AUTHENTICATED
U.S. GOVERNMENT
INFORMATION

GPO

§50.1

40 CFR Ch. | (7-1-96 Edition)

SUBCHAPTER C—AIR PROGRAMS

PART 50—NATIONAL PRIMARY AND

SECONDARY AMBIENT AIR
QUALITY STANDARDS

Sec.

50.1 Definitions.

50.2 Scope.

50.3 Reference conditions.

50.4 National primary ambient air quality
standards for sulfur oxides (sulfur diox-
ide).

50.5 National secondary ambient air quality
standard for sulfur oxides (sulfur diox-
ide).

50.6 National primary and secondary ambi-
ent air quality standards for particulate
matter.

50.7 [Reserved]

50.8 National primary ambient air quality
standards for carbon monoxide.

50.9 National primary and secondary ambi-
ent air quality standards for ozone.

50.10 [Reserved]

50.11 National primary and secondary ambi-
ent air quality standard for nitrogen di-
oxide.

50.12 National primary and secondary ambi-
ent air quality standards for lead.

APPENDICES TO PART 50

APPENDIX A—REFERENCE METHOD FOR THE
DETERMINATION OF SULFUR DIOXIDE IN
THE ATMOSPHERE (PARAROSANILINE METH-
oD)

APPENDIX B—REFERENCE METHOD FOR THE
DETERMINATION OF SUSPENDED PARTICU-
LATE MATTER IN THE ATMOSPHERE (HIGH-
VOLUME METHOD)

APPENDIX C—MEASUREMENT PRINCIPLE AND
CALIBRATION PROCEDURE FOR THE MEAS-
UREMENT OF CARBON MONOXIDE IN THE AT-
MOSPHERE  (NON-DISPERSIVE  INFRARED
PHOTOMETRY)

APPENDIX D—MEASUREMENT PRINCIPLE AND
CALIBRATION PROCEDURE FOR THE MEAS-
UREMENT OF OZONE IN THE ATMOSPHERE

APPENDIX E—REFERENCE METHOD FOR DETER-
MINATION OF HYDROCARBONS CORRECTED
FOR METHANE

APPENDIX F—MEASUREMENT PRINCIPLE AND
CALIBRATION PROCEDURE FOR THE MEAS-
UREMENT OF NITROGEN DIOXIDE IN THE AT-
MOSPHERE (Gas PHASE
CHEMILUMINESCENCE)

APPENDIX G—REFERENCE METHOD FOR THE
DETERMINATION OF LEAD IN SUSPENDED
PARTICULATE MATTER COLLECTED FROM
AMBIENT AIR

APPENDIX H—INTERPRETATION OF THE NA-
TIONAL AMBIENT AIR QUALITY STANDARDS
FOR OZONE

APPENDIX |—[RESERVED]

APPENDIX J—REFERENCE METHOD FOR THE
DETERMINATION OF PARTICULATE MATTER
AS PMyo in the Atmosphere

APPENDIX K—INTERPRETATION OF THE NA-
TIONAL AMBIENT AIR QUALITY STANDARDS
FOR PARTICULATE MATTER

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

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

§50.1 Definitions.

(a) As used in this part, all terms not
defined herein shall have the meaning
given them by the Act.

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

(c) Agency means the Environmental
Protection Agency.

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

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

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

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

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

[36 FR 22384, Nov. 25, 1971, as amended at 41
FR 11253, Mar. 17, 1976; 48 FR 2529, Jan. 20,
1983]

§50.2 Scope.

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

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

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

(d) The proposal, promulgation, or re-
vision of national primary and second-
ary ambient air quality standards shall
not prohibit any State from establish-
ing ambient air quality standards for
that State or any portion thereof
which are more stringent than the na-
tional standards.

§50.3 Reference conditions.

All measurements of air quality are
corrected to a reference temperature of
25° C. and to a reference pressure of 760
millimeters of mercury (1,013.2
millibars).

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

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

§50.5

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

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

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

[61 FR 25579, May 22, 1996]

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

(a) The level of the 3-hour standard is
0.5 parts per million (ppm), not to be
exceeded more than once per calendar
year. The 3-hour averages shall be de-
termined from successive nonoverlap-
ping 3-hour blocks starting at midnight
each calendar day and shall be rounded
to 1 decimal place (fractional parts
equal to or greater than 0.05 ppm shall
be rounded up).

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

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

[61 FR 25580, May 22, 1996]

§50.6 National primary and secondary
ambient air quality standards for
particulate matter.

(a) The level of the national primary
and secondary 24-hour ambient air
quality standards for particulate mat-
ter is 150 micrograms per cubic meter
(ng/ms3), 24-hour average concentration.
The standards are attained when the
expected number of days per calendar
year with a 24-hour average concentra-
tion above 150 pg/m3, as determined in
accordance with appendix K to this
part, is equal to or less than one.

(b) The level of the national primary
and secondary annual standards for
particulate matter is 50 micrograms
per cubic meter (pg/ms3), annual arith-
metic mean. The standards are at-
tained when the expected annual arith-
metic mean concentration, as deter-
mined in accordance with appendix K
to this part, is less than or equal to 50
pHg/ma.

(c) For the purpose of determining
attainment of the primary and second-
ary standards, particulate matter shall
be measured in the ambient air as PMo
(particles with an aerodynamic diame-
ter less than or equal to a nominal 10
micrometers) by:

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

40 CFR Ch. | (7-1-96 Edition)

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

[52 FR 24663, July 1, 1987]
§50.7 [Reserved]

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

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

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

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

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

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

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

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

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

[50 FR 37501, Sept. 13, 1985]

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

(a) The level of the national primary
and secondary ambient air quality
standards for ozone measured by a ref-
erence method based on appendix D to
this part and designated in accordance
with part 53 of this chapter, is 0.12 part
per million (235 pg/ms3). The standard is
attained when the expected number of
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days per calendar year with maximum
hourly average concentrations above
0.12 part per million (235 pg/m3) is equal
to or less than 1, as determined by ap-
pendix H.

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

[44 FR 8220, Feb. 8, 1979]
§50.10 [Reserved]

§50.11 National primary and second-
ary ambient air quality standards
for nitrogen dioxide.

(a) The level of the national primary
ambient air quality standard for nitro-
gen dioxide is 0.053 parts per million
(100 micrograms per cubic meter), an-
nual arithmetic mean concentration.

(b) The level of national secondary
ambient air quality standard for nitro-
gen dioxide is 0.053 parts per million
(100 micrograms per cubic meter), an-
nual arithmetic mean concentration.

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

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

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

(d) The standards are attained when
the annual arithmetic mean concentra-
tion in a calendar year is less than or
equal to 0.053 ppm, rounded to three
decimal places (fractional parts equal
to or greater than 0.0005 ppm must be
rounded up). To demonstrate attain-
ment, an annual mean must be based
upon hourly data that are at least 75
percent complete or upon data derived
from manual methods that are at least
75 percent complete for the scheduled
sampling days in each calendar quar-
ter.

[50 FR 25544, June 19, 1985]

§50.12 National primary and second-
ary ambient air quality standards
for lead.

National primary and secondary am-
bient air quality standards for lead and
its compounds, measured as elemental
lead by a reference method based on
appendix G to this part, or by an equiv-
alent method, are: 1.5 micrograms per

Pt. 50, App. A

cubic meter, maximum arithmetic
mean averaged over a calendar quarter.

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

[43 FR 46258, Oct. 5, 1978]

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

1.0 Applicability.

1.1 This method provides a measurement
of the concentration of sulfur dioxide (SOy)
in ambient air for determining compliance
with the primary and secondary national
ambient air quality standards for sulfur ox-
ides (sulfur dioxide) as specified in §50.4 and
§50.5 of this chapter. The method is applica-
ble to the measurement of ambient SO, con-
centrations using sampling periods ranging
from 30 minutes to 24 hours. Additional qual-
ity assurance procedures and guidance are
provided in part 58, Appendixes A and B, of
this chapter and in references 1 and 2.

2.0 Principle.

2.1 A measured volume of air is bubbled
through a solution of 0.04 M potassium
tetrachloromercurate (TCM). The SO
present in the air stream reacts with the
TCM solution to form a stable monochloro-
sulfonatomercurate(3) complex. Once
formed, this complex resists air oxidation(4,
5) and is stable in the presence of strong
oxidants such as ozone and oxides of nitro-
gen. During subsequent analysis, the com-
plex is reacted with acid-bleached para-
rosaniline dye and formaldehyde to form an
intensely colored pararosaniline methyl sul-
fonic acid.(6) The optical density of this spe-
cies is determined spectrophotometrically at
548 nm and is directly related to the amount
of SO collected. The total volume of air
sampled, corrected to EPA reference condi-
tions (25° C, 760 mm Hg [101 kPa]), is deter-
mined from the measured flow rate and the
sampling time. The concentration of SO; in
the ambient air is computed and expressed in
micrograms per standard cubic meter (ug/std
ms3).

3.0 Range.

3.1 The lower limit of detection of SO in
10 mL of TCM is 0.75 pg (based on collabo-
rative test results).(7) This represents a con-
centration of 25 pg SO2/m3 (0.01 ppm) in an
air sample of 30 standard liters (short-term
sampling) and a concentration of 13 pg SO/
m3 (0.005 ppm) in an air sample of 288 stand-
ard liters (long-term sampling). Concentra-
tions less than 25 ug SO»/m3 can be measured
by sampling larger volumes of ambient air;
however, the collection efficiency falls off
rapidly at low concentrations.(8, 9) Beer’s
law is adhered to up to 34 ug of SO in 25 mL
of final solution. This upper limit of the
analysis range represents a concentration of
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1,130 pg SO-/m3 (0.43 ppm) in an air sample of
30 standard liters and a concentration of 590
Hg SO2/m3 (0.23 ppm) in an air sample of 288
standard liters. Higher concentrations can be
measured by collecting a smaller volume of
air, by increasing the volume of absorbing
solution, or by diluting a suitable portion of
the collected sample with absorbing solution
prior to analysis.

4.0 Interferences.

4.1 The effects of the principal potential
interferences have been minimized or elimi-
nated in the following manner: Nitrogen ox-
ides by the addition of sulfamic acid,(10, 11)
heavy metals by the addition of ethylene-
diamine tetracetic acid disodium salt
(EDTA) and phosphoric acid,(10, 12) and
ozone by time delay.(10) Up to 60 pg Fe (111),
22 pg V (V), 10 pg Cu (1), 10 pg Mn (1), and
10 ug Cr (111) in 10 mL absorbing reagent can
be tolerated in the procedure.(10) No signifi-
cant interference has been encountered with
2.3 ug NHa.(13)

5.0 Precision and Accuracy.

5.1 The precision of the analysis is 4.6 per-
cent (at the 95 percent confidence level)
based on the analysis of standard sulfite
samples.(10)

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

The replication error varies linearly with
concentration from +$2.5 pg/m3 at con-
centrations of 100 pg/m3 to +7 yg/ms3 at con-
centrations of 400 pg/ms.

The day-to-day variability within an indi-
vidual laboratory (repeatability) varies
linearly with concentration from +18.1 pg/
m?3 at levels of 100 ug/m3 to +50.9 pg/m3 at
levels of 400 ug/ms.

The day-to-day variability between two or
more laboratories (reproducibility) varies
linearly with concentration from +36.9 ug/
m3 at levels of 100 pg/m3 to +103.5 pg/m3 at
levels of 400 pg/ms3.

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

6.0 Stability.

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

7.0 Apparatus.

7.1 Sampling.

40 CFR Ch. | (7-1-96 Edition)

7.1.1 Sample probe: A sample probe meet-
ing the requirements of section 7 of 40 CFR
part 58, appendix E (Teflon® or glass with
residence time less than 20 sec.) is used to
transport ambient air to the sampling train
location. The end of the probe should be de-
signed or oriented to preclude the sampling
of precipitation, large particles, etc. A suit-
able probe can be constructed from Teflon®
tubing connected to an inverted funnel.

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

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

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

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

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

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

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

7.1.10 Temperature control device: The tem-
perature of the absorbing solution during
sampling must be maintained at 15° +10° C.
As soon as possible following sampling and
until analysis, the temperature of the col-
lected sample must be maintained at 5° +5° C.
Where an extended period of time may elapse
before the collected sample can be moved to
the lower storage temperature, a collection
temperature near the lower limit of the 15 +
10° C range should be used to minimize losses
during this period. Thermoelectric coolers
specifically designed for this temperature
control are available commercially and nor-
mally operate in the range of 5° to 15° C.
Small refrigerators can be modified to pro-
vide the required temperature control; how-
ever, inlet lines must be insulated from the
lower temperatures to prevent condensation
when sampling under humid conditions. A
small heating pad may be necessary when
sampling at low temperatures (<7° C) to pre-
vent the absorbing solution from freez-
ing.(17)

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

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

Pt. 50, App. A

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

7.2 Shipping.

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

7.3 Analysis.

7.3.1 Spectrophotometer: A spectrophotom-
eter suitable for measurement of absorb-
ances at 548 nm with an effective spectral
bandwidth of less than 15 nm is required for
analysis. If the spectrophotometer reads out
in transmittance, convert to absorbance as
follows:

A=log10(1/T) 1)

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

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

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

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

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

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

8.0 Reagents.

8.1 Sampling.

8.1.1 Distilled water: Purity of distilled
water must be verified by the following pro-
cedure:(18)
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Place 0.20 mL of potassium permanganate
solution (0.316 g/L), 500 mL of distilled
water, and ImL of concentrated sulfuric
acid in a chemically resistant glass bottle,
stopper the bottle, and allow to stand.

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

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

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

8.2 Analysis.

8.2.1 Sulfamic acid (0.6%): Dissolve 0.6 g
sulfamic acid in 100 mL distilled water.
Perpare fresh daily.

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

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

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

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

8.26 1 N hydrochloric acid: Slowly and
while stirring, add 86 mL of concentrated hy-
drochloric acid to 500 mL of distilled water.
Allow to cool and dilute to 1,000 mL with dis-
tilled water.

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

8.2.8 Stock sodium thiosulfate solution (0.1
N): Prepare a stock solution by dissolving 25
g sodium thiosulfate (NaxS;03*5H,0) in 1,000
mL freshly boiled, cooled, distilled water and
adding 0.1 g sodium carbonate to the solu-
tion. Allow the solution to stand at least 1
day before standardizing. To standardize, ac-
curately pipet 50 mL of potassium iodate so-
lution (Section 8.2.7) into a 500-mL iodine
flask and add 2.0 g of potassium iodide and 10
mL of 1 N HCI. Stopper the flask and allow
to stand for 5 minutes. Titrate the solution
with stock sodium thiosulfate solution (Sec-
tion 8.2.8) to a pale yellow color. Add 5 mL of
starch solution (Section 8.2.5) and titrate
until the blue color just disappears. Cal-
culate the normality (Ns) of the stock so-
dium thiosulfate solution as follows:

W

Ns= —— x2.80 %)

where:

M=volume of thiosulfate required in mL, and
W=weight of potassium iodate in g (recorded
weight in Section 8.2.7).
103(conversion of g to mg)
x0.1(fraction iodate used)
2.80= _
35.67(equivalent weight of
potassium iodate)

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

NT=NSXO.100 (3)

8.2.10 Standardized sulfite solution for the
preparation of working sulfite-TCM solution:
Dissolve 0.30 g sodium metabisulfite
(NazS;0s) or 0.40 g sodium sulfite (Na;SOs3) in
500 mL of recently boiled, cooled, distilled
water. (Sulfite solution is unstable; it is
therefore important to use water of the high-
est purity to minimize this instability.) This
solution contains the equivalent of 320 to 400
Ug SO/mL. The actual concentration of the
solution is determined by adding excess io-
dine and back-titrating with standard so-
dium thiosulfate solution. To back-titrate,
pipet 50 mL of the 0.01 N iodine solution
(Section 8.2.4) into each of two 500-mL iodine
flasks (A and B). To flask A (blank) add 25
mL distilled water, and to flask B (sample)
pipet 25 mL sulfite solution. Stopper the
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flasks and allow to stand for 5 minutes. Pre-
pare the working sulfite-TCM solution (Sec-
tion 8.2.11) immediately prior to adding the
iodine solution to the flasks. Using a buret
containing standardized 0.01 N thiosulfate
titrant (Section 8.2.9), titrate the solution in
each flask to a pale yellow color. Then add 5
mL starch solution (Section 8.2.5) and con-
tinue the titration until the blue color just
disappears.

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

Cremisoz(Mg SO2/mL)=
(A—B)(N+)(32,000)
(O]
25

where:

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

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

Nt=normality of the thiosulfate titrant,
from equation (3);

32,000=milliequivalent weight of SO, ug;

25=volume of standard sulfite solution, mL;
and

0.02=dilution factor.

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

8.2.12 Purified pararosaniline (PRA) stock
solution (0.2% nominal):

8.2.12.1 Dye specifications—

¢ The dye must have a maximum absorbance
at a wavelength of 540 nm when assayed in
a buffered solution of 0.1 M sodium ace-
tate-acetic acid;

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

¢ The calibration curve (Section 10.0) must
have a slope equal to 0.030+0.002 absorbance
unit/ug SO, with a 1-cm optical path length
when the dye is pure and the sulfite solu-
tion is properly standardized.

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

8.2.12.3 Purification procedure for PRA—
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1. Place 100 mL each of 1-butanol and 1 N
HCI in a large separatory funnel (250-mL)
and allow to equilibrate. Note: Certain
batches of 1-butanol contain oxidants that
create an SO, demand. Before using, check
by placing 20 mL of 1-butanol and 5 mL of 20
percent potassium iodide (KI) solution in a
50-mL separatory funnel and shake thor-
oughly. If a yellow color appears in the alco-
hol phase, redistill the 1-butanol from silver
oxide and collect the middle fraction or pur-
chase a new supply of 1-butanol.

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

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

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

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

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

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

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

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

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

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

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

AxK
%PRA = — )
w

where:

A=measured absorbance of the final mixture
(absorbance units);

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

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

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

9.0 Sampling Procedure.

9.1 General Considerations. Procedures are
described for short-term sampling (30-minute
and 1-hour) and for long-term sampling (24-
hour). Different combinations of absorbing
reagent volume, sampling rate, and sampling
time can be selected to meet special needs.
For combinations other than those specifi-
cally described, the conditions must be ad-
justed so that linearity is maintained be-
tween absorbance and concentration over the
dynamic range. Absorbing reagent volumes
less than 10 mL are not recommended. The
collection efficiency is above 98 percent for
the conditions described; however, the effi-
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lower when
25pySO2/

ciency may be substantially
sampling concentrations below
m3.(8,9)

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

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

9.4 Flow Measurement.

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

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

For 24-hour samples, the standard flow rate
is determined at the time the absorber is
placed in the sampling train and again when
the absorber is removed from the train for
shipment to the analytical laboratory with a
calibrated flow measuring device connected
to the inlet of the sampling train. The flow
rate determination must be made with all
components of the sampling system in oper-
ation (e.g., the absorber temperature con-
troller and any sample box heaters must also
be operating). Equation 6 may be used to de-
termine the standard flow rate when a cali-
brated positive displacement meter is used
as the flow measuring device. Other types of
calibrated flow measuring devices may also
be used to determine the flow rate at the
sampling site provided that the user applies
any appropriate corrections to devices for
which output is dependent on temperature or
pressure.
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Pb—(1—RH)PH0
Qstd = Qact X -
Pstd

298.16.
X— (6)
(Tmeter +273.16).

where:

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

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

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

RH=fractional relative humidity of the air
being measured;

Pn.o=vapor pressure of water at the tempera-
ture of the air in the flow or volume
standard, in the same units as Py, (for
wet volume standards only, i.e., bubble
flowmeter or wet test meter; for dry
standards, i.e., dry test meter, Pu,0=0);

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

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

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

Pp=760—.076(H) mm Hg, or
Py,=101—-.01(H)kPa (©)]
where:
H=sampling site elevation above sea level in
meters.

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

Qi—Qc
% ——— x 100 ()]
Diff =
Qc

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

Qi—Qr
% ——— x 100 )
Diff =
Qr

9.5 Sample Storage and Shipment. Remove
the impinger or absorber from the sampling
train and stopper immediately. Verify that
the temperature of the absorber is not above
25° C. Mark the level of the solution with a
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temporary (e.g., grease pencil) mark. If the
sample will not be analyzed within 12 hours
of sampling, it must be stored at 5° +5° C
until analysis. Analysis must occur within 30
days. If the sample is transported or shipped
for a period exceeding 12 hours, it is rec-
ommended that thermal coolers using
eutectic ice packs, refrigerated shipping con-
tainers, etc., be used for periods up to 48
hours. (17) Measure the temperature of the
absorber solution when the shipment is re-
ceived. Invalidate the sample if the tempera-
ture is above 10° C. Store the sample at 5° +5°
C until it is analyzed.

