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powder (C,0H,,O0s, FW = 332.31, CAS
2321-07-5) with aqueous ammonia.
Guidelines for preparation of fluores-
cein solutions of the desired volume
concentration (C,o) are presented by
Vanderpool and Rubow (1988) (Ref-
erence 2 in appendix A of this subpart).
For purposes of converting particle
physical diameter to aerodynamic di-
ameter, an ammonium fluorescein den-
sity of 1.35 g/cm3 shall be used.

(ii) Mass deposits of ammonium fluo-
rescein shall be extracted and analyzed
using solutions of 0.01 N ammonium
hydroxide.

(3) Liquid particle generation. (i) Tests
prescribed in §53.63 for inlet aspiration
require the use of liquid particle tests
composed of oleic acid tagged with
uranine to enable subsequent
fluorometric quantitation of collected
aerosol mass deposits. Oleic acid
(C1sH340,, FW = 282.47, CAS 112-80-1) has
a density of 0.8935 g/cm3. Because the
viscosity of oleic acid is relatively
high, significant errors can occur when
dispensing oleic acid using volumetric
pipettes. For this reason, it is rec-
ommended that oleic acid solutions be
prepared by quantifying dispensed oleic
acid gravimetrically. The volume of
oleic acid dispensed can then be cal-
culated simply by dividing the dis-
pensed mass by the oleic acid density.

(ii) Oleic acid solutions tagged with
uranine shall be prepared as follows. A
known mass of oleic acid shall first be
diluted using absolute ethanol. The de-
sired mass of the uranine tag should
then be diluted in a separate container
using absolute ethanol. Uranine
(C20H100sNa,, FW = 376.3, CAS 518-47-8)
is the disodium salt of fluorescein and
has a density of 1.563 g/cm3. In preparing
uranine tagged oleic acid particles, the
uranine content shall not exceed 20
percent on a mass basis. Once both
oleic acid and uranine solutions are
properly prepared, they can then be
combined and diluted to final volume
using absolute ethanol.

(iii) Calculation of the physical di-
ameter of the particles produced by the
VOAG requires knowledge of the liquid
solution’s volume concentration (Cyo).
Because uranine is essentially insol-
uble in oleic acid, the total particle
volume is the sum of the oleic acid vol-
ume and the uranine volume. The vol-
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ume concentration of the liquid solu-
tion shall be calculated as:

EQUATION 5

Vet Ve _ (MulP)* (Moic/ Poeic)
v,

sol

Cvul - %

sol

where:

V. = uranine volume, ml;

Voieic = Oleic acid volume, ml;
V.o = total solution volume, ml;
M, = uranine mass, g;

pu = uranine density, g/cms3;
Moeic = Oleic acid mass, g; and
polcic = Oleic acid density, g/cms3.

(iv) For purposes of converting the
particles’ physical diameter to aero-
dynamic diameter, the density of the
generated particles shall be calculated
as:

EQUATION 6

M,+M

oleic

(MM/PM>+(Moleic/poleic)

(v) Mass deposits of oleic acid shall
be extracted and analyzed using solu-
tions of 0.01 N sodium hydroxide.

[62 FR 38814, July 18, 1997; 63 FR 7714, Feb. 17,
1998]
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§53.62 Test procedure: Full wind tun-
nel test.

(a) Owverview. The full wind tunnel
test evaluates the effectiveness of the
candidate sampler at 2 km/hr and 24
km/hr for aerosols of the size specified
in table F-2 of this subpart (under the
heading, ‘“‘Full Wind Tunnel Test”).
For each wind speed, a smooth curve is
fit to the effectiveness data and cor-
rected for the presence of multiplets in
the wind tunnel calibration aerosol.
The cutpoint diameter (Dpso) at each
wind speed is then determined from the
corrected effectiveness curves. The two
resultant penetration curves are then
each numerically integrated with three
idealized ambient particle size dis-
tributions to provide six estimates of
measured mass concentration. Critical
parameters for these idealized distribu-
tions are presented in table F-3 of this
subpart.
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(b) Technical definitions. Effectiveness
is the ratio (expressed as a percentage)
of the mass concentration of particles
of a specific size reaching the sampler
filter or filters to the mass concentra-
tion of particles of the same size ap-
proaching the sampler.

