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(v) The candidate method passes the
precision test if all 10 Pj or RPj values
meet the specifications in table D–1.

(d) Flow rate stability—(1) Technical
definition. Freedom from variation in
the operating flow rate of the sampler
under typical sampling conditions.

(2) Test procedure. (i) For each of the
three test samplers and each of the 10
test days of the precision test, record
each measured flow rate as F(i)(j)(t),
where i is the sampler number, j is the
test day, and t is the time of flow rate
measurement (t=0, 6, 12, 18, or 24
hours).

(ii) For each sampler and for each
test day, calculate and record the aver-
age flow rate as:

F

F

n
i j

i j t
t

( )( )

( )( )( )
==
∑

0

24

where n = number of flow rate measurements
during the 24-hour test day.

(iii) For each sampler and for each
test day, calculate and record the per-
cent difference between the average
flow rate and the initial flow rate as:
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where F(i)(j)(0) is the initial flow rate (t=0).

(iv) For each sampler and for each of
the 3 test days on which flow measure-
ments were obtained at 6-hour inter-

vals throughout the 24-hour sampling
period, calculate and record the per-
cent differences between each meas-
ured flow rate and the initial flow rate
as:
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where t = 6, 12, 18, or 24 hours.

(v) The candidate method passes the
flow rate stability test if all of the ∆
F(i)(j) and ∆ F(i)(j)(t) values meet the speci-
fications in table D–1.

Subpart E—Procedures for Testing
Physical (Design) and Per-
formance Characteristics of
Reference Methods and Class
I Equivalent Methods for PM2.5

SOURCE: 62 FR 38799, July 18, 1997, unless
otherwise noted.

§ 53.50 General provisions.
(a) This subpart sets forth the spe-

cific tests that must be carried out and
the test results, evidence, documenta-
tion, and other materials that must be
provided to EPA to demonstrate that a
PM2.5 sampler associated with a can-
didate reference method or Class I
equivalent method meets all design
and performance specifications set
forth in 40 CFR part 50, appendix L, as
well as additional requirements speci-
fied in this subpart E. Some of these
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tests may also be applicable to por-
tions of a candidate Class II equivalent
method sampler, as determined under
subpart F of this part. Some or all of
these tests may also be applicable to a
candidate Class III equivalent method
sampler, as may be determined under
§ 53.3(a)(4) or § 53.3(b)(3).

(b) Samplers associated with can-
didate reference methods for PM2.5

shall be subject to the provisions, spec-
ifications, and test procedures pre-
scribed in §§ 53.51 through 53.58. Sam-
plers associated with candidate Class I
equivalent methods for PM2.5 shall be
subject to the provisions, specifica-
tions, and test procedures prescribed in
all sections of this subpart. Samplers
associated with candidate Class II
equivalent methods for PM2.5 shall be
subject to the provisions, specifica-
tions, and test procedures prescribed in
all applicable sections of this subpart,
as specified in subpart F of this part.

(c) The provisions of § 53.51 pertain to
test results and documentation re-
quired to demonstrate compliance of a
candidate method sampler with the de-
sign specifications set forth in 40 CFR
part 50, appendix L. The test proce-
dures prescribed in §§ 53.52 through 53.59
pertain to performance tests required
to demonstrate compliance of a can-
didate method sampler with the per-
formance specifications set forth in 40
CFR part 50, appendix L, as well as ad-
ditional requirements specified in this
subpart E. These latter test procedures
shall be used to test the performance of
candidate samplers against the per-
formance specifications and require-
ments specified in each procedure and
summarized in table E–1 of this sub-
part.

(d) Test procedures prescribed in
§ 53.59 do not apply to candidate ref-
erence method samplers. These proce-
dures apply primarily to candidate
Class I equivalent method samplers for
PM2.5 which have a sample air flow
path configuration upstream of the
sample filter that is modified with re-
spect to that specified for the reference
method sampler, as set forth in 40 CFR
part 50, appendix L, figures L–1 to L–29,
such as might be necessary to provide
for sequential sample capability. The
additional tests determine the ade-
quacy of aerosol transport through any

altered components or supplemental
devices that are used in a candidate
sampler upstream of the sample filter.
In addition to the other test procedures
in this subpart, these test procedures
shall be used to further test the per-
formance of such an equivalent method
sampler against the performance speci-
fications given in the procedure and
summarized in table E–1 of this sub-
part.

(e) A 10–day operational field test of
measurement precision is required
under § 53.58 for both candidate ref-
erence and equivalent method sam-
plers. This test requires collocated op-
eration of three candidate method sam-
plers at a field test site. For candidate
equivalent method samplers, this test
may be combined and carried out con-
currently with the test for comparabil-
ity to the reference method specified
under § 53.34, which requires collocated
operation of three reference method
samplers and three candidate equiva-
lent method samplers.

(f) All tests and collection of test
data shall be performed in accordance
with the requirements of reference 1,
section 4.10.5 (ISO 9001) and reference 2,
part B, section 3.3.1, paragraphs 1 and 2
and part C, section 4.6 (ANSI/ASQC E4)
in appendix A of this subpart. All test
data and other documentation obtained
specifically from or pertinent to these
tests shall be identified, dated, signed
by the analyst performing the test, and
submitted to EPA in accordance with
subpart A of this part.

§ 53.51 Demonstration of compliance
with design specifications and man-
ufacturing and test requirements.

(a) Overview. (1) The subsequent para-
graphs of this section specify certain
documentation that must be submitted
and tests that are required to dem-
onstrate that samplers associated with
a designated reference or equivalent
method for PM2.5 are properly manufac-
tured to meet all applicable design and
performance specifications and have
been properly tested according to all
applicable test requirements for such
designation. Documentation is required
to show that instruments and compo-
nents of a PM2.5 sampler are manufac-
tured in an ISO 9001-registered facility
under a quality system that meets ISO-
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9001 requirements for manufacturing
quality control and testing.

(2) In addition, specific tests are re-
quired to verify that two critical fea-
tures of reference method samplers im-
pactor jet diameter and the surface fin-
ish of surfaces specified to be anodized
meet the specifications of 40 CFR part
50, appendix L. A checklist is required
to provide certification by an ISO-cer-
tified auditor that all performance and
other required tests have been properly
and appropriately conducted, based on
a reasonable and appropriate sample of
the actual operations or their docu-
mented records. Following designation
of the method, another checklist is re-
quired, initially and annually, to pro-
vide an ISO-certified auditor’s certifi-
cation that the sampler manufacturing
process is being implemented under an
adequate and appropriate quality sys-
tem.

(3) For the purposes of this section,
the definitions of ISO 9001-registered
facility and ISO-certified auditor are
found in § 53.1. An exception to the reli-
ance by EPA on ISO-certified auditors
is the requirement for the submission
of the operation or instruction manual
associated with the candidate method
to EPA as part of the application. This
manual is required under § 53.4(b)(3).
EPA has determined that acceptable
technical judgment for review of this
manual may not be assured by ISO-cer-
tified auditors, and approval of this
manual will therefore be performed by
EPA.

(b) ISO registration of manufacturing
facility. (1) The applicant must submit
documentation verifying that the sam-
plers identified and sold as part of a
designated PM2.5 reference or equiva-
lent method will be manufactured in an
ISO 9001-registered facility and that
the manufacturing facility is main-
tained in compliance with all applica-
ble ISO 9001 requirements (reference 1
in appendix A of this subpart). The doc-
umentation shall indicate the date of
the original ISO 9001 registration for
the facility and shall include a copy of
the most recent certification of contin-
ued ISO 9001 facility registration. If the
manufacturer does not wish to initiate
or complete ISO 9001 registration for
the manufacturing facility, docu-
mentation must be included in the ap-

plication to EPA describing an alter-
native method to demonstrate that the
facility meets the same general re-
quirements as required for registration
to ISO-9001. In this case, the applicant
must provide documentation in the ap-
plication to demonstrate, by required
ISO-certified auditor’s inspections,
that a quality system is in place which
is adequate to document and monitor
that the sampler system components
and final assembled samplers all con-
form to the design, performance and
other requirements specified in this
part and in 40 CFR part 50, appendix L.

(2) Phase-in period. For a period of 1
year following the effective date of this
subpart, a candidate reference or equiv-
alent method for PM2.5 that utilizes a
sampler manufactured in a facility
that is not ISO 9001-registered or other-
wise approved by EPA under paragraph
(b)(1) of this section may be condi-
tionally designated as a reference or
equivalent method under this part.
Such conditional designation will be
considered on the basis of evidence sub-
mitted in association with the can-
didate method application showing
that appropriate efforts are currently
underway to seek ISO 9001 registration
or alternative approval of the facility’s
quality system under paragraph (b)(1)
of this section within the next 12
months. Such conditional designation
shall expire 1 year after the date of the
FEDERAL REGISTER notice of the condi-
tional designation unless documenta-
tion verifying successful ISO 9001 reg-
istration for the facility or other EPA-
acceptable quality system review and
approval process of the production fa-
cility that will manufacture the sam-
plers is submitted at least 30 days prior
to the expiration date.

(c) Sampler manufacturing quality con-
trol. The manufacturer must ensure
that all components used in the manu-
facture of PM2.5 samplers to be sold as
part of a reference or equivalent meth-
od and that are specified by design in
40 CFR part 50, appendix L, are fab-
ricated or manufactured exactly as
specified. If the manufacturer’s quality
records show that its quality control
(QC) and quality assurance (QA) sys-
tem of standard process control inspec-
tions (of a set number and frequency of
testing that is less than 100 percent)
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complies with the applicable QA provi-
sions of section 4 of reference 4 in ap-
pendix A of this subpart and prevents
nonconformances, 100 percent testing
shall not be required until that conclu-
sion is disproved by customer return or
other independent manufacturer or
customer test records. If problems are
uncovered, inspection to verify con-
formance to the drawings, specifica-
tions, and tolerances shall be per-
formed. Refer also to paragraph (e) of
this section—final assembly and in-
spection requirements.

(d) Specific tests and supporting docu-
mentation required to verify conformance
to critical component specifications—(1)
Verification of PM2.5 impactor jet diame-
ter. The diameter of the jet of each im-
pactor manufactured for a PM2.5 sam-
pler under the impactor design speci-
fications set forth in 40 CFR part 50,
appendix L, shall be verified against
the tolerance specified on the drawing,
using standard, NIST-traceable ZZ go/
no go plug gages. This test shall be a
final check of the jet diameter follow-
ing all fabrication operations, and a
record shall be kept of this final check.
The manufacturer shall submit evi-
dence that this procedure is incor-
porated into the manufacturing proce-
dure, that the test is or will be rou-
tinely implemented, and that an appro-
priate procedure is in place for the dis-
position of units that fail this toler-
ance test.