10.0 Analytical Calibration.

10.1 Spectrophotometer Cell Matching. If un-
matched spectrophotometer cells are used,
an absorbance correction factor must be de-
termined as follows:

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

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

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

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

A=Acbs—Ac (10)

where:

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

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

O\flglll:ljlmg- Volume Total pg
Sulfite-TCM solution TCM so- of TCM, SO,

Jution mL (approx.*

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

*Based on working sulfite-TCM solution concentration of 7.2
ug_SO2/mL; the actual total ug SO, must be calculated
using equation 11 below.
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To each volumetric flask, add 1 mL 0.6%
sulfamic acid (Section 8.2.1), accurately
pipet 2 mL 0.2% formaldehyde solution (Sec-
tion 8.2.2), then add 5 mL pararosaniline so-
lution (Section 8.2.13). Start a laboratory
timer that has been set for 30 minutes. Bring
all flasks to volume with recently boiled and
cooled distilled water and mix thoroughly.
The color must be developed (during the 30-
minute period) in a temperature environ-
ment in the range of 20° to 30° C, which is
controlled to +1° C. For increased precision,
a constant temperature bath is rec-
ommended during the color development
step. After 30 minutes, determine the cor-
rected absorbance of each standard at 548 nm
against a distilled water reference (Section
10.1). Denote this absorbance as (A). Distilled
water is used in the reference cell rather
than the reagant blank because of the tem-
perature sensitivity of the reagent blank.
Calculate the total micrograms SO; in each
solution:

Hg SO2=VTcmiso2XCremiso2xD (11)
where:
Vrcwmiso2=volume of sulfite-TCM solution
used, mL;

Crcmisoz=concentration of sulfur dioxide in
the working sulfite-TCM, pg SO,/mL
(from equation 4); and

D=dilution factor (D=1 for the working sul-
fite-TCM solution; D=0.1 for the diluted
working sulfite-TCM solution).

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

10.3 Dynamic Calibration Procedures (Op-
tion 2). Atmospheres containing accurately
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known concentrations of sulfur dioxide are
prepared using permeation devices. In the
systems for generating these atmospheres,
the permeation device emits gaseous SO, at
a known, low, constant rate, provided the
temperature of the device is held constant
(#0.1° C) and the device has been accurately
calibrated at the temperature of use. The
SO, permeating from the device is carried by
a low flow of dry carrier gas to a mixing
chamber where it is diluted with SO-free air
to the desired concentration and supplied to
a vented manifold. A typical system is shown
schematically in Figure 4 and this system
and other similar systems have been de-
scribed in detail by O’Keeffe and Ortman; (19)
Scaringelli, Frey, and Saltzman, (20) and
Scaringelli, O’Keeffe, Rosenberg, and Bell.
(21) Permeation devices may be prepared or
purchased and in both cases must be trace-
able either to a National Bureau of Stand-
ards (NBS) Standard Reference Material
(SRM 1625, SRM 1626, SRM 1627) or to an
NBS/EPA-approved commercially available
Certified Reference Material (CRM). CRM’s
are described in Reference 22, and a list of
CRM sources is available from the address
shown for Reference 22. A recommended pro-
tocol for certifying a permeation device to
an NBS SRM or CRM is given in Section 2.0.7
of Reference 2. Device permeation rates of 0.2
to 0.4 ug/min, inert gas flows of about 50 mL/
min, and dilution air flow rates from 1.1 to 15
L/min conveniently yield standard
atmospheres in the range of 25 to 600 pg SO,/
m?3 (0.010 to 0.230 ppm).

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

_px10°
c =t 12)

Q*Q,

where:

Ca=concentration of SO, at standard condi-
tions, ug/ms;

Pr=permeation rate, pg/min;

Qg=flow rate of dilution air, std L/min; and

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

C,xQ xtxV,x10™°

HgSO, =
Vb

13

where:

Ca=concentration of SO, in the standard at-
mosphere, pug/m3;

Os=sampling flow rate, std L/min;

t=sampling time, min;

Va=volume of absorbing solution
color development (10 mL); and

Vp=volume of absorbing solution
sampling, mL.

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

10.3.2 Calibration Option 2B (24-hour sam-
ples): Generate a standard atmosphere con-
taining approximately 1,060 pg SOz/m3and
calculate the exact concentration according
to equation 12. Set up a series of six absorb-
ers according to Figure 2 and connect to a
common manifold for sampling the standard
atmosphere. Be sure that the total flow rate
of the standard exceeds the flow demand at
the sample manifold, with the excess flow
vented at atmospheric pressure. The absorb-
ers are then allowed to sample the atmos-
phere for varying time periods to yield solu-
tions containing 0, 0.2, 0.6, 1.0, 1.4, 1.8, and 2.2
Hg SO /mL solution. The sampling times re-
quired to attain these solution concentra-
tions are calculated as follows:

used for

used for
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V, xC
t=——82 s . (14)
C,xQ,x10

where:

t=sampling time, min;

Vp=volume of absorbing solution used for
sampling (50 mL);

Cs=desired concentration of SO, in the ab-
sorbing solution, pg/mL;

C.=concentration of the standard atmosphere
calculated according to equation 12, pg/
m3; and

Qs=sampling flow rate, std L/min.

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

C,xQ xtxV, x10 "

ugso, = (15)

Vi

where:

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

All other parameters are defined in equation
14.

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

11.0 Sample Preparation and Analysis.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

12.0 Calculations.

12.1 Calibration Slope, Intercept, and Cor-
relation Coefficient. The method of least
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squares is used to calculate a calibration
equation in the form of:

y=mx+b (16)
where:

y=corrected absorbance,
m=slope, absorbance unit/ug SO,
x=micrograms of SO,

b=y intercept (absorbance units).

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

= DY = (50(3Y)
7_ 2
ny x*=(2x)

_Zy-m3x

an

b
n

Im(Ixy-yx3y/n
r= | (Zzy > Zzy ) 19)
V o3y -Eyin
where n is the number of calibration points.

A data form (Figure 5) is supplied for eas-
ily organizing calibration data when the
slope, intercept, and correlation coefficient
are calculated by hand.

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

_Q*Q

Vg, xt (20)
2

where:

Vag=sampling volume in std L,
Qi=standard flow rate determined at the ini-
tiation of sampling in std L/min,
Qf=standard flow rate determined at the
completion of sampling is std L/min, and
t=total sampling time, min.
12.3 Sulfur Dioxide Concentration. Cal-
culate and report the concentration of each
sample as follows:

3
Hg 802/m3 = w xﬁ (21)

Vsd Va

where:

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

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

Bx=calibration factor equal to Bs, By, or B
depending on the calibration procedure
used, the reciprocal of the slope of the
calibration equation;

==volume of absorber solution analyzed,

mL;

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

Vag=standard air volume sampled,
(from Section 12.2).

reagent

std L
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DATA FORM
[For hand calculations]
P Micro- Absor-
Ca:)lilrl:trart:gn grams bance
P . Soz units
(x) v) x2 y?
1. T R
2
3
4
5
[ ZURURRRRU INSVRVRRRRRRI EDOURTITRRPRRN IO

IX= Zy= IX2= Xy
2y?
n= (number of pairs of coordinates.)

FIGURE 5. Data form for hand calculations.

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

Cq=(A—Ao)xBx (22)
where:

Cq=analyzed pg SO: in each control standard,

A=corrected absorbance of the control stand-
ard, and

Ao=corrected absorbance of the
blank.

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

12.5 Conversion of pg/m3 to ppm (v/v). If
desired, the concentration of sulfur dioxide
at reference conditions can be converted to
ppm SO, (v/v) as follows:

SO _
ppm SO, =“g’—32x3.82x10 N

m

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

13.1 Disposal of Mercury-Containing Solu-
tions.

13.2 Method for Forming an Amalgam.

1. Place the waste solution in an uncapped
vessel in a hood.

2. For each liter of waste solution, add ap-
proximately 10 g of sodium carbonate until
neutralization has occurred (NaOH may have
to be used).

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

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

5. After 24 hours, allow the solution to
stand without stirring to allow the mercury

reagent

(23)

Pt. 50, App. A

amalgam (solid black material) to settle to
the bottom of the waste receptacle.

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

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

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

13.3 Method Using Aluminum Foil Strips.

1. Place the waste solution in an uncapped
vessel in a hood.

2. For each liter of waste solution, add ap-
proximately 10 g of aluminum foil strips. If
all the aluminum is consumed and no gas is
evolved, add an additional 10 g of foil. Repeat
until the foil is no longer consumed and
allow the gas to evolve for 24 hours.

3. Decant the supernatant liquid and dis-
card.

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

5. The mercury can be sent to a mercury
reclaiming plant. It must not be discarded.
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APPENDIX B TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION OF
SUSPENDED PARTICULATE MATTER IN
THE ATMOSPHERE (HIGH-VOLUME
METHOD)

1.0 Applicability.

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

2.0 Principle.

2.1 An air sampler, properly located at
the measurement site, draws a measured
quantity of ambient air into a covered hous-
ing and through a filter during a 24-hr (nomi-
nal) sampling period. The sampler flow rate
and the geometry of the shelter favor the
collection of particles up to 25-50 um (aero-
dynamic diameter), depending on wind speed
and direction.(3) The filters used are speci-
fied to have a minimum collection efficiency
of 99 percent for 0.3 um (DOP) particles (see
Section 7.1.4).

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

3.0 Range.

3.1 The approximate concentration range
of the method is 2 to 750 pg/std m3. The upper
limit is determined by the point at which the
sampler can no longer maintain the specified
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flow rate due to the increased pressure drop
of the loaded filter. This point is affected by
particle size distribution, moisture content
of the collected particles, and variability
from filter to filter, among other things. The
lower limit is determined by the sensitivity
of the balance (see Section 7.10) and by in-
herent sources of error (see Section 6).

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

4.0 Precision.

4.1 Based upon collaborative testing, the
relative standard deviation (coefficient of
variation) for single analyst precision
(repeatability) of the method is 3.0 percent.
The corresponding value for interlaboratory
precision (reproducibility) is 3.7 percent.(4)

5.0 Accuracy.

5.1 The absolute accuracy of the method
is undefined because of the complex nature
of atmospheric particulate matter and the
difficulty in determining the “‘true’ particu-
late matter concentration. This method pro-
vides a measure of particulate matter con-
centration suitable for the purpose specified
under Section 1.0, Applicability.

6.0 Inherent Sources of Error.

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

6.2 Air volume measurement. If the flow
rate changes substantially or nonuniformly
during the sampling period, appreciable
error in the estimated air volume may result
from using the average of the presampling
and postsampling flow rates. Greater air vol-
ume measurement accuracy may be achieved
by (1) equipping the sampler with a flow con-
trolling mechanism that maintains constant
air flow during the sampling period,* (2)

*At elevated altitudes, the effectiveness of
automatic flow controllers may be reduced
because of a reduction in the maximum sam-
pler flow.
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using a calibrated, continuous flow rate re-
cording device to record the actual flow rate
during the samping period and integrating
the flow rate over the period, or (3) any other
means that will accurately measure the
total air volume sampled during the sam-
pling period. Use of a continuous flow re-
corder is recommended, particularly if the
sampler is not equipped with a constant flow
controller.

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

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

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

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

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

6.8 Timing errors. Samplers are normally
controlled by clock timers set to start and
stop the sampler at midnight. Errors in the
nominal 1,440-min sampling period may re-
sult from a power interruption during the
sampling period or from a discrepancy be-
tween the start or stop time recorded on the
filter information record and the actual
start or stop time of the sampler. Such dis-
crepancies may be caused by (1) poor resolu-
tion of the timer set-points, (2) timer error
due to power interruption, (3) missetting of
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the timer, or (4) timer malfunction. In gen-
eral, digital electronic timers have much
better set-point resolution than mechanical
timers, but require a battery backup system
to maintain continuity of operation after a
power interruption. A continuous flow re-
corder or elapsed time meter provides an in-
dication of the sampler run-time, as well as
indication of any power interruption during
the sampling period and is therefore rec-
ommended.

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

7.0 Apparatus.

(See References 1 and 2 for quality assur-
ance information.)

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

7.1 Filter. (Filters supplied by the Envi-
ronmental Protection Agency can be as-
sumed to meet the following criteria. Addi-
tional specifications are required if the sam-
ple is to be analyzed chemically.)

7.1.1 Size: 20.3+0.2x25.4+0.2 cm (nominal

8x10 in).

7.1.2 Nominal exposed area: 406.5 cm2 (63
in2).

7.1.3. Material: Glass fiber or other rel-

atively inert, nonhygroscopic material. (8)

7.1.4 Collection efficiency: 99 percent mini-
mum as measured by the DOP test (ASTM-
2986) for particles of 0.3 pm diameter.

7.1.5 Recommended pressure drop range: 42—
54 mm Hg (5.6-7.2 kPa) at a flow rate of 1.5
std m3min through the nominal exposed
area.

7.1.6 pH: 6 to 10. (11)

7.1.7 Integrity: 2.4 mg maximum weight
loss. (11)

7.1.8 Pinholes: None.

7.1.9 Tear strength: 500 g minimum for 20
mm wide strip cut from filter in weakest di-
mension. (See ASTM Test D828-60).

7.1.10 Brittleness: No cracks or material
separations after single lengthwise crease.

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

7.2.1 The sampler shall have suitable

means to:

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

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

c. Preclude leaks that would cause error in
the measurement of the air volume passing
through the filter.
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d. () Manually adjust the flow rate to ac-
commodate variations in filter pressure drop
and site line voltage and altitude. The ad-
justment may be accomplished by an auto-
matic flow controller or by a manual flow
adjustment device. Any manual adjustment
device must be designed with positive
detents or other means to avoid uninten-
tional changes in the setting.

7.2.2 Minimum sample flow rate,
loaded filter: 1.1 m3/min (39 ft3/min).1t

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

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

7.3 Sampler shelter.

7.3.1 The sampler shelter shall:

a. Maintain the filter in a horizontal posi-
tion at least 1 m above the sampler support-
ing surface so that sample air is drawn down-
ward through the filter.

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

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

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

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

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

7.4 Flow rate measurement devices.

7.4.1 The sampler shall incorporate a flow
rate measurement device capable of indicat-
ing the total sampler flow rate. Two common
types of flow indicators covered in the cali-
bration procedure are (1) an electronic mass
flowmeter and (2) an orifice or orifices lo-
cated in the sample air stream together with

heavily

(t) See note at beginning of Section 7 of
this appendix.

ttThese specifications are in actual air
volume units; to convert to EPA standard
air volume units, multiply the specifications
by (Pw/P«d)(298/T) where P, and T are the bar-
ometric pressure in mm Hg (or kPa) and the
temperature in K at the sampler, and Pstq is
760 mm Hg (or 101 kPa).

670



Environmental Protection Agency

a suitable pressure indicator such as a ma-
nometer, or aneroid pressure gauge. A pres-
sure recorder may be used with an orifice to
provide a continuous record of the flow.
Other types of flow indicators (including
rotameters) having comparable precision and
accuracy are also acceptable.

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

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

7.5.1 Range: —40° to +50° C (223-323 K).

7.5.2 Resolution: 2° C (2 K).

7.6 Barometer, to indicate barometric pres-
sure at the flow rate measurement orifice,
when pressure corrections are used.

7.6.1 Range: 500 to 800 mm Hg (66-106 kPa).

7.6.2 Resolution: £5 mm Hg (0.67 kPa).

7.7 Timing/control device.

7.7.1 The timing device must be capable of
starting and stopping the sampler to obtain
an elapsed run-time of 24 hr +1 hr (1,440 60
min).

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

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

7.8.1 Approximate range: 1.0 to 1.8 m3/min.

7.8.2 Resolution: 0.02 m3/min.

7.8.3 Reproducibility: +2 percent (2 times
coefficient of variation) over normal ranges
of ambient temperature and pressure for the
stated flow rate range. (See Reference 2, Sec-
tion 2.)

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

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

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

7.8.7 The conventional type of flow trans-
fer standard consists of: An orifice unit with
adapter that connects to the inlet of the
sampler, a manometer or other device to
measure orifice pressure drop, a means to
vary the flow through the sampler unit, a
thermometer to measure the ambient tem-
perature, and a barometer to measure ambi-
ent pressure. Two such devices are shown in
Figures 2a and 2b. Figure 2a shows multiple
fixed resistance plates, which necessitate
disassembly of the unit each time the flow
resistance is changed. A preferable design, il-
lustrated in Figure 2b, has a variable flow re-
striction that can be adjusted externally
without disassembly of the unit. Use of a
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conventional, orifice-type transfer standard
is assumed in the calibration procedure (Sec-
tion 9). However, the use of other types of
transfer standards meeting the above speci-
fications, such as the one shown in Figure 2c,
may be approved; see the note following Sec-
tion 9.1.

7.9 Filter conditioning environment

7.9.1 Controlled temperature: between 15°
and 30° C with less than #3° C variation dur-
ing equilibration period.

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

7.10 Analytical balance.

7.10.1 Sensitivity: 0.1 mg.

7.10.2 Weighing chamber designed to ac-
cept an unfolded 20.3 x 25.4 cm (8 x 10 in) fil-
ter.

7.11 Area light source, similar to X-ray
film viewer, to backlight filters for visual in-
spection.

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

8.0 Procedure.

(See References 1 and 2 for quality assur-
ance information.)

8.1 Number each filter, if not already
numbered, near its edge with a unique iden-
tification number.

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

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

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

8.5 Do not bend or fold the filter before
collection of the sample.

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

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

8.8 Record the flow indicator reading and,
if needed, the barometric pressure (P3) and
the ambient temperature (T 3) see NOTE fol-
lowing step 8.12). Stop the sampler. Deter-
mine the sampler flow rate (see Section 10.1);
if it is outside the acceptable range (1.1 to 1.7
m3/min [39-60 ft3/min]), use a different filter,
or adjust the sampler flow rate. Warning:
Substantial flow adjustments may affect the
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calibration of the orifice-type flow indica-
tors and may necessitate recalibration.

8.9 Record the sampler identification in-
formation (filter number, site location or
identification number, sample date, and
starting time).

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

8.11 As soon as practical following the
sampling period, run the sampler for at least
5 min to again establish run-temperature
conditions.

8.12 Record the flow indicator reading
and, if needed, the barometric pressure (P3)
and the ambient temperature (T 3).

NoTE: No onsite pressure or temperature
measurements are necessary if the sampler
flow indicator does not require pressure or
temperature corrections (e.g., a mass flow-
meter) or if average barometric pressure and
seasonal average temperature for the site are
incorporated into the sampler calibration
(see step 9.3.9). For individual pressure and
temperature corrections, the ambient pres-
sure and temperature can be obtained by on-
site measurements or from a nearby weather
station. Barometric pressure readings ob-
tained from airports must be station pres-
sure, not corrected to sea level, and may
need to be corrected for differences in ele-
vation between the sampler site and the air-
port. For samplers having flow recorders but
not constant flow controllers, the average
temperature and pressure at the site during
the sampling period should be estimated from
weather bureau or other available data.

8.13 Stop the sampler and carefully re-
move the filter, following the sampler manu-
facturer’s instructions. Touch only the outer
edges of the filter. See the precautions in
step 8.6.

8.14 Fold the filter in half lengthwise so
that only surfaces with collected particulate
matter are in contact and place it in the fil-
ter holder (glassine envelope or manila fold-
er).
8.15 Record the ending time or elapsed
time on the filter information record, either
from the stop set-point time, from an elapsed
time indicator, or from a continuous flow
record. The sample period must be 1,440 + 60
min. for a valid sample.

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

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

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

40 CFR Ch. | (7-1-96 Edition)

9.0 Calibration.

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

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

9.2 Certification of the flow rate transfer
standard.

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

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

9.2.3 Check for leaks by temporarily
clamping both manometer lines (to avoid
fluid loss) and blocking the orifice with a
large-diameter rubber stopper, wide cello-
phane tape, or other suitable means. Start
the high-volume air pump and note any
change in the standard volume meter read-
ing. The reading should remain constant. If
the reading changes, locate any leaks by lis-
tening for a whistling sound and/or re-
tightening all connections, making sure that
all gaskets are properly installed.

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

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

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

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

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

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

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

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

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

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

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

P -AP T
— 1 std
Vstd - Vm
PSld Tl

where:

Vgd=standard volume, std ms3;

Vm=actual volume measured by the standard
volume meter;

Pi=barometric pressure during calibration,
mm Hg or kPa;

AP=differential pressure at inlet to volume
meter, mm Hg or kPa;

P«¢=760 mm Hg or 101 kPa;

T«d=298 K;

Ti=ambient temperature during calibration,
K.

Calculate the standard flow rate (std m3/min)
as follows:

Vstd
Qstd =

t
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where:
Qad=standard volumetric flow rate, std m3/
min

t=elapsed time, minutes.

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

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

9.2.16 For each flow, compute

VAAH (P1/Psta)(298/T1)

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

VAAH (P1/Psta)(298/T1)

=mQ«q+b. See Figures 3 and 4. A certification
graph should be readable to 0.02 std m3/min.
9.2.17 Recalibrate the transfer standard
annually or as required by applicable quality
control procedures. (See Reference 2.)
9.3 Calibration of sampler flow indicator.

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

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

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

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

9.3.4 Measure and record the ambient
temperature, T, and the barometric pres-
sure, Py, during calibration.

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

9.3.6 Let the sampler run for at least 2
min to re-establish the run-temperature con-
ditions. Read and record the pressure drop
across the orifice (AH) and the sampler flow
rate indication (1) in the appropriate col-
umns of Figure 5.

9.3.7 Calculate VAH(P2/Pstq)(298/T2) and de-
termine the flow rate at standard conditions
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(Qsta) either graphically from the certifi-
cation curve or by calculating Qstq from the
least square slope and intercept of the trans-
fer standard’s transposed certification curve:
Qsta=1/m VAH(P2/Pstq)(298/T2) —b. Record the
value of Qstq ON Figure 5.