(c) Facilities and equipment required—
(1) Wind tunnel. The particle delivery
system shall consist of a blower system
and a wind tunnel having a test section
of sufficiently large cross-sectional
area such that the test sampler, or por-
tion thereof, as installed in the test
section for testing, blocks no more
than 15 percent of the test section area.
The wind tunnel blower system must
be capable of maintaining uniform
wind speeds at the 2 km/hr and 24 km/
hr in the test section.

(2) Aerosol generation system. A vibrat-
ing orifice aerosol generator shall be
used to produce monodisperse solid
particles of ammonium fluorescein
with equivalent aerodynamic diame-
ters as specified in table F-2 of this
subpart. The geometric standard devi-
ation for each particle size generated
shall not exceed 1.1 (for primary par-
ticles) and the proportion of multiplets
(doublets and triplets) in all test par-
ticle atmosphere shall not exceed 10
percent of the particle population. The
aerodynamic particle diameter, as es-
tablished by the operating parameters
of the vibrating orifice aerosol gener-
ator, shall be within the tolerance
specified in table F-2 of this subpart.

(3) Particle size verification equipment.
The size of the test particles shall be
verified during this test by use of a
suitable instrument (e.g., scanning
electron microscope, optical particle
sizer, time-of-flight apparatus). The in-
strument must be capable of measuring
solid and liquid test particles with a
size resolution of 0.1 um or less. The ac-
curacy of the particle size verification
technique shall be 0.15 um or better.

(4) Wind speed measurement. The wind
speed in the wind tunnel shall be deter-
mined during the tests using an appro-
priate technique capable of a precision
of 2 percent and an accuracy of 5 per-
cent or better (e.g., hot-wire
anemometry). For the wind speeds
specified in table F-2 of this subpart,
the wind speed shall be measured at a
minimum of 12 test points in a cross-
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sectional area of the test section of the
wind tunnel. The mean wind speed in
the test section must be within +10 per-
cent of the value specified in table F-2
of this subpart, and the variation at
any test point in the test section may
not exceed 10 percent of the measured
mean.

(5) Aerosol rake. The cross-sectional
uniformity of the particle concentra-
tion in the sampling zone of the test
section shall be established during the
tests using an array of isokinetic sam-
plers, referred to as a rake. Not less
than five evenly spaced isokinetic sam-
plers shall be used to determine the
particle concentration spatial uni-
formity in the sampling zone. The sam-
pling zone shall be a rectangular area
having a horizontal dimension not less
than 1.2 times the width of the test
sampler at its inlet opening and a
vertical dimension not less than 25 cen-
timeters.

(6) Total aerosol isokinetic sampler.
After cross-sectional uniformity has
been confirmed, a single isokinetic
sampler may be used in place of the
array of isokinetic samplers for the de-
termination of particle mass con-
centration used in the calculation of
sampling effectiveness of the test sam-
pler in paragraph (d)(5) of this section.
In this case, the array of isokinetic
samplers must be used to demonstrate
particle concentration uniformity
prior to the replicate measurements of
sampling effectiveness.

(7) Fluorometer. A fluorometer used
for quantifying extracted aerosol mass
deposits shall be set up, maintained,
and calibrated according to the manu-
facturer’s instructions. A series of cali-
bration standards shall be prepared to
encompass the minimum and max-
imum concentrations measured during
size-selective tests. Prior to each cali-
bration and measurement, the fluo-
rometer shall be zeroed using an ali-
quot of the same solvent used for ex-
tracting aerosol mass deposits.

(8) Sampler flow rate measurements. All
flow rate measurements used to cal-
culate the test atmosphere concentra-
tions and the test results must be accu-
rate to within +2 percent, referenced to
a NIST-traceable primary standard.
Any necessary flow rate measurement
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corrections shall be clearly docu-
mented. All flow rate measurements
shall be performed and reported in ac-
tual volumetric units.

(d) Test procedures—(1) Establish and
verify wind speed. (i) Establish a wind
speed specified in table F-2 of this sub-
part.

(ii) Measure the wind speed at a min-
imum of 12 test points in a cross-sec-
tional area of the test section of the
wind tunnel using a device as described
in paragraph (c)(4) of this section.

(iii) Verify that the mean wind speed
in the test section of the wind tunnel
during the tests is within 10 percent of
the value specified in table F-2 of this
subpart. The wind speed measured at
any test point in the test section shall
not differ by more than 10 percent from
the mean wind speed in the test sec-
tion.

