Methods. Draft, November 1998 (or later 
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version or supplement, if available). Avail-
able at: www.epa.gov/ttn/amtic/pgqa.html. 

14.0 Figures 

Figure O–1 is included as part of this ap-
pendix O. 
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[71 FR 61230, Oct. 17, 2006] 

APPENDIX P TO PART 50—INTERPRETA-
TION OF THE PRIMARY AND SEC-
ONDARY NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

1. General 

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining whether the national 
8-hour primary and secondary ambient air 
quality standards for ozone (O3) specified in 
§ 50.15 are met at an ambient O3 air quality 
monitoring site. Ozone is measured in the 
ambient air by a reference method based on 
appendix D of this part, as applicable, 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. Data reporting, data handling, and 
computation procedures to be used in mak-
ing comparisons between reported O3 con-
centrations and the levels of the O3 stand-
ards are specified in the following sections. 
Whether to exclude, retain, or make adjust-
ments to the data affected by exceptional 
events, including stratospheric O3 intrusion 
and other natural events, is determined by 
the requirements under §§ 50.1, 50.14 and 
51.930. 

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

8-hour average is the rolling average of 
eight hourly O3 concentrations as explained 
in section 2 of this appendix. 

Annual fourth-highest daily maximum refers 
to the fourth highest value measured at a 
monitoring site during a particular year. 

Daily maximum 8-hour average concentration 
refers to the maximum calculated 8-hour av-
erage for a particular day as explained in 
section 2 of this appendix. 

Design values are the metrics (i.e., statis-
tics) that are compared to the NAAQS levels 
to determine compliance, calculated as 
shown in section 3 of this appendix. 

O3 monitoring season refers to the span of 
time within a calendar year when individual 
States are required to measure ambient O3 
concentrations as listed in part 58 appendix 
D to this chapter. 

Year refers to calendar year. 

2. Primary and Secondary Ambient Air 
Quality Standards for Ozone 

2.1 Data Reporting and Handling 
Conventions 

Computing 8-hour averages. Hourly average 
concentrations shall be reported in parts per 
million (ppm) to the third decimal place, 
with additional digits to the right of the 
third decimal place truncated. Running 8- 
hour averages shall be computed from the 
hourly O3 concentration data for each hour 

of the year and shall be stored in the first, or 
start, hour of the 8-hour period. An 8-hour 
average shall be considered valid if at least 
75% of the hourly averages for the 8-hour pe-
riod are available. In the event that only 6 or 
7 hourly averages are available, the 8-hour 
average shall be computed on the basis of the 
hours available using 6 or 7 as the divisor. 8- 
hour periods with three or more missing 
hours shall be considered valid also, if, after 
substituting one-half the minimum detect-
able limit for the missing hourly concentra-
tions, the 8-hour average concentration is 
greater than the level of the standard. The 
computed 8-hour average O3 concentrations 
shall be reported to three decimal places (the 
digits to the right of the third decimal place 
are truncated, consistent with the data han-
dling procedures for the reported data). 

Daily maximum 8-hour average concentra-
tions. (a) There are 24 possible running 8-hour 
average O3 concentrations for each calendar 
day during the O3 monitoring season. The 
daily maximum 8-hour concentration for a 
given calendar day is the highest of the 24 
possible 8-hour average concentrations com-
puted for that day. This process is repeated, 
yielding a daily maximum 8-hour average O3 
concentration for each calendar day with 
ambient O3 monitoring data. Because the 8- 
hour averages are recorded in the start hour, 
the daily maximum 8-hour concentrations 
from two consecutive days may have some 
hourly concentrations in common. Gen-
erally, overlapping daily maximum 8-hour 
averages are not likely, except in those non- 
urban monitoring locations with less pro-
nounced diurnal variation in hourly con-
centrations. 

(b) An O3 monitoring day shall be counted 
as a valid day if valid 8-hour averages are 
available for at least 75% of possible hours in 
the day (i.e., at least 18 of the 24 averages). 
In the event that less than 75% of the 8-hour 
averages are available, a day shall also be 
counted as a valid day if the daily maximum 
8-hour average concentration for that day is 
greater than the level of the standard. 

2.2 Primary and Secondary Standard- 
related Summary Statistic 

The standard-related summary statistic is 
the annual fourth-highest daily maximum 8- 
hour O3 concentration, expressed in parts per 
million, averaged over three years. The 3- 
year average shall be computed using the 
three most recent, consecutive calendar 
years of monitoring data meeting the data 
completeness requirements described in this 
appendix. The computed 3-year average of 
the annual fourth-highest daily maximum 8- 
hour average O3 concentrations shall be re-
ported to three decimal places (the digits to 
the right of the third decimal place are trun-
cated, consistent with the data handling pro-
cedures for the reported data). 
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2.3 Comparisons with the Primary and 
Secondary Ozone Standards 

(a) The primary and secondary O3 ambient 
air quality standards are met at an ambient 
air quality monitoring site when the 3-year 
average of the annual fourth-highest daily 
maximum 8-hour average O3 concentration is 
less than or equal to 0.075 ppm. 

(b) This comparison shall be based on three 
consecutive, complete calendar years of air 
quality monitoring data. This requirement is 
met for the 3-year period at a monitoring 
site if daily maximum 8-hour average con-
centrations are available for at least 90% of 
the days within the O3 monitoring season, on 
average, for the 3-year period, with a min-
imum data completeness requirement in any 
one year of at least 75% of the days within 
the O3 monitoring season. When computing 
whether the minimum data completeness re-
quirements have been met, meteorological or 
ambient data may be sufficient to dem-

onstrate that meteorological conditions on 
missing days were not conducive to con-
centrations above the level of the standard. 
Missing days assumed less then the level of 
the standard are counted for the purpose of 
meeting the data completeness requirement, 
subject to the approval of the appropriate 
Regional Administrator. 

(c) Years with concentrations greater than 
the level of the standard shall be included 
even if they have less than complete data. 
Thus, in computing the 3-year average 
fourth maximum concentration, calendar 
years with less than 75% data completeness 
shall be included in the computation if the 3- 
year average fourth-highest 8-hour con-
centration is greater than the level of the 
standard. 

(d) Comparisons with the primary and sec-
ondary O3 standards are demonstrated by ex-
amples 1 and 2 in paragraphs (d)(1) and (d)(2) 
respectively as follows: 

EXAMPLE 1—AMBIENT MONITORING SITE ATTAINING THE PRIMARY AND SECONDARY O3 STANDARDS 

Year 

Percent valid 
days (within 
the required 
monitoring 

season) 

1st Highest 
daily max 8- 
hour Conc. 

(ppm) 

2nd Highest 
daily max 8- 
hour Conc. 

(ppm) 

3rd Highest 
daily max 8- 
hour Conc. 

(ppm) 

4th Highest 
daily max 8- 
hour Conc. 

(ppm) 

5th Highest 
daily max 8- 
hour Conc. 

(ppm) 

2004 .............................. 100 0.092 0.090 0.085 0.079 0.078 
2005 .............................. 96 0.084 0.083 0.075 0.072 0.070 
2006 .............................. 98 0.080 0.079 0.077 0.076 0.060 

Average .................. 98 ........................ ........................ ........................ 0.075 ........................

(1) As shown in Example 1, this monitoring 
site meets the primary and secondary O3 
standards because the 3-year average of the 
annual fourth-highest daily maximum 8-hour 
average O3 concentrations (i.e., 0.075666 * * * 
ppm, truncated to 0.075 ppm) is less than or 
equal to 0.075 ppm. The data completeness 
requirement is also met because the average 

percent of days within the required moni-
toring season with valid ambient monitoring 
data is greater than 90%, and no single year 
has less than 75% data completeness. In Ex-
ample 1, the individual 8-hour averages used 
to determine the annual fourth maximum 
have also been truncated to the third dec-
imal place. 

EXAMPLE 2—AMBIENT MONITORING SITE FAILING TO MEET THE PRIMARY AND SECONDARY O3 
STANDARDS 

Year 

Percent valid 
days (within 
the required 
monitoring 

season) 

1st Highest 
daily max 8- 
hour Conc. 

(ppm) 

2nd Highest 
daily max 8- 
hour Conc. 

(ppm) 

3rd Highest 
daily max 8- 
hour Conc. 

(ppm) 

4th Highest 
daily max 8- 
hour Conc. 

(ppm) 

5th Highest 
daily max 8- 
hour Conc. 

(ppm) 

2004 .............................. 96 0.105 0.103 0.103 0.103 0.102 
2005 .............................. 74 0.104 0.103 0.092 0.091 0.088 
2006 .............................. 98 0.103 0.101 0.101 0.095 0.094 

Average .................. 89 ........................ ........................ ........................ 0.096 ........................

As shown in Example 2, the primary and 
secondary O3 standards are not met for this 
monitoring site because the 3-year average 
of the fourth-highest daily maximum 8-hour 
average O3 concentrations (i.e., 0.096333 * * * 
ppm, truncated to 0.096 ppm) is greater than 

0.075 ppm, even though the data capture is 
less than 75% and the average data capture 
for the 3 years is less than 90% within the re-
quired monitoring season. In Example 2, the 
individual 8-hour averages used to determine 
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the annual fourth maximum have also been 
truncated to the third decimal place. 

3. Design Values for Primary and Secondary 
Ambient Air Quality Standards for Ozone 

The air quality design value at a moni-
toring site is defined as that concentration 
that when reduced to the level of the stand-
ard ensures that the site meets the standard. 
For a concentration-based standard, the air 
quality design value is simply the standard- 
related test statistic. Thus, for the primary 
and secondary standards, the 3-year average 
annual fourth-highest daily maximum 8-hour 
average O3 concentration is also the air qual-
ity design value for the site. 

[73 FR 16511, Mar. 27, 2008] 

APPENDIX Q TO PART 50—REFERENCE 
METHOD FOR THE DETERMINATION OF 
LEAD IN PARTICULATE MATTER AS 
PM10 COLLECTED FROM AMBIENT 
AIR 

This Federal Reference Method (FRM) 
draws heavily from the specific analytical 
protocols used by the U.S. EPA. 

1. Applicability and Principle 
1.1 This method provides for the measure-

ment of the lead (Pb) concentration in par-
ticulate matter that is 10 micrometers or 
less (PM10) in ambient air. PM10 is collected 
on an acceptable (see section 6.1.2) 46.2 mm 
diameter polytetrafluoroethylene (PTFE) fil-
ter for 24 hours using active sampling at 
local conditions with a low-volume air sam-
pler. The low-volume sampler has an average 
flow rate of 16.7 liters per minute (Lpm) and 
total sampled volume of 24 cubic meters (m3) 
of air. The analysis of Pb in PM10 is per-
formed on each individual 24-hour sample. 
Gravimetric mass analysis of PM10c filters is 
not required for Pb analysis. For the purpose 
of this method, PM10 is defined as particulate 
matter having an aerodynamic diameter in 
the nominal range of 10 micrometers (10 μm) 
or less. 

1.2 For this reference method, PM10 shall 
be collected with the PM10c federal reference 
method (FRM) sampler as described in ap-
pendix O to Part 50 using the same sample 
period, measurement procedures, and re-
quirements specified in appendix L of Part 
50. The PM10c sampler is also being used for 
measurement of PM10

¥
2.5 mass by difference 

and as such, the PM10c sampler must also 
meet all of the performance requirements 
specified for PM2.5 in appendix L. The con-
centration of Pb in the atmosphere is deter-
mined in the total volume of air sampled and 
expressed in micrograms per cubic meter (μg/ 
m3) at local temperature and pressure condi-
tions. 

1.3 The FRM will serve as the basis for ap-
proving Federal Equivalent Methods (FEMs) 
as specified in 40 CFR Part 53 (Reference and 

Equivalent Methods). This FRM specifically 
applies to the analysis of Pb in PM10 filters 
collected with the PM10c sampler. If these fil-
ters are analyzed for elements other than Pb, 
then refer to the guidance provided in the 
EPA Inorganic Compendium Method IO–3.3 
(Reference 1 of section 8) for multi-element 
analysis. 

