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INTENDED PURPOSE

This is not an official policy and standards document. The opinions,
findings, and conclusions are those of the authors and not necessarily those
of the Environmental Protection Agency. Every attempt has been made to repre-
sent the present state of the art as well as subject areas still under eval-
uation. Many of the VOC methods contained in this manual are either draft
methods or guideline procedures. Since any draft method is subject to change
and even elimination, none of the material presented should be used as an EPA
policy or recommendation unless it is a promulgated EPA reference method. The
methods are included as training material only. Any mention of products or
organizations does not constitute endorsement by the Unites States Environmental

Protection Agency.

This document is issued by the Stationary Source Compliance Division,
Office of Air Quality Planning and Standards, USEPA. It is for use in work-
shops presented by Agency staff and others rece1v1ng contractual or grant
support from the USEPA. It is part of a series of instructional manuals
addressing VOC compliance testing procedures.

Governmental air pollution control agencies establishing training pro-
grams may receive single copies of this document, free of charge, from the
Stationary Source Compliance Division Workshop Coordinator, USEPA, MD-7,
Research Triang]e Park, NC 27711. Since the‘document is specially designed
to be used in conjunction with other training materials and will be updated
and revised as needed periodically, it is not issued as an EPA publication
nor copies maintained for public distribution. .
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METHOD 1A - SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES WITH
SMALL STACKS OR DUCTS DRAFT

1. AppHcabiJ‘ity and Principle DO NOT QUOTE OR C”T

The appl{cqbility and principle of this method are identical to Method 1,

except its appIicabiTity is limited to stacks or ducts less than about 0.30
meter (12 in.) in diameter, or 0.071 m? (113 in.z) in cross-sectionél area,

but equal to or greater than about 0.10 meter (4 in.) in diametef, or 0.0081

me (12.57 in.z) in cross-sectional area.

In these small diameter stacks or ducts the conventional pitobe assembly
(consisting of a Type S p{tot tube attached to a sampling probe, equipped with
a nozzle and thermocouple) blocks a significant cross-section of the duct and
prevents a true.tréverse. Therefore, for particulate sampling in small stacks
or ducts, the gas velocity is measured using a standard pitot tube downstream
of the actual emission testing site. The straight run of duct between the
sampling and velocity measurement sites allows the flow profile, temporarily
disturbed by the presence of the sampling probe, to redevelop and stabilize.

The cross-sectional layout and location of traverse points and the
verification of the absence of cyclonic flow are the same as in Method 1,
Sections 2.3 and 2.4, respectively. Differences from Method 1, except as
noted, are given below.

2. Procedure

2.1 Selection of Measurement Site.

2.1.1 Particulate Traverses - Steady or Unsteady Flow. Select a particulate
measurement site located preferably at least eight equivalent stack or

duct diameters downstream and ten equivalent diameters upstream from

any flow disturbance such as a bend, expansion, or contraction in the stack,
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or from a visible flame. Locate the velocity measurement site 8 equivalent
diameters downstream of the particulate measurement site. See Figure

1A-1. If such locations are not avaijlable, select an alternative particulate
measurement location at least two equivalent stack or duct diameters
downstream and th and one-half diameters upstream from any flow disturbance.
Locate the velocity measurement site Z'equivalent diameters downstream from
the particulate measurement site. (See Section 2.1 of Method 1 for
calculating equivalent diameters for a rectangular cross-section.)

| 2.1.2 Particulate (Steady Flow) or Velocity (Steady or Unsteady Flow)
Measurements. If the average total volumetric flow rate in a duct is constant
with respect to time or if only velocity measurements are required use the
same criterion as in Section 2.1 of Method 1.

2.2 Determining the Number of Traverse Points.

2.2.1 Particulate Measurements (Steady or Unsteady Flow). Use Figure
1A-2 to determine the number of traverse points. Before referring to the
figure, however, determine the distance between the velocity and sampling sites
and the distances to the nearest upstream and downstream disturbances and
divide each distance by the stack diameter or equivalent diameter to determine
the distances in terms of the number of duct diameters. Then, determine the
number of traverse points from Figure 1A-2 corresponding to each of
these three distances. Choose the highest of the three numbers of
traverse points (or a greater number) so that for circular ducts the
'number_is a multiple of 4; for rectangular ducts use ;ne of those numbers
shown in Table 1-1 of Method 1.