(2) Generate aerosol. (i) Generate par-
ticles of a size specified in table F-2 of
this subpart using a vibrating orifice
aerosol generator.

(ii) Check for the presence of sat-
ellites and adjust the generator as nec-
essary.

(iii) Calculate the physical particle
size using the operating parameters of
the vibrating orifice aerosol generator
and record.

(iv) Determine the particle’s aero-
dynamic diameter from the calculated
physical diameter and the known den-
sity of the generated particle. The cal-
culated aerodynamic diameter must be
within the tolerance specified in table
F-2 of this subpart.

(3) Introduce particles into the wind
tunnel. Introduce the generated par-
ticles into the wind tunnel and allow
the particle concentration to stabilize.

(4) Verify the quality of the test aerosol.
(i) Extract a representative sample of
the aerosol from the sampling test zone
and measure the size distribution of
the collected particles using an appro-
priate sizing technique. If the measure-
ment technique does not provide a di-
rect measure of aerodynamic diameter,
the geometric mean aerodynamic di-
ameter of the challenge aerosol must
be calculated using the known density
of the particle and the measured mean
physical diameter. The determined
geometric mean aerodynamic diameter
of the test aerosol must be within 0.15
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pm of the aerodynamic diameter cal-
culated from the operating parameters
of the vibrating orifice aerosol gener-
ator. The geometric standard deviation
of the primary particles must not ex-
ceed 1.1.

(ii) Determine the population of
multiplets in the collected sample. The
multiplet population of the particle
test atmosphere must not exceed 10
percent of the total particle popu-
lation.

(5) Aerosol uniformity and concentra-
tion measurement. (i) Install an array of
five or more evenly spaced isokinetic
samplers in the sampling zone (para-
graph (c)(6) of this section). Collect
particles on appropriate filters over a
time period such that the relative error
of the measured particle concentration
is less than 5.0 percent.

(ii) Determine the quantity of mate-
rial collected with each isokinetic sam-
pler in the array using a calibrated flu-
orometer. Calculate and record the
mass concentration for each isokinetic
sampler as:

EQUATION 7

Cioti) = g
(ii

where:

i = replicate number;

j = isokinetic sampler number;

M, = mass of material collected with the
isokinetic sampler;

Q = isokinetic sampler volumetric flow rate;
and

t = sampling time.

(iii) Calculate and record the mean
mass concentration as:

EQUATION 8
3 Zlcisz»(u)
C ,.=2=

iso(i) n

where:

i = replicate number;

j = isokinetic sampler number; and

n = total number of isokinetic samplers.

(iv) Precision calculation. (A) Cal-
culate the coefficient of variation of
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the mass concentration measurements
as:

EQUATION 9

I
I n

2
v [
> Cfu(,',-) - [Z Cisoli) ]
= = _

§
/ Cisoi

CV. .=

iso(i) ) X 100%

n-1
where:

i = replicate number;

j = isokinetic sampler number; and

n = total number of isokinetic samplers.

(B) If the value of CViswq for any rep-
licate exceeds 10 percent, the particle
concentration uniformity is unaccept-
able and step 5 must be repeated. If ad-
justment of the vibrating orifice aer-
osol generator or changes in the par-
ticle delivery system are necessary to
achieve uniformity, steps 1 through 5
must be repeated. When an acceptable
aerosol spatial uniformity is achieved,
remove the array of isokinetic sam-
plers from the wind tunnel.

(6) Alternative measure of wind tunnel
total concentration. If a single
isokinetic sampler is used to determine
the mean aerosol concentration in the
wind tunnel, install the sampler in the
wind tunnel with the sampler nozzle
centered in the sampling zone (para-
graph (c)(6) of this section).

(i) Collect particles on an appropriate
filter over a time period such that the
relative error of the measured con-
centration is less than 5.0 percent.

(ii) Determine the quantity of mate-
rial collected with the isokinetic sam-
pler using a calibrated fluorometer.

(iii) Calculate and record the mass
concentration as Ciwg as in paragraph
(d)(5)(ii) of this section.

(iv) Remove the isokinetic sampler
from the wind tunnel.