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

9.3.9 Determine the calibration curve by
plotting values of the appropriate expression
involving |, selected from Table 1, against
Qsta. The choice of expression from Table 1
depends on the flow rate measurement de-
vice used (see Section 7.4.1) and also on
whether the calibration curve is to incor-
porate geographic average barometric pres-
sure (Pa) and seasonal average temperature
(Ta) for the site to approximate actual pres-
sure and temperature. Where P, and T, can
be determined for a site for a seasonal period
such that the actual barometric pressure and
temperature at the site do not vary by more
than +60 mm Hg (8 kPa) from P, or #15° C
from Ta,, respectively, then using P, and T,
avoids the need for subsequent pressure and
temperature calculation when the sampler is
used. The geographic average barometric
pressure (P,) may be estimated from an alti-
tude-pressure table or by making an (approx-
imate) elevation correction of —26 mm Hg
(—3.46 kPa) for each 305 m (1,000 ft) above sea
level (760 mm Hg or 101 kPa). The seasonal
average temperature (T,) may be estimated
from weather station or other records. Be
sure to use consistent units (mm Hg or kPa)
for barometric pressure.

9.3.10 Draw the sampler calibration curve
or calculate the linear least squares slope
(m), intercept (b), and correlation coefficient
of the calibration curve: [Expression from
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Table 1]= mQswa+b. See Figures 3 and 5. Cali-
bration curves should be readable to 0.02 std
m3/min.

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

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

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

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

9.4.3 Following calibration, add one or
two additional clean filters to the sampler,
reconnect the transfer standard, and operate
the sampler to verify that the controller
maintains the same calibrated flow rate; this
is particularly important at high altitudes
where the flow control range may be re-
duced.
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TABLE 1. EXPRESSIONS FOR PLOTTING
SAMPLER CALIBRATION CURVES

Expression
Type of sampler For actual pressure For incorporation of
flow rate measuring and temperature geographic average pressure and
device corrections seasonal average temperature

Mass flowmeter 1

Orifice and pressure ! ( X > ( 98) A <92 ) (T. )

indicator — = = I\
Pa /\ T2 P 1\T2

Rotameter, or orifice and P, \ /298
pressure recorder having I 'F;— '.lT—
std 2

square root scale®

*This scale is recognizable by its nonuniform divisions and is the most commonly

available for high-volumg samplers.

TABLE 2, EXPRESSIONS FOR DETERMINING FLOW RATE
DURING SAMPLER OPERATION

Expression

Type of sampler
flow rate measuring
device

For actual pressure
and temperature
corrections

For use when geographic
average pressure and seasonal
average temperature have
been incorporated into
the sampler calibration

Mass flowmeter 1

I

Orifice and pressure
indicator

P

298

'f) vT

Rotameter, or orifice and
pressure recorder having
square root scale”

208

Y @) :

*This scale is recognizable by its nonuniform divisions and is the most commonly

available for high-volume samplers.

10.0 Calculations of TSP Concentration.

10.1 Determine the average sampler flow
rate during the sampling period according to
either 10.1.1 or 10.1.2 below.

10.1.1 For a sampler without a continuous
flow recorder, determine the appropriate ex-
pression to be used from Table 2 correspond-
ing to the one from Table 1 used in step 9.3.9.
Using this appropriate expression, determine
Qsta for the initial flow rate from the sam-

pler calibration curve, either graphically or
from the transposed regression equation:

Qsta=

1/m ([Appropriate expression from Table
2]-b)

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

Qstd=
1/m ([Appropriate expression from Table
2] -b)

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

10.2 Calculate the total air volume sam-
pled as:

V_Qstdxt

where:

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

Qsta=average standard flow rate, std m3/min;

t=sampling time, min.

10.3 Calculate and report the particulate
matter concentration as:

6
o (W ~W)x10
v

where:

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

Wi=initial weight of clean filter, g;

Wse=final weight of exposed filter, g;

V=air volume sampled, converted to stand-
ard conditions, std m3,

106=conversion of g to ug.

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

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

where:

(TSP)a=actual concentration at field condi-
tions, pg/ms;

TSP=concentration at standard conditions,
pg/std ms3;

Ps=average barometric pressure during sam-
pling period, mm Hg;

Psta=760 mn Hg (or 101 kPa);

Ts=average ambient temperature
sampling period, K.
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Figure 1. High-volume sarﬁpler in shelter,
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APPENDIX C TO PART 50—MEASUREMENT
PRINCIPLE AND CALIBRATION PROCE-
DURE FOR THE MEASUREMENT OF
CARBON MONOXIDE IN THE ATMOS-
PHERE (NON-DISPERSIVE INFRARED
PHOTOMETRY)

Measurement Principle

1. Measurements are based on the absorp-
tion of infrared radiation by carbon mon-
oxide (CO) in a non-dispersive photometer.
Infrared energy from a source is passed
through a cell containing the gas sample to
be analyzed, and the quantitative absorption
of energy by CO in the sample cell is meas-
ured by a suitable detector. The photometer
is sensitized to CO by employing CO gas in
either the detector or in a filter cell in the
optical path, thereby limiting the measured
absorption to one or more of the characteris-
tic wavelengths at which CO strongly ab-
sorbs. Optical filters or other means may
also be used to limit sensitivity of the pho-
tometer to a narrow band of interest. Var-
ious schemes may be used to provide a suit-
able zero reference for the photometer. The
measured absorption is converted to an elec-
trical output signal, which is related to the
concentration of CO in the measurement
cell.

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

3. Sampling considerations.

The use of a particle filter on the sample
inlet line of an NDIR CO analyzer is optional
and left to the discretion of the user or the
manufacturer. Use of filter should depend on
the analyzer’s susceptibility to interference,
malfunction, or damage due to particles.

Calibration Procedure

1. Principle. Either of two methods may be
used for dynamic multipoint calibration of
CO analyzers:

(1) One method uses a single certified
standard cylinder of CO, diluted as necessary
with zero air, to obtain the various calibra-
tion concentrations needed.

(2) The other method uses individual cer-
tified standard cylinders of CO for each con-
centration needed. Additional information
on calibration may be found in Section 2.0.9
of Reference 1.

2. Apparatus. The major components and
typical configurations of the calibration sys-
tems for the two calibration methods are
shown in Figures 1 and 2.

2.1 Flow controller(s). Device capable of
adjusting and regulating flow rates. Flow
rates for the dilution method (Figure 1) must
be regulated to + 1%.

2.2 Flow meter(s). Calibrated flow meter
capable of measuring and monitoring flow
rates. Flow rates for the dilution method

40 CFR Ch. | (7-1-96 Edition)

(Figure 1) must be measured with an accu-
racy of + 2% of the measured value.

2.3 Pressure regulator(s) for standard CO
cylinder(s). Regulator must have nonreac-
tive diaphragm and internal parts and a suit-
able delivery pressure.

2.4 Mixing chamber. A chamber designed
to provide thorough mixing of CO and dilu-
ent air for the dilution method.

2.5 Output manifold. The output manifold
should be of sufficient diameter to insure an
insignificant pressure drop at the analyzer
connection. The system must have a vent de-
signed to insure atmospheric pressure at the
manifold and to prevent ambient air from
entering the manifold.

3. Reagents.

3.1 CO concentration standard(s). Cyl-
inder(s) of CO in air containing appropriate
concentrations(s) of CO suitable for the se-
lected operating range of the analyzer under
calibration; CO standards for the dilution
method may be contained in a nitrogen ma-
trix if the zero air dilution ratio is not less
than 100:1. The assay of the cylinder(s) must
be traceable either to a National Bureau of
Standards (NBS) CO in air Standard Ref-
erence Material (SRM) or to an NBS/EPA-ap-
proved commercially available Certified Ref-
erence Material (CRM). CRM'’s are described
in Reference 2, and a list of CRM sources is
available from the address shown for Ref-
erence 2. A recommended protocol for cer-
tifying CO gas cylinders against either a CO
SRM or a CRM is given in Reference 1. CO
gas cylinders should be recertified on a regu-
lar basis as determined by the local quality
control program.

3.2 Dilution gas (zero air). Air, free of con-
taminants which will cause a detectable re-
sponse on the CO analyzer. The zero air
should contain <0.1 ppm CO. A procedure for
generating zero air is given in Reference 1.

4. Procedure Using Dynamic Dilution Method.

4.1 Assemble a dynamic calibration sys-
tem such as the one shown in Figure 1. All
calibration gases including zero air must be
introduced into the sample inlet of the ana-
lyzer system. For specific operating instruc-
tions refer to the manufacturer’s manual.

4.2 Insure that all flowmeters are prop-
erly calibrated, under the conditions of use,
if appropriate, against an authoritative
standard such as a soap-bubble meter or wet-
test meter. All volumetric flowrates should
be corrected to 25° C and 760 mm Hg (101
kPa). A discussion on calibration of
flowmeters is given in Reference 1.

4.3 Select the operating range of the CO
analyzer to be calibrated.

4.4 Connect the signal output of the CO
analyzer to the input of the strip chart re-
corder or other data collection device. All
adjustments to the analyzer should be based
on the appropriate strip chart or data device
readings. References to analyzer responses in
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the procedure given below refer to recorder
or data device responses.

4.5 Adjust the calibration system to de-
liver zero air to the output manifold. The
total air flow must exceed the total demand
of the analyzer(s) connected to the output
manifold to insure that no ambient air is
pulled into the manifold vent. Allow the ana-
lyzer to sample zero air until a stable
respose is obtained. After the response has
stabilized, adjust the analyzer zero control.
Offsetting the analyzer zero adjustments to
+5 percent of scale is recommended to facili-
tate observing negative zero drift. Record
the stable zero air response as Zco.

4.6 Adjust the zero air flow and the CO
flow from the standard CO cylinder to pro-
vide a diluted CO concentration of approxi-
mately 80 percent of the upper range limit
(URL) of the operating range of the analyzer.
The total air flow must exceed the total de-
mand of the analyzer(s) connected to the
output manifold to insure that no ambient
air is pulled into the manifold vent. The
exact CO concentration is calculated from:

[COlgyr = [CO]ST—DXFCO 6

FD + Fco
Where:

[COJouT=diluted CO concentration at the
output manifold, ppm;

[COlstp=concentration of the undiluted CO
standard, ppm;

Fco=flow rate of the CO standard corrected
to 25° C and 760 mm Hg, (101 kPa), L/min;
and

Fp=flow rate of the dilution air corrected to
25° C and 760 mm Hg, (101 kPa), L/min.

Sample this CO concentration until a sta-
ble response is obtained. Adjust the analyzer
span control to obtain a recorder response as
indicated below:

Recorder response (percent scale)=
[COloyr

URL

x100+Z o )

Where:

Pt. 50, App. C

URL=nominal upper range limit of the ana-
lyzer’s operating range, and
Zco=analyzer response to zero air, % scale.

If substantial adjustment of the analyzer
span control is required, it may be necessary
to recheck the zero and span adjustments by
repeating Steps 4.5 and 4.6. Record the CO
concentration and the analyzer’s response.
4.7 Generate several additional concentra-
tions (at least three evenly spaced points
across the remaining scale are suggested to
verify linearity) by decreasing Fco or in-
creasing Fp. Be sure the total flow exceeds
the analyzer’s total flow demand. For each
concentration generated, calculate the exact
CO concentration using Equation (1). Record
the concentration and the analyzer’s re-
sponse for each concentration. Plot the ana-
lyzer responses versus the corresponding CO
concentrations and draw or calculate the
calibration curve.

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

5.1 Use a multi-cylinder system such as
the typical one shown in Figure 2.

5.2 The flowmeter need not be accurately
calibrated, provided the flow in the output
manifold exceeds the analyzer’s flow de-
mand.

5.3 The various CO calibration concentra-
tions required in Steps 4.6 and 4.7 are ob-
tained without dilution by selecting the ap-
propriate certified standard cylinder.

REFERENCES

1. Quality Assurance Handbook for Air Pol-
lution Measurement Systems, Volume Il—
Ambient Air Specific Methods, EPA-600/4-77-
027a, U.S. Environmental Protection Agency,
Environmental Monitoring Systems Labora-
tory, Research Triangle Park, NC 27711, 1977.

2. A procedure for Establishing
Traceability of Gas Mixtures to Certain Na-
tional Bureau of Standards Standard Ref-
erence Materials. EPA-600/7-81-010, U.S. En-
vironmental Protection Agency, Environ-
mental Monitoring Systems Laboratory
(MD-77), Research Triangle Park, NC 27711,
January 1981.
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APPENDIX D TO PART 50—MEASUREMENT
PRINCIPLE AND CALIBRATION PROCE-
DURE FOR THE MEASUREMENT OF
OZONE IN THE ATMOSPHERE

MEASUREMENT PRINCIPLE

1. Ambient air and ethylene are delivered
simultaneously to a mixing zone where the
ozone in the air reacts with the ethylene to
emit light, which is detected by a
photomultiplier tube. The resulting
photocurrent is amplified and is either read
directly or displayed on a recorder.

2. An analyzer based on this principle will
be considered a reference method only if it
has been designated as a reference method in
accordance with Part 53 of this chapter and
calibrated as follows:

CALIBRATION PROCEDURE

1. Principle. The calibration procedure is
based on the photometric assay of ozone (O3)
concentrations in a dynamic flow system.
The concentration of Oz in an absorption cell
is determined from a measurement of the
amount of 254 nm light absorbed by the sam-
ple. This determination requires knowledge
of (1) the absorption coefficient (a) of O; at
254 nm, (2) the optical path length (I)
through the sample, (3) the transmittance of
the sample at a wavelength of 254 nm, and (4)
the temperature (T) and pressure (P) of the
sample. The transmittance is defined as the
ratio 1/lo, where | is the intensity of light
which passes through the cell and is sensed
by the detector when the cell contains an O3
sample, and |, is the intensity of light which
passes through the cell and is sensed by the
detector when the cell contains zero air. It is
assumed that all conditions of the system,
except for the contents of the absorption
cell, are identical during measurement of |
and lo. The quantities defined above are re-
lated by the Beer-Lambert absorption law,

) I
Transmittance=—=e @

lo

where:

a=absorption coefficient of O; at 254
nm=308t4 atm~-1! cm~-! at 0°C and 760
torr. (1,2,3,4,5,6,7)

c=03 concentration in atmospheres

I=optical path length in cm

In practice, a stable Oz generator is used to
produce Oz concentrations over the required
range. Each Oz concentration is determined
from the measurement of the transmittance
(I/1p) of the sample at 254 nm with a photom-
eter of path length | and calculated from the
equation,

40 CFR Ch. | (7-1-96 Edition)

c(atm) = _a_ll(ln 1/1g) (2a)

or

10°
C(ppm):—ﬁ(ln 1115) (2b)
The calculated O; concentrations must be
corrected for Oz losses which may occur in
the photometer and for the temperature and
pressure of the sample.

2. Applicability. This procedure is applicable
to the calibration of ambient air O; analyz-
ers, either directly or by means of a transfer
standard certified by this procedure. Trans-
fer standards must meet the requirements
and specifications set forth in Reference 8.

3. Apparatus. A complete UV calibration
system consists of an ozone generator, an
output port or manifold, a photometer, an
appropriate source of zero air, and other
components as necessary. The configuration
must provide a stable ozone concentration at
the system output and allow the photometer
to accurately assay the output concentra-
tion to the precision specified for the pho-
tometer (3.1). Figure 1 shows a commonly
used configuration and serves to illustrate
the calibration procedure which follows.
Other configurations may require appro-
priate variations in the procedural steps. All
connections between components in the cali-
bration system downstream of the O3 genera-
tor should be of glass, Teflon, or other rel-
atively inert materials. Additional informa-
tion regarding the assembly of a UV photo-
metric calibration apparatus is given in Ref-
erence 9. For certification of transfer stand-
ards which provide their own source of O,
the transfer standard may replace the O;
generator and possibly other components
shown in Figure 1; see Reference 8 for guid-
ance.

3.1 UV photometer. The photometer con-
sists of a low-pressure mercury discharge
lamp, (optional) collimation optics, an ab-
sorption cell, a detector, and signal-process-
ing electronics, as illustrated in Figure 1. It
must be capable of measuring the transmit-
tance, I/l at a wavelength of 254 nm with
sufficient precision such that the standard
deviation of the concentration measure-
ments does not exceed the greater of 0.005
ppm or 3% of the concentration. Because the
low-pressure mercury lamp radiates at sev-
eral wavelengths, the photometer must in-
corporate suitable means to assure that no
O3 is generated in the cell by the lamp, and
that at least 99.5% of the radiation sensed by
the detector is 254 nm radiation. (This can be
readily achieved by prudent selection of op-
tical filter and detector response character-
istics.) The length of the light path through
the absorption cell must be known with an
accuracy of at least 99.5%. In addition, the
cell and associated plumbing must be de-
signed to minimize loss of O; from contact
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with cell walls and gas handling components.
See Reference 9 for additional information.

3.2 Air flow controllers. Devices capable of
regulating air flows as necessary to meet the
output stability and photometer precision
requirements.

3.3 Ozone generator. Device capable of gen-
erating stable levels of Oz over the required
concentration range.

3.4 Output manifold. The output manifold
should be constructed of glass, Teflon, or
other relatively inert material, and should
be of sufficient diameter to insure a neg-
ligible pressure drop at the photometer con-
nection and other output ports. The system
must have a vent designed to insure atmos-
pheric pressure in the manifold and to pre-
vent ambient air from entering the manifold.

3.5 Two-way valve. Manual or automatic
valve, or other means to switch the photom-
eter flow between zero air and the O; con-
centration.

3.6 Temperature
+1°C.

3.7 Barometer or pressure indicator. Accu-
rate to *2 torr.

4. Reagents.

4.1 Zero air. The zero air must be free of
contaminants which would cause a detect-
able response from the Oz analyzer, and it
should be free of NO, C;H4, and other species
which react with Os;. A procedure for gener-
ating suitable zero air is given in Reference
9. As shown in Figure 1, the zero air supplied
to the photometer cell for the I, reference
measurement must be derived from the same
source as the zero air used for generation of
the ozone concentration to be assayed (I
measurement). When using the photometer
to certify a transfer standard having its own
source of ozone, see Reference 8 for guidance
on meeting this requirement.

5. Procedure.

5.1 General operation. The calibration pho-
tometer must be dedicated exclusively to use
as a calibration standard. It should always
be used with clean, filtered calibration gases,
and never used for ambient air sampling.
Consideration should be given to locating
the calibration photometer in a clean labora-
tory where it can be stationary, protected
from physical shock, operated by a respon-
sible analyst, and used as a common stand-
ard for all field calibrations via transfer
standards.

5.2 Preparation. Proper operation of the
photometer is of critical importance to the
accuracy of this procedure. The following
steps will help to verify proper operation.
The steps are not necessarily required prior
to each use of the photometer. Upon initial
operation of the photometer, these steps
should be carried out frequently, with all
quantitative results or indications recorded
in a chronological record either in tabular
form or plotted on a graphical chart. As the
performance and stability record of the pho-

indicator. Accurate to
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tometer is established, the frequency of
these steps may be reduced consistent with
the documented stability of the photometer.

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

5.2.2 System check: Check the photometer
system for integrity, leaks, cleanliness,
proper flowrates, etc. Service or replace fil-
ters and zero air scrubbers or other
consumable materials, as necessary.

5.2.3 Linearity: Verify that the photometer
manufacturer has adequately established
that the linearity error of the photometer is
less than 3%, or test the linearity by dilu-
tion as follows: Generate and assay an Os
concentration near the upper range limit of
the system (0.5 or 1.0 ppm), then accurately
dilute that concentration with zero air and
reassay it. Repeat at several different dilu-
tion ratios. Compare the assay of the origi-
nal concentration with the assay of the di-
luted concentration divided by the dilution
ratio, as follows

A, -A,/R
E=—L1 "2 x100% 3)

Ay

where:

E=linearity error, percent

Ai=assay of the original concentration

Ar=assay of the diluted concentration

R=dilution ratio=flow of original
centration divided by the total flow

con-

The linearity error must be less than 5%.
Since the accuracy of the measured flow-
rates will affect the linearity error as meas-
ured this way, the test is not necessarily
conclusive. Additional information on veri-
fying linearity is contained in Reference 9.

5.2.4 Intercomparison: When possible, the
photometer should be occasionally intercom-
pared, either directly or via transfer stand-
ards, with calibration photometers used by
other agencies or laboratories.

5.2.5 Ozone losses: Some portion of the Oz
may be lost upon contact with the photom-
eter cell walls and gas handling components.
The magnitude of this loss must be deter-
mined and used to correct the calculated O3
concentration. This loss must not exceed 5%.
Some guidelines for quantitatively deter-
mining this loss are discussed in Reference 9.

5.3 Assay of Oz concentrations.

5.3.1 Allow the photometer system to
warm up and stabilizer.

5.3.2 Verify that the flowrate through the
photometer absorption cell, F allows the cell
to be flushed in a reasonably short period of
time (2 liter/min is a typical flow). The preci-
sion of the measurements is inversely relat-
ed to the time required for flushing, since
the photometer drift error increases with
time.
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5.3.3 Insure that the flowrate into the out-
put manifold is at least 1 liter/min greater
than the total flowrate required by the pho-
tometer and any other flow demand con-
nected to the manifold.

5.3.4 Insure that the flowrate of zero air,
F,, is at least 1 liter/min greater than the
flowrate required by the photometer.

5.3.5 With zero air flowing in the output
manifold, actuate the two-way valve to allow
the photometer to sample first the manifold
zero air, then F,. The two photometer read-
ings must be equal (1=1o).

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

5.3.6 Adjust the O; generator to produce
an O3z concentration as needed.

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

5.3.8 Actuate the two-way valve to allow
the photometer to sample the ozone con-
centration until the absorption cell is thor-
oughly flushed and record the stable meas-
ured value of 1.

5.3.9 Record the temperature and pressure
of the sample in the photometer absorption
cell. (See Reference 9 for guidance.)

5.3.10 Calculate the O3 concentration from
equation 4. An average of several determina-
tions will provide better precision.