2.2.2 Particulate (Steady Flow) and Velocity (Non-Particulate) Measurements.
Use Figure 1A-3 to determine number of traverse points, following the same
procedure used for particulate traverses as described in Section 2.2.1 of
Method 1. |
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3. Bibliography

1. Same as Method 1, Section 3, Citations 1 through 6.
2. Vollaro, Robert F. Recommended Procedure for Sampie Traverses in
Ducts Smaller Than 12 Inches in Diameter. U. S. Environmental Protection

Agency, Emission Measurement Branch, Research Triangle Park, NC. January 1977.
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- RECOMMENDED SAMPLING ARRANGEMENT
FOR SMALL DUCTS
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* {Sec. 114 of the Clean Air Act as amended (42

U.S.C. 7414))

Itis proposed that Appendix A of 40
CFR Part 60 be amended as follows:

2. Reference Method 1A is added to
Appendix A as follows:

Method 1A—Sample and Velocity Traverses *
for Stationary Sources mth Small Stacks or

1 Appltcabzlzty amd hmc:pla

The applicablhty and principle of this ’

.method are jdentical to Method 1, except its

applicability is limited'to stacks or ducts less
than about 0.30 meter (12 in.) in diameter, or
0.071 m*(113 in.") in cross-sectional area, but
equal to or greater than about 0.10 meter (4

 in.) in diameter, or 0.0081 m*(12.57 in.} in’

cross-sectional area. -
In these small diameter stacks or ducu the

" conventional pitot assembly (consisting of a -

Type S pitot tube attached to a sampling
probe, equipped with a nozzle and .
thermocouple) blocks a significant cross- .. _

“section of the duct and prevents e true .
_ traverse. Therefore, for particulate

inmlnmahmdnotl.thcguvdod!yh

site. The straight run of duct between the. -
sampling and velocity measurement sites - . .
allows the flow profile, tempararily disturbed

the presence of the sampling probe, to
lgdwdopandm pre

mauuecﬂomlhymandbuﬂonof
{raverie paints and the verification of
obmofcydonlcﬂmvmthamuh'
Method 1, Sections 23 and 2.4, respectively.
Dﬂmnmhwueﬂmdl.mptumud.

mgivonbolow

or Unsteady Flow. Seloct a particulate
measurement site located preferably at least
eight stack or duct diameters -

in the
stack, or from & visible flame. Next, locats
the velocity measurement site eight
equivalent diameters downstream of the °
particulate measurement gite. See Figure 1A~
1. If such locations are not available, select

. an alternative particulate measurement

location at least two equivalent stack or duct
diameters downstream and two and one-half
diameters upsiream from any flow .
disturbance. Then. locate the velocity
measurement site two equivalent diameters
downstream from the particplate - -
measurement site. (See Section 2.1 of Method
1 for calculating equivalent.diameters for a
rectangular cross-section.)
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40 CFR Part 60, Appendix A
Final, promulgated

METHOD 2A. DIRECT MEASUREMENT OF GAS VOLUME
THROUGH PIPES AND SMALL DUCTS

1. Applicability and Principle

1.1 Applicability. This method applies to the measurement of
gas flow rates in pipes and small ducts, either in-line or at
exhaust positions, within the temperature range of 0 to 50°C.

1.2 Principle. A gas volume meter 1s used to directly measure
gas volume. Temperatdre and pressure measurements are made to correct

the volume to standard conditions.
2. Apparatus

Specifications for the apparatus are given below. Any other
apparatus that has been demonstrated (subject to approval of the
Administrator) to be capable of meeting the specifications will be
considered acceptable.

2.1 Gas Volume Meter. A positive displacement meter, turbine
meter, or other direct volume measuring device capable of measuring
volume to within 2 percent. The meter shall be equipped with a
temperature gauge (+ 2 percent of the minimum absolute temperature)
and a pressure gauge (+ 2.5 mm Hg). The manufacturer's recommended
capacity of the meter shall be sufficient for the expected maximum
and minimum flow rates at the sampling conditions. Temperature,
pressure, corrosive characteristics, and pipe size are factors
necessary to consider in choosing a suitable gas meter.

2.2 Barometer. A mercury, aneroid, or other barometer capable

of measuring atmospheric pressure to within 2.2 mm Hg. In many cases,



the barometric reading may be obtained from a nearby national

weather service station, in which case the station value (which

is the absolute barometric pressure) shall be requested, and an
adjustment for elevation differences between the weather station

and the sampling point shall be applied at a rate of minus 2.5 mm Hg
per 30-meter elevation increase, or vice-versa for elevation decrease.