(7T) Measure the aerosol with the can-
didate sampler. (i) Install the test sam-
pler (or portion thereof) in the wind
tunnel with the sampler inlet opening
centered in the sampling zone. To meet
the maximum blockage limit of para-
graph (c)(1) of this section or for con-
venience, part of the test sampler may
be positioned external to the wind tun-
nel provided that neither the geometry
of the sampler nor the length of any
connecting tube or pipe is altered. Col-
lect particles for a time period such
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that the relative error of the measured
concentration is less than 5.0 percent.

(ii) Remove the test sampler from the
wind tunnel.

(iii) Determine the quantity of mate-
rial collected with the test sampler
using a calibrated fluorometer. Cal-
culate and record the mass concentra-
tion for each replicate as:

EQUATION 10

_ Mcand(i)

¢ D™ 0. xt
(&) (@)

cand

where:

i = replicate number;

Meana = mass of material collected with the
candidate sampler;

Q = candidate sampler volumetric flow rate;
and

t = sampling time.

(iv)(A) Calculate and record the sam-
pling effectiveness of the candidate
sampler as:

EQUATION 11

_ Ccand(i)
O~ "c
Ciso(i)

x100%

where:
i = replicate number.

(B) If a single isokinetic sampler is
used for the determination of particle
mass concentration, replace Cisoi With
Ciso~

(8) Replicate measurements and calcula-
tion of mean sampling effectiveness. (i)
Repeat steps in paragraphs (d)(b)
through (d)(7) of this section, as appro-
priate, to obtain a minimum of three
valid replicate measurements of sam-
pling effectiveness.

(ii) Calculate and record the average
sampling effectiveness of the test sam-
pler for the particle size as:

EQUATION 12

n
_ XE
E = izl
n
where:

i = replicate number; and
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n = number of replicates.

(iii) Sampling effectiveness precision.
(A) Calculate and record the coefficient
of variation for the replicate sampling
effectiveness measurements of the test
sampler as:

EQUATION 13

2
n l n
2| X E
i=1 N\ i=1

n—1

1

CV, = — x100%
E

where:

i = replicate number, and
n = number of replicates.

(B) If the value of CVg exceeds 10 per-
cent, the test run (steps in paragraphs
(d)(2) through (d)(8) of this section)
must be repeated until an acceptable
value is obtained.

(9) Repeat steps in paragraphs (d)(2)
through (d)(8) of this section until the
sampling effectiveness has been meas-
ured for all particle sizes specified in
table F-2 of this subpart.

(10) Repeat steps in paragraphs (d)(1)
through (d)(9) of this section until tests
have been successfully conducted for
both wind speeds of 2 km/hr and 24 km/
hr.

(e) Calculations—(1) Graphical treat-
ment of effectiveness data. For each wind
speed given in table F-2 of this subpart,
plot the particle average sampling ef-
fectiveness of the candidate sampler as
a function of aerodynamic particle di-
ameter (D..) on semi-logarithmic graph
paper where the aerodynamic particle
diameter is the particle size estab-
lished by the parameters of the VOAG
in conjunction with the known particle
density. Construct a best-fit, smooth
curve through the data by extrapo-
lating the sampling effectiveness curve
through 100 percent at an aerodynamic
particle size of 0.5 um and 0 percent at
an aerodynamic particle size of 10 um.
Correction for the presence of
multiplets shall be performed using the
techniques presented by Marple, et al
(1987). This multiplet-corrected effec-
tiveness curve shall be used for all re-
maining calculations in this paragraph
(e).

(2) Cutpoint determination. For each
wind speed determine the sampler Dpso
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cutpoint defined as the aerodynamic
particle size corresponding to 50 per-
cent effectiveness from the multiplet
corrected smooth curve.

(3) Expected mass concentration cal-
culation. For each wind speed, calculate
the estimated mass concentration
measurement for the test sampler
under each particle size distribution
(Tables F-4, F-5, and F-6 of this sub-
part) and compare it to the mass con-
centration predicted for the reference
sampler as follows:

(i) Determine the value of corrected
effectiveness using the best-fit,
multiplet-corrected curve at each of
the particle sizes specified in the first
column of table F-4 of this subpart.
Record each corrected effectiveness
value as a decimal between 0 and 1 in
column 2 of table F—4 of this subpart.

(i1) Calculate the interval estimated
mass concentration measurement by
multiplying the values of corrected ef-
fectiveness in column 2 by the interval
mass concentration values in column 3
and enter the products in column 4 of
table F—4 of this subpart.