1.4 The PM10c air sampler draws ambient 
air at a constant volumetric flow rate into a 
specially shaped inlet and through an iner-
tial particle size separator, where the sus-
pended particulate matter in the PM10 size 
range is separated for collection on a PTFE 
filter over the specified sampling period. The 
Pb content of the PM10 sample is analyzed by 
energy-dispersive X-ray fluorescence spec-
trometry (EDXRF). Energy-dispersive X-ray 
fluorescence spectrometry provides a means 
for identification of an element by measure-
ment of its characteristic X-ray emission en-
ergy. The method allows for quantification 
of the element by measuring the intensity of 
X-rays emitted at the characteristic photon 
energy and then relating this intensity to 
the elemental concentration. The number or 
intensity of X-rays produced at a given en-
ergy provides a measure of the amount of the 
element present by comparisons with cali-
bration standards. The X-rays are detected 
and the spectral signals are acquired and 
processed with a personal computer. EDXRF 
is commonly used as a non-destructive meth-
od for quantifying trace elements in PM. A 
detailed explanation of quantitative X-ray 
spectrometry is described in references 2, 3 
and 4. 

1.5 Quality assurance (QA) procedures for 
the collection of monitoring data are con-
tained in Part 58, appendix A. 

2. PM10Pb Measurement Range and Detection 
Limit. The values given below in section 2.1 
and 2.2 are typical of the method capabili-
ties. Absolute values will vary for individual 
situations depending on the instrument, de-
tector age, and operating conditions used. 
Data are typically reported in ng/m3 for am-
bient air samples; however, for this reference 
method, data will be reported in μg/m3 at 
local temperature and pressure conditions. 

2.1 EDXRF Pb Measurement Range. The 
typical ambient air measurement range is 
0.001 to 30 μg Pb/m3, assuming an upper range 
calibration standard of about 60 μg Pb per 
square centimeter (cm2), a filter deposit area 
of 11.86 cm2, and an air volume of 24 m3. The 
top range of the EDXRF instrument is much 
greater than what is stated here. The top 
measurement range of quantification is de-
fined by the level of the high concentration 
calibration standard used and can be in-
creased to expand the measurement range as 
needed. 

2.2 Detection Limit (DL). A typical esti-
mate of the one-sigma detection limit (DL) 
is about 2 ng Pb/cm2 or 0.001 μg Pb/m3, assum-
ing a filter size of 46.2 mm (filter deposit 
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area of 11.86 cm2) and a sample air volume of 
24 m3. The DL is an estimate of the lowest 
amount of Pb that can be reliably distin-
guished from a blank filter. The one-sigma 
detection limit for Pb is calculated as the 
average overall uncertainty or propagated 
error for Pb, determined from measurements 
on a series of blank filters from the filter 
lot(s) in use. Detection limits must be deter-
mined for each filter lot in use. If a new fil-
ter lot is used, then a new DL must be deter-
mined. The sources of random error which 
are considered are calibration uncertainty; 
system stability; peak and background 
counting statistics; uncertainty in attenu-
ation corrections; and uncertainty in peak 
overlap corrections, but the dominating 
source by far is peak and background count-
ing statistics. At a minimum, laboratories 
are to determine annual estimates of the DL 
using the guidance provided in Reference 5. 

3. Factors Affecting Bias and Precision of 
Lead Determination by EDXRF 

3.1 Filter Deposit. X-ray spectra are sub-
ject to distortion if unusually heavy deposits 
are analyzed. This is the result of internal 
absorption of both primary and secondary X- 
rays within the sample; however, this is not 
an issue for Pb due to the energetic X-rays 
used to fluoresce Pb and the energetic char-
acteristic X-rays emitted by Pb. The opti-
mum mass filter loading for multi-elemental 
EDXRF analyis is about 100 μg/cm2 or 1.2 mg/ 
filter for a 46.2-mm filter. Too little deposit 
material can also be problematic due to low 
counting statistics and signal noise. The par-
ticle mass deposit should minimally be 15 μg/ 
cm2. The maximum PM10 filter loading or 
upper concentration limit of mass expected 
to be collected by the PM10c sampler is 200 μg/ 
m3 (Appendix O to Part 50, Section 3.2). This 
equates to a mass loading of about 400 μg/cm2 
and is the maximum expected loading for 
PM10c filters. This maximum loading is ac-
ceptable for the analysis of Pb and other 
high-Z elements with very energetic char-
acteristic X-rays. A properly collected sam-
ple will have a uniform deposit over the en-
tire collection area. Samples with physical 
deformities (including a visually non-uni-
form deposit area) should not be quan-
titatively analyzed. Tests on the uniformity 
of particle deposition on PM10C filters 
showed that the non-uniformity of the filter 
deposit represents a small fraction of the 
overall uncertainty in ambient Pb con-
centration measurement. The analysis beam 
of the XRF analyzer does not cover the en-
tire filter collection area. The minimum al-
lowable beam size is 10 mm. 

3.2 Spectral Interferences and Spectral Over-
lap. Spectral interference occurs when the 
entirety of the analyte spectral lines of two 
species are nearly 100% overlapped. The pres-
ence of arsenic (As) is a problematic inter-
ference for EDXRF systems which use the Pb 
Lα line exclusively to quantify the Pb con-

centration. This is because the Pb Lα line 
and the As Kα lines severely overlap. The use 
of multiple Pb lines, including the Lβ and/or 
the Lγ lines for quantification must be used 
to reduce the uncertainty in the Pb deter-
mination in the presence of As. There can be 
instances when lines partially overlap the Pb 
spectral lines, but with the energy resolution 
of most detectors these overlaps are typi-
cally de-convoluted using standard spectral 
de-convolution software provided by the in-
strument vendor. An EDXRF protocol for Pb 
must define which Pb lines are used for 
quantification and where spectral overlaps 
occur. A de-convolution protocol must be 
used to separate all the lines which overlap 
with Pb. 

3.3 Particle Size Effects and Attenuation 
Correction Factors. X-ray attenuation is de-
pendent on the X-ray energy, mass sample 
loading, composition, and particle size. In 
some cases, the excitation and fluorescent X- 
rays are attenuated as they pass through the 
sample. In order to relate the measured in-
tensity of the X-rays to the thin-film cali-
bration standards used, the magnitude of 
any attenuation present must be corrected 
for. See references 6, 7, and 8 for more discus-
sion on this issue. Essentially no attenu-
ation corrections are necessary for Pb in 
PM10: Both the incoming excitation X-rays 
used for analyzing lead and the fluoresced Pb 
X-rays are sufficiently energetic that for 
particles in this size range and for normal 
filter loadings, the Pb X-ray yield is not sig-
nificantly impacted by attenuation. 

4. Precision 
4.1 Measurement system precision is as-

sessed according to the procedures set forth 
in appendix A to part 58. Measurement meth-
od precision is assessed from collocated sam-
pling and analysis. The goal for acceptable 
measurement uncertainty, as precision, is 
defined as an upper 90 percent confidence 
limit for the coefficient of variation (CV) of 
20 percent. 

5. Bias 
5.1 Measurement system bias for moni-

toring data is assessed according to the pro-
cedures set forth in appendix A of part 58. 
The bias is assessed through an audit using 
spiked filters. The goal for measurement 
bias is defined as an upper 95 percent con-
fidence limit for the absolute bias of 15 per-
cent. 

6. Measurement of PTFE Filters by EDXRF 
6.1 Sampling 
6.1.1 Low-Volume PM10cSampler. The low- 

volume PM10c sampler shall be used for PM10 
sample collection and operated in accord-
ance with the performance specifications de-
scribed in part 50, appendix L. 

6.1.2 PTFE Filters and Filter Acceptance 
Testing. The PTFE filters used for PM10c sam-
ple collection shall meet the specifications 
provided in part 50, appendix L. The fol-
lowing requirements are similar to those 
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1 These are examples of available systems 
and is not an all inclusive list. The mention 
of commercial products does not imply en-
dorsement by the U.S. Environmental Pro-
tection Agency. 

currently specified for the acceptance of 
PM2.5 filters that are tested for trace ele-
ments by EDXRF. For large filter lots 
(greater than 500 filters) randomly select 20 
filters from a given lot. For small lots (less 
than 500 filters) a lesser number of filters 
may be taken. Analyze each blank filter sep-
arately and calculate the average lead con-
centration in ng/cm2. Ninety percent, or 18 of 
the 20 filters, must have an average lead con-
centration that is less than 4.8 ng Pb/cm2. 

6.1.2.1 Filter Blanks. Field blank filters 
shall be collected along with routine sam-
ples. Field blank filters will be collected that 
are transported to the sampling site and 
placed in the sampler for the duration of 
sampling without sampling. Laboratory 
blank filters from each filter lot used shall 
be analyzed with each batch of routine sam-
ple filters analyzed. Laboratory blank filters 
are used in background subtraction as dis-
cussed below in Section 6.2.4. 

6.2 Analysis. The four main categories of 
random and systematic error encountered in 
X-ray fluorescence analysis include errors 
from sample collection, the X-ray source, the 
counting process, and inter-element effects. 
These errors are addressed through the cali-
bration process and mathematical correc-
tions in the instrument software. Spectral 
processing methods are well established and 
most commercial analyzers have software 
that can implement the most common ap-
proaches (references 9–11) to background sub-
traction, peak overlap correction, counting 
and deadtime corrections. 

6.2.1 EDXRF Analysis Instrument. An en-
ergy-dispersive XRF system is used. Energy- 
dispersive XRF systems are available from a 
number of commercial vendors. Examples in-
clude Thermo (www.thermo.com), Spectro 
(http://www.spectro.com), Xenemetrix (http:// 
www.xenemetrix.com) and PANalytical (http:// 
www.panalytical.com). 1 The analysis is per-
formed at room temperature in either vacu-
um or in a helium atmosphere. The specific 
details of the corrections and calibration al-
gorithms are typically included in commer-
cial analytical instrument software routines 
for automated spectral acquisition and proc-
essing and vary by manufacturer. It is im-
portant for the analyst to understand the 
correction procedures and algorithms of the 
particular system used, to ensure that the 
necessary corrections are applied. 

6.2.2 Thin film standards. Thin film stand-
ards are used for calibration because they 
most closely resemble the layer of particles 
on a filter. Thin films standards are typi-
cally deposited on Nuclepore substrates. The 

preparation of thin film standards is dis-
cussed in reference 8, and 10. The NIST SRM 
2783 (Air Particulate on Filter Media) is cur-
rently available on polycarbonate filters and 
contains a certified concentration for Pb. 
Thin film standards at 15 and 50 μg/cm2 are 
commercially available from MicroMatter 
Inc. (Arlington, WA). 

6.2.3 Filter Preparation. Filters used for 
sample collection are 46.2-mm PTFE filters 
with a pore size of 2 microns and filter de-
posit area 11.86 cm2. Cold storage is not a re-
quirement for filters analyzed for Pb; how-
ever, if filters scheduled for XRF analysis 
were stored cold, they must be allowed to 
reach room temperature prior to analysis. 
All filter samples received for analysis are 
checked for any holes, tears, or a non-uni-
form deposit which would prevent quan-
titative analysis. Samples with physical de-
formities are not quantitatively analyzable. 
The filters are carefully removed with tweez-
ers from the Petri dish and securely placed 
into the instrument-specific sampler holder 
for analysis. Care must be taken to protect 
filters from contamination prior to analysis. 
Filters must be kept covered when not being 
analyzed. No other preparation of filter sam-
ples is required. 

6.2.4 Calibration. In general, calibration 
determines each element’s sensitivity, i.e., 
its response in x-ray counts/sec to each μg/ 
cm2 of a standard and an interference coeffi-
cient for each element that causes inter-
ference with another one (See section 3.2 
above). The sensitivity can be determined by 
a linear plot of count rate versus concentra-
tion (μg/cm2) in which the slope is the instru-
ment’s sensitivity for that element. A more 
precise way, which requires fewer standards, 
is to fit sensitivity versus atomic number. 
Calibration is a complex task in the oper-
ation of an XRF system. Two major func-
tions accomplished by calibration are the 
production of reference spectra which are 
used for fitting and the determination of the 
elemental sensitivities. Included in the ref-
erence spectra (referred to as ‘‘shapes’’) are 
background-subtracted peak shapes of the 
elements to be analyzed (as well as inter-
fering elements) and spectral backgrounds. 
Pure element thin film standards are used 
for the element peak shapes and clean filter 
blanks from the same lot as routine filter 
samples are used for the background. The 
analysis of Pb in PM filter deposits is based 
on the assumption that the thickness of the 
deposit is small with respect to the char-
acteristic Pb X-ray transmission thickness. 
Therefore, the concentration of Pb in a sam-
ple is determined by first calibrating the 
spectrometer with thin film standards to de-
termine the sensitivity factor for Pb and 
then analyzing the unknown samples under 
identical excitation conditions as used to de-
termine the calibration. Calibration shall be 
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performed annually or when significant re-
pairs or changes occur (e.g., a change in 
fluorescers, X-ray tubes, or detector). Cali-
bration establishes the elemental sensitivity 
factors and the magnitude of interference or 
overlap coefficients. See reference 7 for more 
detailed discussion of calibration and anal-
ysis of shapes standards for background cor-
rection, coarse particle absorption correc-
tions, and spectral overlap. 