(2) Verification of surface finish. The
anodization process used to treat sur-
faces specified to be anodized shall be
verified by testing treated specimen
surfaces for weight and corrosion re-
sistance to ensure that the coating ob-
tained conforms to the coating speci-
fication. The specimen surfaces shall
be finished in accordance with military
standard specification 8625F, Type II,
Class I (reference 4 in appendix A of
this subpart) in the same way the sam-
pler surfaces are finished, and tested,
prior to sealing, as specified in section
4.5.2 of reference 4 in appendix A of this
subpart.

(e) Final assembly and inspection re-
quirements. Each sampler shall be test-
ed after manufacture and before deliv-
ery to the final user. Each manufac-
turer shall document its post-manufac-
turing test procedures. As a minimum,

each test shall consist of the following:
Tests of the overall integrity of the
sampler, including leak tests; calibra-
tion or verification of the calibration
of the flow measurement device, baro-
metric pressure sensor, and tempera-
ture sensors; and operation of the sam-
pler with a filter in place over a period
of at least 48 hours. The results of each
test shall be suitably documented and
shall be subject to review by an ISO-
certified auditor.

(f) Manufacturer’s audit checklists.
Manufacturers shall require an ISO-
certified auditor to sign and date a
statement indicating that the auditor
is aware of the appropriate manufac-
turing specifications contained in 40
CFR part 50, appendix L, and the test
or verification requirements in this
subpart. Manufacturers shall also re-
quire an ISO-certified auditor to com-
plete the checklists, shown in figures
E–1 and E–2 of this subpart, which de-
scribe the manufacturer’s ability to
meet the requirements of the standard
for both designation testing and prod-
uct manufacture.

(1) Designation testing checklist. The
completed statement and checklist as
shown in figure E–1 of this subpart
shall be submitted with the application
for reference or equivalent method de-
termination.

(2) Product manufacturing checklist.
Manufacturers shall require an ISO-
certified auditor to complete a Product
Manufacturing Checklist (figure E–2 of
this subpart), which evaluates the
manufacturer on its ability to meet the
requirements of the standard in main-
taining quality control in the produc-
tion of reference or equivalent devices.
The initial completed checklist shall
be submitted with the application for
reference or equivalent method deter-
mination. Also, this checklist (figure
E–2 of this subpart) must be completed
and submitted annually to retain a ref-
erence or equivalent method designa-
tion for a PM2.5 method.

(3) Phase-in period. If the conditions
of paragraph (b)(2) of this section
apply, a candidate reference or equiva-
lent method for PM2.5 may be condi-
tionally designated as a reference or
equivalent method under this part 53
without the submission of the check-
lists described in paragraphs (f)(1) and
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(f)(2) of this section. Such conditional
designation shall expire 1 year after
the date of the FEDERAL REGISTER no-
tice of the conditional designation un-
less the checklists are submitted at
least 30 days prior to the expiration
date.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.52 Leak check test.
(a) Overview. In section 7.4.6 of 40

CFR part 50, appendix L, the sampler is
required to include the facility, includ-
ing components, instruments, operator
controls, a written procedure, and
other capabilities as necessary, to
allow the operator to carry out a leak
test of the sampler at a field monitor-
ing site without additional equipment.
This test procedure is intended to test
the adequacy and effectiveness of the
sampler’s leak check facility. Because
of the variety of potential sampler con-
figurations and leak check procedures
possible, some adaptation of this proce-
dure may be necessary to accommodate
the specific sampler under test. The
test conditions and performance speci-
fications associated with this test are
summarized in table E–1 of this sub-
part. The candidate test sampler must
meet all test parameters and test spec-
ifications to successfully pass this test.

(b) Technical definitions. (1) External
leakage includes the total flow rate of
external ambient air which enters the
sampler other than through the sam-
pler inlet and which passes through
any one or more of the impactor, filter,
or flow rate measurement components.

(2) Internal leakage is the total sam-
ple air flow rate that passes through
the filter holder assembly without
passing through the sample filter.

(c) Required test equipment. (1) Flow
rate measurement device, range 70 mL/
min to 130 mL/min, 2 percent certified
accuracy, NIST-traceable.

(2) Flow rate measurement adaptor
(40 CFR part 50, appendix L, figure L-
30) or equivalent adaptor to facilitate
measurement of sampler flow rate at
the top of the downtube.

(3) Impermeable membrane or disk,
47 mm nominal diameter.

(4) Means, such as a micro-valve, of
providing a simulated leak flow rate
through the sampler of approximately

80 mL/min under the conditions speci-
fied for the leak check in the sampler’s
leak check procedure.

(5) Teflon sample filter, as specified
in section 6 of 40 CFR part 50, appendix
L.

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
one or more non-zero flow rates within
7 days of use for this test.

(e) Test setup. (1) The test sampler
shall be set up for testing as described
in the sampler’s operation or instruc-
tion manual referred to in § 53.4(b)(3).
The sampler shall be installed upright
and set up in its normal configuration
for collecting PM2.5 samples, except
that the sample air inlet shall be re-
moved and the flow rate measurement
adaptor shall be installed on the sam-
pler’s downtube.

(2) The flow rate control device shall
be set up to provide a constant, con-
trolled flow rate of 80 mL/min into the
sampler downtube under the conditions
specified for the leak check in the sam-
pler’s leak check procedure.

(3) The flow rate measurement device
shall be set up to measure the con-
trolled flow rate of 80 mL/min into the
sampler downtube under the conditions
specified for the leak check in the sam-
pler’s leak check procedure.

(f) Procedure. (1) Install the imper-
meable membrane in a filter cassette
and install the cassette into the sam-
pler. Carry out the internal leak check
procedure as described in the sampler’s
operation/instruction manual and ver-
ify that the leak check acceptance cri-
terion specified in table E–1 of this sub-
part is met.

(2) Replace the impermeable mem-
brane with a Teflon filter and install
the cassette in the sampler. Remove
the inlet from the sampler and install
the flow measurement adaptor on the
sampler’s downtube. Close the valve of
the adaptor to seal the flow system.
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Conduct the external leak check proce-
dure as described in the sampler’s oper-
ation/instruction manual and verify
that the leak check acceptance criteria
specified in table E–1 of this subpart
are met.

(3) Arrange the flow control device,
flow rate measurement device, and
other apparatus as necessary to pro-
vide a simulated leak flow rate of 80
mL/min into the test sampler through
the downtube during the specified ex-
ternal leak check procedure. Carry out
the external leak check procedure as
described in the sampler’s operation/in-
struction manual but with the simu-
lated leak of 80 mL/min.

(g) Test results. The requirements for
successful passage of this test are:

(1) That the leak check procedure in-
dicates no significant external or inter-
nal leaks in the test sampler when no
simulated leaks are introduced.

(2) That the leak check procedure
properly identifies the occurrence of
the simulated external leak of 80 mL/
min.

§ 53.53 Test for flow rate accuracy,
regulation, measurement accuracy,
and cut-off.

(a) Overview. This test procedure is
designed to evaluate a candidate sam-
pler’s flow rate accuracy with respect
to the design flow rate, flow rate regu-
lation, flow rate measurement accu-
racy, coefficient of variability meas-
urement accuracy, and the flow rate
cut-off function. The tests for the first
four parameters shall be conducted
over a 6-hour time period during which
reference flow measurements are made
at intervals not to exceed 5 minutes.
The flow rate cut-off test, conducted
separately, is intended to verify that
the sampler carries out the required
automatic sample flow rate cut-off
function properly in the event of a low-
flow condition. The test conditions and
performance specifications associated
with this test are summarized in table
E–1 of this subpart. The candidate test
sampler must meet all test parameters
and test specifications to successfully
pass this test.

(b) Technical definitions. (1) Sample
flow rate means the quantitative volu-
metric flow rate of the air stream
caused by the sampler to enter the

sampler inlet and pass through the
sample filter, measured in actual vol-
ume units at the temperature and pres-
sure of the air as it enters the inlet.

(2) The flow rate cut-off function re-
quires the sampler to automatically
stop sample flow and terminate the
current sample collection if the sample
flow rate deviates by more than the
variation limits specified in table E–1
of this subpart (±10 percent from the
nominal sample flow rate) for more
than 60 seconds during a sample collec-
tion period. The sampler is also re-
quired to properly notify the operator
with a flag warning indication of the
out-of-specification flow rate condition
and if the flow rate cut-off results in an
elapsed sample collection time of less
than 23 hours.

(c) Required test equipment. (1) Flow
rate meter, suitable for measuring and
recording the actual volumetric sample
flow rate at the sampler downtube,
with a minimum range of 10 to 25 L/
min, 2 percent certified, NIST-trace-
able accuracy. Optional capability for
continuous (analog) recording capabil-
ity or digital recording at intervals not
to exceed 30 seconds is recommended.
While a flow meter which provides a di-
rect indication of volumetric flow rate
is preferred for this test, an alternative
certified flow measurement device may
be used as long as appropriate volu-
metric flow rate corrections are made
based on measurements of actual ambi-
ent temperature and pressure condi-
tions.

(2) Ambient air temperature sensor,
with a resolution of 0.1 °C and certified
to be accurate to within 0.5 °C (if need-
ed). If the certified flow meter does not
provide direct volumetric flow rate
readings, ambient air temperature
measurements must be made using
continuous (analog) recording capabil-
ity or digital recording at intervals not
to exceed 5 minutes.

(3) Barometer, range 600 mm Hg to
800 mm Hg, certified accurate to 2 mm
Hg (if needed). If the certified flow
meter does not provide direct volu-
metric flow rate readings, ambient
pressure measurements must be made
using continuous (analog) recording ca-
pability or digital recording at inter-
vals not to exceed 5 minutes.
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(4) Flow measurement adaptor (40
CFR part 50, appendix L, figure L-30) or
equivalent adaptor to facilitate meas-
urement of sample flow rate at the
sampler downtube.

(5) Valve or other means to restrict
or reduce the sample flow rate to a
value at least 10 percent below the de-
sign flow rate (16.67 L/min). If appro-
priate, the valve of the flow measure-
ment adaptor may be used for this pur-
pose.

(6) Means for creating an additional
pressure drop of 55 mm Hg in the sam-
pler to simulate a heavily loaded filter,
such as an orifice or flow restrictive
plate installed in the filter holder or a
valve or other flow restrictor tempo-
rarily installed in the flow path near
the filter.

(7) Teflon sample filter, as specified
in section 6 of 40 CFR part 50, appendix
L (if required).

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow-rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) Setup of the sampler
shall be as required in this paragraph
(e) and otherwise as described in the
sampler’s operation or instruction
manual referred to in § 53.4(b)(3). The
sampler shall be installed upright and
set up in its normal configuration for
collecting PM2.5 samples. A sample fil-
ter and (or) the device for creating an
additional 55 mm Hg pressure drop
shall be installed for the duration of
these tests. The sampler’s ambient
temperature, ambient pressure, and
flow rate measurement systems shall
all be calibrated per the sampler’s op-
eration or instruction manual within 7
days prior to this test.