0-1, | 09T [7e0)_ 10°
O. = In— x — (4
[Oslour Ha n I 9273%_'3 Q L 4

where:

[O3]ouT=03 concentration, ppm
a=absorption coefficient of O; at 254
nm=308 atm~—1 cm~—1 at 0°C and 760 torr

I=optical path length, cm
T=sample temperature, K
P=sample pressure, torr
L=correction factor for O
5.2.5=(1-fraction O3 lost).

NOTE: Some commercial photometers may
automatically evaluate all or part of equa-
tion 4. It is the operator’s responsibility to
verify that all of the information required
for equation 4 is obtained, either automati-
cally by the photometer or manually. For
‘“‘automatic’” photometers which evaluate
the first term of equation 4 based on a linear
approximation, a manual correction may be
required, particularly at higher O3 levels.
See the photometer instruction manual and
Reference 9 for guidance.

5.3.11 Obtain additional O3 concentration
standards as necessary by repeating steps
5.3.6 to 5.3.10 or by Option 1.

5.4 Certification of transfer standards. A
transfer standard is certified by relating the

losses from
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output of the transfer standard to one or
more ozone standards as determined accord-
ing to section 5.3. The exact procedure varies
depending on the nature and design of the
transfer standard. Consult Reference 8 for
guidance.

5.5 Calibration of ozone analyzers. Ozone
analyzers are calibrated as follows, using
ozone standards obtained directly according
to section 5.3 or by means of a certified
transfer standard.

5.5.1 Allow sufficient time for the O; ana-
lyzer and the photometer or transfer stand-
ard to warmup and stabilize.

5.5.2 Allow the Oz analyzer to sample zero
air until a stable response is obtained and
adjust the O3z analyzer’s zero control. Offset-
ting the analyzer’s zero adjustment to +5%
of scale is recommended to facilitate observ-
ing negative zero drift. Record the stable
zero air response as “‘Z”".

5.5.3 Generate an O3 concentration stand-
ard of approximately 80% of the desired
upper range limit (URL) of the O3z analyzer.
Allow the O3 analyzer to sample this O3 con-
centration standard until a stable response
is obtained.

5.5.4 Adjust the O3 analyzer’s span control
to obtain a convenient recorder response as
indicated below:

recorder response (%scale) =

HOslour 100§+ z (5
URL

where:

URL=upper range limit of the O3 analyzer,

ppm
Z=recorder response with zero air, % scale

Record the Os; concentration and the cor-
responding analyzer response. If substantial
adjustment of the span control is necessary,
recheck the zero and span adjustments by re-
peating steps 5.5.2 to 5.5.4.

5.5.5 Generate several other O3 concentra-
tion standards (at least 5 others are rec-
ommended) over the scale range of the Oz an-
alyzer by adjusting the Os; source or by Op-
tion 1. For each O3 concentration standard,
record the O3z and the corresponding analyzer
response.

5.5.6 Plot the O; analyzer responses versus
the corresponding Oz concentrations and
draw the Oz analyzer’s calibration curve or
calculate the appropriate response factor.

5.5.7 Option 1: The various Oz concentra-
tions required in steps 5.3.11 and 5.5.5 may be
obtained by dilution of the O3 concentration
generated in steps 5.3.6 and 5.5.3. With this
option, accurate flow measurements are re-
quired. The dynamic calibration system may
be modified as shown in Figure 2 to allow for
dilution air to be metered in downstream of
the O3 generator. A mixing chamber between
the Oz generator and the output manifold is
also required. The flowrate through the O;
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generator (Fo) and the dilution air flowrate
(Fp) are measured with a reliable flow or vol-
ume standard traceable to NBS. Each O3 con-

centration generated by dilution is cal-
culated from:
O E O
[O5lour =[03]0ur H—OB (6
OFp +Fp O

where:
[Os]'ouT=diluted O3 concentration, ppm
Fo=flowrate through the Os; generator,
liter/min
Fp=diluent air flowrate, liter/min
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Temporary Alternative Calibration proce-
dure—(Boric Acid-Potassium lodide). This
procedure may be used as an alternative to
the Ultraviolet Photometry procedure for di-
rect calibration of ozone analyzers—but not
to certify transfer standards—until [18
months after the date of final promulgation].
After that time this procedure can be used
only as a transfer standard in accordance
with the guidance and specifications set
forth in Reference 4, “Transfer Standards for
Calibration of Ambient Air Monitoring Ana-
lyzers for Ozone™’.

1. Principle. This calibration procedure (1)
is based upon the reaction between ozone
(0O3) and potassium iodide (KI) to release io-
dine (lz) according to the stoichiometric
equation: (2)

Oz+21 = +2H* %0 1, + H,O + O2 (€3}

The stoichiometry is such that the amount
of I, released is equivalent to the amount of
O3, absorbed. Ozone is absorbed in a 0.1M
boric acid (H3BO3) solution containing 1% KIl,
and the I, released reacts with excess iodide
ion (I-) to form triiodide ion (1-3) which is
measured spectrophotometrically at a wave-
length of 352 nm. The output of a stable O3
generator is assayed in this manner, and the
generator is immediately used to calibrate
the O; analyzer. The Oz generator must be
used immediately after calibration and with-
out physical movement, and it is recali-
brated prior to each use. Alternatively, the
O3 analyzer may be calibrated by assaying
the O; concentrations using the prescribed
procedure while simultaneously measuring
the corresponding Os; analyzer responses.
Ozone concentration standards may also be
generated by an optional dilution technique.
With this option, the highest O; concentra-
tion standard is assayed using the prescribed
procedure. The additional Os; concentration
standards required are then obtained by dilu-
tion.

2. Apparatus. Figures 1 and 2 illustrate a
typical BAKI O; calibration system and show
the suggested configuration of the compo-
nents listed below. All connections between
components downstream of the Oz generator
should be of glass, Teflon or other relatively
inert material.

2.1 Air flow controller. Device capable of
maintaining a constant air flowrate through
the Oz generator within £2%.

2.2 Air flowmeter. Calibrated flowmeter ca-
pable of measuring and monitoring the air
flowrate through the Oz generator within
+2%.

2.3 Ozone generator. Device capable of gen-
erating stable levels of Oz over the required
concentration range.

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

2.5 Impingers. All glass impingers with the
specifications indicated in Figure 2 are rec-
ommended. The impingers may be purchased
from most major glassware suppliers. Two
impingers connected in series are used to in-
sure complete collection of the sample.

2.6 Air pump and flow controller. Any pump
and flow control device capable of maintain-
ing a constant flowrate of 0.4-0.6 liter-min
through the impingers may be used. A criti-
cal orifice as described by Lodge et al. (3) is
recommended. The orifice should be pro-
tected against moisture and particulate mat-
ter with a membrane filter or moisture trap
containing Drierite, silica gel, or glass wool.
The air pump must be capable of maintain-
ing a pressure differential of at least 0.6-0.7
atmospheres across the critical orifice. Al-
ternatively, a needle valve could be used
with the pump to adjust the flow through the
impingers. A flowmeter is then rec-
ommended to monitor the flow. The needle
valve-flowmeter combination should be pro-
tected against moisture and particulate mat-
ter with a membrane filter or moisture trap.

2.7 Thermometer. Accurate to +1°C.

2.8 Barometer. Accurate to #2 torr.

2.9 Volumetric flasks (Class A). 25, 100,
200, 500, 1000-ml.

2.10 Pipets (Class A). 1, 5, 10, 15, 20, and 25-
ml volumetric; 1-ml or 10-ml graduated.

2.11 Spectrometer. Capable of measuring
absorbance at 352 nm with an absolute accu-
racy of +1% and linear response over the
range of 0-1.0 absorbance units. The photo-
metric accuracy may be checked using opti-
cal glass filters which have -certified
absorbance values at specified wavelengths.
Matched 1-cm or 2-cm cells should be used
for all absorbance determinations.

3. Reagents.

3.1 Zero air. The zero air must be free of
contaminants which will cause a detectable
response of the Oz analyzer or which might
react with 1% BAKI. Air meeting this re-
quirement may be obtained by: (1) Passing it
through silica gel for drying; (2) treating it
with O3 to convert any nitric oxide (NO) to
nitrogen dioxide (NO); (3) passing it through
activated charcoal (6-14 mesh) and molecular
sieve (6-16 mesh, type 4A) to remove any
NO,, hydrocarbons, and traces of water
vapor; and (4) passing it through a 2-micron
filter to remove any particulate matter.

3.2 Boric acid (H3BOg3), ACS reagent grade.

3.3 Potassium iodide (KI), ACS reagent
grade.

3.4 Hydrogfen peroxide (H.0,), ACS rea-
gent grade, 3% or 30%.

3.5 Potassium iodate (KIO3), ACS reagent
grade certified 0.1N.
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3.6 Sulfuric acid (H»,SO.), ACS reagent
grade, 95% to 98%.

3.7 Distilled water. Used for preparation of
all reagents.

3.8 Absorbing reagent. Dissolve 6.2 g of
boric acid (H3BO3) in approximately 750 ml of
distilled water in an amber 1000-ml volu-
metric flask. The flask may be heated gently
to speed dissolution of the H3BOg3, but the so-
lution must then be cooled to room tempera-
ture or below before proceeding with the rea-
gent preparation. [While the H3BO3; solution
is cooling, prepare the hydrogen peroxide
(H20,) solution according to the directions in
section 3.9.] When the H3BOs; solution has
cooled, add 10 g of potassium iodide (KI) to
the H3BO; solution and dissolve. Add 1 ml of
0.0021% H,0; solution (see 3.9) and mix thor-
oughly. Within 5 minutes after adding the
peroxide, dilute to volume with distilled
water, mix, and determine the absorbance of
this BAKI solution at 352 nm against dis-
tilled water as the reference. The pH of the
BAKI solution should be 5.1+0.2.

Set the absorbing solution aside for 2 hours
and then redetermine the absorbance at 352
nm against distilled water as the reference.
If the resultant absorbance from this second
determination is at least 0.008 absorbance
units/cm greater than the first determina-
tion, the absorbing reagent is ready for use.
If no increase or an increase of less than 0.008
absorbance units/cm is observed, the Kl rea-
gent probably contains an excessive amount
of a reducing contaminant and must be dis-
carded. In this event, prepare fresh absorbing
reagent using a different numbered lot of KI.
If unacceptable absorbing reagent results
from different lots of KI, test the possibility
of contamination in the H3BOj3 by using a dif-
ferent numbered lot of H3BOs.

3.9 Hydrogen peroxide solution 0.0021%.
Using a graduated pipet, add 0.7 ml of 30% or
7.0 ml of 3% hydrogen peroxide (H20,) to ap-
proximately 200 ml of distilled water in a 500-
ml volumetric flask, dilute to volume with
distilled water and mix thoroughly. To pre-
pare the 0.0021% solution, pipet 5 ml of the
above solution into 50 ml of distilled water
in a 100-ml volumetric flask, dilute to vol-
ume with distilled water, and mix thor-
oughly. This 0.0021% H,0, solution must be
prepared fresh each time a fresh batch of ab-
sorbing reagent is prepared. Therefore, the
remaining contents of both volumetric
flasks should be discarded after treatment of
the BAKI absorbing reagent (see section 3.8).

3.10 Standard potassium iodate solution
(0.1N). Use a commercial standard solution of
potassium iodate (KIO3) having a certified
normality.

3.11 Sulfuric acid (IN). Dilute 28 ml of
concentrated (95-98%) sulfuric acid (H2SO.)
to volume in a 1000-ml volumetric flask.

4. Procedure.

4.1 Assemble an ozone calibration system
such as shown in Figure 1.
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4.2 Assemble the KI sampling train such
as shown in Figure 2. All connections be-
tween the various components must be leak
tight and may be made using grease-free ball
joint fittings, heat-shrinkable Teflon tubing,
or Teflon tube fittings. The connection to
the O3 output manifold should be made using
6 mm (¥ in.) Teflon tubing not to exceed 1.5
meters in length.

4.3 Calibrate all flowmeters and critical
orfices under the conditions of use against a
reliable flow or volume standard such as a
NBS traceable bubble flowmeter or wet-test
meter. Correct all volumetric flowrates to
25°C and 760 torr as follows:

_ Ps—PH,O 298
Fr=Fgx x (2)
760 T, +273

where:

Fr=flowrate corrected to reference condi-
tions (25° C and 760 torr), liter/min

Fs=flowrate at sampling conditions, liter/
min

Ps=barometric pressure at sampling condi-
tions, torr

Przo=vapor pressure of H, at Ts, torr (For
wet volume standard. For a dry standard,
Pri20=0)

Ts=temperature at sampling conditions, °C

4.4 KI calibration curve.

4.4.1 Prepare iodine standards, fresh when
needed, as follows:

A. Accurately pipet 10 ml of 0.1N standard
potassium iodate (KIOjz) solution into a 100-
ml volumetric flask containing approxi-
mately 50 ml of distilled water. Add 1 g of po-
tassium iodide (KI) and 5 ml of 1N sulfuric
acid (H2S0,), dilute to volume with distilled
water, and mix thoroughly.

B. Immediately before use, pipet 10 ml of
the iodine (I;) solution prepared in step A
above into a 100-ml volumetric flask and di-
lute to volume with absorbing reagent. Then
further dilute this solution by pipetting 10
ml of it into a 200-ml volumetric flask and
diluting it to volume with absorbing reagent.

C. In turn, pipet 5, 10, 15, 20, and 25 ml
aliquots of the final I, solution prepared in
step B above into a series of 25-ml volu-
metric flasks. Dilute each to volume with
absorbing reagent and mix thoroughly. To
prevent I, losses by volatilization, the flasks
should remain stoppered until absorbance
measurements are made. Absorbance meas-
urements (see 4.4.2) should be taken within
20 minutes after preparation of the I, stand-
ards.

4.4.2 Determine the absorbance of each I,
standard at 352 nm. Also measure the
absorbance of a sample of unexposed absorb-
ing reagent. Determine the net absorbance of
each I, standard as:
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o pe O Cunexposedr]

et absorbance = [ & -0 g

n sorbance Eunsorbanoea u] reagent ](3)
[Cabsorbancel]

4.4.3 For each I, standard, calculate the
net absorbance/cm as:

net absorbance
net absorbancelcm = ——— (4)

b

where:
b=spectrophotometer cell path length, cm

4.4.4 For each I, standard, calculate the I,
concentration in mole/liter as:

_ lequivaent |, 1molel,
[12]i =Nk, * - -
lequivdent KIO; 2equivaentl,
xﬂxﬂxﬂxi (5a)
100 100 200 25
[12]i = Nkio, * Vi x107° (5b)

where:

[I2]i=concentration of each I,
mole l./liter

Nkioz=normality of KIO; (from 3.10), equiv-
alent liter

Vi=volume of 1, solution
4.4.1.C)=5, 10, 15, 20, or 25 ml

4.4.5 Plot net absorbance/cm (y-axis) ver-
sus the mole IJ/liter (x-axis) for each I,
standard and draw the KI calibration curve.
Calculate the slope of the curve in liter
mole—! cm~1 and record as Sc. The value of
the slope should be [26,000+£780. If the slope is
not within this range, and the photometric
accuracy of the spectrophotometer meets the
specifications given in 2.11, repeat the proce-
dure using freshly prepared 1, standards. If
the slope is still not within the specified
range, repeat the procedure using a different
lot of certified 0.IN KIO; to prepare the I,
standards.

4.5 Calibration of the ozone generator.

4.5.1 Adjust the air flow through the O3
generator to the desired flowrate and record
as Fo. At all times the air flow through the
generator must be greater than the total
flow required by the sampling systems, to as-
sure exhaust flow at the vent.

4.5.2 With the O; generator off, flush the
system with zero air for at least 15 minutes
to remove residual Os. Pipet 10 ml of absorb-
ing reagent into each of 2 impingers and con-
nect them into the sampling train as shown
in Figure 2. Draw air from the output mani-
fold of the O3 calibration system through the
sampling train at 0.4-0.6 liter/min for 10 min-
utes. Immediately transfer the exposed solu-
tions to clean spectrophotometer cells. De-
termine the net absorbance (sample
absorbance-unexposed reagent absorbance) of
each solution at 352 nm within three min-

standard,

(from step
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utes. Add the net absorbances of the two so-
lutions to obtain the total net absorbance.
Calculate the indicated Os; concentration
(system blank) as equivalent Oz concentra-
tion according to section 4.5.4. If the system
blank is greater than 0.005 ppm Oz, continue
flushing the O; generation system for an ad-
ditional 30 minutes and redetermine the sys-
tem blank. If the system blank is still great-
er than 0.005 ppm Os, the zero air probably
contains traces of an oxidizing contaminant,
and the activated charcoal and molecular
sieve (see section 3.1) should be replaced.

4.5.3 Adjust the O3 generator to generate
an Oz concentration in the range of interest
and allow the system to equilibrate for about
15 minutes. The uncalibrated O; analyzer to
be calibrated can conveniently be used to in-
dicate the stability of the O3 generator out-
put. When the O; generator output has sta-
bilized, pipet 10 ml of absorbing reagent into
each impinger. Draw O; from the output
manifold of the Os; calibration system
through the sampling train at 0.4-0.6 liter/
min. Use a sample time of between 10 and 30
minutes such that a total net absorbance be-
tween 0.1 and 1.0 absorbance units is ob-
tained. (At an Oz concentration of 0.1 ppm
and a sampling rate of 0.5 liter/min, a total
net absorbance >0.1 absorbance units should
be obtained if a sampling time of 20 minutes
and 1-cm spectrophotometer cells are used.)
Immediately after collection, transfer the
exposed solutions to clean
spectrophotometer cells. Determine the net
absorbance (sample absorbance—unexposed
reagent absorbance) of each solution at 352
nm within three minutes. Add the net
absorbances of the two solutions to obtain
the total net absorbance.

4.5.4 Calculation of ozone concentration.

45.4.1 Calculate the total volume of air
sampled, corrected to reference conditions of
25°C and 760 torr as:

Vg =Fg xt, (6)
where:
Vr=volume of air sampled, corrected to
reference conditions, liter
Fr=sampling flowrate corrected to ref-

erence conditions, liter/min
ts=sampling time, min
4.5.4.2 Calculate the I, released in moles
as:

total net absorbance x 0.01
el, = (7)
Sc xb
where: Total net absorbance=sum of net
absorbances for the two solutions

0.01=volume of absorbing reagent in each
impinger, liter
Sc=slope of KI
mole-1cm~1

calibration curve, liter
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b=spectrophotometer cell path length, cm
4.5.4.3 Calculate the pl of O3 absorbed as:
1moleO,
10, =molel, x ————=
1molel,

6
. 24.4710, y 10 pl O,

(8a)

mole O, 10,

or,

6
ul O, =molel,24.47x10" (8b)

45.4.4 Calculate the Oz concentration in
ppm as:

ul o,
V,

ppm O, = (9

R

4.5.5 Repeat steps 4.5.3 and 4.5.4 at least
one more time at the same O3 generator set-
ting. Average the two (or more) determina-
tions and record the average along with the
O3 generator setting.

4.5.6 Adjust the Os; generator to obtain
other Os; concentrations over the desired
range. Determine each Oz concentration
using the procedure given above. Five or
more O3 concentrations are recommended.
Plot the Oz concentrations versus the cor-
responding Os; generator settings and draw
the O3 generator calibration curve.

4.6 Calibration of the ozone analyzer.

4.6.1 Allow sufficient time for the Oz ana-
lyzer to warm-up and stabilize.

4.6.2 Allow the Oz analyzer to sample zero
air until a stable response is obtained and
adjust the Oz analyzer’s zero control. Offset-
ting the analyzer’s zero adjustment to +5%
of scale is recommended to facilitate observ-
ing negative zero drift. Record the stable
zero air response as ‘“Z”".

4.6.3 Using the O3z generator as calibrated
above and the same Fo, generate an O; con-
centration near 80% of the desired upper
range limit (URL) of the O3 analyzer.

4.6.4 Allow the Oz analyzer to sample this
O3 concentration until a stable response is
obtained. Adjust the analyzer’s span control
to obtain a convenient recorder response as
indicated below:

recorder response(%scale)=
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|:[03]OUT

%— ><100§+ VA
URL

[Os]louT=03 concentration at the output
manifold, ppm URL = upper range limit of
the O; analyzer, ppm, Z = recorder response
with zero air, % scale.

(10)

Record the Oz concentration and the O; ana-
lyzer response. If substantial adjustment of
the span control is necessary, recheck the
zero and span adjustments by repeating steps
4.6.2 through 4.6.4.

4.6.5 Generate several other O; concentra-
tions (at least 5 others are recommended)
over the scale range of the Oz analyzer by ad-
justing the O3 generator settings (preferably
the same settings as used in section 4.5) or
by Option 1. For each Oz concentration,
allow for a stable analyzer response, then
record the response and the corresponding O3
concentration.

4.6.6 Plot the Oz analyzer responses versus
the corresponding O; concentrations and
draw the O; analyzer’s calibration curve or
calculate the appropriate response factor.

4.6.7 Option 1: The various O3 concentra-
tions required in step 4.6.5 may be obtained
by dilution of the Os; concentration gen-
erated in section 4.6.3. With this option, ac-
curate flow measurements are required. The
dynamic calibration system must be modi-
fied as shown in Figure 3 to allow for dilu-
tion air to be metered in downstream of the
O3 generator. A mixing chamber between the
O3 generator and the output manifold is also
required. The flowrate through the Oz gener-
ator (Fo) and the dilution air flowrate (Fp)
are measured with a reliable flow or volume
standard traceable to NBS. The highest O3
concentration standard required (80% URL)
is assayed according to the procedure in sec-
tion 4.5. Each O; concentration generated by
dilution is calculated from:

O E 0
[ n_'o

[03]OUT _[OB]OUTD d

o +F 0

where: [O3']ouTt = diluted O; concentration,

ppm; Fo = flowrate through the O3 generator,

liter/min; Fp = diluent air flowrate, liter/
min.