6.2.4.1 Spectral Peak Fitting. The EPA uses 
a library of pure element peak shapes (shape 
standards) to extract the elemental back-
ground-free peak areas from an unknown 
spectrum. It is also possible to fit spectra 
using peak stripping or analytically defined 
functions such as modified Gaussian func-
tions. The EPA shape standards are gen-
erated from pure, mono-elemental thin film 
standards. The shape standards are acquired 
for sufficiently long times to provide a large 
number of counts in the peaks of interest. It 
is not necessary for the concentration of the 
standard to be known. A slight contaminant 
in the region of interest in a shape standard 
can have a significant and serious effect on 
the ability of the least squares fitting algo-
rithm to fit the shapes to the unknown spec-
trum. It is these elemental peak shapes that 
are fitted to the peaks in an unknown sam-
ple during spectral processing by the ana-
lyzer. In addition to this library of elemental 
shapes there is also a background shape spec-
trum for the filter type used as discussed 
below in section 6.2.4.2 of this section. 

6.2.4.2 Background Measurement and Cor-
rection. A background spectrum generated by 
the filter itself must be subtracted from the 
X-ray spectrum prior to extracting peak 
areas. Background spectra must be obtained 
for each filter lot used for sample collection. 
The background shape standards which are 
used for background fitting are created at 
the time of calibration. If a new lot of filters 
is used, new background spectra must be ob-
tained. A minimum of 20 clean blank filters 
from each filter lot are kept in a sealed con-
tainer and are used exclusively for back-
ground measurement and correction. The 
spectra acquired on individual blank filters 
are added together to produce a single spec-
trum for each of the secondary targets or 
fluorescers used in the analysis of lead. Indi-
vidual blank filter spectra which show atypi-
cal contamination are excluded from the 
summed spectra. The summed spectra are 
fitted to the appropriate background during 
spectral processing. Background correction 
is automatically included during spectral 
processing of each sample. 

7. Calculation. 
7.1 PM10 Pb concentrations. The PM10 Pb 

concentration in the atmosphere (μg/m3) is 
calculated using the following equation: 

M
C A

VPb
Pb

LC

=
×

Where, 
MPb is the mass per unit volume for lead in 

μg/m3; 
CPb is the mass per unit area for lead in μg/ 

cm2 as measured by XRF; 
A is the filter deposit area in cm2; 
VLC is the total volume of air sampled by the 

PM10c sampler in actual volume units 
measured at local conditions of tempera-
ture and pressure, as provided by the 
sampler in m3. 

7.2 PM10 Pb Uncertainty Calculations. 
The principal contributors to total uncer-

tainty of XRF values include: field sampling; 
filter deposit area; XRF calibration; attenu-
ation or loss of the x-ray signals due to the 
other components of the particulate sample; 
and determination of the Pb X-ray emission 
peak area by curve fitting. See reference 12 
for a detailed discussion of how uncertainties 
are similarly calculated for the PM2.5 Chem-
ical Speciation program. 

The model for calculating total uncer-
tainty is: 
δtot = (δf

2 + δa
2 + δc

2 + δv
2) 1/2 

Where, 
δf = fitting uncertainty (XRF-specific, from 2 

to 100 + %) 
δa = attenuation uncertainty (XRF-specific, 

insignificant for Pb) 
δc = calibration uncertainty (combined lab 

uncertainty, assumed as 5%) 
δv = volume/deposition size uncertainty 

(combined field uncertainty, assumed as 
5%) 
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APPENDIX R TO PART 50—INTERPRETA-
TION OF THE NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR LEAD 

1. General. 

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining when the primary and 
secondary national ambient air quality 
standards (NAAQS) for lead (Pb) specified in 
§ 50.16 are met. The NAAQS indicator for Pb 
is defined as: lead and its compounds, meas-
ured as elemental lead in total suspended 
particulate (Pb-TSP), sampled and analyzed 
by a Federal reference method (FRM) based 
on appendix G to this part or by a Federal 
equivalent method (FEM) designated in ac-
cordance with part 53 of this chapter. Al-
though Pb-TSP is the lead NAAQS indicator, 
surrogate Pb-TSP concentrations shall also 
be used for NAAQS comparisons; specifi-
cally, valid surrogate Pb-TSP data are con-
centration data for lead and its compounds, 
measured as elemental lead, in particles 
with an aerodynamic size of 10 microns or 
less (Pb-PM10), sampled and analyzed by an 

FRM based on appendix Q to this part or by 
an FEM designated in accordance with part 
53 of this chapter. Surrogate Pb-TSP data 
(i.e., Pb-PM10 data), however, can only be 
used to show that the Pb NAAQS were vio-
lated (i.e., not met); they can not be used to 
demonstrate that the Pb NAAQS were met. 
Pb-PM10 data used as surrogate Pb-TSP data 
shall be processed at face value; that is, 
without any transformation or scaling. Data 
handling and computation procedures to be 
used in making comparisons between re-
ported and/or surrogate Pb-TSP concentra-
tions and the level of the Pb NAAQS are 
specified in the following sections. 

(b) Whether to exclude, retain, or make ad-
justments to the data affected by excep-
tional events, including natural events, is 
determined by 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 monitoring network plan refers to 
the plan required by section 58.10 of this 
chapter. 

Creditable samples are samples that are 
given credit for data completeness. They in-
clude valid samples collected on required 
sampling days and valid ‘‘make-up’’ samples 
taken for missed or invalidated samples on 
required sampling days. 

Daily values for Pb refer to the 24-hour 
mean concentrations of Pb (Pb-TSP or Pb- 
PM10), measured from midnight to midnight 
(local standard time), that are used in 
NAAQS computations. 

Design value is the site-level metric (i.e., 
statistic) that is compared to the NAAQS 
level to determine compliance; the design 
value for the Pb NAAQS is selected accord-
ing to the procedures in this appendix from 
among the valid three-month Pb-TSP and 
surrogate Pb-TSP (Pb-PM10) arithmetic 
mean concentration for the 38-month period 
consisting of the most recent 3-year calendar 
period plus two previous months (i.e., 36 3- 
month periods) using the last month of each 
3-month period as the period of report. 

Extra samples are non-creditable samples. 
They are daily values that do not occur on 
scheduled sampling days and that can not be 
used as ‘‘make-up samples’’ for missed or in-
validated scheduled samples. Extra samples 
are used in mean calculations. For purposes 
of determining whether a sample must be 
treated as a make-up sample or an extra 
sample, Pb-TSP and Pb-PM10 data collected 
before January 1, 2009 will be treated with an 
assumed scheduled sampling frequency of 
every sixth day. 

Make-up samples are samples taken to re-
place missed or invalidated required sched-
uled samples. Make-ups can be made by ei-
ther the primary or collocated (same size 
fraction) instruments; to be considered a 
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valid make-up, the sampling must be con-
ducted with equipment and procedures that 
meet the requirements for scheduled sam-
pling. Make-up samples are either taken be-
fore the next required sampling day or ex-
actly one week after the missed (or voided) 
sampling day. Make-up samples can not span 
years; that is, if a scheduled sample for De-
cember is missed (or voided), it can not be 
made up in January. Make-up samples, how-
ever, may span months, for example a missed 
sample on January 31 may be made up on 
February 1, 2, 3, 4, 5, or 7 (with an assumed 
sampling frequency of every sixth day). Sec-
tion 3(e) explains how such month-spanning 
make-up samples are to be treated for pur-
poses of data completeness and mean cal-
culations. Only two make-up samples are 
permitted each calendar month; these are 
counted according to the month in which the 
miss and not the makeup occurred. For pur-
poses of determining whether a sample must 
be treated as a make-up sample or an extra 
sample, Pb-TSP and Pb-PM10 data collected 
before January 1, 2009 will be treated with an 
assumed scheduled sampling frequency of 
every sixth day. 

Monthly mean refers to an arithmetic 
mean, calculated as specified in section 6(a) 
of this appendix. Monthly means are com-
puted at each monitoring site separately for 
Pb-TSP and Pb-PM10 (i.e., by site-parameter- 
year-month). 

Parameter refers either to Pb-TSP or to Pb- 
PM10. 

Pollutant Occurrence Code (POC) refers to a 
numerical code (1, 2, 3, etc.) used to distin-
guish the data from two or more monitors 
for the same parameter at a single moni-
toring site. 

Scheduled sampling day means a day on 
which sampling is scheduled based on the re-
quired sampling frequency for the moni-
toring site, as provided in section 58.12 of 
this chapter. 

Three-month means are arithmetic averages 
of three consecutive monthly means. Three- 
month means are computed on a rolling, 
overlapping basis. Each distinct monthly 
mean will be included in three different 3- 
month means; for example, in a given year, 
a November mean would be included in: (1) 
The September-October-November 3-month 
mean, (2) the October-November-December 3- 
month mean, and (3) the November-Decem-
ber-January(of the following year) 3-month 
mean. Three-month means are computed 
separately for each parameter per section 
6(a) (and are referred to as 3-month param-
eter means) and are validated according to 
the criteria specified in section 4(c). The pa-
rameter-specific 3-month means are then 
prioritized according to section 2(a) to deter-
mine a single 3-month site mean. 

Year refers to a calendar year. 
2. Use of Pb-PM10 Data as Surrogate Pb-TSP 

Data. 

(a) As stipulated in section 2.10 of Appen-
dix C to 40 CFR part 58, at some mandatory 
Pb monitoring locations, monitoring agen-
cies are required to sample for Pb as Pb-TSP, 
and at other mandatory Pb monitoring sites, 
monitoring agencies are permitted to mon-
itor for Pb-PM10 in lieu of Pb-TSP. In either 
situation, valid collocated Pb data for the 
other parameter may be produced. Addition-
ally, there may be non-required monitoring 
locations that also produce valid Pb-TSP 
and/or valid Pb-PM10 data. Pb-TSP data and 
Pb-PM10 data are always processed sepa-
rately when computing monthly and 3- 
month parameter means; monthly and 3- 
month parameter means are validated ac-
cording to the criteria stated in section 4 of 
this appendix. Three-month ‘‘site’’ means, 
which are the final valid 3-month mean from 
which a design value is identified, are deter-
mined from the one or two available valid 3- 
month parameter means according to the 
following prioritization which applies to all 
Pb monitoring locations. 

(i) Whenever a valid 3-month Pb-PM10 
mean shows a violation and either is greater 
than a corresponding (collocated) 3-month 
Pb-TSP mean or there is no corresponding 
valid 3-month Pb-TSP mean present, then 
that 3-month Pb-PM10 mean will be the site- 
level mean for that (site’s) 3-month period. 

(ii) Otherwise (i.e., there is no valid vio-
lating 3-month Pb-PM10 that exceeds a cor-
responding 3-month Pb-TSP mean), 

(A) If a valid 3-month Pb-TSP mean exists, 
then it will be the site-level mean for that 
(site’s) 3-month period, or 

(B) If a valid 3-month Pb-TSP mean does 
not exist, then there is no valid 3-month site 
mean for that period (even if a valid non-vio-
lating 3-month Pb-PM10 mean exists). 

(b) As noted in section 1(a) of this appen-
dix, FRM/FEM Pb-PM10 data will be proc-
essed at face value (i.e., at reported con-
centrations) without adjustment when com-
puting means and making NAAQS compari-
sons. 

3. Requirements for Data Used for Compari-
sons With the Pb NAAQS and Data Reporting 
Considerations. 

(a) All valid FRM/FEM Pb-TSP data and 
all valid FRM/FEM Pb-PM10 data submitted 
to EPA’s Air Quality System (AQS), or oth-
erwise available to EPA, meeting the re-
quirements of part 58 of this chapter includ-
ing appendices A, C, and E shall be used in 
design value calculations. Pb-TSP and Pb- 
PM10 data representing sample collection pe-
riods prior to January 1, 2009 (i.e., ‘‘pre-rule’’ 
data) will also be considered valid for 
NAAQS comparisons and related attainment/ 
nonattainment determinations if the sam-
pling and analysis methods that were uti-
lized to collect that data were consistent 
with previous or newly designated FRMs or 
FEMs and with either the provisions of part 
58 of this chapter including appendices A, C, 
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and E that were in effect at the time of origi-
nal sampling or that are in effect at the time 
of the attainment/nonattainment determina-
tion, and if such data are submitted to AQS 
prior to September 1, 2009. 