(2) The inlet of the candidate sampler
shall be removed and the flow measure-
ment adaptor installed on the sam-
pler’s downtube. A leak check as de-
scribed in the sampler’s operation or
instruction manual shall be conducted
and must be properly passed before
other tests are carried out.

(3) The inlet of the flow measurement
adaptor shall be connected to the out-
let of the flow rate meter.

(4) For the flow rate cut-off test, the
valve or means for reducing sampler
flow rate shall be installed between the
flow measurement adaptor and the
downtube or in another location within
the sampler such that the sampler flow
rate can be manually restricted during
the test.

(f) Procedure. (1) Set up the sampler
as specified in paragraph (e) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual. Set the sampler
to automatically start a 6-hour sample
collection period at a convenient time.

(2) During the 6-hour operational
flow rate portion of the test, measure
and record the sample flow rate with
the flow rate meter at intervals not to
exceed 5 minutes. If ambient tempera-
ture and pressure corrections are nec-
essary to calculate volumetric flow
rate, ambient temperature and pres-
sure shall be measured at the same fre-
quency as that of the certified flow
rate measurements. Note and record
the actual start and stop times for the
6-hour flow rate test period.

(3) Following completion of the 6-
hour flow rate test period, install the
flow rate reduction device and change
the sampler flow rate recording fre-
quency to intervals of not more than 30
seconds. Reset the sampler to start a
new sample collection period. Manu-
ally restrict the sampler flow rate such
that the sampler flow rate is decreased
slowly over several minutes to a flow
rate slightly less than the flow rate
cut-off value (15.0 L/min). Maintain
this flow rate for at least 2.0 minutes
or until the sampler stops the sample
flow automatically. Manually termi-
nate the sample period, if the sampler
has not terminated it automatically.

(g) Test results. At the completion of
the test, validate the test conditions
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and determine the test results as fol-
lows:

(1) Mean sample flow rate. (i) From the
certified measurements (Qref) of the
test sampler flow rate obtained by use
of the flow rate meter, tabulate each
flow rate measurement in units of L/
min. If ambient temperature and pres-
sure corrections are necessary to cal-
culate volumetric flow rate, each
measured flow rate shall be corrected
using its corresponding temperature
and pressure measurement values. Cal-
culate the mean flow rate for the sam-
ple period (Qref,ave) as follows:

Equation 1

Q

Q

nref ave

ref i
i

n

,

,

= =
∑

1

where:
n equals the number of discrete certified

flow rate measurements over the 6-hour
test period.

(ii)(A) Calculate the percent dif-
ference between this mean flow rate
value and the design value of 16.67 L/
min, as follows:

Equation 2

%
., Differenc

16.67 
e

Q
x 100%ref ave =

− 16 67

(B) To successfully pass the mean
flow rate test, the percent difference
calculated in Equation 2 of this para-
graph (g)(1)(ii) must be within ±5 per-
cent.

(2) Sample flow rate regulation. (i)
From the certified measurements of
the test sampler flow rate, calculate
the sample coefficient of variation (CV)
of the discrete measurements as fol-
lows:

Equation 3
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(ii) To successfully pass the flow rate
regulation test, the calculated coeffi-
cient of variation for the certified flow
rates must not exceed 2 percent.

(3) Flow rate measurement accuracy. (i)
Using the mean volumetric flow rate
reported by the candidate test sampler
at the completion of the 6-hour test pe-
riod (Qind,ave), determine the accuracy of
the reported mean flow rate as:

Equation 4

%
| |, ,

,

 Difference
Q Q

Q
x ind ave ref ave

ref ave

=
−

100%

(ii) To successfully pass the flow rate
measurement accuracy test, the per-
cent difference calculated in Equation
4 of this paragraph (g)(3) shall not ex-
ceed 2 percent.

(4) Flow rate coefficient of variation
measurement accuracy. (i) Using the
flow rate coefficient of variation indi-
cated by the candidate test sampler at
the completion of the 6-hour test
(%CVind), determine the accuracy of
this reported coefficient of variation
as:

Equation 5

Difference CV CVind ref =|%  % % |( ) −
(ii) To successfully pass the flow rate

CV measurement accuracy test, the ab-
solute difference in values calculated
in Equation 5 of this paragraph (g)(4)
must not exceed 0.3 (CV%).

(5) Flow rate cut-off. (i) Inspect the
measurements of the sample flow rate
during the flow rate cut-off test and de-
termine the time at which the sample
flow rate decreased to a value less than
the cut-off value specified in table E–1
of this subpart. To pass this test, the
sampler must have automatically
stopped the sample flow at least 30 sec-
onds but not more than 90 seconds after
the time at which the sampler flow
rate was determined to have decreased
to a value less than the cut-off value.

(ii) At the completion of the flow
rate cut-off test, download the archived
data from the test sampler and verify
that the sampler’s required Flow-out-
of-spec and Incorrect sample period
flag indicators are properly set.
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§ 53.54 Test for proper sampler oper-
ation following power interrup-
tions.

(a) Overview. (1) This test procedure
is designed to test certain performance
parameters of the candidate sampler
during a test period in which power
interruptions of various duration
occur. The performance parameters
tested are:

(i) Proper flow rate performance of
the sampler.

(ii) Accuracy of the sampler’s aver-
age flow rate, CV, and sample volume
measurements.

(iii) Accuracy of the sampler’s re-
ported elapsed sampling time.

(iv) Accuracy of the reported time
and duration of power interruptions.

(2) This test shall be conducted dur-
ing operation of the test sampler over
a continuous 6-hour test period during
which the sampler’s flow rate shall be
measured and recorded at intervals not
to exceed 5 minutes. The performance
parameters tested under this proce-
dure, the corresponding minimum per-
formance specifications, and the appli-
cable test conditions are summarized
in table E–1 of this subpart. Each per-
formance parameter tested, as de-
scribed or determined in the test proce-
dure, must meet or exceed the associ-
ated performance specification to suc-
cessfully pass this test.

(b) Required test equipment. (1) Flow
rate meter, suitable for measuring and
recording the actual volumetric sample
flow rate at the sampler downtube,
with a minimum range of 10 to 25 L/
min, 2 percent certified, NIST-trace-
able accuracy. Optional capability for
continuous (analog) recording capabil-
ity or digital recording at intervals not
to exceed 5 minutes is recommended.
While a flow meter which provides a di-
rect indication of volumetric flow rate
is preferred for this test, an alternative
certified flow measurement device may
be used as long as appropriate volu-
metric flow rate corrections are made
based on measurements of actual ambi-
ent temperature and pressure condi-
tions.

(2) Ambient air temperature sensor
(if needed for volumetric corrections to
flow rate measurements), with a reso-
lution of 0.1 °C, certified accurate to
within 0.5 °C, and continuous (analog)

recording capability or digital record-
ing at intervals not to exceed 5 min-
utes.

(3) Barometer (if needed for volu-
metric corrections to flow rate meas-
urements), range 600 mm Hg to 800 mm
Hg, certified accurate to 2 mm Hg, with
continuous (analog) recording capabil-
ity or digital recording at intervals not
to exceed 5 minutes.

(4) Flow measurement adaptor (40
CFR part 50, appendix L, figure L-30) or
equivalent adaptor to facilitate meas-
urement of sample flow rate at the
sampler downtube.

(5) Means for creating an additional
pressure drop of 55 mm Hg in the sam-
pler to simulate a heavily loaded filter,
such as an orifice or flow restrictive
plate installed in the filter holder or a
valve or other flow restrictor tempo-
rarily installed in the flow path near
the filter.

(6) Teflon sample filter, as specified
in section 6 of 40 CFR part 50, appendix
L (if required).

(7) Time measurement system, accu-
rate to within 10 seconds per day.

(c) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(d) Test setup. (1) Setup of the sam-
pler shall be performed as required in
this paragraph (d) and otherwise as de-
scribed in the sampler’s operation or
instruction manual referred to in
§ 53.4(b)(3). The sampler shall be in-
stalled upright and set up in its normal
configuration for collecting PM2.5 sam-
ples. A sample filter and (or) the device
for creating an additional 55 mm Hg
pressure drop shall be installed for the
duration of these tests. The sampler’s
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ambient temperature, ambient pres-
sure, and flow measurement systems
shall all be calibrated per the sampler’s
operating manual within 7 days prior
to this test.

(2) The inlet of the candidate sampler
shall be removed and the flow measure-
ment adaptor installed on the sample
downtube. A leak check as described in
the sampler’s operation or instruction
manual shall be conducted and must be
properly passed before other tests are
carried out.

(3) The inlet of the flow measurement
adaptor shall be connected to the out-
let of the flow rate meter.

(e) Procedure. (1) Set up the sampler
as specified in paragraph (d) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual. Set the sampler
to automatically start a 6-hour sample
collection period at a convenient time.

(2) During the entire 6-hour oper-
ational flow rate portion of the test,
measure and record the sample flow
rate with the flow rate meter at inter-
vals not to exceed 5 minutes. If ambi-
ent temperature and pressure correc-
tions are necessary to calculate volu-
metric flow rate, ambient temperature
and pressure shall be measured at the
same frequency as that of the certified
flow rate measurements. Note and
record the actual start and stop times
for the 6-hour flow rate test period.

(3) During the 6-hour test period, in-
terrupt the AC line electrical power to
the sampler 5 times, with durations of
20 seconds, 40 seconds, 2 minutes, 7
minutes, and 20 minutes (respectively),
with not less than 10 minutes of nor-
mal electrical power supplied between
each power interruption. Record the
hour and minute and duration of each
power interruption.

(4) At the end of the test, terminate
the sample period (if not automatically
terminated by the sampler) and
download all archived instrument data
from the test sampler.

(f) Test results. At the completion of
the sampling period, validate the test
conditions and determine the test re-
sults as follows:

(1) Mean sample flow rate. (i) From the
certified measurements (Qref) of the
test sampler flow rate, tabulate each

flow rate measurement in units of L/
min. If ambient temperature and pres-
sure corrections are necessary to cal-
culate volumetric flow rate, each
measured flow rate shall be corrected
using its corresponding temperature
and pressure measurement values. Cal-
culate the mean flow rate for the sam-
ple period (Qref,ave) as follows:

Equation 6

Q

Q

nref ave

ref i
i

n

,

,

= =
∑

1

where:
n equals the number of discrete certified

flow rate measurements over the 6-hour
test period, excluding flow rate values ob-
tained during periods of power interrup-
tion.