(iii) Calculate the estimated mass
concentration measurement by sum-
ming the values in column 4 and enter-
ing the total as the estimated mass
concentration measurement for the
test sampler at the bottom of column 4
of table F-4 of this subpart.

(iv) Calculate the estimated mass
concentration ratio between the can-
didate method and the reference meth-
od as:

EQUATION 14

RL. _ Ccand(est) «100%
ref (est)
where:
Ceandesy = estimated mass concentration

measurement for the test sampler, ug/ms3;
and

Crefesy = estimated mass concentration meas-
urement for the reference sampler, pug/ms3
(calculated for the reference sampler and
specified at the bottom of column 7 of
table F—4 of this subpart).

(v) Repeat steps in paragraphs (e) (1)
through (e)(3) of this section for tables
F-5 and F-6 of this subpart.

(f) Evaluation of test results. The can-
didate method passes the wind tunnel
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effectiveness test if the R. value for
each wind speed meets the specifica-
tion in table F-1 of this subpart for
each of the three particle size distribu-
tions.

§53.63 Test procedure:
inlet aspiration test.

Wind tunnel

(a) Overview. This test applies to a
candidate sampler which differs from
the reference method sampler only
with respect to the design of the inlet.
The purpose of this test is to ensure
that the aspiration of a Class II can-
didate sampler is such that it rep-
resentatively extracts an ambient aer-
osol at elevated wind speeds. This wind
tunnel test uses a single-sized, liquid
aerosol in conjunction with wind
speeds of 2 km/hr and 24 km/hr. The
test atmosphere concentration is alter-
nately measured with the candidate
sampler and a reference method device,
both of which are operated without the
2.5-micron fractionation device in-
stalled. The test conditions are sum-
marized in table F-2 of this subpart
(under the heading of “wind tunnel
inlet aspiration test’’). The candidate
sampler must meet or exceed the ac-
ceptance criteria given in table F-1 of
this subpart.

(b) Technical definition. Relative aspi-
ration is the ratio (expressed as a per-
centage) of the aerosol mass concentra-
tion measured by the candidate sam-
pler to that measured by a reference
method sampler.

(c) Facilities and equipment required.
The facilities and equipment are iden-
tical to those required for the full wind
tunnel test (§53.62(c)).

(d) Setup. The candidate and ref-
erence method samplers shall be oper-
ated with the PM,s fractionation de-
vice removed from the flow path
throughout this entire test procedure.
Modifications to accommodate this re-
quirement shall be limited to removal
of the fractionator and insertion of the
filter holder directly into the downtube
of the inlet.

(e) Test procedure—(1) Establish the
wind tunnel test atmosphere. Follow the
procedures in §53.62(d)(1) through (d)(4)
to establish a test atmosphere for one
of the two wind speeds specified in
table F-2 of this subpart.
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(2) Measure the aerosol concentration
with the reference sampler. (i) Install the
reference sampler (or portion thereof)
in the wind tunnel with the sampler
inlet opening centered in the sampling
zone. To meet the maximum blockage
limit of §53.62(c)(1) or for convenience,
part of the test sampler may be posi-
tioned external to the wind tunnel pro-
vided that neither the geometry of the
sampler nor the length of any con-
necting tube or pipe is altered. Collect
particles for a time period such that
the relative error of the measured con-
centration is less than 5.0 percent.

(ii) Determine the quantity of mate-
rial collected with the reference meth-
od sampler using a calibrated fluo-
rometer. Calculate and record the mass
concentration as:

EQUATION 15

c My
ref(i) —
Qi )
where:
i = replicate number;
M,r = mass of material collected with the
reference method sampler;
Q = reference method sampler volumetric

flow rate; and
t = sampling time.

(iii) Remove the reference method
sampler from the tunnel.

(3) Measure the aerosol concentration
with the candidate sampler. (i) Install
the candidate sampler (or portion
thereof) in the wind tunnel with the
sampler inlet centered in the sampling
zone. To meet the maximum blockage
limit of §53.62(c)(1) or for convenience,
part of the test sampler may be posi-
tioned external to the wind tunnel pro-
vided that neither the geometry of the
sampler nor the length of any con-
necting tube or pipe is altered. Collect
particles for a time period such that
the relative error of the measured con-
centration is less than 5.0 percent.

(ii) Determine the quantity of mate-
rial collected with the candidate sam-
pler using a calibrated fluorometer.
Calculate and record the mass con-
centration as:
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