(b) Pb-TSP and Pb-PM10 measurement data 
are reported to AQS in units of micrograms 
per cubic meter (μg/m3) at local conditions 
(local temperature and pressure, LC) to three 
decimal places; any additional digits to the 
right of the third decimal place are trun-
cated. Pre-rule Pb-TSP and Pb-PM10 con-
centration data that were reported in stand-
ard conditions (standard temperature and 
standard pressure, STP) will not require a 
conversion to local conditions but rather, 
after truncating to three decimal places and 
processing as stated in this appendix, shall 
be compared ‘‘as is’’ to the NAAQS (i.e., the 
LC to STP conversion factor will be assumed 
to be one). However, if the monitoring agen-
cy has retroactively resubmitted Pb-TSP or 
Pb-PM10 pre-rule data converted from STP to 
LC based on suitable meteorological data, 
only the LC data will be used. 

(c) At each monitoring location (site), Pb- 
TSP and Pb-PM10 data are to be processed 
separately when selecting daily data by day 
(as specified in section 3(d) of this appendix), 
when aggregating daily data by month (per 
section 6(a)), and when forming 3-month 
means (per section 6(b)). However, when de-
riving (i.e., identifying) the design value for 
the 38-month period, 3-month means for the 
two data types may be considered together; 
see sections 2(a) and 4(e) of this appendix for 
details. 

(d) Daily values for sites will be selected 
for a site on a size cut (Pb-TSP or Pb-PM10, 
i.e., ‘‘parameter’’) basis; Pb-TSP concentra-
tions and Pb-PM10 concentrations shall not 
be commingled in these determinations. Site 
level, parameter-specific daily values will be 
selected as follows: 

(i) The starting dataset for a site-param-
eter shall consist of the measured daily con-
centrations recorded from the designated 
primary FRM/FEM monitor for that param-
eter. The primary monitor for each param-
eter shall be designated in the appropriate 
state or local agency annual Monitoring Net-
work Plan. If no primary monitor is des-
ignated, the Administrator will select which 
monitor to treat as primary. All daily values 
produced by the primary sampler are consid-
ered part of the site-parameter data record 
(i.e., that site-parameter’s set of daily val-
ues); this includes all creditable samples and 
all extra samples. For pre-rule Pb-TSP and 
Pb-PM10 data, valid data records present in 
AQS for the monitor with the lowest occur-
ring Pollutant Occurrence Code (POC), as se-
lected on a site-parameter-daily basis, will 
constitute the site-parameter data record. 
Where pre-rule Pb-TSP data (or subsequent 
non-required Pb-TSP or Pb-PM10 data) are 
reported in ‘‘composite’’ form (i.e., multiple 

filters for a month of sampling that are ana-
lyzed together), the composite concentration 
will be used as the site-parameter monthly 
mean concentration if there are no valid 
daily Pb-TSP data reported for that month 
with a lower POC. 

(ii) Data for the primary monitor for each 
parameter shall be augmented as much as 
possible with data from collocated (same pa-
rameter) FRM/FEM monitors. If a valid 24- 
hour measurement is not produced from the 
primary monitor for a particular day (sched-
uled or otherwise), but a valid sample is gen-
erated by a collocated (same parameter) 
FRM/FEM instrument, then that collocated 
value shall be considered part of the site-pa-
rameter data record (i.e., that site-param-
eter’s monthly set of daily values). If more 
than one valid collocated FRM/FEM value is 
available, the mean of those valid collocated 
values shall be used as the daily value. Note 
that this step will not be necessary for pre- 
rule data given the daily identification pre-
sumption for the primary monitor. 

(e) All daily values in the composite site- 
parameter record are used in monthly mean 
calculations. However, not all daily values 
are given credit towards data completeness 
requirements. Only ‘‘creditable’’ samples are 
given credit for data completeness. Cred-
itable samples include valid samples on 
scheduled sampling days and valid make-up 
samples. All other types of daily values are 
referred to as ‘‘extra’’ samples. Make-up 
samples taken in the (first week of the) 
month after the one in which the miss/void 
occurred will be credited for data capture in 
the month of the miss/void but will be in-
cluded in the month actually taken when 
computing monthly means. For example, if a 
make-up sample was taken in February to 
replace a missed sample scheduled for Janu-
ary, the make-up concentration would be in-
cluded in the February monthly mean but 
the sample credited in the January data cap-
ture rate. 

4. Comparisons With the Pb NAAQS. 
(a) The Pb NAAQS is met at a monitoring 

site when the identified design value is valid 
and less than or equal to 0.15 micrograms per 
cubic meter (μg/m3). A Pb design value that 
meets the NAAQS (i.e., 0.15 μg/m3 or less), is 
considered valid if it encompasses 36 con-
secutive valid 3-month site means (specifi-
cally for a 3-year calendar period and the 
two previous months). For sites that begin 
monitoring Pb after this rule is effective but 
before January 15, 2010 (or January 15, 2011), 
a 2010–2012 (or 2011–2013) Pb design value that 
meets the NAAQS will be considered valid if 
it encompasses at least 34 consecutive valid 
3-month means (specifically encompassing 
only the 3-year calendar period). See 4(c) of 
this appendix for the description of a valid 3- 
month mean and section 6(d) for the defini-
tion of the design value. 
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(b) The Pb NAAQS is violated at a moni-
toring site when the identified design value 
is valid and is greater than 0.15 μg/m3, no 
matter whether determined from Pb-TSP or 
Pb-PM10 data. A Pb design value greater 
than 0.15 μg/m3 is valid no matter how many 
valid 3-month means in the 3-year period it 
encompasses; that is, a violating design 
value is valid even if it (i.e., the highest 3- 
month mean) is the only valid 3-month mean 
in the 3-year timeframe. Further, a site does 
not have to monitor for three full calendar 
years in order to have a valid violating de-
sign value; a site could monitor just three 
months and still produce a valid (violating) 
design value. 

(c)(i) A 3-month parameter mean is consid-
ered valid (i.e., meets data completeness re-
quirements) if the average of the data cap-
ture rate of the three constituent monthly 
means (i.e., the 3-month data capture rate) is 
greater than or equal to 75 percent. Monthly 
data capture rates (expressed as a percent-
age) are specifically calculated as the num-
ber of creditable samples for the month (in-
cluding any make-up samples taken the sub-
sequent month for missed samples in the 
month in question, and excluding any make- 
up samples taken in the month in question 
for missed samples in the previous month) 
divided by the number of scheduled samples 
for the month, the result then multiplied by 
100 but not rounded. The 3-month data cap-
ture rate is the sum of the three cor-
responding unrounded monthly data capture 
rates divided by three and the result rounded 
to the nearest integer (zero decimal places). 
As noted in section 3(c), Pb-TSP and Pb-PM10 
daily values are processed separately when 
calculating monthly means and data capture 
rates; a Pb-TSP value cannot be used as a 
make-up for a missing Pb-PM10 value or vice 
versa. For purposes of assessing data cap-
ture, Pb-TSP and Pb-PM10 data collected be-
fore January 1, 2009 will be treated with an 
assumed scheduled sampling frequency of 
every sixth day. 

(ii) A 3-month parameter mean that does 
not have at least 75 percent data capture and 
thus is not considered valid under 4(c)(i) 
shall be considered valid (and complete) if it 
passes either of the two following ‘‘data sub-
stitution’’ tests, one such test for validating 
an above NAAQS-level (i.e., violating) 3- 
month Pb-TSP or Pb-PM10 mean (using ac-
tual ‘‘low’’ reported values from the same 
site at about the same time of the year (i.e., 
in the same month) looking across three or 
four years), and the second test for vali-
dating a below-NAAQS level 3-month Pb- 
TSP mean (using actual ‘‘high’’ values re-
ported for the same site at about the same 
time of the year (i.e., in the same month) 
looking across three or four years). Note 
that both tests are merely diagnostic in na-
ture intending to confirm that there is a 
very high likelihood if not certainty that the 

original mean (the one with less than 75% 
data capture) reflects the true over/under 
NAAQS-level status for that 3-month period; 
the result of one of these data substitution 
tests (i.e., a ‘‘test mean’’, as defined in sec-
tion 4(c)(ii)(A) or 4(c)(ii)(B)) is not considered 
the actual 3-month parameter mean and 
shall not be used in the determination of de-
sign values. For both types of data substi-
tution, substitution is permitted only if 
there are available data points from which to 
identify the high or low 3-year month-spe-
cific values, specifically if there are at least 
10 data points total from at least two of the 
three (or four for November and December) 
possible year-months. Data substitution may 
only use data of the same parameter type. 

(A) The ‘‘above NAAQS level’’ test is as 
follows: Data substitution will be done in 
each month of the 3-month period that has 
less than 75 percent data capture; monthly 
capture rates are temporarily rounded to in-
tegers (zero decimals) for this evaluation. If 
by substituting the lowest reported daily 
value for that month (year non-specific; e.g., 
for January) over the 38-month design value 
period in question for missing scheduled data 
in the deficient months (substituting only 
enough to meet the 75 percent data capture 
minimum), the computation yields a recal-
culated test 3-month parameter mean con-
centration above the level of the standard, 
then the 3-month period is deemed to have 
passed the diagnostic test and the level of 
the standard is deemed to have been exceed-
ed in that 3-month period. As noted in sec-
tion 4(c)(ii), in such a case, the 3-month pa-
rameter mean of the data actually reported, 
not the recalculated (‘‘test’’) result including 
the low values, shall be used to determine 
the design value. 

(B) The ‘‘below NAAQS level’’ test is as fol-
lows: Data substitution will be performed for 
each month of the 3-month period that has 
less than 75 percent but at least 50 percent 
data capture; if any month has less than 50% 
data capture then the 3-month mean can not 
utilize this substitution test. Also, incom-
plete 3-month Pb-PM10 means can not utilize 
this test. A 3-month Pb-TSP mean with less 
than 75% data capture shall still be consid-
ered valid (and complete) if, by substituting 
the highest reported daily value, month-spe-
cific, over the 3-year design value period in 
question, for all missing scheduled data in 
the deficient months (i.e., bringing the data 
capture rate up to 100%), the computation 
yields a recalculated 3-month parameter 
mean concentration equal or less than the 
level of the standard (0.15 μg/m3), then the 3- 
month mean is deemed to have passed the di-
agnostic test and the level of the standard is 
deemed not to have been exceeded in that 3- 
month period (for that parameter). As noted 
in section 4(c)(ii), in such a case, the 3-month 
parameter mean of the data actually re-
ported, not the recalculated (‘‘test’’) result 
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including the high values, shall be used to 
determine the design value. 

(d) Months that do not meet the complete-
ness criteria stated in 4(c)(i) or 4(c)(ii), and 
design values that do not meet the complete-
ness criteria stated in 4(a) or 4(b), may also 
be considered valid (and complete) with the 
approval of, or at the initiative of, the Ad-
ministrator, who may consider factors such 
as monitoring site closures/moves, moni-
toring diligence, the consistency and levels 
of the valid concentration measurements 
that are available, and nearby concentra-
tions in determining whether to use such 
data. 

(e) The site-level design value for a 38- 
month period (three calendar years plus two 
previous months) is identified from the 
available (between one and 36) valid 3-month 
site means. In a situation where there are 
valid 3-month means for both parameters 
(Pb-TSP and Pb-PM10), the mean originating 
from the reported Pb-TSP data will be the 
one deemed the site-level monthly mean and 
used in design value identifications unless 
the Pb-PM10 mean shows a violation of the 
NAAQS and exceeds the Pb-TSP mean; see 
section 2(a) for details. A monitoring site 
will have only one site-level 3-month mean 
per 3-month period; however, the set of site- 
level 3-month means considered for design 
value identification (i.e., one to 36 site-level 
3-month means) can be a combination of Pb- 
TSP and Pb-PM10 data. 

(f) The procedures for calculating monthly 
means and 3-month means, and identifying 
Pb design values are given in section 6 of 
this appendix. 