(ii)(A) Calculate the percent dif-
ference between this mean flow rate
value and the design value of 16.67 L/
min, as follows:

Equation 7

%
., Differenc

16.67 
e

Q
x 100%ref ave =

− 16 67

(B) To successfully pass this test, the
percent difference calculated in Equa-
tion 7 of this paragraph (f)(1)(ii) must
be within ±5 percent.

(2) Sample flow rate regulation. (i)
From the certified measurements of
the test sampler flow rate, calculate
the sample coefficient of variation of
the discrete measurements as follows:

Equation 8
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(ii) To successfully pass this test, the
calculated coefficient of variation for
the certified flow rates must not ex-
ceed 2 percent.

(3) Flow rate measurement accuracy. (i)
Using the mean volumetric flow rate
reported by the candidate test sampler
at the completion of the 6-hour test
(Qind,ave), determine the accuracy of the
reported mean flow rate as:
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Equation 9

%
| |, ,

,

 Difference
Q Q

Q
x ind ave ref ave

ref ave

=
−

100%

(ii) To successfully pass this test, the
percent difference calculated in Equa-
tion 9 of this paragraph (f)(3) shall not
exceed 2 percent.

(4) Flow rate CV measurement accu-
racy. (i) Using the flow rate coefficient
of variation indicated by the candidate
test sampler at the completion of the 6-
hour test (%CVind), determine the accu-
racy of the reported coefficient of vari-
ation as:

Equation 10

Difference CV CVind ref =|%  % % |( ) −
(ii) To successfully pass this test, the

absolute difference in values calculated
in Equation 10 of this paragraph (f)(4)
must not exceed 0.3 (CV%).

(5) Verify that the sampler properly
provided a record and visual display of
the correct year, month, day-of-month,
hour, and minute with an accuracy of
±2 minutes, of the start of each power
interruption of duration greater than
60 seconds.

(6) Calculate the actual elapsed sam-
ple time, excluding the periods of elec-
trical power interruption. Verify that
the elapsed sample time reported by
the sampler is accurate to within ±20
seconds for the 6-hour test run.

(7) Calculate the sample volume as
Qref.ave multiplied by the sample time,
excluding periods of power interrup-
tion. Verify that the sample volume re-
ported by the sampler is within 2 per-
cent of the calculated sample volume
to successfully pass this test.

(8) Inspect the downloaded instru-
ment data from the test sampler and
verify that all data are consistent with
normal operation of the sampler.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.55 Test for effect of variations in
power line voltage and ambient
temperature.

(a) Overview. (1) This test procedure
is a combined procedure to test various
performance parameters under vari-
ations in power line voltage and ambi-

ent temperature. Tests shall be con-
ducted in a temperature controlled en-
vironment over four 6-hour time peri-
ods during which reference tempera-
ture and flow rate measurements shall
be made at intervals not to exceed 5
minutes. Specific parameters to be
evaluated at line voltages of 105 and 125
volts and temperatures of ¥20 °C and
+40 °C are as follows:

(i) Sample flow rate.
(ii) Flow rate regulation.
(iii) Flow rate measurement accu-

racy.
(iv) Coefficient of variability meas-

urement accuracy.
(v) Ambient air temperature meas-

urement accuracy.
(vi) Proper operation of the sampler

when exposed to power line voltage and
ambient temperature extremes.

(2) The performance parameters test-
ed under this procedure, the cor-
responding minimum performance
specifications, and the applicable test
conditions are summarized in table E–
1 of this subpart. Each performance pa-
rameter tested, as described or deter-
mined in the test procedure, must meet
or exceed the associated performance
specification given. The candidate sam-
pler must meet all specifications for
the associated PM2.5 method to pass
this test procedure.

(b) Technical definition. Sample flow
rate means the quantitative volu-
metric flow rate of the air stream
caused by the sampler to enter the
sampler inlet and pass through the
sample filter, measured in actual vol-
ume units at the temperature and pres-
sure of the air as it enters the inlet.

(c) Required test equipment. (1) Envi-
ronmental chamber or other tempera-
ture-controlled environment or envi-
ronments, capable of obtaining and
maintaining temperatures at ¥20 °C
and +40 °C as required for the test with
an accuracy of ±2 °C. The test environ-
ment(s) must be capable of maintain-
ing these temperatures within the
specified limits continuously with the
additional heat load of the operating
test sampler in the environment.
Henceforth, where the test procedures
specify a test or environmental ‘‘cham-
ber,’’ an alternative temperature-con-
trolled environmental area or areas
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may be substituted, provided the re-
quired test temperatures and all other
test requirements are met.

(2) Variable voltage AC power trans-
former, range 100 Vac to 130 Vac, with
sufficient current capacity to operate
the test sampler continuously under
the test conditions.

(3) Flow rate meter, suitable for
measuring and recording the actual
volumetric sample flow rate at the
sampler downtube, with a minimum
range of 10 to 25 actual L/min, 2 per-
cent certified, NIST-traceable accu-
racy. Optional capability for continu-
ous (analog) recording capability or
digital recording at intervals not to ex-
ceed 5 minutes is recommended. While
a flow meter which provides a direct
indication of volumetric flow rate is
preferred for this test, an alternative
certified flow measurement device may
be used as long as appropriate volu-
metric flow rate corrections are made
based on measurements of actual ambi-
ent temperature and pressure condi-
tions.

(4) Ambient air temperature re-
corder, range ¥30 °C to +50 °C, with a
resolution of 0.1 °C and certified accu-
rate to within 0.5 °C. Ambient air tem-
perature measurements must be made
using continuous (analog) recording ca-
pability or digital recording at inter-
vals not to exceed 5 minutes.

(5) Barometer, range 600 mm Hg to
800 mm Hg, certified accurate to 2 mm
Hg. If the certified flow rate meter does
not provide direct volumetric flow rate
readings, ambient pressure measure-
ments must be made using continuous
(analog) recording capability or digital
recording at intervals not to exceed 5
minutes.

(6) Flow measurement adaptor (40
CFR part 50, appendix L, figure L-30) or
equivalent adaptor to facilitate meas-
urement of sampler flow rate at the
sampler downtube.

(7) Means for creating an additional
pressure drop of 55 mm Hg in the sam-
pler to simulate a heavily loaded filter,
such as an orifice or flow restrictive
plate installed in the filter holder or a
valve or other flow restrictor tempo-
rarily installed in the flow path near
the filter.

(8) AC RMS voltmeter, accurate to
1.0 volt.

(9) Teflon sample filter, as specified
in section 6 of 40 CFR part 50, appendix
L (if required).

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) Setup of the sampler
shall be performed as required in this
paragraph (e) and otherwise as de-
scribed in the sampler’s operation or
instruction manual referred to in
§ 53.4(b)(3). The sampler shall be in-
stalled upright and set up in the tem-
perature-controlled chamber in its nor-
mal configuration for collecting PM2.5

samples. A sample filter and (or) the
device for creating an additional 55 mm
Hg pressure drop shall be installed for
the duration of these tests. The sam-
pler’s ambient temperature, ambient
pressure, and flow measurement sys-
tems shall all be calibrated per the
sampler’s operating manual within 7
days prior to this test.

(2) The inlet of the candidate sampler
shall be removed and the flow measure-
ment adaptor installed on the sam-
pler’s downtube. A leak check as de-
scribed in the sampler’s operation or
instruction manual shall be conducted
and must be properly passed before
other tests are carried out.

(3) The inlet of the flow measurement
adaptor shall be connected to the out-
let of the flow rate meter.

(4) The ambient air temperature re-
corder shall be installed in the test
chamber such that it will accurately
measure the temperature of the air in
the vicinity of the candidate sampler
without being unduly affected by the
chamber’s air temperature control sys-
tem.
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(f) Procedure. (1) Set up the sampler
as specified in paragraph (e) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual.

(2) The test shall consist of four test
runs, one at each of the following con-
ditions of chamber temperature and
electrical power line voltage (respec-
tively):

(i) ¥20 °C ±2 °C and 105 ±1 Vac.
(ii) ¥20 °C ±2 °C and 125 ±1 Vac.
(iii) +40 °C ±2 °C and 105 ±1 Vac.
(iv) +40 °C ±2 °C and 125 ±1 Vac.
(3) For each of the four test runs, set

the selected chamber temperature and
power line voltage for the test run.
Upon achieving each temperature set-
point in the chamber, the candidate
sampler and flow meter shall be ther-
mally equilibrated for a period of at
least 2 hours prior to the test run. Fol-
lowing the thermal conditioning time,
set the sampler to automatically start
a 6-hour sample collection period at a
convenient time.

(4) During each 6-hour test period:
(i) Measure and record the sample

flow rate with the flow rate meter at
intervals not to exceed 5 minutes. If
ambient temperature and pressure cor-
rections are necessary to calculate vol-
umetric flow rate, ambient tempera-
ture and pressure shall be measured at
the same frequency as that of the cer-
tified flow rate measurements. Note
and record the actual start and stop
times for the 6-hour flow rate test pe-
riod.

(ii) Determine and record the ambi-
ent (chamber) temperature indicated
by the sampler and the corresponding
ambient (chamber) temperature meas-
ured by the ambient temperature re-
corder specified in paragraph (c)(4) of
this section at intervals not to exceed
5 minutes.

(iii) Measure the power line voltage
to the sampler at intervals not greater
than 1 hour.

(5) At the end of each test run, termi-
nate the sample period (if not auto-
matically terminated by the sampler)
and download all archived instrument
data from the test sampler.

(g) Test results. For each of the four
test runs, examine the chamber tem-
perature measurements and the power

line voltage measurements. Verify that
the temperature and line voltage met
the requirements specified in para-
graph (f) of this section at all times
during the test run. If not, the test run
is not valid and must be repeated. De-
termine the test results as follows:

(1) Mean sample flow rate. (i) From the
certified measurements (Qref) of the
test sampler flow rate, tabulate each
flow rate measurement in units of L/
min. If ambient temperature and pres-
sure corrections are necessary to cal-
culate volumetric flow rate, each
measured flow rate shall be corrected
using its corresponding temperature
and pressure measurement values. Cal-
culate the mean flow rate for each
sample period (Qref,ave) as follows:

Equation 11
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where:
n equals the number of discrete certified

flow rate measurements over each 6-hour
test period.

(ii)(A) Calculate the percent dif-
ference between this mean flow rate
value and the design value of 16.67 L/
min, as follows:

Equation 12
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(B) To successfully pass this test, the
percent difference calculated in Equa-
tion 12 of this paragraph (g)(1)(ii) must
be within ±5 percent for each test run.

(2) Sample flow rate regulation. (i)
From the certified measurements of
the test sampler flow rate, calculate
the sample coefficient of variation of
the discrete measurements as follows:

Equation 13

%
,

, ,

CV
Q

x

Q
n

Q

n
x ref

ref ave

ref i ref i
i

n

i

n

=
−








−
−=
∑∑

1

1

1
100%

2

1

2

1

(ii) To successfully pass this test, the
calculated coefficient of variation for
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the certified flow rates must not ex-
ceed 2 percent.