2.3 Stopwatch. Capable of measurement to within 1 second.

3. Procedure

3.1 Installation. As there are numerous types of pipes and
small ducts that may be subject to volume measurement, it would be
difficult to describe all possible installation schemes. In general,
flange fittings should be used for all connections wherever possible.
Gaskets or other seal materials should be used to assure leak-tight
connections. The volume meter should be located so as to avoid
severe vibrations and other factors that may affect the meter
calibration.

3.2 Leak Test. A volume meter installed at a location under
positive pressure may be leak-checked at the meter connections by
using a 1iquid leak detector solution containing a surfactant. Apply
a small amount of the solution to the connections. If a Jeak exists,
bubbles will form, and the leak must be corrected.

A volume meter installed at a location under negative pressure
is very difficult to test for leaks without blocking flow at the
inlet of the line and watching for meter movement. If this procedure

is not possible, visually check all connections and assure tight seals.
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2.3 Volume Measurement.

3.3.1 For sources with continuous, steady emissicn flow rates,
record the jnitial metar volume reading, meter temperature(s),/meter
pressure, and start tne stopwatch. Throughout the test period, record
the meter temperature(s) and pressure so that average values can be
determined. At the end of the test, stop the timer and record the
elapsed time, the final volume reading, metar temperature(s), and
pressure. Record the barometric pressure at the beginning and end of
the test run. Record the data on a tabie similar to Figure 2A-1.

3.3.2 For sources with noncontinuous, non-steady emission flow
rates, use the procedure in 3.3.1 with the addition of the following.
Record all the meter parémeters arnd the start and stcp times

corresponding to each process cyclical or noncontinuous event.

4. Calibration

4.1 Volume Meter. The volume meter is calibrated against a
standard reference metar prior t¢ i%ts initial use ia the field. The
reference meter is a spirometer or 1liquid displacement meter with a
capacity consistent with that of the test meter. Alternative
references may be used upon approval of the Administrator.

Set up the test meter in a configuration similar to that used in the
field installation (i.e., in relation to the flow moving device). Connect
the temperature and pressure gauges as they are to be used in the field.
Connect the reference meter at the inlet of the flow line, if appropriate
for the meter, and begin gas flow through the system to condition the

meters. During this conditioning operation,, check the system for leaks.
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Plant

Date Run MNumber

Sample Location

Barometric Pressure mm Hg Stért Finish
Operators
Meter Number - Meter Calibration Coefficient

Last Date Calibrated

Static
Time Volume pressure
Meter Temperature
Run/clock { reading mm Hg °C °K

Average

Figure 2A-1. Volume flow rate measurement data.
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The calioration shall be run over &t least three difTerent
flow rates. The calibration Tlow rates shall be about 0.3, 0.5,
and 0.9 times the meter's reted maximum Tiow rate.

For each calibration run, the data o te coliectad inc}ude:
reference meter initiai and final volume recdings, the test meter
initial and final volume reading, meter average temperature and
pressure, barometric pressure, and run time. Repeat the runs at
each flow rate at least three times.

Calculate the test meter calitration coefficient, Ym’ for each

run as follows:

g o Wee = V), + 273 P

= b
mo (v

- -~ Eq . ZA‘]
Vmi)(um + 273) (Pb + ng

mr

there:

-
n

Test volume meter calibration coefficient, dimensionless.

Reference meter volume reading, m3.

Test meter volume reading, m3.

< =
u W

t
1
L]

ReTerence meter average temparature, °C.

o+
3
"

Test meter average temperature, °C.

Barometric pressure, mm Hg.

o

Test meter average static pressure, mm Hg.

(Te]

~ o o
"

Final reading for run.
i = Initial reading for run.

Compara the threa Yr valucs at eaca oF the Tlow rates tested
t

and determine the maximum and minimum values. The difference between
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the maximum and minimum values at each flow rate should be no

greater than 0.030. Extra runs may be required to complete this
requirement. If this specification cannot be met in six

successive runs, the test meter is not suitable for use. In addition,
the meter coefficients should be between 0.95 and 1.05. If these
specifications are met at all the flow rates, average all the Ym
values for an average meter calibration coefficient, Yﬁ.

The procedure above shall be performed at least once for each volume
meter. Therefore, an abbreviated calibration check shall be completed
after each field test. The calibration of the volume meter shall be
checked by performing three calibration runs at a single, intermediate
flow rate (based on the preQious field test) with the meter pressure
set at the average value encountered in the field test. Calculate the
average value of the calibration factor. If the calibration has
changed by more than 5 percent, recalibrate the meter over the full
range of flow as described above. Note: If the volume meter calibration
coefficient values obtained before and after a test series differ by
more than 5 percent, the test series shall either be voided, or
calculations for the test series shall be performed using whichever
meter coefficient value (i.e., before or after) gives the greater value
of pollutant emission rate.