5. Rounding Conventions. 
(a) Monthly means and monthly data cap-

ture rates are not rounded. 
(b) Three-month means shall be rounded to 

the nearest hundredth μg/m3 (0.xx). Decimals 
0.xx5 and greater are rounded up, and any 
decimal lower than 0.xx5 is rounded down. 
E.g., a 3-month mean of 0.104925 rounds to 
0.10 and a 3-month mean of .10500 rounds to 
0.11. Three-month data capture rates, ex-
pressed as a percent, are round to zero dec-
imal places. 

(c) Because a Pb design value is simply a 
(highest) 3-month mean and because the 
NAAQS level is stated to two decimal places, 
no additional rounding beyond what is speci-
fied for 3-month means is required before a 
design value is compared to the NAAQS. 

6. Procedures and Equations for the Pb 
NAAQS. 

(a)(i) A monthly mean value for Pb-TSP 
(or Pb-PM10) is determined by averaging the 
daily values of a calendar month using equa-
tion 1 of this appendix, unless the Adminis-
trator chooses to exercise his discretion to 
use the alternate approach described in 
6(a)(ii). 

          Equation 1

X
n

Xm,y,s
m

i,m,y,s
i=

nm

= ∑1

1

Where: 

Xm,y,s = the mean for month m of the year y 
for sites; and 

nm = the number of daily values in the month 
(creditable plus extra samples); and 

Xi,m,y,s = the ith value in month m for year y 
for site s. 

(a)(ii) The Administrator may at his dis-
cretion use the following alternate approach 
to calculating the monthly mean concentra-
tion if the number of extra sampling days 
during a month is greater than the number 
of successfully completed scheduled and 
make-up sample days in that month. In exer-
cising his discretion, the Administrator will 
consider whether the approach specified in 
6(a)(i) might in the Administrator’s judg-
ment result in an unrepresentative value for 
the monthly mean concentration. This provi-
sion is to protect the integrity of the month-
ly and 3-month mean concentration values in 
situations in which, by intention or other-
wise, extra sampling days are concentrated 
in a period during which ambient concentra-
tions are particularly high or low. The alter-
nate approach is to average all extra and 
make-up samples (in the given month) taken 
after each scheduled sampling day (‘‘Day X’’) 
and before the next scheduled sampling day 
(e.g., ‘‘Day X + 6’’, in the case of one-in-six 
sampling) with the sample taken on Day X 
(assuming valid data was obtained on the 
scheduled sampling day), and then averaging 
these averages to calculate the monthly 
mean. This approach has the effect of giving 
approximately equal weight to periods dur-
ing a month that have equal number of days, 
regardless of how many samples were actu-
ally obtained during the periods, thus miti-
gating the potential for the monthly mean 
to be distorted. The first day of scheduled 
sampling typically will not fall on the first 
day of the calendar month, and there may be 
make-up and/or extra samples (in that same 
calendar month) preceding the first sched-
uled day of the month. These samples will 
not be shifted into the previous month’s 
mean concentration, but rather will stay as-
sociated with their actual calendar month as 
follows. Any extra and make-up samples 
taken in a month before the first scheduled 
sampling day of the month will be associated 
with and averaged with the last scheduled 
sampling day of that same month. 

(b) Three-month parameter means are de-
termined by averaging three consecutive 
monthly means of the same parameter using 
Equation 2 of this appendix. 

VerDate Sep<11>2014 14:02 Aug 31, 2016 Jkt 238152 PO 00000 Frm 00162 Fmt 8010 Sfmt 8002 Y:\SGML\238152.XXX 238152 E
R

12
N

O
08

.0
01

<
/M

A
T

H
>

eh
ie

rs
 o

n 
D

S
K

5V
P

T
V

N
1P

R
O

D
 w

ith
 C

F
R



153 

Environmental Protection Agency Pt. 50, App. S 

          Equation 2

;X
n

Xm ,m ,m s
m

m,y:z,s
i=

nm

1 2 3
1

= ∑1

Where: 
X̄m1, m2, m3; s = the 3-month parameter mean 

for months m1, m2, and m3 for site s; and 
nm = the number of monthly means available 

to be averaged (typically 3, sometimes 1 
or 2 if one or two months have no valid 
daily values); and 

Xm, y: z, s = The mean for month m of the year 
y (or z) for site s. 

(c) Three-month site means are determined 
from available 3-month parameter means ac-
cording to the hierarchy established in 2(a) 
of this appendix. 

(d) The site-level Pb design value is the 
highest valid 3-month site-level mean over 
the most recent 38-month period (i.e., the 
most recent 3-year calendar period plus two 
previous months). Section 4(a) of this appen-
dix explains when the identified design value 
is itself considered valid for purposes of de-
termining that the NAAQS is met or vio-
lated at a site. 

[73 FR 67054, Nov. 12, 2008] 

APPENDIX S TO PART 50—INTERPRETA-
TION OF THE PRIMARY NATIONAL AM-
BIENT AIR QUALITY STANDARDS FOR 
OXIDES OF NITROGEN (NITROGEN DI-
OXIDE) 

1. GENERAL 

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining when the primary na-
tional ambient air quality standards for ox-
ides of nitrogen as measured by nitrogen di-
oxide (‘‘NO2 NAAQS’’) specified in 50.11 are 
met. Nitrogen dioxide (NO2) is measured in 
the ambient air by a Federal reference meth-
od (FRM) based on appendix F to this part or 
by a Federal equivalent method (FEM) des-
ignated in accordance with part 53 of this 
chapter. Data handling and computation pro-
cedures to be used in making comparisons 
between reported NO2 concentrations and the 
levels of the NO2 NAAQS are specified in the 
following sections. 

(b) Whether to exclude, retain, or make ad-
justments to the data affected by excep-
tional events, including natural events, is 
determined by 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 the annual average 
of all of the 1-hour concentration values as 
defined in section 5.1 of this appendix. 

Daily maximum 1-hour values for NO2 refers 
to the maximum 1-hour NO2 concentration 
values measured from midnight to midnight 
(local standard time) that are used in 
NAAQS computations. 

Design values are the metrics (i.e., statis-
tics) that are compared to the NAAQS levels 
to determine compliance, calculated as spec-
ified in section 5 of this appendix. The design 
values for the primary NAAQS are: 

(1) The annual mean value for a moni-
toring site for one year (referred to as the 
‘‘annual primary standard design value’’). 

(2) The 3-year average of annual 98th per-
centile daily maximum 1-hour values for a 
monitoring site (referred to as the ‘‘1-hour 
primary standard design value’’). 

98th percentile daily maximum 1-hour value is 
the value below which nominally 98 percent 
of all daily maximum 1-hour concentration 
values fall, using the ranking and selection 
method specified in section 5.2 of this appen-
dix. 

Quarter refers to a calendar quarter. 
Year refers to a calendar year. 

2. REQUIREMENTS FOR DATA USED FOR COM-
PARISONS WITH THE NO2 NAAQS AND DATA 
REPORTING CONSIDERATIONS 

(a) All valid FRM/FEM NO2 hourly data re-
quired to be submitted to EPA’s Air Quality 
System (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 design value calculations. 
Multi-hour average concentration values col-
lected by wet chemistry methods shall not 
be used. 

(b) When two or more NO2 monitors are op-
erated at a site, the State may in advance 
designate one of them as the primary mon-
itor. If the State has not made this designa-
tion, the Administrator will make the des-
ignation, either in advance or retrospec-
tively. Design values will be developed using 
only the data from the primary monitor, if 
this results in a valid design value. If data 
from the primary monitor do not allow the 
development of a valid design value, data 
solely from the other monitor(s) will be used 
in turn to develop a valid design value, if 
this results in a valid design value. If there 
are three or more monitors, the order for 
such comparison of the other monitors will 
be determined by the Administrator. The Ad-
ministrator may combine data from dif-
ferent monitors in different years for the 
purpose of developing a valid 1-hour primary 
standard design value, if a valid design value 
cannot be developed solely with the data 
from a single monitor. However, data from 
two or more monitors in the same year at 
the same site will not be combined in an at-
tempt to meet data completeness require-
ments, except if one monitor has physically 
replaced another instrument permanently, in 
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which case the two instruments will be con-
sidered to be the same monitor, or if the 
State has switched the designation of the 
primary monitor from one instrument to an-
other during the year. 

(c) Hourly NO2 measurement data shall be 
reported to AQS in units of parts per billion 
(ppb), to at most one place after the decimal, 
with additional digits to the right being 
truncated with no further rounding. 

3. COMPARISONS WITH THE NO2 NAAQS 

3.1 The Annual Primary NO2 NAAQS 

(a) The annual primary NO2 NAAQS is met 
at a site when the valid annual primary 
standard design value is less than or equal to 
53 parts per billion (ppb). 

(b) An annual primary standard design 
value is valid when at least 75 percent of the 
hours in the year are reported. 

(c) An annual primary standard design 
value based on data that do not meet the 
completeness criteria stated in section 3.1(b) 
may also be considered valid with the ap-
proval of, or at the initiative of, the Admin-
istrator, who may consider factors such as 
monitoring site closures/moves, monitoring 
diligence, the consistency and levels of the 
valid concentration measurements that are 
available, and nearby concentrations in de-
termining whether to use such data. 

(d) The procedures for calculating the an-
nual primary standard design values are 
given in section 5.1 of this appendix. 

3.2 The 1-hour Primary NO2 NAAQS 

(a) The 1-hour primary NO2 NAAQS is met 
at a site when the valid 1-hour primary 
standard design value is less than or equal to 
100 parts per billion (ppb). 

(b) An NO2 1-hour primary standard design 
value is valid if it encompasses three con-
secutive calendar years of complete data. A 
year meets data completeness requirements 
when all 4 quarters are complete. A quarter 
is complete when at least 75 percent of the 
sampling days for each quarter have com-
plete data. A sampling day has complete 
data if 75 percent of the hourly concentra-
tion values, including State-flagged data af-
fected by exceptional events which have been 
approved for exclusion by the Administrator, 
are reported. 

(c) In the case of one, two, or three years 
that do not meet the completeness require-
ments of section 3.2(b) of this appendix and 
thus would normally not be useable for the 
calculation of a valid 3-year 1-hour primary 
standard design value, the 3-year 1-hour pri-
mary standard design value shall neverthe-
less be considered valid if one of the fol-
lowing conditions is true. 

(i) At least 75 percent of the days in each 
quarter of each of three consecutive years 
have at least one reported hourly value, and 
the design value calculated according to the 

procedures specified in section 5.2 is above 
the level of the primary 1-hour standard. 

(ii)(A) A 1-hour primary standard design 
value that is below the level of the NAAQS 
can be validated if the substitution test in 
section 3.2(c)(ii)(B) results in a ‘‘test design 
value’’ that is below the level of the NAAQS. 
The test substitutes actual ‘‘high’’ reported 
daily maximum 1-hour values from the same 
site at about the same time of the year (spe-
cifically, in the same calendar quarter) for 
unknown values that were not successfully 
measured. Note that the test is merely diag-
nostic in nature, intended to confirm that 
there is a very high likelihood that the origi-
nal design value (the one with less than 75 
percent data capture of hours by day and of 
days by quarter) reflects the true under- 
NAAQS-level status for that 3-year period; 
the result of this data substitution test (the 
‘‘test design value’’, as defined in section 
3.2(c)(ii)(B)) is not considered the actual de-
sign value. For this test, substitution is per-
mitted only if there are at least 200 days 
across the three matching quarters of the 
three years under consideration (which is 
about 75 percent of all possible daily values 
in those three quarters) for which 75 percent 
of the hours in the day, including State- 
flagged data affected by exceptional events 
which have been approved for exclusion by 
the Administrator, have reported concentra-
tions. However, maximum 1-hour values 
from days with less than 75 percent of the 
hours reported shall also be considered in 
identifying the high value to be used for sub-
stitution. 

(B) The substitution test is as follows: Data 
substitution will be performed in all quarter 
periods that have less than 75 percent data 
capture but at least 50 percent data capture, 
including State-flagged data affected by ex-
ceptional events which have been approved 
for exclusion by the Administrator; if any 
quarter has less than 50 percent data capture 
then this substitution test cannot be used. 
Identify for each quarter (e.g., January– 
March) the highest reported daily maximum 
1-hour value for that quarter, excluding 
State-flagged data affected by exceptional 
events which have been approved for exclu-
sion by the Administrator, looking across 
those three months of all three years under 
consideration. All daily maximum 1-hour 
values from all days in the quarter period 
shall be considered when identifying this 
highest value, including days with less than 
75 percent data capture. If after substituting 
the highest non-excluded reported daily 
maximum 1-hour value for a quarter for as 
much of the missing daily data in the match-
ing deficient quarter(s) as is needed to make 
them 100 percent complete, the procedure in 
section 5.2 yields a recalculated 3-year 1-hour 
standard ‘‘test design value’’ below the level 
of the standard, then the 1-hour primary 
standard design value is deemed to have 
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passed the diagnostic test and is valid, and 
the level of the standard is deemed to have 
been met in that 3-year period. As noted in 
section 3.2(c)(i), in such a case, the 3-year de-
sign value based on the data actually re-
ported, not the ‘‘test design value’’, shall be 
used as the valid design value. 