(3) Flow rate measurement accuracy. (i)
Using the mean volumetric flow rate
reported by the candidate test sampler
at the completion of each 6-hour test
(Qind,ave), determine the accuracy of the
reported mean flow rate as:

Equation 14
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(ii) To successfully pass this test, the
percent difference calculated in Equa-
tion 14 of this paragraph (g)(3) shall not
exceed 2 percent for each test run.

(4) Flow rate coefficient of variation
measurement accuracy. (i) Using the
flow rate coefficient of variation indi-
cated by the candidate test sampler
(%CVind), determine the accuracy of the
reported coefficient of variation as:

Equation 15

Difference CV CVind ref % =  |%  − % |

(ii) To successfully pass this test, the
absolute difference calculated in Equa-
tion 15 of this paragraph (g)(4) must
not exceed 0.3 (CV%) for each test run.

(5) Ambient temperature measurement
accuracy. (i) Calculate the absolute
value of the difference between the
mean ambient air temperature indi-
cated by the test sampler and the mean
ambient (chamber) air temperature
measured with the ambient air tem-
perature recorder as:

Equation 16

T Tdiff ind ave ref ave =    T   | |, ,−
where:

Tind,ave = mean ambient air temperature indi-
cated by the test sampler, °C; and

ref,ave = mean ambient air temperature meas-
ured by the reference temperature instru-
ment, °C.

(ii) The calculated temperature dif-
ference must be less than 2 °C for each
test run.

(6) Sampler functionality. To pass the
sampler functionality test, the follow-
ing two conditions must both be met
for each test run:

(i) The sampler must not shutdown
during any portion of the 6-hour test.

(ii) An inspection of the downloaded
data from the test sampler verifies
that all the data are consistent with
normal operation of the sampler.

§ 53.56 Test for effect of variations in
ambient pressure.

(a) Overview. (1) This test procedure
is designed to test various sampler per-
formance parameters under variations
in ambient (barometric) pressure. Tests
shall be conducted in a pressure-con-
trolled environment over two 6-hour
time periods during which reference
pressure and flow rate measurements
shall be made at intervals not to ex-
ceed 5 minutes. Specific parameters to
be evaluated at operating pressures of
600 and 800 mm Hg are as follows:

(i) Sample flow rate.
(ii) Flow rate regulation.
(iii) Flow rate measurement accu-

racy.
(iv) Coefficient of variability meas-

urement accuracy.
(v) Ambient pressure measurement

accuracy.
(vi) Proper operation of the sampler

when exposed to ambient pressure ex-
tremes.

(2) The performance parameters test-
ed under this procedure, the cor-
responding minimum performance
specifications, and the applicable test
conditions are summarized in table E–
1 of this subpart. Each performance pa-
rameter tested, as described or deter-
mined in the test procedure, must meet
or exceed the associated performance
specification given. The candidate sam-
pler must meet all specifications for
the associated PM2.5 method to pass
this test procedure.

(b) Technical definition. Sample flow
rate means the quantitative volu-
metric flow rate of the air stream
caused by the sampler to enter the
sampler inlet and pass through the
sample filter, measured in actual vol-
ume units at the temperature and pres-
sure of the air as it enters the inlet.

(c) Required test equipment. (1)
Hypobaric chamber or other pressure-
controlled environment or environ-
ments, capable of obtaining and main-
taining pressures at 600 mm Hg and 800
mm Hg required for the test with an
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accuracy of 5 mm Hg. Henceforth,
where the test procedures specify a test
or environmental chamber, an alter-
native pressure-controlled environ-
mental area or areas may be sub-
stituted, provided the test pressure re-
quirements are met. Means for simu-
lating ambient pressure using a closed-
loop sample air system may also be ap-
proved for this test; such a proposed
method for simulating the test pres-
sure conditions may be described and
submitted to EPA at the address given
in § 53.4(a) prior to conducting the test
for a specific individual determination
of acceptability.

(2) Flow rate meter, suitable for
measuring and recording the actual
volumetric sampler flow rate at the
sampler downtube, with a minimum
range of 10 to 25 L/min, 2 percent cer-
tified, NIST-traceable accuracy. Op-
tional capability for continuous (ana-
log) recording capability or digital re-
cording at intervals not to exceed 5
minutes is recommended. While a flow
meter which provides a direct indica-
tion of volumetric flow rate is pre-
ferred for this test, an alternative cer-
tified flow measurement device may be
used as long as appropriate volumetric
flow rate corrections are made based
on measurements of actual ambient
temperature and pressure conditions.

(3) Ambient air temperature recorder
(if needed for volumetric corrections to
flow rate measurements) with a range
¥30 °C to +50 °C, certified accurate to
within 0.5 °C. If the certified flow meter
does not provide direct volumetric flow
rate readings, ambient temperature
measurements must be made using
continuous (analog) recording capabil-
ity or digital recording at intervals not
to exceed 5 minutes.

(4) Barometer, range 600 mm Hg to
800 mm Hg, certified accurate to 2 mm
Hg. Ambient air pressure measure-
ments must be made using continuous
(analog) recording capability or digital
recording at intervals not to exceed 5
minutes.

(5) Flow measurement adaptor (40
CFR part 50, appendix L, figure L–30) or
equivalent adaptor to facilitate meas-
urement of sampler flow rate at the
sampler downtube.

(6) Means for creating an additional
pressure drop of 55 mm Hg in the sam-

pler to simulate a heavily loaded filter,
such as an orifice or flow restrictive
plate installed in the filter holder or a
valve or other flow restrictor tempo-
rarily installed in the flow path near
the filter.

(7) Teflon sample filter, as specified
in section 6 of 40 CFR part 50, appendix
L (if required).

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) Setup of the sampler
shall be performed as required in this
paragraph (e) and otherwise as de-
scribed in the sampler’s operation or
instruction manual referred to in
§ 53.4(b)(3). The sampler shall be in-
stalled upright and set up in the pres-
sure-controlled chamber in its normal
configuration for collecting PM2.5 sam-
ples. A sample filter and (or) the device
for creating an additional 55 mm Hg
pressure drop shall be installed for the
duration of these tests. The sampler’s
ambient temperature, ambient pres-
sure, and flow measurement systems
shall all be calibrated per the sampler’s
operating manual within 7 days prior
to this test.

(2) The inlet of the candidate sampler
shall be removed and the flow measure-
ment adaptor installed on the sam-
pler’s downtube. A leak check as de-
scribed in the sampler’s operation or
instruction manual shall be conducted
and must be properly passed before
other tests are carried out.

(3) The inlet of the flow measurement
adaptor shall be connected to the out-
let of the flow rate meter.

(4) The barometer shall be installed
in the test chamber such that it will
accurately measure the air pressure to
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which the candidate sampler is sub-
jected.

(f) Procedure. (1) Set up the sampler
as specified in paragraph (e) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual.

(2) The test shall consist of two test
runs, one at each of the following con-
ditions of chamber pressure:

(i) 600 mm Hg.
(ii) 800 mm Hg.
(3) For each of the two test runs, set

the selected chamber pressure for the
test run. Upon achieving each pressure
setpoint in the chamber, the candidate
sampler shall be pressure-equilibrated
for a period of at least 30 minutes prior
to the test run. Following the condi-
tioning time, set the sampler to auto-
matically start a 6-hour sample collec-
tion period at a convenient time.

(4) During each 6-hour test period:
(i) Measure and record the sample

flow rate with the flow rate meter at
intervals not to exceed 5 minutes. If
ambient temperature and pressure cor-
rections are necessary to calculate vol-
umetric flow rate, ambient tempera-
ture and pressure shall be measured at
the same frequency as that of the cer-
tified flow rate measurements. Note
and record the actual start and stop
times for the 6-hour flow rate test pe-
riod.

(ii) Determine and record the ambi-
ent (chamber) pressure indicated by
the sampler and the corresponding am-
bient (chamber) pressure measured by
the barometer specified in paragraph
(c)(4) of this section at intervals not to
exceed 5 minutes.

(5) At the end of each test period, ter-
minate the sample period (if not auto-
matically terminated by the sampler)
and download all archived instrument
data for the test run from the test sam-
pler.

(g) Test results. For each of the two
test runs, examine the chamber pres-
sure measurements. Verify that the
pressure met the requirements speci-
fied in paragraph (f) of this section at
all times during the test. If not, the
test run is not valid and must be re-
peated. Determine the test results as
follows:

(1) Mean sample flow rate. (i) From the
certified measurements (Qref) of the
test sampler flow rate, tabulate each
flow rate measurement in units of L/
min. If ambient temperature and pres-
sure corrections are necessary to cal-
culate volumetric flow rate, each
measured flow rate shall be corrected
using its corresponding temperature
and pressure measurement values. Cal-
culate the mean flow rate for the sam-
ple period (Qref,ave) as follows:

Equation 17

Q

Q
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,

,
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∑

1

where:

n equals the number of discrete certified
flow measurements over the 6-hour test pe-
riod.

(ii)(A) Calculate the percent dif-
ference between this mean flow rate
value and the design value of 16.67 L/
min, as follows:

Equation 18
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Q
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(B) To successfully pass this test, the
percent difference calculated in Equa-
tion 18 of this paragraph (g)(1) must be
within ±5 percent for each test run.

(2) Sample flow rate regulation. (i)
From the certified measurements of
the test sampler flow rate, calculate
the sample coefficient of variation of
the discrete measurements as follows:

Equation 19
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(ii) To successfully pass this test, the
calculated coefficient of variation for
the certified flow rates must not ex-
ceed 2 percent.

(3) Flow rate measurement accuracy. (i)
Using the mean volumetric flow rate
reported by the candidate test sampler
at the completion of each 6-hour test



71

Environmental Protection Agency § 53.57

(Qind,ave), determine the accuracy of the
reported mean flow rate as:

Equation 20

%
| |, ,

,

 Difference
Q Q

Q
x ind ave ref ave

ref ave

=
−

100%

(ii) To successfully pass this test, the
percent difference calculated in Equa-
tion 20 of this paragraph (g)(3) shall not
exceed 2 percent for each test run.

(4) Flow rate CV measurement accu-
racy. (i) Using the flow rate coefficient
of variation indicated by the candidate
test sampler at the completion of the 6-
hour test (%CVind), determine the accu-
racy of the reported coefficient of vari-
ation as:

Equation 21

Difference CV CVind ref =|%  % % |( ) −
(ii) To successfully pass this test, the

absolute difference in values calculated
in Equation 21 of this paragraph (g)(4)
must not exceed 0.3 (CV%) for each test
run.