(1)

NoOTE: Direct calibration of the Oz analyzer
may also be accomplished by assaying the O3
concentrations using the procedure in sec-
tion 4.5 while simultaneously measuring the
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corresponding O3 analyzer responses as speci-
fied in section 4.6.
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APPENDIX E TO PART 50—REFERENCE
METHOD FOR DETERMINATION OF HY-
DROCARBONS CORRECTED FOR METH-
ANE

1. Principle and Applicability.

1.1 Measured volumes of air are delivered
semicontinuously (4 to 12 times per hour) to
a hydrogen flame ionization detector to
measure its total hydrocarbon (THC) con-
tent. An aliquot of the same air sample is in-
troduced into a stripper column which re-
moves water, carbon dioxide, and hydro-
carbons other than methane. Methane and
carbon monoxide are passed quantitatively
to a gas chromatographic column where they
are separated. The methane is eluted first,
and is passed unchanged through a catalytic
reduction tube into the flame ionization de-
tector. The carbon monoxide is eluted into
the catalytic reduction tube where it is re-
duced to methane before passing through the
flame ionization detector. Between analyses
the stripper column is backflushed to pre-
pare it for subsequent analysis. Hydrocarbon
concentrations corrected for methane are de-
termined by subtracting the methane value
from the total hydrocarbon value.

Two modes of operation are possible: (1) A
complete chromatographic analysis showing
the continuous output from the detector for
each sample injection;

(2) The system is programed for automatic
zero and span to display selected band widths
of the chromatogram. The peak height is
then used as the measure of the concentra-
tion. The former operation is referred to as
the chromatographic or spectro mode and
the latter as the barographic or ‘“normal’
mode depending on the make of analyzer.

1.2 The method is applicable to the
semicontinuous measurement of hydro-
carbons corrected for methane in ambient
air. The carbon monoxide measurement,
which is simultaneously obtained in this
method, is not required in making measure-
ments of hydrocarbons corrected for meth-
ane and will not be dealt with here.

2. Range and Sensitivity.

2.1 Instruments are available with various
range combinations. For atmospheric analy-
sis the THC range is 0-13.1 mg./m.3 (0-20
p.p.m.) carbon (as CH,) and the methane
range is 0-6.55 mg./m.3 (0-10 p.p.m.). For spe-
cial applications, lower ranges are available
and in these applications the range for THC
is 0-1.31 mg./m.3 (0-2 p.p.m.) carbon (as CH.)
and for methane the range is 0-1.31 mg./m.3
(0-2 p.p.m.).

2.2 For the higher, atmospheric analysis
ranges the sensitivity for THC is 0.065 mg./
m.3 (0.1 p.p.m.) carbon (as CH4) and for meth-
ane the sensitivity is 0.033 mg./m.3 (0.05
p.p-m.). For the lower, special analysis
ranges the sensitivity is 0.016 mg./m.3 (0.025
p.p.m.) for each gas.

3. Interferences.
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3.1 No interference in the methane meas-
urement has been observed. The THC meas-
urement typically includes all or a portion of
what is generally classified as the air peak
interference. This effect is minimized by
proper plumbing arrangements or is negated
electronically.

4. Precision, Accuracy, and Stability.

4.1 Precision determined with calibration
gases is 0.5 percent of full scale in the high-
er, atmospheric analysis ranges.

4.2 Accuracy is dependent on instrument
linearity and absolute concentration of the
calibration gases. An accuracy of 1 percent
of full scale in the higher, atmospheric anal-
ysis ranges and 2 percent of full scale in the
lower, special analysis ranges can be ob-
tained.

4.3 Variations in ambient room tempera-
ture can cause changes in performance char-
acteristics. This is due to shifts in oven tem-
perature, flow rates, and pressure with ambi-
ent temperature change. The instrument
should meet performance specifications with
room temperature changes of +3° C. Baseline
drift is automatically corrected in the
barographic mode.

5. Apparatus. 5.1 Commercially Available
THC, CH4, and CO Analyzer. Instruments
should be installed on location and dem-
onstrated, preferably by the manufacturer,
or his representative, to meet or exceed man-
ufacturer’s specifications and those de-
scribed in this method.

5.2 Sample Introduction System. Pump, flow
control valves, automatic switching valves,
and flowmeter.

5.3 Filter (In-line). A binder-free, glass-
fiber filter with a porosity of 3 to 5 microns
should be immediately downstream from the
sample pump.

5.4 Stripper or Precolumn. Located outside
of the oven at ambient temperature. The col-
umn should be repacked or replaced after the
equivalent of 2 months of continuous oper-
ation.

5.5 Oven. For containing the analytical
column and catalytic converter. The oven
should be capable of maintaining an elevated
temperature constant within 0.5° C. The
specific temperature varies with instrument
manufacturer.

6. Reagents.

6.1 Combustion Gas. Air containing less
than 1.3 mg./m.3 (2 p.p.m.) hydrocarbon as
methane.

6.2 Fuel. Hydrogen or a mixture of hydro-
gen and inert gas containing less than 0.065
mg./m.3 (0.1 p.p.m.) hydrocarbons as meth-
ane.

6.3 Carrier Gas. Helium, nitrogen, air or
hydrogen containing less than 0.005 mg./m.3
(0.1 p.p.m.) hydrocarbons as methane.

6.4 Zero Gas. Air containing less than 0.065
mg./m.3 (0.1 p.p.m.) total hydrocarbons as
methane.
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6.5 Calibration Gases. Gases needed for lin-
earity checks (peak heights) are determined
by the ranges used. Calibration gases cor-
responding to 10, 20, 40, and 80 percent of full
scale are needed. Gases must be provided
with certification or guaranteed analysis.
Methane is used for both the total hydro-
carbon measurement and methane measure-
ment.

6.6 Span Gas. The calibration gas cor-
responding to 80 percent of full scale is used
to span the instrument.

7. Procedure.

7.1 Calibrate the instrument as described
in 8.1. Introduce sample into the system
under the same conditions of pressure and
flow rates as are used in calibration. (The
pump is bypassed only when pressurized cyl-
inder gases are used.) Figure E1 shows a typ-
ical flow diagram; for specific operating in-
structions refer to manufacturer’s manual.

8. Calibration.

8.1 Calibration Curve. Determine the lin-
earity of the system for THC and methane in
the barographic mode by introducing zero
gas and adjusting the respective zeroing con-
trols to indicate a recorder reading of zero.
Introduce the span gas and adjust the span
control to indicate the proper value on the
recorder scale. Recheck zero and span until
adjustments are no longer necessary. Intro-
duce intermediate calibration gases and plot
the values obtained. If a smooth curve is not
obtained, calibration gases may need re-
placement.

9. Calculation.

9.1 Determine concentrations of total hy-
drocarbons (as CH,) and CH,, directly from
the calibration curves. No calculations are
necessary.

9.2 Determine concentration of hydro-
carbons corrected for methane by subtract-
ing the methane concentration from the
total hydrocarbon concentration.

9.3 Conversion between p.p.m. and mg./
m.3 values for total hydrocarbons (as CHa)
methane and hydrocarbons corrected for
methane are made as follows:

p.p.-m. carbon (as CH4)=[mg. carbon (as CHa)/
m.3]x1.53
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ADDENDA

A. Suggested Performance Specifications for
Atmospheric Analyzers for Hydrocarbons Cor-
rected for Methane:

Range (minimum) ..........cccoce. 0.3 mg./m.3 (0-5 p.p.m.)

THC.
0-3 mg./m.3 (0-5 p.p.m.)
CHa.
Output (MiNIMUM) .c.oovviee 0-10 mv. full scale.
Minimum detectable sensitiv- 0.1 p.p.m. THC.
ity.
0.1 p.p.m. CHa,
Zero drift (maximum) ............. Not to exceed 1 percent/24
hours.
Span drift (maximum) ............ Not to exceed 1 percent/24
hours.
Precision (minimum) .............. +0.5 percent.
Operational period (minimum) 3 days.
Operating temperature range  5-40° C.
(minimum).
Operating humidity range 10-100 percent.
(minimum).

Linearity (maximum) ... 1 percent of full scale.

B. Suggested Definitions of Performance Spec-
ifications:

Range—The minimum and maximum meas-
urement limits.

Output—Electrical signal which is propor-
tional to the measurement; intended for
connection to readout or data processing
devices. Usually expressed as millivolts or
milliamps full scale at a given impedence.

Full Scale—The maximum measuring limit
for a given range.

Minimum Detectable Sensitivity—The
smallest amount of input concentration
that can be detected as the concentration
approaches zero.

Accuracy—The degree of agreement between
a measured value and the true value; usu-
ally expressed at + percent of full scale.

Lag Time—The time interval from a step
change in input concentration at the in-
strument inlet to the first corresponding
change in the instrument output.

Time to 90 Percent Response—The time in-
terval from a step change in the input con-
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centration at the instrument inlet to a
reading of 90 percent of the ultimate re-
corded concentration.

Rise Time (90 percent)—The interval be-
tween initial response time and time to 90
percent response after a step decrease in
the inlet concentration.

Zero Drift—The change in instrument output
over a stated time period, usually 24 hours,
of unadjusted continuous operation, when
the input concentration is zero; usually ex-
pressed as percent full scale.

Span Drift—The change in instrument out-
put over a stated time period, usually 24
hours, of unadjusted continuous operation,
when the input concentration is a stated
upscale value; usually expressed as percent
full scale.

Precision—The degree of agreement between
repeated measurements of the same con-
centration. It is expressed as the average
deviation of the single results from the
mean.

Operational Period—The period of time over
which the instrument can be expected to
operate unattended within specifications.

Noise—Spontaneous deviations from a mean
output not caused by input concentration
changes.

Interference—An undesired positive or nega-
tive output caused by a substance other
than the one being measured.

Interference Equivalent—The portion of in-
dicated input concentration due to the
presence of an interferent.

Operating Temperature Range—The range of
ambient temperatures over which the in-
strument will meet all performance speci-
fications.

Operating Humidity Range—The range of
ambient relative humidity over which the
instrument will meet all performance spec-
ifications.

Linearity—The maximum deviation between
an actual instrument reading and the read-
ing predicted by a straight line drawn be-
tween upper and lower calibration points.
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Figure E1. Typical flow diagram.

[36 FR 22394, Nov. 25, 1971]

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

Principle and Applicability

1. Atmospheric concentrations of nitrogen
dioxide (NO;) are measured indirectly by
photometrically measuring the light inten-
sity, at wavelengths greater than 600
nanometers, resulting from the chemilumi-
nescent reaction of nitric oxide (NO) with
ozone (0O3). (1,2,3) NO; is first quantitatively
reduced to NO(4,5,6) by means of a converter.
NO, which commonly exists in ambient air
together with NO,, passes through the con-
verter unchanged causing a resultant total
NO, concentration equal to NO+NO,. A sam-
ple of the input air is also measured without
having passed through the converted. This
latter NO measurement is subtracted from
the former measurement (NO+NO;) to yield

the final NO, measurement. The NO and
NO+NO, measurements may be made concur-
rently with dual systems, or cyclically with
the same system provided the cycle time
does not exceed 1 minute.

2. Sampling considerations.

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

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

2.3 The use of particulate filters on the
sample inlet line of chemiluminescence NO/
NO,/NO, analyzers is optional and left to the
discretion of the user or the manufacturer.
Use of the filter should depend on the analyz-
er’s susceptibility to interference, malfunc-
tion, or damage due to particulates. Users
are cautioned that particulate matter con-
centrated on a filter may cause erroneous
NO; measurements and therefore filters
should be changed frequently.

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

Calibration

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

Major equipment required: Stable Os; genera-
tor. Chemiluminescence NO/NOx/NO, ana-
lyzer with strip chart recorder(s). NO con-
centration standard.

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

NO+03 - NO2+0, (1)

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

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

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

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

1.2.3 Air flowmeters. Calibrated flow-
meters capable of measuring and monitoring
air flowrates with an accuracy of +2% of the
measured flowrate.
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1.2.4 NO flowmeter. A calibrated flow-
meter capable of measuring and monitoring
NO flowrates with an accuracy of +2% of the
measured flowrate. (Rotameters have been
reported to operate unreliably when measur-
ing low NO flows and are not recommended.)

1.2.5 Pressure regulator for standard NO
cylinder. This regulator must have a non-
reactive diaphragm and internal parts and a
suitable delivery pressure.

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

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

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

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

1.2.10 Output manifold. The output mani-
fold should be constructed of glass, Teflon®,
or other non-reactive material and should be
of sufficient diameter to insure an insignifi-
cant pressure drop at the analyzer connec-
tion. The system must have a vent designed
to insure atmospheric pressure at the mani-
fold and to prevent ambient air from enter-
ing the manifold.

1.3 Reagents.

1.3.1 NO concentration standard. Gas cyl-
inder standard containing 50 to 100 ppm NO
in N> with less than 1 ppm NO,. This stand-
ard must be traceable to a National Bureau
of Standards (NBS) NO in N, Standard Ref-
erence Material (SRM 1683 or SRM 1684), an
NBS NO, Standard Reference Material (SRM
1629), or an NBS/EPA-approved commercially
available Certified Reference Material
(CRM). CRM’s are described in Reference 14,
and a list of CRM sources is available from
the address shown for Reference 14. A rec-
ommended protocol for certifying NO gas
cylinders against either an NO SRM or CRM
is given in section 2.0.7 of Reference 15. Ref-
erence 13 gives procedures for certifying an
NO gas cylinder against an NBS NO, SRM
and for determining the amount of NO, im-
purity in an NO cylinder.
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1.3.2 Zero air. Air, free of contaminants
which will cause a detectable response on the
NO/NOx/NO, analyzer or which might react
with either NO, Oz, or NO; in the gas phase
titration. A procedure for generating zero air
is given in reference 13.

1.4 Dynamic parameter specification.

1.4.1 The Oz generator air flowrate (Fo)
and NO flowrate (Fno) (see Figure 1) must be
adjusted such that the following relationship
holds:

Pr=[NO]rcxtr 2.75 ppm-minutes (@3)
Fno
[NO]rc = [NO]sto —_— (©)
Fo+Fno
Vrc
tr = <2 minutes (O))
Fo +
Fno

where:

Pr=dynamic parameter specification, de-
termined empirically, to insure com-
plete reaction of the available O3, ppm-
minute

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

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

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

Fno=NO flowrate, scm3/min

Fo=03 generator air flowrate, scm3/min

Vrc=volume of the reaction chamber, scm3

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

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

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

(c) Determine Fno as

[NO]out*xF+

)

Fno =
[NOlsto

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

(e) Compute FO as
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Foz\/[NO]STDXFNOX Vere Fro

2.75 .
(6)
(f) Compute tr as
Vre
tR= ——— (O]
Fo +
Fno

Verify that tg <2 minutes. If not, select a re-
action chamber with a smaller Vgc.
(g) Compute the diluent air flowrate as
Fo=F+'Fo'Fno ®)

where:

Fp=diluent air flowrate, scm3/min

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

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

1.5 Procedure.

1.5.1 Assemble a dynamic calibration sys-
tem such as the one shown in Figure 1.

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

1.5.3 Precautions must be taken to re-
move O, and other contaminants from the
NO pressure regulator and delivery system
prior to the start of calibration to avoid any
conversion of the standard NO to NO,. Fail-
ure to do so can cause significant errors in
calibration. This problem may be minimized
by (1) carefully evacuating the regulator,
when possible, after the regulator has been
connected to the cylinder and before opening
the cylinder valve; (2) thoroughly flushing
the regulator and delivery system with NO
after opening the cylinder valve; (3) not re-
moving the regulator from the cylinder be-
tween calibrations unless absolutely nec-
essary. Further discussion of these proce-
dures is given in reference 13.

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

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

1.5.5 Connect the recorder output cable(s)
of the NO/NO4/NO, analyzer to the input ter-
minals of the strip chart recorder(s). All ad-
justments to the analyzer should be per-
formed based on the appropriate strip chart
readings. References to analyzer responses in
the procedures given below refer to recorder
responses.

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

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

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

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

1.5.8 Preparation of NO and NOx calibra-
tion curves.

1.5.8.1 Adjustment of NO span control. Ad-
just the NO flow from the standard NO cyl-
inder to generate an NO concentration of ap-
proximately 80 percent of the upper range
limit (URL) of the NO range. This exact NO
concentration is calculated from:

Fyo XINO]
[NO]gyr = _NO - “-STb (9)
Frvo tFo +Fp

where:
[NO]ourt=diluted NO concentration at the
output manifold, ppm

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

recorder response (percent scale) =
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HINO]

0
ouT

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

(10)

where:

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

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

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

Fyo * ([NOlgrp +INO, 1 y,5)

FanotFo*Fp

[NOy Joyr = (1)

where:
[NOx]ouT=diluted NOx concentration at the
output manifold, ppm
[NOz]imp=concentration of NO, impurity in
the standard NO cylinder, ppm

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

recorder response (% scale)=

HINO, Jour

URL

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

O
X 100%+ VA NOy (12)

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

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

1.5.9 Preparation of NO; calibration curve.

1.5.9.1 Assuming the NO, zero has been
properly adjusted while sampling zero air in
step 1.5.7, adjust Fo and Fp as determined in
section 1.4.2. Adjust Fno to generate an NO
concentration near 90% of the URL of the NO
range. Sample this NO concentration until
the NO and NOx responses have stabilized.
Using the NO calibration curve obtained in
section 1.5.8, measure and record the NO con-
centration as [NO]orig. Using the NOx calibra-
tion curve obtained in section 1.5.8, measure
and record the NOx concentration as
[Nox]orig-

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

1.5.9.3 Calculate the resulting NO, con-
centration from:

[NOZ]OUT= [No]orig - [NO] rem
Fno X [NO2]ivme
+ _ (13)
Fno+Fo+Fp
where:

[NOz]our=diluted NO. concentration at the
output manifold, ppm

[NO]Jorig=original NO concentration, prior
to addition of O3z, ppm

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

Adjust the NO; span control to obtain a re-
corder response as indicated below:

recorder response (% scale) =

NO 0
é‘ﬂ x 100%+ ZNO
URL z

NoTE: If the analyzer has only one or two
span controls, the span adjustments are
made on the NO channel or NO and NOyx

(14)
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channels and no further adjustment is made
here for NOa.

If substantial adjustment of the NO; span
control is necessary, it may be necessary to
recheck the zero and span adjustments by re-
peating steps 1.5.7 and 1.5.9.3. Record the NO;
concentration and the corresponding ana-
lyzer NO, and NOy responses.

1.5.9.4 Maintaining the same Fno, Fo, and
Fp as in section 1.5.9.1, adjust the ozone gen-
erator to obtain several other concentrations
of NO; over the NO; range (at least five even-
ly spaced points across the remaining scale
are suggested). Calculate each NO, con-
centration using equation (13) and record the
corresponding analyzer NO, and NOx re-
sponses. Plot the analyzer’s NO, responses
versus the corresponding calculated NO; con-
centrations and draw or calculate the NO:
calibration curve.

1.5.10 Determination of converter efficiency.

1.5.10.1 For each NO; concentration gen-
erated during the preparation of the NO;
calibration curve (see section 1.5.9) calculate
the concentration of NO, converted from:

[NO2]conv=[NOz]louTt' ([INOx]orig' [NOx]rem)15)
where:

[NOz]conv=concentration of NO, converted,
pm
[NOxJorig=0riginal NOx concentration prior
to addition of Oz, ppm
[NOx]rem=NOyx concentration
after addition of O3z, ppm

remaining

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

Plot [NOz]conv (Y-axis) versus [NOz]JouTt (X-
axis) and draw or calculate the converter ef-
ficiency curve. The slope of the curve times
100 is the average converter efficiency, Ec.
The average converter efficiency must be
greater than 96%; if it is less than 96%, re-
place or service the converter.

2. Alternative B—NO, permeation device.

Major equipment required:

Stable O3 generator.

Chemiluminescence NO/NO,/NO>
with strip chart recorder(s).

NO concentration standard.

NO; concentration standard.

2.1 Principle. Atmospheres containing ac-
curately known concentrations of nitrogen
dioxide are generated by means of a perme-
ation device. (10) The permeation device
emits NO; at a known constant rate provided
the temperature of the device is held con-
stant (x0.1° C) and the device has been accu-
rately calibrated at the temperature of use.
The NO. emitted from the device is diluted
with zero air to produce NO; concentrations
suitable for calibration of the NO, channel of
the NO/NO,/NO. analyzer. An NO concentra-
tion standard is used for calibration of the
NO and NOx channels of the analyzer.

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

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

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

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

2.2.4 NO flowmeter. A calibrated flowmeter
capable of measuring and monitoring NO
flowrates with an accuracy of *2% of the
measured flowrate. (Rotameters have been
reported to operate unreliably when measur-
ing low NO flows and are not recommended.)

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

2.2.6 Drier. Scrubber to remove moisture
from the permeation device air system. The
use of the drier is optional with NO, perme-
ation devices not sensitive to moisture.
(Refer to the supplier’s instructions for use
of the permeation device.)

2.2.7 Constant temperature chamber. Cham-
ber capable of housing the NO, permeation
device and maintaining its temperature to
within 0.1°C.

2.2.8 Temperature measuring device. Device
capable of measuring and monitoring the
temperature of the NO, permeation device
with an accuracy of +0.05°C.