(iii)(A) A 1-hour primary standard design 
value that is above the level of the NAAQS 
can be validated if the substitution test in 
section 3.2(c)(iii)(B) results in a ‘‘test design 
value’’ that is above the level of the NAAQS. 
The test substitutes actual ‘‘low’’ reported 
daily maximum 1-hour values from the same 
site at about the same time of the year (spe-
cifically, in the same three months of the 
calendar) for unknown values that were not 
successfully measured. Note that the test is 
merely diagnostic in nature, intended to con-
firm that there is a very high likelihood that 
the original design value (the one with less 
than 75 percent data capture of hours by day 
and of days by quarter) reflects the true 
above-NAAQS-level status for that 3-year pe-
riod; the result of this data substitution test 
(the ‘‘test design value’’, as defined in sec-
tion 3.2(c)(iii)(B)) is not considered the ac-
tual design value. For this test, substitution 
is permitted only if there are a minimum 
number of available daily data points from 
which to identify the low quarter-specific 
daily maximum 1-hour values, specifically if 
there are at least 200 days across the three 
matching quarters of the three years under 
consideration (which is about 75 percent of 
all possible daily values in those three quar-
ters) for which 75 percent of the hours in the 
day have reported concentrations. Only days 
with at least 75 percent of the hours reported 
shall be considered in identifying the low 
value to be used for substitution. 

(B) The substitution test is as follows: 
Data substitution will be performed in all 
quarter periods that have less than 75 per-
cent data capture. Identify for each quarter 
(e.g., January-March) the lowest reported 
daily maximum 1-hour value for that quar-
ter, looking across those three months of all 
three years under consideration. All daily 
maximum 1-hour values from all days with 
at least 75 percent capture in the quarter pe-
riod shall be considered when identifying 
this lowest value. If after substituting the 
lowest reported daily maximum 1-hour value 
for a quarter for as much of the missing 
daily data in the matching deficient quar-
ter(s) as is needed to make them 75 percent 
complete, the procedure in section 5.2 yields 
a recalculated 3-year 1-hour standard ‘‘test 
design value’’ above the level of the stand-
ard, then the 1-hour primary standard design 
value is deemed to have passed the diag-
nostic test and is valid, and the level of the 
standard is deemed to have been exceeded in 
that 3-year period. As noted in section 
3.2(c)(i), in such a case, the 3-year design 
value based on the data actually reported, 

not the ‘‘test design value’’, shall be used as 
the valid design value. 

(d) A 1-hour primary standard design value 
based on data that do not meet the com-
pleteness criteria stated in 3.2(b) and also do 
not satisfy section 3.2(c), may also be consid-
ered valid with the approval of, or at the ini-
tiative of, the Administrator, who may con-
sider factors such as monitoring site clo-
sures/moves, monitoring diligence, the con-
sistency and levels of the valid concentra-
tion measurements that are available, and 
nearby concentrations in determining 
whether to use such data. 

(e) The procedures for calculating the 1- 
hour primary standard design values are 
given in section 5.2 of this appendix. 

4. ROUNDING CONVENTIONS 

4.1 Rounding Conventions for the Annual 
Primary NO2 NAAQS 

(a) Hourly NO2 measurement data shall be 
reported to AQS in units of parts per billion 
(ppb), to at most one place after the decimal, 
with additional digits to the right being 
truncated with no further rounding. 

(b) The annual primary standard design 
value is calculated pursuant to section 5.1 
and then rounded to the nearest whole num-
ber or 1 ppb (decimals 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). 

4.2 Rounding Conventions for the 1-hour 
Primary NO2 NAAQS 

(a) Hourly NO2 measurement data shall be 
reported to AQS in units of parts per billion 
(ppb), to at most one place after the decimal, 
with additional digits to the right being 
truncated with no further rounding. 

(b) Daily maximum 1-hour values are not 
rounded. 

(c) The 1-hour primary standard design 
value is calculated pursuant to section 5.2 
and then rounded to the nearest whole num-
ber or 1 ppb (decimals 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). 

5. CALCULATION PROCEDURES FOR THE 
PRIMARY NO2 NAAQS 

5.1 Procedures for the Annual Primary NO2 
NAAQS 

(a) When the data for a site and year meet 
the data completeness requirements in sec-
tion 3.1(b) of this appendix, or if the Admin-
istrator exercises the discretionary author-
ity in section 3.1(c), the annual mean is sim-
ply the arithmetic average of all of the re-
ported 1-hour values. 

(b) The annual primary standard design 
value for a site is the valid annual mean 
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rounded according to the conventions in sec-
tion 4.1. 

5.2 Calculation Procedures for the 1-hour 
Primary NO2 NAAQS 

(a) Procedure for identifying annual 98th per-
centile values. When the data for a particular 
site and year meet the data completeness re-
quirements in section 3.2(b), or if one of the 
conditions of section 3.2(c) is met, or if the 
Administrator exercises the discretionary 
authority in section 3.2(d), identification of 
annual 98th percentile value is accomplished 
as follows. 

(i) The annual 98th percentile value for a 
year is the higher of the two values resulting 
from the following two procedures. 

(1) Procedure 1. 
(A) For the year, determine the number of 

days with at least 75 percent of the hourly 
values reported including State-flagged data 
affected by exceptional events which have 
been approved for exclusion by the Adminis-
trator. 

(B) For the year, from only the days with 
at least 75 percent of the hourly values re-
ported, select from each day the maximum 
hourly value excluding State-flagged data af-
fected by exceptional events which have been 
approved for exclusion by the Administrator. 

(C) Sort all these daily maximum hourly 
values from a particular site and year by de-
scending value. (For example: (x[1], x[2], x[3], 
* * *, x[n]). In this case, x[1] is the largest 
number and x[n] is the smallest value.) The 
98th percentile is determined from this sort-
ed series of daily values which is ordered 
from the highest to the lowest number. 
Using the left column of Table 1, determine 
the appropriate range (i.e., row) for the an-
nual number of days with valid data for year 
y (cny) as determined from step (A). The cor-
responding ‘‘n’’ value in the right column 
identifies the rank of the annual 98th per-
centile value in the descending sorted list of 
daily site values for year y. Thus, P0.98, y = 
the nth largest value. 

(2) Procedure 2. 
(A) For the year, determine the number of 

days with at least one hourly value reported 
including State-flagged data affected by ex-
ceptional events which have been approved 
for exclusion by the Administrator. 

(B) For the year, from all the days with at 
least one hourly value reported, select from 
each day the maximum hourly value exclud-
ing State-flagged data affected by excep-
tional events which have been approved for 
exclusion by the Administrator. 

(C) Sort all these daily maximum values 
from a particular site and year by descend-
ing value. (For example: (x[1], x[2], x[3], 
* * *, x[n]). In this case, x[1] is the largest 
number and x[n] is the smallest value.) The 
98th percentile is determined from this sort-
ed series of daily values which is ordered 
from the highest to the lowest number. 

Using the left column of Table 1, determine 
the appropriate range (i.e., row) for the an-
nual number of days with valid data for year 
y (cny) as determined from step (A). The cor-
responding ‘‘n’’ value in the right column 
identifies the rank of the annual 98th per-
centile value in the descending sorted list of 
daily site values for year y. Thus, P0.98, y = 
the nth largest value. 

(b) The 1-hour primary standard design 
value for a site is mean of the three annual 
98th percentile values, rounded according to 
the conventions in section 4. 

TABLE 1 

Annual number 
of days with 
valid data for 
year ‘‘y’’ (cny) 

P0.98, y is the 
nth maximum 
value of the 

year, where n 
is the listed 

number 

1–50 1 
51–100 2 
101–150 3 
151–200 4 
201–250 5 
251–300 6 
301–350 7 
351–366 8 

[75 FR 6532, Feb. 9, 2010] 

APPENDIX T TO PART 50—INTERPRETA-
TION OF THE PRIMARY NATIONAL AM-
BIENT AIR QUALITY STANDARDS FOR 
OXIDES OF SULFUR (SULFUR DIOX-
IDE) 

1. GENERAL 

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining when the primary na-
tional ambient air quality standards for Ox-
ides of Sulfur as measured by Sulfur Dioxide 
(‘‘SO2 NAAQS’’) specified in § 50.17 are met at 
an ambient air quality monitoring site. Sul-
fur Dioxide (SO2) is measured in the ambient 
air by a Federal reference method (FRM) 
based on appendix A or A–1 to this part or by 
a Federal equivalent method (FEM) des-
ignated in accordance with part 53 of this 
chapter. Data handling and computation pro-
cedures to be used in making comparisons 
between reported SO2 concentrations and the 
levels of the SO2 NAAQS are specified in the 
following sections. 

(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: 

Daily maximum 1-hour values for SO2 refers 
to the maximum 1-hour SO2 concentration 
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values measured from midnight to midnight 
(local standard time) that are used in 
NAAQS computations. 

Design values are the metrics (i.e., statis-
tics) that are compared to the NAAQS levels 
to determine compliance, calculated as spec-
ified in section 5 of this appendix. The design 
value for the primary 1-hour NAAQS is the 3- 
year average of annual 99th percentile daily 
maximum 1-hour values for a monitoring 
site (referred to as the ‘‘1-hour primary 
standard design value’’). 

99th percentile daily maximum 1-hour value is 
the value below which nominally 99 percent 
of all daily maximum 1-hour concentration 
values fall, using the ranking and selection 
method specified in section 5 of this appen-
dix. 

Pollutant Occurrence Code (POC) refers to a 
numerical code (1, 2, 3, etc.) used to distin-
guish the data from two or more monitors 
for the same parameter at a single moni-
toring site. 

Quarter refers to a calendar quarter. 
Year refers to a calendar year. 

2. REQUIREMENTS FOR DATA USED FOR COM-
PARISONS WITH THE SO2 NAAQS AND DATA 
REPORTING CONSIDERATIONS 

(a) All valid FRM/FEM SO2 hourly data re-
quired to be submitted to EPA’s Air Quality 
System (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 design value calculations. 
Multi-hour average concentration values col-
lected by wet chemistry methods shall not 
be used. 

(b) Data from two or more monitors from 
the same year at the same site reported to 
EPA under distinct Pollutant Occurrence 
Codes shall not be combined in an attempt to 
meet data completeness requirements. The 
Administrator will combine annual 99th per-
centile daily maximum concentration values 
from different monitors in different years, 
selected as described here, for the purpose of 
developing a valid 1-hour primary standard 
design value. If more than one of the mon-
itors meets the completeness requirement 
for all four quarters of a year, the steps spec-
ified in section 5(a) of this appendix shall be 
applied to the data from the monitor with 
the highest average of the four quarterly 
completeness values to derive a valid annual 
99th percentile daily maximum concentra-
tion. If no monitor is complete for all four 
quarters in a year, the steps specified in sec-
tion 3(c) and 5(a) of this appendix shall be ap-
plied to the data from the monitor with the 
highest average of the four quarterly com-
pleteness values in an attempt to derive a 
valid annual 99th percentile daily maximum 
concentration. This paragraph does not pro-
hibit a monitoring agency from making a 
local designation of one physical monitor as 
the primary monitor for a Pollutant Occur-

rence Code and substituting the 1-hour data 
from a second physical monitor whenever a 
valid concentration value is not obtained 
from the primary monitor; if a monitoring 
agency substitutes data in this manner, each 
substituted value must be accompanied by 
an AQS qualifier code indicating that substi-
tution with a value from a second physical 
monitor has taken place. 

(c) Hourly SO2 measurement data shall be 
reported to AQS in units of parts per billion 
(ppb), to at most one place after the decimal, 
with additional digits to the right being 
truncated with no further rounding. 

3. COMPARISONS WITH THE 1-HOUR PRIMARY 
SO2 NAAQS 

(a) The 1-hour primary SO2 NAAQS is met 
at an ambient air quality monitoring site 
when the valid 1-hour primary standard de-
sign value is less than or equal to 75 parts 
per billion (ppb). 