(5) Ambient pressure measurement accu-
racy. (i) Calculate the absolute dif-
ference between the mean ambient air
pressure indicated by the test sampler
and the ambient (chamber) air pressure
measured with the reference barometer
as:

Equation 22

P Pdiff ind ave ref ave =    P   | |, ,−
where:

Pind,ave = mean ambient pressure indicated by
the test sampler, mm Hg; and

Pref,ave = mean barometric pressure measured
by the reference barometer, mm Hg.

(ii) The calculated pressure dif-
ference must be less than 10 mm Hg for
each test run to pass the test.

(6) Sampler functionality. To pass the
sampler functionality test, the follow-
ing two conditions must both be met
for each test run:

(i) The sampler must not shut down
during any part of the 6-hour tests; and

(ii) An inspection of the downloaded
data from the test sampler verifies

that all the data are consistent with
normal operation of the sampler.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.57 Test for filter temperature con-
trol during sampling and post-sam-
pling periods.

(a) Overview. This test is intended to
measure the candidate sampler’s abil-
ity to prevent excessive overheating of
the PM2.5 sample collection filter (or
filters) under conditions of elevated
solar insolation. The test evaluates ra-
diative effects on filter temperature
during a 4-hour period of active sam-
pling as well as during a subsequent 4-
hour non-sampling time period prior to
filter retrieval. Tests shall be con-
ducted in an environmental chamber
which provides the proper radiant
wavelengths and energies to ade-
quately simulate the sun’s radiant ef-
fects under clear conditions at sea
level. For additional guidance on con-
ducting solar radiative tests under con-
trolled conditions, consult military
standard specification 810-E (reference
6 in appendix A of this subpart). The
performance parameters tested under
this procedure, the corresponding mini-
mum performance specifications, and
the applicable test conditions are sum-
marized in table E–1 of this subpart.
Each performance parameter tested, as
described or determined in the test pro-
cedure, must meet or exceed the associ-
ated performance specification to suc-
cessfully pass this test.

(b) Technical definition. Filter tem-
perature control during sampling is the
ability of a sampler to maintain the
temperature of the particulate matter
sample filter within the specified devi-
ation (5 °C) from ambient temperature
during any active sampling period.
Post-sampling temperature control is
the ability of a sampler to maintain
the temperature of the particulate
matter sample filter within the speci-
fied deviation from ambient tempera-
ture during the period from the end of
active sample collection of the PM2.5

sample by the sampler until the filter
is retrieved from the sampler for lab-
oratory analysis.

(c) Required test equipment. (1) Envi-
ronmental chamber providing the
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means, such as a bank of solar-spec-
trum lamps, for generating or simulat-
ing thermal radiation in approximate
spectral content and intensity equiva-
lent to solar insolation of 1000 ±50 W/m2

inside the environmental chamber. To
properly simulate the sun’s radiative
effects on the sampler, the solar bank
must provide the spectral energy dis-
tribution and permitted tolerances
specified in table E–2 of this subpart.
The solar radiation source area shall be
such that the width of the candidate
sampler shall not exceed one-half the
dimensions of the solar bank. The solar
bank shall be located a minimum of 76
cm (30 inches) from any surface of the
candidate sampler. To meet require-
ments of the solar radiation tests, the
chamber’s internal volume shall be a
minimum of 10 times that of the vol-
ume of the candidate sampler. Air ve-
locity in the region of the sampler
must be maintained continuously dur-
ing the radiative tests at 2.0 ±0.5 m/sec.

(2) Ambient air temperature re-
corder, range ¥30 °C to +50 °C, with a
resolution of 0.1 °C and certified accu-
rate to within 0.5 °C. Ambient air tem-
perature measurements must be made
using continuous (analog) recording ca-
pability or digital recording at inter-
vals not to exceed 5 minutes.

(3) Flow measurement adaptor (40
CFR part 50, appendix L, figure L-30) or
equivalent adaptor to facilitate meas-
urement of sampler flow rate at the
sampler downtube.

(4) Miniature temperature sensor(s),
capable of being installed in the sam-
pler without introducing air leakage
and capable of measuring the sample
air temperature within 1 cm of the cen-
ter of the filter, downstream of the fil-
ter; with a resolution of 0.1 °C, certified
accurate to within 0.5 °C, NIST-trace-
able, with continuous (analog) record-
ing capability or digital recording at
intervals of not more than 5 minutes.

(5) Solar radiometer, to measure the
intensity of the simulated solar radi-
ation in the test environment, range of
0 to approximately 1500 W/m2. Optional
capability for continuous (analog) re-
cording or digital recording at inter-
vals not to exceed 5 minutes is rec-
ommended.

(6) Sample filter or filters, as speci-
fied in section 6 of 40 CFR part 50, ap-
pendix L.

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) Setup of the sampler
shall be performed as required in this
paragraph (e) and otherwise as de-
scribed in the sampler’s operation or
instruction manual referred to in
§ 53.4(b)(3). The sampler shall be in-
stalled upright and set up in the solar
radiation environmental chamber in its
normal configuration for collecting
PM2.5 samples (with the inlet in-
stalled). The sampler’s ambient and fil-
ter temperature measurement systems
shall be calibrated per the sampler’s
operating manual within 7 days prior
to this test. A sample filter shall be in-
stalled for the duration of this test.
For sequential samplers, a sample fil-
ter shall also be installed in each avail-
able sequential channel or station in-
tended for collection of a sequential
sample (or at least 5 additional filters
for magazine-type sequential samplers)
as directed by the sampler’s operation
or instruction manual.

(2) The miniature temperature sensor
shall be temporarily installed in the
test sampler such that it accurately
measures the air temperature 1 cm
from the center of the filter on the
downstream side of the filter. The sen-
sor shall be installed such that no ex-
ternal or internal air leakage is cre-
ated by the sensor installation. The
sensor’s dimensions and installation
shall be selected to minimize tempera-
ture measurement uncertainties due to
thermal conduction along the sensor
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mounting structure or sensor conduc-
tors. For sequential samplers, similar
temperature sensors shall also be tem-
porarily installed in the test sampler
to monitor the temperature 1 cm from
the center of each filter stored in the
sampler for sequential sample oper-
ation.

(3) The solar radiant energy source
shall be installed in the test chamber
such that the entire test sampler is ir-
radiated in a manner similar to the
way it would be irradiated by solar ra-
diation if it were located outdoors in
an open area on a sunny day, with the
radiation arriving at an angle of be-
tween 30° and 45° from vertical. The in-
tensity of the radiation received by all
sampler surfaces that receive direct ra-
diation shall average 1000 ±50 W/m2,
measured in a plane perpendicular to
the incident radiation. The incident ra-
diation shall be oriented with respect
to the sampler such that the area of
the sampler’s ambient temperature
sensor (or temperature shield) receives
full, direct radiation as it would or
could during normal outdoor installa-
tion. Also, the temperature sensor
must not be shielded or shaded from
the radiation by a sampler part in a
way that would not occur at other nor-
mal insolation angles or directions.

(4) The solar radiometer shall be in-
stalled in a location where it measures
thermal radiation that is generally
representative of the average thermal
radiation intensity that the upper por-
tion of the sampler and sampler inlet
receive. The solar radiometer shall be
oriented so that it measures the radi-
ation in a plane perpendicular to its
angle of incidence.

(5) The ambient air temperature re-
corder shall be installed in the test
chamber such that it will accurately
measure the temperature of the air in
the chamber without being unduly af-
fected by the chamber’s air tempera-
ture control system or by the radiant
energy from the solar radiation source
that may be present inside the test
chamber.

(f) Procedure. (1) Set up the sampler
as specified in paragraph (e) of this sec-
tion and otherwise prepare the sampler
for normal sample collection operation
as directed in the sampler’s operation
or instruction manual.

(2) Remove the inlet of the candidate
test sampler and install the flow meas-
urement adaptor on the sampler’s
downtube. Conduct a leak check as de-
scribed in the sampler’s operation or
instruction manual. The leak test must
be properly passed before other tests
are carried out.

(3) Remove the flow measurement
adaptor from the downtube and re-in-
stall the sampling inlet.

(4) Activate the solar radiation
source and verify that the resulting en-
ergy distribution prescribed in table E–
2 of this subpart is achieved.

(5) Program the test sampler to con-
duct a single sampling run of 4 contin-
uous hours. During the 4-hour sampling
run, measure and record the radiant
flux, ambient temperature, and filter
temperature (all filter temperatures
for sequential samplers) at intervals
not to exceed 5 minutes.

(6) At the completion of the 4-hour
sampling phase, terminate the sample
period, if not terminated automati-
cally by the sampler. Continue to
measure and record the radiant flux,
ambient temperature, and filter tem-
perature or temperatures for 4 addi-
tional hours at intervals not to exceed
5 minutes. At the completion of the 4-
hour post-sampling period, discontinue
the measurements and turn off the
solar source.

(7) Download all archived sampler
data from the test run.

(g) Test results. Chamber radiant flux
control. Examine the continuous
record of the chamber radiant flux and
verify that the flux met the require-
ments specified in table E–2 of this sub-
part at all times during the test. If not,
the entire test is not valid and must be
repeated.

(1) Filter temperature measurement ac-
curacy. (i) For each 4-hour test period,
calculate the absolute value of the dif-
ference between the mean filter tem-
perature indicated by the sampler (ac-
tive filter) and the mean filter tem-
perature measured by the reference
temperature sensor installed within 1
cm downstream of the (active) filter as:

Equation 23

T Tdiff filter ind filter ref filter, , ,| | =   T   −
where:
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Tind,filter = mean filter temperature indicated
by the test sampler, °C; and

Tref,filter = mean filter temperature measured
by the reference temperature sensor, °C.

(ii) To successfully pass the indicated
filter temperature accuracy test, the
calculated difference between the
measured means (Tdiff,filter) must not ex-
ceed 2 °C for each 4-hour test period.

(2) Ambient temperature measurement
accuracy. (i) For each 4-hour test pe-
riod, calculate the absolute value of
the difference between the mean ambi-
ent air temperature indicated by the
test sampler and the mean ambient air
temperature measured by the reference
ambient air temperature recorder as:

Equation 24

T Tdiff ambient ind ambient ref ambient, , ,| |= T   −
where:

Tind,ambient = mean ambient air temperature in-
dicated by the test sampler, °C; and

Tref,ambient = mean ambient air temperature
measured by the reference ambient air
temperature recorder, °C.

(ii) To successfully pass the indicated
ambient temperature accuracy test,
the calculated difference between the
measured means (Tdiff,ambient) must not
exceed 2 °C for each 4-hour test period.