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

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

2.2.10 Mixing chamber. A chamber con-
structed of glass, Teflon®, or other nonreac-
tive material and designed to provide thor-
ough mixing of pollutant gas streams and
diluent air.

2.2.11 Output manifold. The output mani-
fold should be constructed of glass, Teflon®,
or other non-reactive material and should be
of sufficient diameter to insure an insignifi-
cant pressure drop at the analyzer connec-
tion. The system must have a vent designed
to insure atmospheric pressure at the mani-
fold and to prevent ambient air from enter-
ing the manifold.

2.3 Reagents.

2.3.1 Calibration standards. Calibration
standards are required for both NO and NO,.

Pt. 50, App. F

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

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

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

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

2.4 Procedure.

2.4.1 Assemble the calibration apparatus
such as the typical one shown in Figure 2.
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2.4.2 Insure that all flowmeters are cali-
brated under the conditions of use against a
reliable standard such as a soap bubble
meter or wet-test meter. All volumetric
flowrates should be corrected to 25° C and 760
mm Hg. A discussion on the calibration of
flowmeters is given in reference 13.

2.4.3 Install the permeation device in the
constant temperature chamber. Provide a
small fixed air flow (200-400 scm3/min) across
the device. The permeation device should al-
ways have a continuous air flow across it to
prevent large buildup of NO, in the system
and a consequent restabilization period.
Record the flowrate as FP. Allow the device
to stabilize at the calibration temperature
for at least 24 hours. The temperature must
be adjusted and controlled to within +0.1°C or
less of the calibration temperature as mon-
itored with the temperature measuring de-
vice.

2.4.4 Precautions must be taken to re-
move O; and other contaminants from the
NO pressure regulator and delivery system
prior to the start of calibration to avoid any
conversion of the standard NO to NO.. Fail-
ure to do so can cause significant errors in
calibration. This problem may be minimized
by

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

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

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

2.4.5 Select the operating range of the NO/
NOxNO, analyzer to be calibrated. In order to
obtain maximum precision and accuracy for
NO; calibration, all three channels of the an-
alyzer should be set to the same range. If op-
eration of the NO and NOx channels on high-
er ranges is desired, subsequent recalibration
of the NO and NOx channels on the higher
ranges is recommended.

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

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

2.4.7 Switch the valve to vent the flow
from the permeation device and adjust the
diluent air flowrate, Fp, to provide zero air
at the output manifold. The total air flow
must exceed the total demand of the ana-
lyzer(s) connected to the output manifold to
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insure that no ambient air is pulled into the
manifold vent. Allow the analyzer to sample
zero air until stable NO, NOx, and NO; re-
sponses are obtained. After the responses
have stabilized, adjust the analyzer zero con-
trol(s).

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

Offsetting the analyzer zero adjustments to
+5% of scale is recommended to facilitate ob-
serving negative zero drift. Record the stable
zero air responses as Zno, Znox, and Znoz.

2.4.8 Preparation of NO and NOyx calibra-
tion curves.

2.4.8.1 Adjustment of NO span control. Ad-
just the NO flow from the standard NO cyl-
inder to generate an NO concentration of ap-
proximately 80% of the upper range limit
(URL) of the NO range. The exact NO con-
centration is calculated from:

Fuo X[NO
[NOlgyr = m (16)
Fyvo *Fo
where:

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

Fno=NO flowrate, scm3/min

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

Fp=diluent air flowrate, scm3/min

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

recorder response (% scale) =

NO] out

a
= %7 X 100%+ Zo
URL
NO O
= M X100+ Zyo,  (19)
]

g5 URL

a7

where:

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

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

If substantial adjustment of the NO span
control is necessary, it may be necessary to
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.8.1. Record the NO
concentration and the analyzer’s NO re-
sponse.

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

Fuo * ([NOlgrp +INO, 1,10

Fno tFo

[NO,] (18)

out =

where:

[NOx]ouT=diluted NOx cencentration at the
output manifold, ppm

[NOzlimp=concentration of NO, impurity in
the standard NO cylinder, ppm

Adjust the NO, span control to obtain a con-
venient recorder response as indicated below:

recorder response (% scale)

NO U
= é[ﬂ x 1oo%+ Zyo (19)
URL X

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

If substantial adjustment of the NOx span
control is necessary, it may be necessary to
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.8.2. Record the NOy
concentration and the analyzer’s NOx re-
sponse.

2.4.8.3 Generate several additional con-
centrations (at least five evenly spaced
points across the remaining scale are sug-
gested to verify linearity) by decreasing Fno
or increasing Fp. For each concentration
generated, calculate the exact NO and NOyx
concentrations using equations (16) and (18)
respectively. Record the analyzer’s NO and
NOx responses for each concentration. Plot
the analyzer responses versus the respective
calculated NO and NOx concentrations and
draw or calculate the NO and NOx calibra-
tion curves. For subsequent calibrations
where linearity can be assumed, these curves
may be checked with a two-point calibration
consisting of a zero point and NO and NOx
concentrations of approximately 80 percent
of the URL.

2.4.9 Preparation of NO; calibration curve.
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2.4.9.1 Remove the NO flow. Assuming the
NO, zero has been properly adjusted while
sampling zero air in step 2.4.7, switch the
valve to provide NO; at the output manifold.

2.4.9.2 Adjust Fp to generate an NO, con-
centration of approximately 80 percent of the
URL of the NO, range. The total air flow
must exceed the demand of the analyzer(s)
under calibration. The actual concentration
of NO:; is calculated from:

_ RxK
[NO,loyr =——
Fo+Fy

(20)

where:

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

R=permeation rate, pg/min

K=0.532ul NO2/ug NO; (at 25°C and 760 mm
Ho)

Fp=air flowrate across permeation device,
scm3/min

Fp=diluent air flowrate, scm3/min

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

recorder response (% scale)

NO 0
= é[ﬂ x 1oo%+ Zyo2 (21)
URL

NoTE: If the analyzer has only one or two
span controls, the span adjustments are
made on the NO channel or NO and NOx
channels and no further adjustment is made
here for NO,.

If substantial adjustment of the NO, span
control is necessary it may be necessary to
recheck the zero and span adjustments by re-
peating steps 2.4.7 and 2.4.9.2. Record the NO,
concentration and the analyzer’s NO, re-
sponse. Using the NOx calibration curve ob-
tained in step 2.4.8, measure and record the
NOx concentration as [NOx]m.

2.4.9.3 Adjust Fp to obtain several other
concentrations of NO; over the NO; range (at
least five evenly spaced points across the re-
maining scale are suggested). Calculate each
NO, concentration using equation (20) and
record the corresponding analyzer NO, and
NOx responses. Plot the analyzer’s NO; re-
sponses versus the corresponding calculated
NO, concentrations and draw or calculate
the NO; calibration curve.

2.4.10 Determination of converter efficiency.

2.4.10.1 Plot [NOx]m (y-axis)  versus
[NOz]ouT (x-axis) and draw or calculate the
converter efficiency curve. The slope of the
curve times 100 is the average converter effi-
ciency, Ec. The average converter efficiency
must be greater than 96 percent; if it is less
than 96 percent, replace or service the con-
verter.
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NoOTE: Supplemental information on cali-
bration and other procedures in this method
are given in reference 13.

3. Frequency of calibration. The frequency
of calibration, as well as the number of
points necessary to establish the calibration
curve and the frequency of other perform-
ance checks, will vary from one analyzer to
another. The user’s quality control program
should provide guidelines for initial estab-
lishment of these variables and for subse-
quent alteration as operational experience is
accumulated. Manufacturers of analyzers
should include in their instruction/operation
manuals information and guidance as to
these variables and on other matters of oper-
ation, calibration, and quality control.
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Figure 2. Schematic diagram of a typical calibration apparatus using an NO2 permeation device.

[41 FR 52688, Dec. 1, 1976, as amended at 48 FR 2529, Jan 20, 1983]

APPENDIX G TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION OF
LEAD IN SUSPENDED PARTICULATE
MATTER COLLECTED FROM AMBIENT
AIR

1. Principle and applicability.

1.1 Ambient air suspended particulate
matter is collected on a glass-fiber filter for
24 hours using a high volume air sampler.
The analysis of the 24-hour samples may be
performed for either individual samples or
composites of the samples collected over a
calendar month or quarter, provided that the
compositing procedure has been approved in
accordance with section 2.8 of appendix C to
part 58 of this chapter—Modifications of meth-
ods by users. (Guidance or assistance in re-
questing approval under Section 2.8 can be
obtained from the address given in section
2.7 of appendix C to Part 58 of this chapter.)

1.2 Lead in the particulate matter is solu-
bilized by extraction with nitric acid (HNO3),
facilitated by heat or by a mixture of HNO3;
and hydrochloric acid (HCI) facilitated by
ultrasonication.

1.3 The lead content of the sample is ana-
lyzed by atomic absorption spectrometry
using an air-acetylene flame, the 283.3 or
217.0 nm lead absorption line, and the opti-
mum instrumental conditions recommended
by the manufacturer.

1.4 The ultrasonication extraction with
HNO3/HCI will extract metals other than lead
from ambient particulate matter.

2. Range, sensitivity, and lower detectable
limit. The values given below are typical of
the methods capabilities. Absolute values
will vary for individual situations depending
on the type of instrument used, the lead line,
and operating conditions.

2.1 Range. The typical range of the meth-
od is 0.07 to 7.5 ug Pb/m3 assuming an upper
linear range of analysis of 15 uyg/ml and an air
volume of 2,400 m3.

2.2 Sensitivity. Typical sensitivities for a 1
percent change in absorption (0.0044
absorbance units) are 0.2 and 0.5 pg Pb/ml for
the 217.0 and 283.3 nm lines, respectively.

2.3 Lower detectable limit (LDL). A typical
LDL is 0.07 ug Pb/m3. The above value was
calculated by doubling the between-labora-
tory standard deviation obtained for the low-
est measurable lead concentration in a col-
laborative test of the method.(15) An air vol-
ume of 2,400 m3 was assumed.

3. Interferences. Two types of interferences
are possible: chemical and light scattering.

3.1 Chemical. Reports on the absence (1, 2,
3, 4, 5) of chemical interferences far outweigh
those reporting their presence, (6) therefore,
no correction for chemical interferences is
given here. If the analyst suspects that the
sample matrix is causing a chemical inter-
ference, the interference can be verified and
corrected for by carrying out the analysis
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with and without the method of standard ad-
ditions.(7)

3.2 Light scattering. Nonatomic absorption
or light scattering, produced by high con-
centrations of dissolved solids in the sample,
can produce a significant interference, espe-
cially at low lead concentrations. (2) The in-
terference is greater at the 217.0 nm line
than at the 283.3 nm line. No interference
was observed using the 283.3 nm line with a
similar method.(1)

Light scattering interferences can, how-
ever, be corrected for instrumentally. Since
the dissolved solids can vary depending on
the origin of the sample, the correction may
be necessary, especially when using the 217.0
nm line. Dual beam instruments with a con-
tinuum source give the most accurate cor-
rection. A less accurate correction can be ob-
tained by using a nonabsorbing lead line that
is near the lead analytical line. Information
on use of these correction techniques can be
obtained from instrument manufacturers’
manuals.

If instrumental correction is not feasible,
the interference can be eliminated by use of
the ammonium pyrrolidinecarbodithioate-
methylisobutyl ketone, chelation-solvent ex-
traction technique of sample preparation.(8)

4. Precision and bias.

4.1 The high-volume sampling procedure
used to collect ambient air particulate mat-
ter has a between-laboratory relative stand-
ard deviation of 3.7 percent over the range 80
to 125 pg/ms3.(9) The combined extraction-
analysis procedure has an average within-
laboratory relative standard deviation of 5 to
6 percent over the range 1.5 to 15 pg Pb/ml,
and an average between laboratory relative
standard deviation of 7 to 9 percent over the
same range. These values include use of ei-
ther extraction procedure.

4.2 Single laboratory experiments and
collaborative testing indicate that there is
no significant difference in lead recovery be-
tween the hot and ultrasonic extraction pro-
cedures.(15)

5. Apparatus.

5.1 Sampling.

5.1.1 High-Volume Sampler. Use and cali-
brate the sampler as described in appendix B
to this part.

5.2 Analysis.

5.2.1 Atomic absorption spectrophotometer.
Equipped with lead hollow cathode or
electrodeless discharge lamp.

5.2.1.1 Acetylene. The grade recommended
by the instrument manufacturer should be
used. Change cylinder when pressure drops
below 50-100 psig.

5.2.1.2 Air. Filtered to remove particulate,
oil, and water.

5.2.2 Glassware. Class A borosilicate glass-
ware should be used throughout the analysis.

5.2.2.1 Beakers. 30 and 150 ml. graduated,
Pyrex.

5.2.2.2 Volumetric flasks. 100-ml.

Pt. 50, App. G

5.2.2.3 Pipettes. To deliver 50, 30, 15, 8, 4, 2,
1ml.

5.2.2.4 Cleaning. All glassware should be
scrupulously cleaned. The following proce-
dure is suggested. Wash with laboratory de-
tergent, rinse, soak for 4 hours in 20 percent
(w/w) HNOs3, rinse 3 times with distilled-
deionized water, and dry in a dust free man-
ner.

5.2.3 Hot plate.

5.2.4. Ultrasonication water bath, unheated.
Commercially available laboratory ultra-
sonic cleaning baths of 450 watts or higher
“cleaning power,” i.e., actual ultrasonic
power output to the bath have been found
satisfactory.

5.2.5 Template. To aid in sectioning the
glass-fiber filter. See figure 1 for dimensions.

5.2.6 Pizza cutter. Thin wheel. Thickness
1mm.

5.2.7 Watch glass.

5.2.8 Polyethylene bottles. For storage of
samples. Linear polyethylene gives better
storage stability than other polyethylenes
and is preferred.

5.2.9 Parafilm “M”.1 American Can Co.,
Marathon Products, Neenah, Wis., or equiva-
lent.

6. Reagents.

6.1 Sampling.

6.1.1 Glass fiber filters. The specifications
given below are intended to aid the user in
obtaining high quality filters with reproduc-
ible properties. These specifications have
been met by EPA contractors.

6.1.1.1 Lead content. The absolute lead
content of filters is not critical, but low val-
ues are, of course, desirable. EPA typically
obtains filters with a lead content of 75 ug/
filter.

It is important that the variation in lead
content from filter to filter, within a given
batch, be small.

6.1.1.2 Testing.

6.1.1.2.1 For large batches of filters (>500
filters) select at random 20 to 30 filters from
a given batch. For small batches (>500 fil-
ters) a lesser number of filters may be taken.
Cut one ¥4"'x8" strip from each filter any-
where in the filter. Analyze all strips, sepa-
rately, according to the directions in sec-
tions 7 and 8.

6.1.1.2.2 Calculate the total lead in each
filter as

100ml
Fo=pg Pb/ml x x
strip

12 strips

filter

where:

Fo=Amount of lead per 72 square inches of
filter, pg.

1Mention of commercial products does not
imply endorsement by the U.S. Environ-
mental Protection Agency.
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6.1.1.2.3 Calculate the mean, Fy,, of the
values and the relative standard deviation
(standard deviation/mean x 100). If the rel-
ative standard deviation is high enough so
that, in the analysts opinion, subtraction of
Fp, (section 10.3) may result in a significant
error in the pg Pb/ms3. the batch should be re-
jected.

6.1.1.2.4 For acceptable batches, use the
value of Fy to correct all lead analyses (sec-
tion 10.3) of particulate matter collected
using that batch of filters. If the analyses
are below the LDL (section 2.3) no correction
is necessary.

6.2 Analysis.

6.2.1 Concentrated (15.6 M) HNOs. ACS re-
agent grade HNOz; and commercially avail-
able redistilled HNO3; has found to have suffi-
ciently low lead concentrations.

6.2.2 Concentrated (11.7 M) HCI. ACS rea-
gent grade.

6.2.3 Distilled-deionized water. (D.l. water).

6.2.4 3 M HNOs. This solution is used in
the hot extraction procedure. To prepare,
add 192 ml of concentrated HNO; to D.I.
water in a 1 | volumetric flask. Shake well,
cool, and dilute to volume with D.l. water.
Caution: Nitric acid fumes are toxic. Prepare
in a well ventilated fume hood.

6.2.5 0.45 M HNOs. This solution is used as
the matrix for calibration standards when
using the hot extraction procedure. To pre-
pare, add 29 ml of concentrated HNO; to D.I.
water in a 1 | volumetric flask. Shake well,
cool, and dilute to volume with D.I. water.

6.2.6 2.6 M HNOs+0 to 0.9 M HCI. This solu-
tion is used in the ultrasonic extraction pro-
cedure. The concentration of HCI can be var-
ied from 0 to 0.9 M. Directions are given for
preparation of a 2.6 M HNO3+0.9 M HCI solu-
tion. Place 167 ml of concentrated HNO3 into
a 11 volumetric flask and add 77 ml of con-
centrated HCI. Stir 4 to 6 hours, dilute to
nearly 1 | with D.l. water, cool to room tem-
perature, and dilute to 1 I.

6.2.7 0.40 M HNO3; + X M HCI. This solution
is used as the matrix for calibration stand-
ards when using the ultrasonic extraction
procedure. To prepare, add 26 ml of con-
centrated HNO3, plus the ml of HCI required,
to a 1 | volumetric flask. Dilute to nearly 1
| with D.l. water, cool to room temperature,
and dilute to 1 I. The amount of HCI required
can be determined from the following equa-
tion:

77mlx0.15x

0.9M

where:
y = ml of concentrated HCI required.
x = molarity of HCI in 6.2.6.
0.15 = dilution factor in 7.2.2.

6.2.8 Lead nitrate, Pb(NO3),. ACS reagent
grade, purity 99.0 percent. Heat for 4 hours at
120° C and cool in a desiccator.
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6.3 Calibration standards.

6.3.1 Master standard, 1000 pg Pb/ml in
HNO;. Dissolve 1.598 g of Pb(NOg3), in 0.45 M
HNO; contained in a 1 | volumetric flask and
dilute to volume with 0.45 M HNOs.

6.3.2 Master standard, 1000 pg Pb/ml in
HNOs/HCI. Prepare as in section 6.3.1 except
use the HNO3/HCI solution in section 6.2.7.

Store standards in a polyethylene bottle.
Commercially available certified lead stand-
ard solutions may also be used.

7. Procedure.

7.1 Sampling. Collect samples for 24 hours
using the procedure described in reference 10
with glass-fiber filters meeting the specifica-
tions in section 6.1.1. Transport collected
samples to the laboratory taking care to
minimize contamination and loss of sam-
ple. (16).

7.2 Sample preparation.

7.2.1 Hot extraction procedure.

7.2.1.1 Cut a %" x 8' strip from the ex-
posed filter using a template and a pizza cut-
ter as described in Figures 1 and 2. Other
cutting procedures may be used.

Lead in ambient particulate matter col-
lected on glass fiber filters has been shown
to be uniformly distributed across the fil-
ter.1.3.11 Another study?!? has shown that
when sampling near a roadway, strip posi-
tion contributes significantly to the overall
variability associated with lead analyses.
Therefore, when sampling near a roadway,
additional strips should be analyzed to mini-
mize this variability.

7.2.1.2 Fold the strip in half twice and
place in a 150-ml beaker. Add 15 ml of 3 M
HNO; to cover the sample. The acid should
completely cover the sample. Cover the
beaker with a watch glass.

7.2.1.3 Place beaker on the hot-plate, con-
tained in a fume hood, and boil gently for 30
min. Do not let the sample evaporate to dry-
ness. Caution: Nitric acid fumes are toxic.

7.2.1.4 Remove beaker from hot plate and
cool to near room temperature.

7.2.1.5 Quantitatively transfer the sample
as follows:

7.2.1.5.1 Rinse watch glass and sides of
beaker with D.l. water.

7.2.1.5.2 Decant extract and rinsings into a
100-ml volumetric flask.

7.2.1.5.3 Add D.I. water to 40 ml mark on
beaker, cover with watch glass, and set aside
for a minimum of 30 minutes. This is a criti-
cal step and cannot be omitted since it al-
lows the HNO; trapped in the filter to diffuse
into the rinse water.

7.2.1.5.4 Decant the water from the filter
into the volumetric flask.

7.2.1.5.5 Rinse filter and beaker twice with
D.l. water and add rinsings to volumetric
flask until total volume is 80 to 85 ml.

7.2.1.5.6 Stopper flask and shake vigor-
ously. Set aside for approximately 5 minutes
or until foam has dissipated.
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7.2.1.5.7 Bring solution to volume with
D.1. water. Mix thoroughly.

7.2.1.5.8 Allow solution to settle for one
hour before proceeding with analysis.

7.2.1.5.9 If sample is to be stored for subse-
quent analysis, transfer to a linear poly-
ethylene bottle.

7.2.2 Ultrasonic extraction procedure.

7.2.2.1 Cut a %" x8" strip from the exposed
filter as described in section 7.2.1.1.

7.2.2.2 Fold the strip in half twice and
place in a 30 ml beaker. Add 15 ml of the
HNO3/HCI solution in section 6.2.6. The acid
should completely cover the sample. Cover
the beaker with parafilm.

The parafilm should be placed over the
beaker such that none of the parafilm is in
contact with water in the ultrasonic bath.
Otherwise, rinsing of the parafilm (section
7.2.2.4.1) may contaminate the sample.