(b) An SO2 1-hour primary standard design 
value is valid if it encompasses three con-
secutive calendar years of complete data. A 
year meets data completeness requirements 
when all 4 quarters are complete. A quarter 
is complete when at least 75 percent of the 
sampling days for each quarter have com-
plete data. A sampling day has complete 
data if 75 percent of the hourly concentra-
tion values, including State-flagged data af-
fected by exceptional events which have been 
approved for exclusion by the Administrator, 
are reported. 

(c) In the case of one, two, or three years 
that do not meet the completeness require-
ments of section 3(b) of this appendix and 
thus would normally not be useable for the 
calculation of a valid 3-year 1-hour primary 
standard design value, the 3-year 1-hour pri-
mary standard design value shall neverthe-
less be considered valid if one of the fol-
lowing conditions is true. 

(i) At least 75 percent of the days in each 
quarter of each of three consecutive years 
have at least one reported hourly value, and 
the design value calculated according to the 
procedures specified in section 5 is above the 
level of the primary 1-hour standard. 

(ii)(A) A 1-hour primary standard design 
value that is equal to or below the level of 
the NAAQS can be validated if the substi-
tution test in section 3(c)(ii)(B) results in a 
‘‘test design value’’ that is below the level of 
the NAAQS. The test substitutes actual 
‘‘high’’ reported daily maximum 1-hour val-
ues from the same site at about the same 
time of the year (specifically, in the same 
calendar quarter) for unknown values that 
were not successfully measured. Note that 
the test is merely diagnostic in nature, in-
tended to confirm that there is a very high 
likelihood that the original design value (the 
one with less than 75 percent data capture of 
hours by day and of days by quarter) reflects 
the true under-NAAQS-level status for that 
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3-year period; the result of this data substi-
tution test (the ‘‘test design value’’, as de-
fined in section 3(c)(ii)(B)) is not considered 
the actual design value. For this test, substi-
tution is permitted only if there are at least 
200 days across the three matching quarters 
of the three years under consideration 
(which is about 75 percent of all possible 
daily values in those three quarters) for 
which 75 percent of the hours in the day, in-
cluding State-flagged data affected by excep-
tional events which have been approved for 
exclusion by the Administrator, have re-
ported concentrations. However, maximum 
1-hour values from days with less than 75 
percent of the hours reported shall also be 
considered in identifying the high value to 
be used for substitution. 

(B) The substitution test is as follows: 
Data substitution will be performed in all 
quarter periods that have less than 75 per-
cent data capture but at least 50 percent 
data capture, including State-flagged data 
affected by exceptional events which have 
been approved for exclusion by the Adminis-
trator; if any quarter has less than 50 per-
cent data capture then this substitution test 
cannot be used. Identify for each quarter 
(e.g., January–March) the highest reported 
daily maximum 1-hour value for that quar-
ter, excluding State-flagged data affected by 
exceptional events which have been approved 
for exclusion by the Administrator, looking 
across those three months of all three years 
under consideration. All daily maximum 1- 
hour values from all days in the quarter pe-
riod shall be considered when identifying 
this highest value, including days with less 
than 75 percent data capture. If after sub-
stituting the highest reported daily max-
imum 1-hour value for a quarter for as much 
of the missing daily data in the matching de-
ficient quarter(s) as is needed to make them 
100 percent complete, the procedure in sec-
tion 5 yields a recalculated 3-year 1-hour 
standard ‘‘test design value’’ less than or 
equal to the level of the standard, then the 
1-hour primary standard design value is 
deemed to have passed the diagnostic test 
and is valid, and the level of the standard is 
deemed to have been met in that 3-year pe-
riod. As noted in section 3(c)(i), in such a 
case, the 3-year design value based on the 
data actually reported, not the ‘‘test design 
value’’, shall be used as the valid design 
value. 

(iii)(A) A 1-hour primary standard design 
value that is above the level of the NAAQS 
can be validated if the substitution test in 
section 3(c)(iii)(B) results in a ‘‘test design 
value’’ that is above the level of the NAAQS. 
The test substitutes actual ‘‘low’’ reported 
daily maximum 1-hour values from the same 
site at about the same time of the year (spe-
cifically, in the same three months of the 
calendar) for unknown hourly values that 
were not successfully measured. Note that 

the test is merely diagnostic in nature, in-
tended to confirm that there is a very high 
likelihood that the original design value (the 
one with less than 75 percent data capture of 
hours by day and of days by quarter) reflects 
the true above-NAAQS-level status for that 
3-year period; the result of this data substi-
tution test (the ‘‘test design value’’, as de-
fined in section 3(c)(iii)(B)) is not considered 
the actual design value. For this test, substi-
tution is permitted only if there are a min-
imum number of available daily data points 
from which to identify the low quarter-spe-
cific daily maximum 1-hour values, specifi-
cally if there are at least 200 days across the 
three matching quarters of the three years 
under consideration (which is about 75 per-
cent of all possible daily values in those 
three quarters) for which 75 percent of the 
hours in the day have reported concentra-
tions. Only days with at least 75 percent of 
the hours reported shall be considered in 
identifying the low value to be used for sub-
stitution. 

(B) The substitution test is as follows: 
Data substitution will be performed in all 
quarter periods that have less than 75 per-
cent data capture. Identify for each quarter 
(e.g., January–March) the lowest reported 
daily maximum 1-hour value for that quar-
ter, looking across those three months of all 
three years under consideration. All daily 
maximum 1-hour values from all days with 
at least 75 percent capture in the quarter pe-
riod shall be considered when identifying 
this lowest value. If after substituting the 
lowest reported daily maximum 1-hour value 
for a quarter for as much of the missing 
daily data in the matching deficient quar-
ter(s) as is needed to make them 75 percent 
complete, the procedure in section 5 yields a 
recalculated 3-year 1-hour standard ‘‘test de-
sign value’’ above the level of the standard, 
then the 1-hour primary standard design 
value is deemed to have passed the diag-
nostic test and is valid, and the level of the 
standard is deemed to have been exceeded in 
that 3-year period. As noted in section 3(c)(i), 
in such a case, the 3-year design value based 
on the data actually reported, not the ‘‘test 
design value’’, shall be used as the valid de-
sign value. 

(d) A 1-hour primary standard design value 
based on data that do not meet the com-
pleteness criteria stated in 3(b) and also do 
not satisfy section 3(c), may also be consid-
ered valid with the approval of, or at the ini-
tiative of, the Administrator, who may con-
sider factors such as monitoring site clo-
sures/moves, monitoring diligence, the con-
sistency and levels of the valid concentra-
tion measurements that are available, and 
nearby concentrations in determining 
whether to use such data. 

(e) The procedures for calculating the 1- 
hour primary standard design values are 
given in section 5 of this appendix. 
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4. ROUNDING CONVENTIONS FOR THE 1-HOUR 
PRIMARY SO2 NAAQS 

(a) Hourly SO2 measurement data shall be 
reported to AQS in units of parts per billion 
(ppb), to at most one place after the decimal, 
with additional digits to the right being 
truncated with no further rounding. 

(b) Daily maximum 1-hour values and 
therefore the annual 99th percentile of those 
daily values are not rounded. 

(c) The 1-hour primary standard design 
value is calculated pursuant to section 5 and 
then rounded to the nearest whole number or 
1 ppb (decimals 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). 

5. CALCULATION PROCEDURES FOR THE 1-HOUR 
PRIMARY SO2 NAAQS 

(a) Procedure for identifying annual 99th per-
centile values. When the data for a particular 
ambient air quality monitoring site and year 
meet the data completeness requirements in 
section 3(b), or if one of the conditions of 
section 3(c) is met, or if the Administrator 
exercises the discretionary authority in sec-
tion 3(d), identification of annual 99th per-
centile value is accomplished as follows. 

(i) The annual 99th percentile value for a 
year is the higher of the two values resulting 
from the following two procedures. 

(1) Procedure 1. For the year, determine the 
number of days with at least 75 percent of 
the hourly values reported. 

(A) For the year, determine the number of 
days with at least 75 percent of the hourly 
values reported including State-flagged data 
affected by exceptional events which have 
been approved for exclusion by the Adminis-
trator. 

(B) For the year, from only the days with 
at least 75 percent of the hourly values re-
ported, select from each day the maximum 
hourly value excluding State-flagged data af-
fected by exceptional events which have been 
approved for exclusion by the Administrator. 

(C) Sort all these daily maximum hourly 
values from a particular site and year by de-
scending value. (For example: (x[1], x[2], x[3], 
* * *, x[n]). In this case, x[1] is the largest 
number and x[n] is the smallest value.) The 
99th percentile is determined from this sort-
ed series of daily values which is ordered 
from the highest to the lowest number. 
Using the left column of Table 1, determine 
the appropriate range (i.e., row) for the an-
nual number of days with valid data for year 
y (cny). The corresponding ‘‘n’’ value in the 
right column identifies the rank of the an-
nual 99th percentile value in the descending 
sorted list of daily site values for year y. 
Thus, P0.99, y = the nth largest value. 

(2) Procedure 2. For the year, determine the 
number of days with at least one hourly 
value reported. 

(A) For the year, determine the number of 
days with at least one hourly value reported 
including State-flagged data affected by ex-
ceptional events which have been approved 
for exclusion by the Administrator. 

(B) For the year, from all the days with at 
least one hourly value reported, select from 
each day the maximum hourly value exclud-
ing State-flagged data affected by excep-
tional events which have been approved for 
exclusion by the Administrator. 

(C) Sort all these daily maximum values 
from a particular site and year by descend-
ing value. (For example: (x[1], x[2], x[3], 
* * *, x[n]). In this case, x[1] is the largest 
number and x[n] is the smallest value.) The 
99th percentile is determined from this sort-
ed series of daily values which is ordered 
from the highest to the lowest number. 
Using the left column of Table 1, determine 
the appropriate range (i.e., row) for the an-
nual number of days with valid data for year 
y (cny). The corresponding ‘‘n’’ value in the 
right column identifies the rank of the an-
nual 99th percentile value in the descending 
sorted list of daily site values for year y. 
Thus, P0.99,y = the nth largest value. 

(b) The 1-hour primary standard design 
value for an ambient air quality monitoring 
site is mean of the three annual 99th per-
centile values, rounded according to the con-
ventions in section 4. 

TABLE 1 

Annual number of days with valid 
data for year ‘‘y’’ (cny) 

P0.99,y is the nth 
maximum value of the 
year, where n is the 

listed number 

1–100 ................................................. 1 
101–200 ............................................. 2 
201–300 ............................................. 3 
301–366 ............................................. 4 

[75 FR 35595, June 23, 2010] 

APPENDIX U TO PART 50—INTERPRETA-
TION OF THE PRIMARY AND SEC-
ONDARY NATIONAL AMBIENT AIR 
QUALITY STANDARDS FOR OZONE 

1. GENERAL 

(a) This appendix explains the data han-
dling conventions and computations nec-
essary for determining whether the primary 
and secondary national ambient air quality 
standards (NAAQS) for ozone (O3) specified in 
§ 50.19 are met at an ambient O3 air quality 
monitoring site. Data reporting, data han-
dling, and computation procedures to be used 
in making comparisons between reported O3 
concentrations and the levels of the O3 
NAAQS are specified in the following sec-
tions. 

(b) Whether to exclude or retain the data 
affected by exceptional events is determined 
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by the requirements under §§ 50.1, 50.14 and 
51.930. 

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

8-hour average refers to the moving average 
of eight consecutive hourly O3 concentra-
tions measured at a site, as explained in sec-
tion 3 of this appendix. 

Annual fourth-highest daily maximum refers 
to the fourth highest value measured at a 
site during a year. 

Collocated monitors refers to the instance of 
two or more O3 monitors operating at the 
same physical location. 

Daily maximum 8-hour average O3 concentra-
tion refers to the maximum calculated 8-hour 
average value measured at a site on a par-
ticular day, as explained in section 3 of this 
appendix. 

Design value refers to the metric (i.e., sta-
tistic) that is used to compare ambient O3 
concentration data measured at a site to the 
NAAQS in order to determine compliance, as 
explained in section 4 of this appendix. 

Minimum data completeness requirements 
refer to the amount of data that a site is re-
quired to collect in order to make a valid de-
termination that the site is meeting the 
NAAQS. 

Monitor refers to a physical instrument 
used to measure ambient O3 concentrations. 