(3) Filter temperature control accuracy.
(i) For each temperature measurement
interval over each 4-hour test period,
calculate the difference between the
filter temperature indicated by the ref-
erence temperature sensor and the am-
bient temperature indicated by the test
sampler as:

Equation 25

T Tdiff ref filter ind ambient = -  T   , ,

(ii) Tabulate and inspect the cal-
culated differences as a function of
time. To successfully pass the indi-
cated filter temperature control test,
the calculated difference between the
measured values must not exceed 5 °C
for any consecutive intervals covering
more than a 30–minute time period.

(iii) For sequential samplers, repeat
the test calculations for each of the
stored sequential sample filters. All

stored filters must also meet the 5 °C
temperature control test.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17,
1998]

§ 53.58 Operational field precision and
blank test.

(a) Overview. This test is intended to
determine the operational precision of
the candidate sampler during a mini-
mum of 10 days of field operation,
using three collocated test samplers.
Measurements of PM2.5 are made at a
test site with all of the samplers and
then compared to determine replicate
precision. Candidate sequential sam-
plers are also subject to a test for pos-
sible deposition of particulate matter
on inactive filters during a period of
storage in the sampler. This procedure
is applicable to both reference and
equivalent methods. In the case of
equivalent methods, this test may be
combined and conducted concurrently
with the comparability test for equiva-
lent methods (described in subpart C of
this part), using three reference meth-
od samplers collocated with three can-
didate equivalent method samplers and
meeting the applicable site and other
requirements of subpart C of this part.

(b) Technical definition. (1) Field pre-
cision is defined as the standard devi-
ation or relative standard deviation of
a set of PM2.5 measurements obtained
concurrently with three or more collo-
cated samplers in actual ambient air
field operation.

(2) Storage deposition is defined as
the mass of material inadvertently de-
posited on a sample filter that is stored
in a sequential sampler either prior to
or subsequent to the active sample col-
lection period.

(c) Test site. Any outdoor test site
having PM2.5 concentrations that are
reasonably uniform over the test area
and that meet the minimum level re-
quirement of paragraph (g)(2) of this
section is acceptable for this test.

(d) Required facilities and equipment.
(1) An appropriate test site and suit-
able electrical power to accommodate
three test samplers are required.

(2) Teflon sample filters, as specified
in section 6 of 40 CFR part 50, appendix
L, conditioned and preweighed as re-
quired by section 8 of 40 CFR part 50,
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appendix L, as needed for the test sam-
ples.

(e) Test setup. (1) Three identical test
samplers shall be installed at the test
site in their normal configuration for
collecting PM2.5 samples in accordance
with the instructions in the associated
manual referred to in § 53.4(b)(3) and
should be in accordance with applica-
ble supplemental guidance provided in
reference 3 in appendix A of this sub-
part. The test samplers’ inlet openings
shall be located at the same height
above ground and between 2 and 4 me-
ters apart horizontally. The samplers
shall be arranged or oriented in a man-
ner that will minimize the spatial and
wind directional effects on sample col-
lection of one sampler on any other
sampler.

(2) Each test sampler shall be suc-
cessfully leak checked, calibrated, and
set up for normal operation in accord-
ance with the instruction manual and
with any applicable supplemental guid-
ance provided in reference 3 in appen-
dix A of this subpart.

(f) Test procedure. (1) Install a condi-
tioned, preweighed filter in each test
sampler and otherwise prepare each
sampler for normal sample collection.
Set identical sample collection start
and stop times for each sampler. For
sequential samplers, install a condi-
tioned, preweighed specified filter in
each available channel or station in-
tended for automatic sequential sam-
ple filter collection (or at least 5 addi-
tional filters for magazine-type sequen-
tial samplers), as directed by the sam-
pler’s operation or instruction manual.
Since the inactive sequential channels
are used for the storage deposition part
of the test, they may not be used to
collect the active PM2.5 test samples.

(2) Collect either a 24-hour or a 48-
hour atmospheric PM2.5 sample simul-
taneously with each of the three test
samplers.

(3) Following sample collection, re-
trieve the collected sample from each
sampler. For sequential samplers, re-
trieve the additional stored (blank,
unsampled) filters after at least 5 days
(120 hours) storage in the sampler if the
active samples are 24-hour samples, or
after at least 10 days (240 hours) if the
active samples are 48-hour samples.

(4) Determine the measured PM2.5

mass concentration for each sample in
accordance with the applicable proce-
dures prescribed for the candidate
method in appendix L, 40 CFR part 50
of this chapter, in the associated man-
ual referred to in § 53.4(b)(3) and in ac-
cordance with supplemental guidance
in reference 2 in appendix A of this sub-
part. For sequential samplers, also
similarly determine the storage deposi-
tion as the net weight gain of each
blank, unsampled filter after the 5–day
(or 10–day) period of storage in the
sampler.

(5) Repeat this procedure to obtain a
total of 10 sets of any combination of
24-hour or 48-hour PM2.5 measurements
over 10 test periods. For sequential
samplers, repeat the 5–day (or 10–day)
storage test of additional blank filters
once for a total of two sets of blank fil-
ters.

(g) Calculations. (1) Record the PM2.5

concentration for each test sampler for
each test period as Ci,j, where i is the
sampler number (i = 1,2,3) and j is the
test period (j = 1,2, . . . 10).

(2)(i) For each test period, calculate
and record the average of the three
measured PM2.5 concentrations as Cj

where j is the test period:

Equation 26

C x Cave j i j
i

, ,=
=
∑1

3 1

3

(ii) If Cave,j < 10 µg/m3 for any test pe-
riod, data from that test period are un-
acceptable, and an additional sample
collection set must be obtained to re-
place the unacceptable data.

(3)(i) Calculate and record the preci-
sion for each of the 10 test days as:

Equation 27
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(ii) If Cave,j is below 40 µg/m3 for 24-
hour measurements or below 30 µg/m3

for 48-hour measurements; or
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Equation 28
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(iii) If Cave,j is above 40 µg/m3 for 24-
hour measurements or above 30 µg/m3

for 48-hour measurements.
(h) Test results. (1) The candidate

method passes the precision test if all
10 Pj or RPj values meet the specifica-
tions in table E–1 of this subpart.

(2) The candidate sequential sampler
passes the blank filter storage deposi-
tion test if the average net storage dep-
osition weight gain of each set of blank
filters (total of the net weight gain of
each blank filter divided by the num-
ber of filters in the set) from each test
sampler (six sets in all) is less than 50
µg.

§ 53.59 Aerosol transport test for Class
I equivalent method samplers.

(a) Overview. This test is intended to
verify adequate aerosol transport
through any modified or air flow split-
ting components that may be used in a
Class I candidate equivalent method
sampler such as may be necessary to
achieve sequential sampling capability.
This test is applicable to all Class I
candidate samplers in which the aero-
sol flow path (the flow path through
which sample air passes upstream of
sample collection filter) differs from
that specified for reference method
samplers as specified in 40 CFR part 50,
appendix L. The test requirements and
performance specifications for this test
are summarized in table E–1 of this
subpart.

(b) Technical definitions. (1) Aerosol
transport is the percentage of a labora-
tory challenge aerosol which pene-
trates to the active sample filter of the
candidate equivalent method sampler.

(2) The active sample filter is the ex-
clusive filter through which sample air
is flowing during performance of this
test.

(3) A no-flow filter is a sample filter
through which no sample air is in-
tended to flow during performance of
this test.

(4) A channel is any of two or more
flow paths that the aerosol may take,
only one of which may be active at a
time.

(5) An added component is any phys-
ical part of the sampler which is dif-
ferent in some way from that specified
for a reference method sampler in 40
CFR part 50, appendix L, such as a de-
vice or means to allow or cause the
aerosol to be routed to one of several
channels.

(c) Required facilities and test equip-
ment. (1) Aerosol generation system, as
specified in § 53.62(c)(2).

(2) Aerosol delivery system, as speci-
fied in § 53.64(c)(2).

(3) Particle size verification equip-
ment, as specified in § 53.62(c)(3).

(4) Fluorometer, as specified in
§ 53.62(c)(7).

(5) Candidate test sampler, with the
inlet and impactor or impactors re-
moved, and with all internal surfaces
of added components electroless nickel
coated as specified in § 53.64(d)(2).

(6) Filters that are appropriate for
use with fluorometric methods (e.g.,
glass fiber).

(d) Calibration of test measurement in-
struments. Submit documentation
showing evidence of appropriately re-
cent calibration, certification of cali-
bration accuracy, and NIST-
traceability (if required) of all meas-
urement instruments used in the tests.
The accuracy of flow rate meters shall
be verified at the highest and lowest
pressures and temperatures used in the
tests and shall be checked at zero and
at least one flow rate within ±3 percent
of 16.7 L/min within 7 days prior to use
for this test. Where an instrument’s
measurements are to be recorded with
an analog recording device, the accu-
racy of the entire instrument-recorder
system shall be calibrated or verified.

(e) Test setup. (1) The candidate test
sampler shall have its inlet and impac-
tor or impactors removed. The lower
end of the down tube shall be recon-
nected to the filter holder, using an ex-
tension of the downtube, if necessary.
If the candidate sampler has a separate
impactor for each channel, then for
this test, the filter holder assemblies
must be connected to the physical loca-
tion on the sampler where the impac-
tors would normally connect.
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(2) The test particle delivery system
shall be connected to the sampler
downtube so that the test aerosol is in-
troduced at the top of the downtube.

(f) Test procedure. (1) All surfaces of
the added or modified component or
components which come in contact
with the aerosol flow shall be thor-
oughly washed with 0.01 N NaOH and
then dried.

(2) Generate aerosol. (i) Generate aer-
osol composed of oleic acid with a
uranine fluorometric tag of 3 ±0.25 µm
aerodynamic diameter using a vibrat-
ing orifice aerosol generator according
to conventions specified in § 53.61(g).

(ii) Check for the presence of sat-
ellites and adjust the generator to min-
imize their production.

(iii) Calculate the aerodynamic par-
ticle size using the operating param-
eters of the vibrating orifice aerosol
generator. The calculated aerodynamic
diameter must be 3 ±0.25 µm aero-
dynamic diameter.

(3) Verify the particle size according
to procedures specified in § 53.62(d)(4)(i).

(4) Collect particles on filters for a
time period such that the relative error
of the resulting measured fluorometric
concentration for the active filter is
less than 5 percent.

(5) Determine the quantity of mate-
rial collected on the active filter using

a calibrated fluorometer. Record the
mass of fluorometric material for the
active filter as Mactive (i) where i = the
active channel number.

(6) Determine the quantity of mate-
rial collected on each no-flow filter
using a calibrated fluorometer. Record
the mass of fluorometric material on
each no-flow filter as Mno-flow.

(7) Using 0.01 N NaOH, wash the sur-
faces of the added component or com-
ponents which contact the aerosol
flow. Determine the quantity of mate-
rial collected using a calibrated fluo-
rometer. Record the mass of
fluorometric material collected in the
wash as Mwash.