7.2.2.3 Place the beaker in the
ultrasonication bath and operate for 30 min-
utes.

7.2.2.4 Quantitatively transfer the sample
as follows:

7.2.2.4.1 Rinse parafilm and sides of beak-
er with D.I. water.

7.2.2.4.2 Decant extract and rinsings into a
100 ml volumetric flask.

7.2.2.4.3 Add 20 ml D.l. water to cover the
filter strip, cover with parafilm, and set
aside for a minimum of 30 minutes. This is a
critical step and cannot be omitted. The
sample is then processed as in sections
7.2.1.5.4 through 7.2.1.5.9.

NoTE: Samples prepared by the hot extrac-
tion procedure are now in 0.45 M HNO3;. Sam-
ples prepared by the ultrasonication proce-
dure are in 0.40 M HNOz+ X M HCI.

8. Analysis.

8.1 Set the wavelength of the
monochromator at 283.3 or 217.0 nm. Set or
align other instrumental operating condi-
tions as recommended by the manufacturer.

8.2 The sample can be analyzed directly
from the volumetric flask, or an appropriate
amount of sample decanted into a sample
analysis tube. In either case, care should be
taken not to disturb the settled solids.

8.3 Aspirate samples, calibration stand-
ards and blanks (section 9.2) into the flame
and record the equilibrium absorbance.

8.4 Determine the lead concentration in
ug Pb/ml, from the calibration curve, section
9.3.

8.5 Samples that exceed the linear cali-
bration range should be diluted with acid of
the same concentration as the calibration
standards and reanalyzed.

9. Calibration.
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9.1 Working standard, 20 pg Pb/ml. Pre-
pared by diluting 2.0 ml of the master stand-
ard (section 6.3.1 if the hot acid extraction
was used or section 6.3.2 if the ultrasonic ex-
traction procedure was used) to 100 ml with
acid of the same concentration as used in
preparing the master standard.

9.2 Calibration standards. Prepare daily by
diluting the working standard, with the
same acid matrix, as indicated below. Other
lead concentrations may be used.

: : Concentra-

Volume of 20 grgd/’mrln\llvorklng stand lfjlz]a;v'glll tion %ﬁl Pb/
100 0

200 0.1

200 0.2

100 0.4

100 0.8

100 1.6

100 3.0

100 6.0

50.0 .. 100 10.0
100.0 .... 100 20.0

9.3 Preparation of calibration curve. Since
the working range of analysis will vary de-
pending on which lead line is used and the
type of instrument, no one set of instruc-
tions for preparation of a calibration curve
can be given. Select standards (plus the rea-
gent blank), in the same acid concentration
as the samples, to cover the linear absorp-
tion range indicated by the instrument man-
ufacturer. Measure the absorbance of the
blank and standards as in section 8.0. Repeat
until good agreement is obtained between
replicates. Plot absorbance (y-axis) versus
concentration in pg Pb/ml (x-axis). Draw (or
compute) a straight line through the linear
portion of the curve. Do not force the cali-
bration curve through zero. Other calibra-
tion procedures may be used.

To determine stability of the calibration
curve, remeasure—alternately—one of the
following calibration standards for every
10th sample analyzed: Concentration < 1lug
Pb/ml; concentration < 10 pg Pb/ml. If either
standard deviates by more than 5 percent
from the value predicted by the calibration
curve, recalibrate and repeat the previous 10
analyses.

10. Calculation.

10.1 Measured air volume. Calculate the
measured air volume at Standard Tempera-
ture and Pressure as described in Reference
10.

10.2 Lead concentration. Calculate
concentration in the air sample.

lead
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(ug Pb/mt x 100 ml/strip x 12 strips/filter) - Fb

where:

C=Concentration, pug Pb/sms.

ug Pb/ml=Lead concentration determined
from section 8.

100 ml/strip=Total sample volume.

12 strips=Total useable filter area, 8" x 9".
Exposed area of one strip, %' x7".

Filter=Total area of one strip, %" x8".

Fpo=Lead concentration of blank filter, pg,
from section 6.1.1.2.3.

Vste=Air volume from section 10.2.

11. Quality control.

4" x 8" glass fiber filter strips containing
80 to 2000 pg Pb/strip (as lead salts) and blank
strips with zero Pb content should be used to
determine if the method—as being used—has
any bias. Quality control charts should be
established to monitor differences between
measured and true values. The frequency of
such checks will depend on the local quality
control program.

To minimize the possibility of generating
unreliable data, the user should follow prac-
tices established for assuring the quality of
air pollution data, (13) and take part in
EPA’s semiannual audit program for lead
analyses.

12. Trouble shooting.

1. During extraction of lead by the hot ex-
traction procedure, it is important to keep
the sample covered so that corrosion prod-
ucts—formed on fume hood surfaces which
may contain lead—are not deposited in the
extract.

2. The sample acid concentration should
minimize corrosion of the nebulizer. How-
ever, different nebulizers may require lower
acid concentrations. Lower concentrations
can be used provided samples and standards
have the same acid concentration.

3. Ashing of particulate samples has been
found, by EPA and contractor laboratories,
to be unnecessary in lead analyses by atomic
absorption. Therefore, this step was omitted
from the method.

4. Filtration of extracted samples, to re-
move particulate matter, was specifically ex-
cluded from sample preparation, because
some analysts have observed losses of lead
due to filtration.

5. If suspended solids should clog the
nebulizer during analysis of samples, cen-
trifuge the sample to remove the solids.

13. Authority.

(Secs. 109 and 301(a), Clean Air Act, as
amended (42 U.S.C. 7409, 7601(a)))
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STRIPS FOR
OTHER ANALYSES

Figure 2
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19mm (%")

% x 8" STRIP FOR
LEAD ANALYSIS

(Secs. 109, 301(a) of the Clean Air Act, as amended (42 U.S.C. 7409, 7601(a)); secs. 110, 301(a) and
319 of the Clean Air Act (42 U.S.C. 7410, 7601(a), 7619))

[43 FR 46258, Oct. 5, 1978; 44 FR 37915, June 29, 1979, as amended at 46 FR 44163, Sept. 3, 1981;

52 FR 24664, July 1, 1987]

APPENDIX H TO PART 50—INTERPRETA-
TION OF THE NATIONAL AMBIENT AIR
QUALITY STANDARDS FOR OZONE

1. General

This appendix explains how to determine
when the expected number of days per cal-
endar year with maximum hourly average
concentrations above 0.12 ppm (235 pg/m3) is

equal to or less than 1. An expanded discus-
sion of these procedures and associated ex-
amples are contained in the ““Guideline for
Interpretation of Ozone Air Quality Stand-
ards.”” For purposes of clarity in the follow-
ing discussion, it is convenient to use the
term ‘“‘exceedance’” to describe a daily maxi-
mum hourly average ozone measurement
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that is greater than the level of the stand-
ard. Therefore, the phrase ‘“‘expected number
of days with maximum hourly average ozone
concentrations above the level of the stand-
ard’” may be simply stated as the ‘‘expected
number of exceedances.”

The basic principle in making this deter-
mination is relatively straightforward. Most
of the complications that arise in determin-
ing the expected number of annual exceed-
ances relate to accounting for incomplete
sampling. In general, the average number of
exceedances per calendar year must be less
than or equal to 1. In its simplest form, the
number of exceedances at a monitoring site
would be recorded for each calendar year and
then averaged over the past 3 calendar years
to determine if this average is less than or
equal to 1.

2. Interpretation of Expected Exceedances

The ozone standard states that the ex-
pected number of exceedances per year must
be less than or equal to 1. The statistical
term ‘“‘expected number” is basically an
arithmetic average. The following example
explains what it would mean for an area to
be in compliance with this type of standard.
Suppose a monitoring station records a valid
daily maximum hourly average ozone value
for every day of the year during the past 3
years. At the end of each year, the number of
days with maximum hourly concentrations
above 0.12 ppm is determined and this num-
ber is averaged with the results of previous
years. As long as this average remains ‘‘less
than or equal to 1, the area is in compli-
ance.

3. Estimating the Number of Exceedances for a
Year

In general, a valid daily maximum hourly
average value may not be available for each
day of the year, and it will be necessary to
account for these missing values when esti-
mating the number of exceedances for a par-
ticular calendar year. The purpose of these
computations is to determine if the expected
number of exceedances per year is less than
or equal to 1. Thus, if a site has two or more
observed exceedances each year, the stand-
ard is not met and it is not necessary to use
the procedures of this section to account for
incomplete sampling.

The term ‘“‘missing value’ is used here in
the general sense to describe all days that do
not have an associated ozone measurement.
In some cases, a measurement might actu-
ally have been missed but in other cases no
measurement may have been scheduled for
that day. A daily maximum ozone value is
defined to be the highest hourly ozone value
recorded for the day. This daily maximum
value is considered to be valid if 75 percent of
the hours from 9:01 a.m. to 9:00 p.m. (LST)
were measured or if the highest hour is
greater than the level of the standard.
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In some areas, the seasonal pattern of
ozone is so pronounced that entire months
need not be sampled because it is extremely
unlikely that the standard would be ex-
ceeded. Any such waiver of the ozone mon-
itoring requirement would be handled under
provisions of 40 CFR, Part 58. Some allow-
ance should also be made for days for which
valid daily maximum hourly values were not
obtained but which would quite likely have
been below the standard. Such an allowance
introduces a complication in that it becomes
necessary to define under what conditions a
missing value may be assumed to have been
less than the level of the standard. The fol-
lowing criterion may be used for ozone:

A missing daily maximum ozone value
may be assumed to be less than the level of
the standard if the valid daily maxima on
both the preceding day and the following day
do not exceed 75 percent of the level of the
standard.

Let z denote the number of missing daily
maximum values that may be assumed to be
less than the standard. Then the following
formula shall be used to estimate the ex-
pected number of exceedances for the year:

e=v+[(v/n)8(N-n-z)] 1)

(*Indicates multiplication.)

where:

e=the estimated number of exceedances for
the year,

N=the number of required monitoring days
in the year,

n=the number of valid daily maxima,

v=the number of daily values above the
level of the standard, and

z=the number of days assumed to be less
than the standard level.

This estimated number of exceedances
shall be rounded to one decimal place (frac-
tional parts equal to 0.05 round up).

It should be noted that N will be the total
number of days in the year unless the appro-
priate Regional Administrator has granted a
waiver under the provisions of 40 CFR part
58.

The above equation may be interpreted in-
tuitively in the following manner. The esti-
mated number of exceedances is equal to the
observed number of exceedances (v) plus an
increment that accounts for incomplete sam-
pling. There were (N-n) missing values for
the year but a certain number of these,
namely z, were assumed to be less than the
standard. Therefore, (N-n-z) missing values
are considered to include possible
exceedances. The fraction of measured val-
ues that are above the level of the standard
is v/n. It is assumed that this same fraction
applies to the (N-n-z) missing values and
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that (v/n)*(N-n-z) of these values would also
have exceeded the level of the standard.

[44 FR 8220, Feb. 8, 1979]
APPENDIX |—[RESERVED]

APPENDIX J TO PART 50—REFERENCE
METHOD FOR THE DETERMINATION OF
PARTICULATE MATTER AS PMyo IN THE
ATMOSPHERE

1.0 Applicability.

1.1 This method provides for the measure-
ment of the mass concentration of particu-
late matter with an aerodynamic diameter
less than or equal to a nominal 10 microm-
eters (PMio) in ambient air over a 24-hour
period for purposes of determining attain-
ment and maintenance of the primary and
secondary national ambient air quality
standards for particulate matter specified in
§50.6 of this chapter. The measurement proc-
ess is nondestructive, and the PMjo sample
can be subjected to subsequent physical or
chemical analyses. Quality assurance proce-
dures and guidance are provided in part 58,
appendices A and B, of this chapter and in
References 1 and 2.

2.0 Principle.

2.1 An air sampler draws ambient air at a
constant flow rate into a specially shaped
inlet where the suspended particulate matter
is inertially separated into one or more size
fractions within the PMyo size range. Each
size fraction in the PMio size range is then
collected on a separate filter over the speci-
fied sampling period. The particle size dis-
crimination characteristics (sampling effec-
tiveness and 50 percent cutpoint) of the sam-
pler inlet are prescribed as performance
specifications in part 53 of this chapter.

2.2 Each filter is weighed (after moisture
equilibration) before and after use to deter-
mine the net weight (mass) gain due to col-
lected PMio. The total volume of air sam-
pled, corrected to EPA reference conditions
(25 C, 101.3 kPa), is determined from the
measured flow rate and the sampling time.
The mass concentration of PMy in the ambi-
ent air is computed as the total mass of col-
lected particles in the PMyo size range di-
vided by the volume of air sampled, and is
expressed in micrograms per standard cubic
meter (ug/std m3). For PMi samples col-
lected at temperatures and pressures signifi-
cantly different from EPA reference condi-
tions, these corrected concentrations some-
times differ substantially from actual con-
centrations (in micrograms per actual cubic
meter), particularly at high elevations. Al-
though not required, the actual PMjo con-
centration can be calculated from the cor-
rected concentration, using the average am-
bient temperature and barometric pressure
during the sampling period.
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2.3 A method based on this principle will
be considered a reference method only if (a)
the associated sampler meets the require-
ments specified in this appendix and the re-
quirements in part 53 of this chapter, and (b)
the method has been designated as a ref-
erence method in accordance with part 53 of
this chapter.

3.0 Range.

3.1 The lower limit of the mass concentra-
tion range is determined by the repeatability
of filter tare weights, assuming the nominal
air sample volume for the sampler. For sam-
plers having an automatic filter-changing
mechanism, there may be no upper limit.
For samplers that do not have an automatic
filter-changing mechanism, the upper limit
is determined by the filter mass loading be-
yond which the sampler no longer maintains
the operating flow rate within specified lim-
its due to increased pressure drop across the
loaded filter. This upper limit cannot be
specified precisely because it is a complex
function of the ambient particle size dis-
tribution and type, humidity, filter type, and
perhaps other factors. Nevertheless, all sam-
plers should be capable of measuring 24-hour
PMjo mass concentrations of at least 300 pg/
std m3 while maintaining the operating flow
rate within the specified limits.

4.0 Precision.

4.1 The precision of PMi, samplers must
be 5 pg/m3 for PMye concentrations below 80
ug/m3 and 7 percent for PMio concentrations
above 80 pg/m3, as required by part 53 of this
chapter, which prescribes a test procedure
that determines the variation in the PMyo
concentration measurements of identical
samplers under typical sampling conditions.
Continual assessment of precision via collo-
cated samplers is required by part 58 of this
chapter for PMip samplers used in certain
monitoring networks.

5.0 Accuracy.

5.1 Because the size of the particles mak-
ing up ambient particulate matter varies
over a wide range and the concentration of
particles varies with particle size, it is dif-
ficult to define the absolute accuracy of
PMjo samplers. Part 53 of this chapter pro-
vides a specification for the sampling effec-
tiveness of PMip samplers. This specification
requires that the expected mass concentra-
tion calculated for a candidate PMjiy sam-
pler, when sampling a specified particle size
distribution, be within 10 percent of that
calculated for an ideal sampler whose sam-
pling effectiveness is explicitly specified.
Also, the particle size for 50 percent sam-
pling effectivensss is required to be 10+0.5 mi-
crometers. Other specifications related to
accuracy apply to flow measurement and
calibration, filter media, analytical (weigh-
ing) procedures, and artifact. The flow rate
accuracy of PMio samplers used in certain
monitoring networks is required by Part 58
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of this chapter to be assessed periodically via
flow rate audits.

6.0 Potential Sources of Error.

6.1 Volatile Particles. Volatile particles
collected on filters are often lost during
shipment and/or storage of the filters prior
to the post-sampling weighing3. Although
shipment or storage of loaded filters is some-
times unavoidable, filters should be re-
weighed as soon as practical to minimize
these losses.

6.2 Artifacts. Positive errors in PMjo con-
centration measurements may result from
retention of gaseous species on filters45.
Such errors include the retention of sulfur
dioxide and nitric acid. Retention of sulfur
dioxide on filters, followed by oxidation to
sulfate, is referred to as artifact sulfate for-
mation, a phenomenon which increases with
increasing filter alkalinity®. Little or no ar-
tifact sulfate formation should occur using
filters that meet the alkalinity specification
in section 7.2.4. Artifact nitrate formation,
resulting primarily from retention of nitric
acid, occurs to varying degrees on many fil-
ter types, including glass fiber, cellulose
ester, and many quartz fiber filters5 789,10,
Loss of true atmospheric particulate nitrate
during or following sampling may also occur
due to dissociation or chemical reaction.
This phenomenon has been observed on Tef-
lon® filters® and inferred for quartz fiber fil-
ters1l.12, The magnitude of nitrate artifact
errors in PMjo mass concentration measure-
ments will vary with location and ambient
temperature; however, for most sampling lo-
cations, these errors are expected to be
small.

6.3 Humidity. The effects of ambient hu-
midity on the sample are unavoidable. The
filter equilibration procedure in section 9.0 is
designed to minimize the effects of moisture
on the filter medium.

6.4 Filter Handling. Careful handling of fil-
ters between presampling and postsampling
weighings is necessary to avoid errors due to
damaged filters or loss of collected particles
from the filters. Use of a filter cartridge or
cassette may reduce the magnitude of these
errors. Filters must also meet the integrity
specification in section 7.2.3.

6.5 Flow Rate Variation. Variations in the
sampler’s operating flow rate may alter the
particle size discrimination characteristics
of the sampler inlet. The magnitude of this
error will depend on the sensitivity of the
inlet to variations in flow rate and on the
particle distribution in the atmosphere dur-
ing the sampling period. The use of a flow
control device (section 7.1.3) is required to
minimize this error.

6.6 Air Volume Determination. Errors in the
air volume determination may result from
errors in the flow rate and/or sampling time
measurements. The flow control device
serves to minimize errors in the flow rate de-
termination, and an elapsed time meter (sec-
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tion 7.1.5) is required to minimize the error
in the sampling time measurement.

7.0 Apparatus.

7.1 PMjo Sampler.

7.1.1 The sampler shall be designed to:

a. Draw the air sample into the sampler
inlet and through the particle collection fil-
ter at a uniform face velocity.

b. Hold and seal the filter in a horizontal
position so that sample air is drawn down-
ward through the filter.

c. Allow the filter to be installed and re-
moved conveniently.

d. Protect the filter and sampler from pre-
cipitation and prevent insects and other de-
bris from being sampled.

e. Minimize air leaks that would cause
error in the measurement of the air volume
passing through the filter.

f. Discharge exhaust air at a sufficient dis-
tance from the sampler inlet to minimize the
sampling of exhaust air.

g. Minimize the collection of dust from the
supporting surface.

7.1.2 The sampler shall have a sample air
inlet system that, when operated within a
specified flow rate range, provides particle
size discrimination characteristics meeting
all of the applicable performance specifica-
tions prescribed in part 53 of this chapter.
The sampler inlet shall show no significant
wind direction dependence. The latter re-
quirement can generally be satisfied by an
inlet shape that is circularly symmetrical
about a vertical axis.

7.1.3 The sampler shall have a flow con-
trol device capable of maintaining the sam-
pler’s operating flow rate within the flow
rate limits specified for the sampler inlet
over normal variations in line voltage and
filter pressure drop.

7.1.4 The sampler shall provide a means to
measure the total flow rate during the sam-
pling period. A continuous flow recorder is
recommended but not required. The flow
measurement device shall be accurate to *2
percent.

7.1.5 A timing/control device capable of
starting and stopping the sampler shall be
used to obtain a sample collection period of
24 +1 hr (1,440 60 min). An elapsed time
meter, accurate to within 15 minutes, shall
be used to measure sampling time. This
meter is optional for samplers with continu-
ous flow recorders if the sampling time
measurement obtained by means of the re-
corder meets the +15 minute accuracy speci-
fication.

7.1.6 The sampler shall have an associated
operation or instruction manual as required
by part 53 of this chapter which includes de-
tailed instructions on the calibration, oper-
ation, and maintenance of the sampler.

7.2 Filters.

7.2.1 Filter Medium. No commercially
available filter medium is ideal in all re-
spects for all samplers. The user’s goals in
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sampling determine the relative importance
of various filter characteristics (e.g., cost,
ease of handling, physical and chemical
characteristics, etc.) and, consequently, de-
termine the choice among acceptable filters.
Furthermore, certain types of filters may
not be suitable for use with some samplers,
particularly under heavy loading conditions
(high mass concentrations), because of high
or rapid increase in the filter flow resistance
that would exceed the capability of the sam-
pler’s flow control device. However, samplers
equipped with automatic filter-changing
mechanisms may allow use of these types of
filters. The specifications given below are
minimum requirements to ensure accept-
ability of the filter medium for measurement
of PMjp mass concentrations. Other filter
evaluation criteria should be considered to
meet individual sampling and analysis objec-
tives.

7.2.2 Collection Efficiency. =99 percent, as
measured by the DOP test (ASTM-2986) with
0.3 um particles at the sampler’s operating
face velocity.

7.2.3 Integrity. #5 pg/m3 (assuming sam-
pler’s nominal 24-hour air sample volume).
Integrity is measured as the PMyo concentra-
tion equivalent corresponding to the average
difference between the initial and the final
weights of a random sample of test filters
that are weighed and handled under actual
or simulated sampling conditions, but have
no air sample passed through them (i.e., fil-
ter blanks). As a minimum, the test proce-
dure must include initial equilibration and
weighing, installation on an inoperative
sampler, removal from the sampler, and final
equilibration and weighing.

7.2.4 Alkalinity. <25 microequivalents/gram
of filter, as measured by the procedure given
in Reference 13 following at least two
months storage in a clean environment (free
from contamination by acidic gases) at room
temperature and humidity.

