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Tref,ave = The mean ambient air temperature 
measured by the reference temperature 
instrument, °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 fol-
lowing 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. 

[62 FR 38799, July 18, 1997, as amended at 71 
FR 61291, Oct. 17, 2006] 

§ 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 PM 2.5 or PM 10–2,5 method 
(as applicable) to pass this test proce-
dure. 

(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 
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 capa-
bility or digital recording at intervals 
not to exceed 5 minutes. 
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(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 PM 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 
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. 
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(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 
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where: 

n equals the number of discrete certified 
flow 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 18 
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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 
(Qind,ave), determine the accuracy of the 
reported mean flow rate as: 

EQUATION 20 

%
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(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 
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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 fol-
lowing 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, as amended at 71 FR 61292, Oct. 17, 2006] 

§ 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 PM sample collection filter (or fil-
ters) under conditions of elevated solar 
insolation. The test evaluates radiative 
effects on filter temperature during a 
4-hour period of active sampling as well 
as during a subsequent 4-hour non-sam-
pling time period prior to filter re-
trieval. Tests shall be conducted in an 
environmental chamber which provides 
the proper radiant wavelengths and en-
ergies to adequately simulate the sun’s 
radiant effects under clear conditions 
at sea level. For additional guidance on 
conducting solar radiative tests under 
controlled conditions, consult military 
standard specification 810–E (reference 
6 in appendix A of this subpart). The 
performance parameters tested under 
this procedure, the corresponding min-
imum 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 by the sam-
pler until the filter is retrieved from 
the sampler for laboratory analysis. 

(c) Required test equipment. (1) Envi-
ronmental chamber providing the 
means, such as a bank of solar-spec-
trum lamps, for generating or simu-
lating thermal radiation in approxi-
mate spectral content and intensity 
equivalent to solar insulation of 1000 
±50 W/m 2 inside the environmental 
chamber. To properly simulate the 
sun’s radiative effects on the sampler, 
the solar bank must provide the spec-
tral energy distribution 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 requirements of the solar radi-
ation tests, the chamber’s internal vol-
ume shall be a minimum of 10 times 
that of the volume of the candidate 
sampler. Air velocity in the region of 
the sampler must be maintained con-
tinuously during 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 
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