(8) Calculate the aerosol transport as:

Equation 29

T
M

M M
x i

active

active wash
( ) =

+ +∑Mno-flow

100%

where:

i = the active channel number.

(9) Repeat paragraphs (f)(1) through
(8) of this section for each channel,
making each channel in turn the exclu-
sive active channel.

(g) Test results. The candidate Class I
sampler passes the aerosol transport
test if T(i) is at least 97 percent for each
channel.

TABLE E–1 TO SUBPART E—SUMMARY OF TEST REQUIREMENTS FOR REFERENCE
AND CLASS I EQUIVALENT METHODS FOR PM2.5

Subpart E Proce-
dure Performance Test Performance Specification Test Conditions Part 50, Appendix

L Reference

§ 53.52 Sampler
leak check test.

Sampler leak check facil-
ity

External leakage: 80 mL/
min, max

Internal leakage: 80 mL/
min, max

Controlled leak flow rate
of 80 mL/min

Sec. 7.4.6

§ 53.53 Base flow
rate test.

Sample flow rate:
1. Mean
2. Regulation
3. Meas. accuracy
4. CV accuracy
5. Cut-off

1. 16.67 ±5%, L/min
2. 2%, max
3. 2%, max
4. 0.3%, max
5. Flow rate cut-off if flow

rate deviates more than
10% from design flow
rate for >60±30 sec-
onds

(a) 6-hour normal oper-
ational test plus flow
rate cut-off test

(b) Nominal conditions
(c) Additional 55 mm Hg

pressure drop to simu-
late loaded filter

(d) Variable flow restric-
tion used for cut-off test

Sec. 7.4.1
Sec. 7.4.2
Sec. 7.4.3
Sec. 7.4.4
Sec. 7.4.5
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Subpart E Proce-
dure Performance Test Performance Specification Test Conditions Part 50, Appendix

L Reference

§ 53.54 Power inter-
ruption test.

Sample flow rate:
1. Mean
2. Regulation
3. Meas. accuracy
4. CV accuracy
5. Occurrence time of

power interruptions
6. Elapsed sample time
7. Sample volume

1. 16.67±5%, L/min
2. 2%, max
3. 2%, max
4. 0.3%, max
5. ±2 min if >60 seconds
6. ±20 seconds
7. ±2%, max

(a) 6-hour normal oper-
ational test

(b) Nominal conditions
(c) Additional 55 mm Hg

pressure drop to simu-
late loaded filter

(d) 6 power interruptions
of various durations

Sec. 7.4.1
Sec. 7.4.2
Sec. 7.4.3
Sec. 7.4.5
Sec. 7.4.12
Sec. 7.4.13
Sec. 7.4.15.4
Sec. 7.4.15.5

§ 53.55 Tempera-
ture and line volt-
age effect test.

Sample flow rate:
1. Mean
2. Regulation
3. Meas. accuracy
4. CV accuracy
5. Temperature meas. ac-

curacy
6. Proper operation

1. 16.67±5%, L/min
2. 2 %, max
3. 2 %, max
4. 0.3 %, max
5. 2 °C

(a) 6-hour normal oper-
ational test

(b) Nominal conditions
(c) Additional 55 mm Hg

pressure drop to simu-
late loaded filter

(d) Ambient temperature
at ¥20 and +40 °C

(e) Line voltage: 105 Vac
to 125 Vac

Sec. 7.4.1
Sec. 7.4.2
Sec. 7.4.3
Sec. 7.4.5
Sec. 7.4.8
Sec. 7.4.15.1

§ 53.56 Barometric
pressure effect
test.

Sample flow rate:
1. Mean
2. Regulation
3. Meas. accuracy
4. CV accuracy
5. Pressure meas. accu-

racy
6. Proper operation

1. 16.67±5%, L/min
2. 2%, max
3. 2%, max
4. 0.3%, max
5. 10 mm Hg

(a) 6-hour normal oper-
ational test

(b) Nominal conditions
(c) Additional 55 mm Hg

pressure drop to simu-
late loaded filter

(d) Barometric pressure at
600 and 800 mm Hg.

Sec. 7.4.1
Sec. 7.4.2
Sec. 7.4.3
Sec. 7.4.5
Sec. 7.4.9

§ 53.57 Filter tem-
perature control
test.

1. Filter temp meas. accu-
racy

2. Ambient temp. meas.
accuracy

3. Filter temp control ac-
curacy, sampling and
non-sampling

1. 2 °C
2. 2 °C
3. Not more than 5 °C

above ambient temp.
for more than 30 min

(a) 4-hour simulated solar
radiation, sampling

(b) 4-hour simulated solar
radiation, non-sampling

(c) Solar flux of
1000±50W/m2

Sec. 7.4.8
Sec. 7.4.10
Sec. 7.4.11

§ 53.58 Field preci-
sion test.

1. Measurement precision
2. Storage deposition test

for sequential samplers

1. Pj <2 µg/m3 for conc.
<40 µg/m3 (24-hr) or
<30 µg/m3 (48-hr); or

RPj < 5% for conc. >40
µg/m3 (24-hr) or >30
µg/m3 (48-hr)

2. 50 µg, max weight gain

(a) 3 collocated samplers
at 1 site for at least 10
days

(b) PM2.5 conc.≥10 µg/m3

(c) 24- or 48-hour sam-
ples

(d) 5- or 10-day storage
period for inactive
stored filters

Sec. 5.1
Sec. 7.3.5
Sec. 8
Sec. 9
Sec. 10

The Following Requirement is Applicable to Candidate Equivalent Methods Only

§ 53.59 Aerosol
transport test.

Aerosol transport 97%, min, for all channels Determine aerosol trans-
port through any new or
modified components
with respect to the ref-
erence method sampler
before the filter for each
channel.

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17, 1998]

TABLE E–2—SPECTRAL ENERGY DISTRIBUTION AND PERMITTED TOLERANCE FOR
CONDUCTING RADIATIVE TESTS

Characteristic
Spectral Region

Ultraviolet Visible Infrared

Bandwidth (µm) 0.28 to 0.32 0.32 to 0.40 0.40 to 0.78 0.78 to 3.00
Irradiance (W/m2) 5 56 450 to 550 439
Allowed Tolerance ± 35% ±25% ± 10% ±10%

[62 FR 38799, July 18, 1997; 63 FR 7714, Feb. 17, 1998]
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FIGURE E–1—DESIGNATION TESTING CHECKLIST

DESIGNATION TESTING CHECKLIST

llllllllll llllllllll llllllllll

Auditee Auditor signature Date

Compliance Status: Y = Yes N = No NA = Not applicable/Not available
Verification Comments (Includes

documentation of who, what,
where, when, why) (Doc. #, Rev.

#, Rev. Date)

Verification Verified by Direct Observation of Process or of Documented
Evidence: Performance, Design or Application Spec. Cor-

responding to Sections of 40 CFR Part 53 or 40 CFR Part 50,
Appendix LY N NA

Performance Specification Tests
Sample flow rate coefficient of variation (§ 53.53) (L–7.4.3)

Filter temperature control (sampling) (§ 53.57) (L–7.4.10)

Elapsed sample time accuracy (§ 53.54) (L–7.4.13)

Filter temperature control (post sampling) (§ 53.57) (L–7.4.10)

Application Specification Tests

Field Precision (§ 53.58) (L–5.1)

Meets all Appendix L requirements (part 53, subpart A,
§ 53.2(a)(3)) (part 53, subpart E, § 53.51(a),(d))

Filter Weighing (L–8)

Field Sampling Procedure (§ 53.30, .31, .34)

Design Specification Tests

Filter ( L–6)

Range of Operational Conditions (L–7.4.7)

The Following Requirements Apply Only to Class I Candidate Equivalent Methods

Aerosol Transport (§ 53.59)
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FIGURE E–2—PRODUCT MANUFACTURING CHECKLIST

PRODUCT MANUFACTURING CHECKLIST

llllllllll llllllllll llllllllll

Auditee Auditor signature Date

Compliance Status: Y = Yes N = No NA = Not applicable/Not available
Verification Comments (Includes

documentation of who, what,
where, when, why) (Doc. #, Rev.

#, Rev. Date)

Verification Verified by Direct Observation of Process or of Documented
Evidence: Performance, Design or Application Spec. Cor-

responding to Sections of 40 CFR Part 53 or 40 CFR Part 50,
Appendix LY N NA

Performance Specification Tests

Assembled operational performance (Burn-in test) (§ 53.53)

Sample flow rate (§ 53.53) (L–7.4.1, L–7.4.2)

Sample flow rate regulation (§ 53.53) (L–7.4.3)

Flow rate and average flow rate measurement accuracy
(§ 53.53) (L–7.4.5)

Ambient air temperature measurement accuracy (§ 53.55)
(L–7.4.8)

Ambient barometric pressure measurement accuracy
(§ 53.56) (L–7.4.9)

Sample flow rate cut-off (§ 53.53) (L–7.4.4)

Sampler leak check facility (§ 53.52) (L–7.4.6)

Application Specification Tests

Flow rate calibration transfer standard (L-9.2)

Operational /Instructional manual (L-7.4.18)

Design Specification Tests

Impactor (jet width) (§ 53.51(d)(1)) (L-7.3.4.1)

Surface finish (§ 53.51( d)(2)) (L-7.3.7)

APPENDIX A TO SUBPART E—
REFERENCES

(1) Quality systems—Model for quality as-
surance in design, development, production,
installation and servicing, ISO 9001. July
1994. Available from American Society for
Quality Control, 611 East Wisconsin Avenue,
Milwaukee, WI 53202.

(2) American National Standard—Speci-
fications and Guidelines for Quality Systems
for Environmental Data Collection and Envi-
ronmental Technology Programs. ANSI/
ASQC E4-1994. January 1995. Available from
American Society for Quality Control, 611
East Wisconsin Avenue, Milwaukee, WI 53202.

(3) Copies of section 2.12 of the Quality As-
surance Handbook for Air Pollution Meas-
urement Systems, Volume II, Ambient Air
Specific Methods, EPA/600/R-94/038b, are
available from Department E (MD-77B), U.S.
EPA, Research Triangle Park, NC 27711.

(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.

(5) Quality Assurance Handbook for Air
Pollution Measurement Systems, Volume IV:
Meteorological Measurements. Revised
March, 1995. EPA-600/R-94-038d. Available
from U.S. EPA, ORD Publications Office,
Center for Environmental Research Informa-
tion (CERI), 26 West Martin Luther King
Drive, Cincinnati, Ohio 45268-1072 (513-569-
7562).

(6) Military standard specification (mil.
spec.) 810-E as listed in Department of De-
fense Index of Specifications and Standards
(DODISS), available from DODSSP-Customer
Service, Standardization Documents Order
Desk, 700 Robbins Avenue, Building 4D,
Philadelphia, PA 1911-5094.
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