O3 monitoring season refers to the span of 
time within a year when individual states 
are required to measure ambient O3 con-
centrations, as listed in Appendix D to part 
58 of this chapter. 

Site refers to an ambient O3 air quality 
monitoring site. 

Site data record refers to the set of hourly 
O3 concentration data collected at a site for 
use in comparisons with the NAAQS. 

Year refers to calendar year. 

2. SELECTION OF DATA FOR USE IN COMPARI-
SONS WITH THE PRIMARY AND SECONDARY 
OZONE NAAQS 

(a) All valid hourly O3 concentration data 
collected using a federal reference method 
specified in Appendix D to this part, or an 
equivalent method designated in accordance 
with part 53 of this chapter, meeting all ap-
plicable requirements in part 58 of this chap-
ter, and submitted to EPA’s Air Quality Sys-
tem (AQS) database or otherwise available to 
EPA, shall be used in design value calcula-
tions. 

(b) All design value calculations shall be 
implemented on a site-level basis. If data are 
reported to EPA from collocated monitors, 
those data shall be combined into a single 
site data record as follows: 

(i) The monitoring agency shall designate 
one monitor as the primary monitor for the 
site. 

(ii) Hourly O3 concentration data from a 
secondary monitor shall be substituted into 
the site data record whenever a valid hourly 

O3 concentration is not obtained from the 
primary monitor. In the event that hourly O3 
concentration data are available for more 
than one secondary monitor, the hourly con-
centration values from the secondary mon-
itors shall be averaged and substituted into 
the site data record. 

(c) In certain circumstances, including but 
not limited to site closures or relocations, 
data from two nearby sites may be combined 
into a single site data record for the purpose 
of calculating a valid design value. The ap-
propriate Regional Administrator may ap-
prove such combinations after taking into 
consideration factors such as distance be-
tween sites, spatial and temporal patterns in 
air quality, local emissions and meteorology, 
jurisdictional boundaries, and terrain fea-
tures. 

3. DATA REPORTING AND DATA HANDLING 
CONVENTIONS 

(a) Hourly average O3 concentrations shall 
be reported in parts per million (ppm) to the 
third decimal place, with additional digits to 
the right of the third decimal place trun-
cated. Each hour shall be identified using 
local standard time (LST). 

(b) Moving 8-hour averages shall be com-
puted from the hourly O3 concentration data 
for each hour of the year and shall be stored 
in the first, or start, hour of the 8-hour pe-
riod. An 8-hour average shall be considered 
valid if at least 6 of the hourly concentra-
tions for the 8-hour period are available. In 
the event that only 6 or 7 hourly concentra-
tions are available, the 8-hour average shall 
be computed on the basis of the hours avail-
able, using 6 or 7, respectively, as the divi-
sor. In addition, in the event that 5 or fewer 
hourly concentrations are available, the 8- 
hour average shall be considered valid if, 
after substituting zero for the missing hour-
ly concentrations, the resulting 8-hour aver-
age is greater than the level of the NAAQS, 
or equivalently, if the sum of the available 
hourly concentrations is greater than 0.567 
ppm. The 8-hour averages shall be reported 
to three decimal places, with additional dig-
its to the right of the third decimal place 
truncated. Hourly O3 concentrations that 
have been approved under § 50.14 as having 
been affected by exceptional events shall be 
counted as missing or unavailable in the cal-
culation of 8-hour averages. 

(c) The daily maximum 8-hour average O3 
concentration for a given day is the highest 
of the 17 consecutive 8-hour averages begin-
ning with the 8-hour period from 7:00 a.m. to 
3:00 p.m. and ending with the 8-hour period 
from 11:00 p.m. to 7:00 a.m. the following day 
(i.e., the 8-hour averages for 7:00 a.m. to 11:00 
p.m.). Daily maximum 8-hour average O3 
concentrations shall be determined for each 
day with ambient O3 monitoring data, in-
cluding days outside the O3 monitoring sea-
son if those data are available. 
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(d) A daily maximum 8-hour average O3 
concentration shall be considered valid if 
valid 8-hour averages are available for at 
least 13 of the 17 consecutive 8-hour periods 
starting from 7:00 a.m. to 11:00 p.m. In addi-
tion, in the event that fewer than 13 valid 8- 
hour averages are available, a daily max-
imum 8-hour average O3 concentration shall 
also be considered valid if it is greater than 
the level of the NAAQS. Hourly O3 con-
centrations that have been approved under 
§ 50.14 as having been affected by exceptional 
events shall be included when determining 
whether these criteria have been met. 

(e) The primary and secondary O3 design 
value statistic is the annual fourth-highest 
daily maximum 8-hour O3 concentration, 
averaged over three years, expressed in ppm. 
The fourth-highest daily maximum 8-hour O3 
concentration for each year shall be deter-
mined based only on days meeting the valid-
ity criteria in 3(d). The 3-year average shall 
be computed using the three most recent, 
consecutive years of ambient O3 monitoring 
data. Design values shall be reported in ppm 
to three decimal places, with additional dig-
its to the right of the third decimal place 
truncated. 

4. COMPARISONS WITH THE PRIMARY AND 
SECONDARY OZONE NAAQS 

(a) The primary and secondary national 
ambient air quality standards for O3 are met 

at an ambient air quality monitoring site 
when the 3-year average of the annual 
fourth-highest daily maximum 8-hour aver-
age O3 concentration (i.e., the design value) 
is less than or equal to 0.070 ppm. 

(b) A design value greater than the level of 
the NAAQS is always considered to be valid. 
A design value less than or equal to the level 
of the NAAQS must meet minimum data 
completeness requirements in order to be 
considered valid. These requirements are 
met for a 3-year period at a site if valid daily 
maximum 8-hour average O3 concentrations 
are available for at least 90% of the days 
within the O3 monitoring season, on average, 
for the 3-year period, with a minimum of at 
least 75% of the days within the O3 moni-
toring season in any one year. 

(c) When computing whether the minimum 
data completeness requirements have been 
met, meteorological or ambient data may be 
sufficient to demonstrate that meteorolog-
ical conditions on missing days were not 
conducive to concentrations above the level 
of the NAAQS. Missing days assumed less 
than the level of the NAAQS are counted for 
the purpose of meeting the minimum data 
completeness requirements, subject to the 
approval of the appropriate Regional Admin-
istrator. 

(d) Comparisons with the primary and sec-
ondary O3 NAAQS are demonstrated by ex-
amples 1 and 2 as follows: 

EXAMPLE 1—SITE MEETING THE PRIMARY AND SECONDARY O3 NAAQS 

Year 

Percent valid 
days within O3 

monitoring 
season (Data 
completeness) 

1st highest 
daily max 
8-hour O3 

(ppm) 

2nd highest 
daily max 
8-hour O3 

(ppm) 

3rd highest 
daily max 
8-hour O3 

(ppm) 

4th highest 
daily max 
8-hour O3 

(ppm) 

5th highest 
daily max 
8-hour O3 

(ppm) 

2014 .............................. 100 0.082 0.080 0.075 0.069 0.068 
2015 .............................. 96 0.074 0.073 0.065 0.062 0.060 
2016 .............................. 98 0.070 0.069 0.067 0.066 0.060 
Average ......................... 98 ........................ ........................ ........................ 0.065 

As shown in Example 1, this site meets the 
primary and secondary O3 NAAQS because 
the 3-year average of the annual fourth-high-
est daily maximum 8-hour average O3 con-
centrations (i.e., 0.065666 ppm, truncated to 
0.065 ppm) is less than or equal to 0.070 ppm. 
The minimum data completeness require-

ments are also met (i.e., design value is con-
sidered valid) because the average percent of 
days within the O3 monitoring season with 
valid ambient monitoring data is greater 
than 90%, and no single year has less than 
75% data completeness. 

EXAMPLE 2—SITE FAILING TO MEET THE PRIMARY AND SECONDARY O3 O3 NAAQS 

Year 

Percent valid 
days within O3 

monitoring 
season (Data 
completeness) 

1st highest 
daily max 
8-hour O3 

(ppm) 

2nd highest 
daily max 
8-hour O3 

(ppm) 

3rd highest 
daily max 
8-hour O3 

(ppm) 

4th highest 
daily max 
8-hour O3 

(ppm) 

5th highest 
daily max 
8-hour O3 

(ppm) 

2014 .............................. 96 0.085 0.080 0.079 0.074 0.072 
2015 .............................. 74 0.084 0.083 0.072 0.071 0.068 
2016 .............................. 98 0.083 0.081 0.081 0.075 0.074 
Average ......................... 89 ........................ ........................ ........................ 0.073 
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40 CFR Ch. I (7–1–16 Edition) Pt. 51 

As shown in Example 2, this site fails to 
meet the primary and secondary O3 NAAQS 
because the 3-year average of the annual 
fourth-highest daily maximum 8-hour aver-
age O3 concentrations (i.e., 0.073333 ppm, 
truncated to 0.073 ppm) is greater than 0.070 
ppm, even though the annual data complete-
ness is less than 75% in one year and the 3- 
year average data completeness is less than 
90% (i.e., design value would not otherwise be 
considered valid). 

[80 FR 65458, Oct. 26, 2015] 

PART 51—REQUIREMENTS FOR 
PREPARATION, ADOPTION, AND 
SUBMITTAL OF IMPLEMENTATION 
PLANS 

Subpart A—Air Emissions Reporting 
Requirements 

GENERAL INFORMATION FOR INVENTORY 
PREPARERS 

Sec. 
51.1 Who is responsible for actions described 

in this subpart? 
51.5 What tools are available to help pre-

pare and report emissions data? 
51.10 [Reserved] 

SPECIFIC REPORTING REQUIREMENTS 

51.15 What data does my state need to re-
port to EPA? 

51.20 What are the emission thresholds that 
separate point and nonpoint sources? 

51.25 What geographic area must my state’s 
inventory cover? 

51.30 When does my state report which 
emissions data to EPA? 

51.35 How can my state equalize the emis-
sion inventory effort from year to year? 

51.40 In what form and format should my 
state report the data to EPA? 

51.45 Where should my state report the 
data? 

51.50 What definitions apply to this sub-
part? 

APPENDIX A TO SUBPART A OF PART 51—TA-
BLES 

APPENDIX B TO SUBPART A OF PART 51 [RE-
SERVED] 

Subparts B–E [Reserved] 

Subpart F—Procedural Requirements 

51.100 Definitions. 
51.101 Stipulations. 
51.102 Public hearings. 
51.103 Submission of plans, preliminary re-

view of plans. 
51.104 Revisions. 
51.105 Approval of plans. 

Subpart G—Control Strategy 

51.110 Attainment and maintenance of na-
tional standards. 

51.111 Description of control measures. 
51.112 Demonstration of adequacy. 
51.113 [Reserved] 
51.114 Emissions data and projections. 
51.115 Air quality data and projections. 
51.116 Data availability. 
51.117 Additional provisions for lead. 
51.118 Stack height provisions. 
51.119 Intermittent control systems. 
51.120 Requirements for State Implementa-

tion Plan revisions relating to new 
motor vehicles. 

51.121 Findings and requirements for sub-
mission of State implementation plan re-
visions relating to emissions of oxides of 
nitrogen. 

51.122 Emissions reporting requirements for 
SIP revisions relating to budgets for NOX 
emissions. 

51.123 Findings and requirements for sub-
mission of State implementation plan re-
visions relating to emissions of oxides of 
nitrogen pursuant to the Clean Air Inter-
state Rule. 

51.124 Findings and requirements for sub-
mission of State implementation plan re-
visions relating to emissions of sulfur di-
oxide pursuant to the Clean Air Inter-
state Rule. 

51.125 [Reserved] 
51.126 Determination of widespread use of 

ORVR and waiver of CAA section 
182(b)(3) Stage II gasoline vapor recovery 
requirements. 

Subpart H—Prevention of Air Pollution 
Emergency Episodes 

51.150 Classification of regions for episode 
plans. 

51.151 Significant harm levels. 
51.152 Contingency plans. 
51.153 Reevaluation of episode plans. 

Subpart I—Review of New Sources and 
Modifications 

51.160 Legally enforceable procedures. 
51.161 Public availability of information. 
51.162 Identification of responsible agency. 
51.163 Administrative procedures. 
51.164 Stack height procedures. 
51.165 Permit requirements. 
51.166 Prevention of significant deteriora-

tion of air quality. 

Subpart J—Ambient Air Quality 
Surveillance 

51.190 Ambient air quality monitoring re-
quirements. 
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