7.3 Flow Rate Transfer Standard. The flow
rate transfer standard must be suitable for
the sampler’s operating flow rate and must
be calibrated against a primary flow or vol-
ume standard that is traceable to the Na-
tional Bureau of Standards (NBS). The flow
rate transfer standard must be capable of
measuring the sampler’s operating flow rate
with an accuracy of +2 percent.

7.4 Filter Conditioning Environment.

7.4.1 Temperature range: 15 to 30 C.

7.4.2 Temperature control: +3 C.

7.4.3 Humidity range: 20% to 45% RH.

7.4.4 Humidity control: 5% RH.

7.5 Analytical Balance. The analytical bal-
ance must be suitable for weighing the type
and size of filters required by the sampler.
The range and sensitivity required will de-
pend on the filter tare weights and mass
loadings. Typically, an analytical balance
with a sensitivity of 0.1 mg is required for
high volume samplers (flow rates >0.5 ms3/
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min). Lower volume samplers (flow rates <0.5
m3/min) will require a more sensitive bal-
ance.

8.0 Calibration.

8.1 General Requirements.

8.1.1 Calibration of the sampler’s flow
measurement device is required to establish
traceability of subsequent flow measure-
ments to a primary standard. A flow rate
transfer standard calibrated against a pri-
mary flow or volume standard shall be used
to calibrate or verify the accuracy of the
sampler’s flow measurement device.

8.1.2 Particle size discrimination by iner-
tial separation requires that specific air ve-
locities be maintained in the sampler’s air
inlet system. Therefore, the flow rate
through the sampler’s inlet must be main-
tained throughout the sampling period with-
in the design flow rate range specified by the
manufacturer. Design flow rates are speci-
fied as actual volumetric flow rates, meas-
ured at existing conditions of temperature
and pressure (Qz). In contrast, mass con-
centrations of PMjo are computed using flow
rates corrected to EPA reference conditions
of temperature and pressure (Qsd).

8.2 Flow Rate Calibration Procedure.

8.2.1 PMjo samplers employ various types
of flow control and flow measurement de-
vices. The specific procedure used for flow
rate calibration or verification will vary de-
pending on the type of flow controller and
flow indicator employed. Calibration in
terms of actual volumetric flow rates (QJ) is
generally recommended, but other measures
of flow rate (e.g., Q«d) Mmay be used provided
the requirements of section 8.1 are met. The
general procedure given here is based on ac-
tual volumetric flow units (Qs) and serves to
illustrate the steps involved in the calibra-
tion of a PMjo sampler. Consult the sampler
manufacturer’s instruction manual and Ref-
erence 2 for specific guidance on calibration.
Reference 14 provides additional information
on the use of the commonly used measures of
flow rate and their interrelationships.

8.2.2 Calibrate the flow rate transfer
standard against a primary flow or volume
standard traceable to NBS. Establish a cali-
bration relationship (e.g., an equation or
family of curves) such that traceability to
the primary standard is accurate to within 2
percent over the expected range of ambient
conditions (i.e., temperatures and pressures)
under which the transfer standard will be
used. Recalibrate the transfer standard peri-
odically.

8.2.3 Following the sampler manufactur-
er’s instruction manual, remove the sampler
inlet and connect the flow rate transfer
standard to the sampler such that the trans-
fer standard accurately measures the sam-
pler’s flow rate. Make sure there are no leaks
between the transfer standard and the sam-
pler.
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8.2.4 Choose a minimum of three flow
rates (actual m3/min), spaced over the ac-
ceptable flow rate range specified for the
inlet (see 7.1.2) that can be obtained by suit-
able adjustment of the sampler flow rate. In
accordance with the sampler manufacturer’s
instruction manual, obtain or verify the cali-
bration relationship between the flow rate
(actual m3min) as indicated by the transfer
standard and the sampler’s flow indicator re-
sponse. Record the ambient temperature and
barometric pressure. Temperature and pres-
sure corrections to subsequent flow indicator
readings may be required for certain types of
flow measurement devices. When such cor-
rections are necessary, correction on an indi-
vidual or daily basis is preferable. However,
seasonal average temperature and average
barometric pressure for the sampling site
may be incorporated into the sampler cali-
bration to avoid daily corrections. Consult
the sampler manufacturer’s instruction man-
ual and Reference 2 for additional guidance.

8.2.5 Following calibration, verify that
the sampler is operating at its design flow
rate (actual m3min) with a clean filter in
place.

8.2.6 Replace the sampler inlet.

9.0 Procedure.

9.1 The sampler shall be operated in ac-
cordance with the specific guidance provided
in the sampler manufacturer’s instruction
manual and in Reference 2. The general pro-
cedure given here assumes that the sampler’s
flow rate calibration is based on flow rates
at ambient conditions (Qs) and serves to il-
lustrate the steps involved in the operation
of a PMjo sampler.

9.2 Inspect each filter for pinholes, par-
ticles, and other imperfections. Establish a
filter information record and assign an iden-
tification number to each filter.

9.3 Equilibrate each filter in the condi-
tioning environment (see 7.4) for at least 24
hours.

9.4 Following equilibration, weigh each
filter and record the presampling weight
with the filter identification number.

9.5 Install a preweighed filter in the sam-
pler following the instructions provided in
the sampler manufacturer’s instruction man-
ual.

9.6 Turn on the sampler and allow it to es-
tablish run-temperature conditions. Record
the flow indicator reading and, if needed, the
ambient temperature and barometric pres-
sure. Determine the sampler flow rate (ac-
tual m3/min) in accordance with the instruc-
tions provided in the sampler manufacturer’s
instruction manual. NOTE.—No onsite tem-
perature or pressure measurements are nec-
essary if the sampler’s flow indicator does
not require temperature or pressure correc-
tions or if seasonal average temperature and
average barometric pressure for the sam-
pling site are incorporated into the sampler
calibration (see step 8.2.4). If individual or
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daily temperature and pressure corrections
are required, ambient temperature and baro-
metric pressure can be obtained by on-site
measurements or from a nearby weather sta-
tion. Barometric pressure readings obtained
from airports must be station pressure, not
corrected to sea level, and may need to be
corrected for differences in elevation be-
tween the sampling site and the airport.

9.7 If the flow rate is outside the accept-
able range specified by the manufacturer,
check for leaks, and if necessary, adjust the
flow rate to the specified setpoint. Stop the
sampler.

9.8 Set the timer to start and stop the
sampler at appropriate times. Set the
elapsed time meter to zero or record the ini-
tial meter reading.

9.9 Record the sample information (site
location or identification number, sample
date, filter identification number, and sam-
pler model and serial number).

9.10 Sample for 241 hours.

9.11 Determine and record the average
flow rate (Qs) in actual m3min for the sam-
pling period in accordance with the instruc-
tions provided in the sampler manufacturer’s
instruction manual. Record the elapsed time
meter final reading and, if needed, the aver-
age ambient temperature and barometric
pressure for the sampling period (see note
following step 9.6).

9.12 Carefully remove the filter from the
sampler, following the sampler manufactur-
er’s instruction manual. Touch only the
outer edges of the filter.

9.13 Place the filter in a protective holder
or container (e.g., petri dish, glassine enve-
lope, or manila folder).

9.14 Record any factors such as meteoro-
logical conditions, construction activity,
fires or dust storms, etc., that might be per-
tinent to the measurement on the filter in-
formation record.

9.15 Transport the exposed sample filter
to the filter conditioning environment as
soon as possible for equilibration and subse-
quent weighing.

9.16 Equilibrate the exposed filter in the
conditioning environment for at least 24
hours under the same temperature and hu-
midity conditions used for presampling filter
equilibration (see 9.3).

9.17 Immediately after equilibration, re-
weigh the filter and record the postsampling
weight with the filter identification number.

10.0 Sampler Maintenance.

10.1 The PM3io sampler shall be main-
tained in strict accordance with the mainte-
nance procedures specified in the sampler
manufacturer’s instruction manual.

11.0 Calculations.

11.1 Calculate the average flow rate over
the sampling period corrected to EPA ref-
erence conditions as Qgd. When the sampler’s
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flow indicator is calibrated in actual volu-
metric units (Qa), Q«a is calculated as:

Q= QX (P Ta) (T st/ Psic)
where

Qs«d=average flow rate at EPA reference con-
ditions, std m3/min;

Qas=average flow rate at ambient conditions,
m3/min;

Pa=average barometric pressure during the
sampling period or average barometric
pressure for the sampling site, kPa (or
mm Hg);

Ta=average ambient temperature during the
sampling period or seasonal average am-

bient temperature for the sampling site,

K;

T«g=standard temperature, defined as 298 K;

P«s=standard pressure, defined as 101.3 kPa
(or 760 mm Hg).

11.2 Calculate the total
sampled as:

Vstd:(?stdxt
where

volume of air

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

11.3 Calculate the PMjo concentration as:
PM 10:(Wf — Wi) X105/ng
where

PMjs=mass concentration of PMio, pg/std ms3;

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

106=conversion of g to ug.

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

1.0 General.

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

Several terms used throughout this appen-
dix must be defined. A “‘daily value” for
PMyo refers to the 24-hour average concentra-
tion of PMy calculated or measured from
midnight to midnight (local time). The term
‘“exceedance” means a daily value that is
above the level of the 24-hour standard after
rounding to the nearest 10 pg/m3 (i.e., values
ending in 5 or greater are to be rounded up).
The term ‘“‘average’ refers to an arithmetic
mean. All particulate matter standards are
expressed in terms of expected annual val-
ues: expected number of exceedances per
year for the 24-hour standards and expected
annual arithmetic mean for the annual
standards. The ‘“‘expected annual value’ is
the number approached when the annual val-
ues from an increasing number of years are
averaged, in the absence of long-term trends
in emissions or meteorological conditions.
The term “‘year’ refers to a calendar year.

Although the discussion in this appendix
focuses on monitored data, the same prin-
ciples apply to modeling data, subject to
EPA modeling guidelines.

2.0 Attainment Determinations.

2.1 24-Hour Primary and Secondary Stand-
ards.

Under 40 CFR 50.6(a) the 24-hour primary
and secondary standards are attained when
the expected number of exceedances per year
at each monitoring site is less than or equal
to one. In the simplest case, the number of
expected exceedances at a site is determined
by recording the number of exceedances in
each calendar year and then averaging them
over the past 3 calendar years. Situations in
which 3 years of data are not available and
possible adjustments for unusual events or
trends are discussed in Sections 2.3 and 2.4.
Further, when data for a year are incom-
plete, it is necessary to compute an esti-
mated number of exceedances for that year
by adjusting the observed number of
exceedances. This procedure, performed by
calendar quarter, is described in Section 3.
The expected number of exceedances is then
estimated by averaging the individual an-
nual estimates for the past 3 years.

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

2.2 Annual Primary and Secondary Stand-
ards.

Under 40 CFR 50.6(b), the annual primary
and secondary standards are attained when
the expected annual arithmetic mean PMio
concentration is less than or equal to the
level of the standard. In the simplest case,
the expected annual arithmetic mean is de-
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termined by averaging the annual arithmetic
mean PMio concentrations for the past 3 cal-
endar years. Because of the potential for in-
complete data and the possible seasonality
in PMjo concentrations, the annual mean
shall be calculated by averaging the four
quarterly means of PMjy concentrations
within the calendar year. The formulas for
calculating the annual arithmetic mean are
given in Section 4. Situations in which 3
years of data are not available and possible
adjustments for unusual events or trends are
discussed in Sections 2.3 and 2.4. The ex-
pected annual arithmetic mean is rounded to
the nearest 1 pg/m3 before comparison with
the annual standards (fractional values equal
to or greater than 0.5 are to be rounded up).

2.3 Data Requirements.

40 CFR 58.13 specifies the required mini-
mum frequency of sampling for PMio. For
the purposes of making comparisons with
the particulate matter standards, all data
produced by National Air Monitoring Sta-
tions (NAMS), State and Local Air Monitor-
ing Stations (SLAMS) and other sites sub-
mitted to EPA in accordance with the Part
58 requirements must be used, and a mini-
mum of 75 percent of the scheduled PMjo
samples per quarter are required.

To demonstrate attainment of either the
annual or 24-hour standards at a monitoring
site, the monitor must provide sufficient
data to perform the required calculations of
Sections 3 and 4. The amount of data re-
quired varies with the sampling frequency,
data capture rate and the number of years of
record. In all cases, 3 years of representative
monitoring data that meet the 75 percent
criterion of the previous paragraph should he
utilized, if available, and would suffice. More
than 3 years may be considered, if all addi-
tional representative years of data meeting
the 75 percent criterion are utilized. Data
not meeting these criteria may also suffice
to show attainment; however, such excep-
tions will have to be approved by the appro-
priate Regional Administrator in accordance
with EPA guidance.

There are less stringent data requirements
for showing that a monitor has failed an at-
tainment test and thus has recorded a viola-
tion of the particulate matter standards. Al-
though it is generally necessary to meet the
minimum 75 percent data capture require-
ment per quarter to use the computational
formulas described in Sections 3 and 4, this
criterion does not apply when less data is
sufficient to unambiguously establish non-
attainment. The following examples illus-
trate how nonattainment can be dem-
onstrated when a site fails to meet the com-
pleteness criteria. Nonattainment of the 24-
hour primary standards can be established
by (a) the observed annual number of
exceedances (e.g. four observed exceedances
in a single year), or by (b) the estimated
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number of exceedances derived from the ob-
served number of exceedances and the re-
quired number of scheduled samples (e.g. two
observed exceedances with every other day
sampling). Nonattainment of the annual
standards can be demonstrated on the basis
of quarterly mean concentrations developed
from observed data combined with one-half
the minimum detectable concentration sub-
stituted for missing values. In both cases, ex-
pected annual values must exceed the levels
allowed by the standards.

2.4 Adjustment for Exceptional Events and
Trends.

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

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

3.0 Computational formulas for the 24-hour
standards.

3.1 Estimating Exceedances for a year.

If PMio sampling is scheduled less fre-
quently than every day, or if some scheduled
samples are missed, a PM3o value will not be
available for each day of the year. To ac-
count for the possible effect of incomplete
data, an adjustment must be made to the
data collected at each monitoring location
to estimate the number of exceedances in a
calendar year. In this adjustment, the as-
sumption is made that the fraction of miss-
ing values that would have exceeded the
standard level is identical to the fraction of
measured values above this level. This com-
putation is to be made for all sites that are
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scheduled to monitor throughout the entire
year and meet the minimum data require-
ments of Section 2.3. Because of possible sea-
sonal imbalance, this adjustment shall be
applied on a quarterly basis. The estimate of
the expected number of exceedances for the
quarter is equal to the observed number of
exceedances plus an increment associated
with the missing data. The following formula
must be used for these computations:

eq=Vq+[(Ve/Ng)*(Ng—Ng)]=Vg*Ng/Ng [1]

where

eq—the estimated number of exceedances for
calendar quarter q,

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

Ng=the number of days in calendar quarter q,

ng=the number of days in calendar quarter q
with PMyo data, and

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

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

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

g=1

The estimated number of exceedances for a
single year must be rounded to one decimal
place (fractional values equal to or greater
than 0.05 are to be rounded up). The expected
number of exceedances is then estimated by
averaging the individual annual estimates
for the most recent 3 or more representative
years of data. The expected number of
exceedances must be rounded to one decimal
place (fractional values equal to or greater
than 0.05 are to be rounded up).

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

To reduce the potential for overestimating
the number of expected exceedances, the cor-
rection for missing data will not be required
for a calendar quarter in which the first ob-
served exceedance has occurred if: (a) there
was only one exceedance in the calendar
quarter, (b) everyday sampling is subse-
quently initiated and maintained for 4 cal-
endar quarters in accordance with 40 CFR
58.13 and (c) data capture of 75 percent is
achieved during the required period of every-
day sampling. In addition, if the first
exceedance is observed in a calendar quarter
in which the monitor is already sampling
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every day, no adjustment for missing data
will be made to the first exceedance if a 75
percent data capture rate was achieved in
the quarter in which it was observed.

Example 1

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

©q=1x92/39=2.359 or 2.36

If the estimated exceedances for the other 3
calendar quarters in the year were 2.30, 0.0
and 0.0, then, using formula [2], the esti-
mated number of exceedances for the year is
2.36+2.30+0.0+0.0 which equals 4.66 or 4.7. If no
exceedances were observed for the 2 previous
years, then the expected number of
exceedances is estimated by:

(1/3)%(4.7+0+0)=1.57

or 1.6. Since 1.6 exceeds the allowable num-
ber of expected exceedances, this monitoring
site would fail the attainment test.

Example 2

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

3.2 Adjustments for Non-Scheduled Sampling
Days.

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

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

Pt. 50, App. K

sampling days, the estimated number of
exceedances is defined as

Mq
&= (Ngmg) x 3
j=1

(vifks) [3]

where

eq—the estimated number of exceedances for
the quarter.

Ng=the number of days in the quarter,

mg=the number of strata with samples dur-
ing the quarter,

vi=the number of observed exceedances in
stratum j, and

kj=the number of actual samples in stratum
j-

Note that if only one sample value is re-
corded in each stratum, then formula [3] re-
duces to formula [1].

Example 3

A monitoring site samples according to a
systematic sampling schedule of one sample
every 6 days, for a total of 15 scheduled sam-
ples in a quarter out of a total of 92 possible
samples. During one 6-day period, potential
episode levels of PMio were suspected, so 5
additional samples were taken. One of the
regular scheduled samples was missed, so a
total of 19 samples in 14 sampling strata
were measured. The one 6-day sampling stra-
tum with 6 samples recorded 2 exceedances.
The remainder of the quarter with one sam-
ple per stratum recorded zero exceedances.
Using formula [3], the estimated number of
exceedances for the quarter is
eq=(92/14)x(2/6+0+. . .+0)=2.19

4.0 Computational Formulas for Annual
Standards.

4.1 Calculation of the Annual Arithmetic
Mean.

An annual arithmetic mean value for PMio
is determined by averaging the quarterly
means for the 4 calendar quarters of the
year. The following formula is to be used for
calculation of the mean for a calendar quar-
ter:

Nq

Xq= (Ung x > X [41
i=1

where

Xq= the quarterly mean concentration for
quarter q, 9=1, 2, 3, or 4,

ng= the number of samples in the quarter,
and

Xi= the ith concentration value recorded in
the quarter.
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The quarterly mean, expressed in pg/ms,
must be rounded to the nearest tenth (frac-
tional values of 0.05 should be rounded up).

The annual mean is calculated by using
the following formula:

4

D> Xa 51

g=1

X = (1/4) x

where

x=the annual mean, and
Xq=the mean for calendar quarter q.

The average of quarterly means must be
rounded to the nearest tenth (fractional val-
ues of 0.05 should be rounded up).

The use of quarterly averages to compute
the annual average will not be necessary for
monitoring or modeling data which results
in a complete record, i.e., 365 days per year.

The expected annual mean is estimated as
the average of three or more annual means.
This multi-year estimate, expressed in pg/ms,
shall be rounded to the nearest integer for
comparison with the annual standard (frac-
tional values of 0.5 should be rounded up).

Example 4

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

X = (1/4)x(52.4+75.3+82.1+63.2)

= 68.25 or 68.3

4.2 Adjustments for Non-scheduled Sam-
pling Days.

An adjustment in the calculation of the
annual mean is needed if sampling is per-
formed on days in addition to the days speci-
fied by the systematic sampling schedule.
For the same reasons given in the discussion
of estimated exceedances (Section 3.2), the
quarterly averages would be calculated by
using the following formula:

mqe ki
Xq = (U/mg) x 2 2 (Xij/K;) [6]
j=1 =t

where

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

xjj=the ith concentration value recorded in
stratum j,

kj=the number of actual samples in stratum
j, and

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

If one sample value is recorded in each
stratum, formula [6] reduces to a simple
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arithmetic average of the observed values as
described by formula [4].

Example 5

During one calendar quarter, 9 observa-
tions were recorded. These samples were dis-
tributed among 7 sampling strata, with 3 ob-
servations in one stratum. The concentra-
tions of the 3 observations in the single stra-
tum were 202, 242, and 180 pg/m3. The remain-
ing 6 observed concentrations were 55, 68, 73,
92, 120, and 155 pg/ms3. Applying the weighting
factors specified in formula [6], the quarterly
mean is

Xq = (UT)x[(1/3)x(202+242+180)+

55+68+73+92+120+155]
= 110.1
Although 24-hour measurements are

rounded to the nearest 10 pg/m3 for deter-
minations of exceedances of the 24-hour
standard, note that these values are rounded
to the nearest 1 pg/ms3 for the calculation of
means.

[52 FR 24667, July 1, 1987; 52 FR 26402, July 14,
1987; 52 FR 29382, Aug. 7, 1987; 52 FR 31701,
Aug. 21, 1987]

PART  51—REQUIREMENTS  FOR
PREPARATION, ADOPTION, AND
SUBMITTAL OF IMPLEMENTATION
PLANS

Subparts A-E—[Reserved]

Subpart F—Procedural Requirements

Sec.
51.100
51.101

Definitions.

Stipulations.

51.102 Public hearings.

51.103 Submission of plans; preliminary re-
view of plans.

51.104 Revisions.

51.105 Approval of plans.

Subpart G—Control Strategy

51.110 Attainment and maintenance of na-
tional standards.

51.111 Description of control measures.

51.112 Demonstration of adequacy.

51.113 [Reserved]

51.114 Emissions data and projections.

51.115 Air quality data and projections.

51.116 Data availability.

51.117 Additional provisions for lead.

51.118 Stack height provisions.

51.119 Intermittent control systems.

51.120 Requirements for State implementa-
tion plan revisions relating to new motor
vehicles.
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