4,2 Temperature Gauge. After each test series, check the
temperature gauge at ambient temperature. Use an ASTM mercury-in-glass
reference thermometer, or equivalent, as a reference. If the gauge
being checked agrees within 2 percent (absolute temperature) of
the reference, the temperature data collected in the field sha]l'be

considered valid. OQOtherwise, the test data shall be ccnsidered
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jnvalid or adjustments of the test resuits shall be made, subject
to the approval of the Administrator.

4.3 Barometer. Calibrate the barometer used against a mercury
barometer prior to the field test.

5. Calculations

Carry out the calculations, retaining at least one extra decimal

figure beyond that of the acquired data. Round off figures after

the final calculation.
5.1 Nomenclature
Pb = Barometric pressure, mm Hg.

Pg = Average static pressure in volume meter, mm Hg.

Qs = Gas flow rate, m3/min, standard conditions.
Tm = Average absolute meter temperature, °K.

Vm = Meter volume reading, m3.

Yﬁ = Meter calibration coefficient, dimensionless.
f = Final reading for run.

i = Initial reading for run.

s = Standard conditions, 20° C and 760 mm Hg.

® = Elapsed run time, min.



5.2 Volume.

P +P
= - _b_._.__g. -
Vms 0.38583 Yﬁ (me Vmi) ( Tm ) Eq. 2A-2
5.3 Gas Flow Rate.
v
= S -
Qs 5 Eq. 2A-3

6. References

6.1 United States Environmental Protection Agency. Standards
of Performance for New Stationary Sources, Revisions to Methods 1-8.
Title 40, part 60. MWashington, D.C. Federal Register Vol. 42,
No. 160. August 18, 1977.

6.2 Rom, Jerome J. Maintenance, Calibration, and Operation
of Isokinetic Source Sampling Equipment. U.S. Environmental Protection
Agency. Research Triangle Park, N.C. Publication No. APTD-0576.
March 1972.

6.3 Nortman, Martin, R. Vollaro, and P.R, Westlin. Dry Gas
Volume Meter Calibrations. Source Evaluation Society Newsletter.
Vol. 2, No. 2, May 1977.

6.4 Westlin, P.R. and R.T. Shigehara. Procedure for Calibrating
and Using Dry Gas Volume Meters as Calibration Standards. Source

Evaluation Society Newsletter. Vol. 3, No. 1. February 1978.

2A-8



Federal Register / Vol. 48, No

. 161 / Thursday, August 18, 1983 / Rules and Regulations

Method 2A. Direct Measurement of Gas
Volums Through Pipes and Small Ducts

1. Applicability and Principle.

1.1 Applicability. This method applies to
the measurement of gas flow rates in pipes
and small ducts, either in-line or at exhaust
positions, within the temperature range of 0
to 50°C.

12 Principle. A gas volume meter is used
to measure gas volume directly. Temperature
and pressure measurements are made to
correct the volume to standard conditions.

2. Apparatus.

Specifications for the apparatus are given
below. Any cther apparatus that has been
demonstrated (subject to approval of the
Administrator) to be capable of meeting the
specifications will be considered acceptable.

21 Gas Volume Meter. A pasitive
displacement meter, turbine meter. or other
direct volume measuring device capable of
measuring volume to within 2 percent. The
meter shall be equipped with a temperature
gauge {+ percent of the minimum absolute
temperature) and a pressure gauge (+2.5 mm
Hg). The manufacturer's recommended
capacity of the meter shall be sufficient for
the expected maximum and minimum flow
rates at the sampling conditions.
Temperature, pressure, corrosive
characteristics, and pipe size are factors
necessary to consider in choosing a suitable
gas meter.

2.2 Barometer. A mercury, aneroid, or
other barometer capable of measuring
atmospheric pressure to within 2.5 mm Hg. In
many cases, the barometric reading may be
obtained from a nearby national weather
service station, in which case the station
value (which is the absolute barometric
pressure) shall be requested, and an
adjustment for elevation diffe.ences between
the weather station and the sampling point
shall be applied at a rate of minus 2.5 mm Hg
per 30-meter elevation increase, or vice-versa
for elevation decrease.

23 Stopwatch. Capable of measurement
to within 1 second.

3. Procedure.

3.1 Installation. As there are numerous
types of pipes and small ducts that may be
subject to volume measurement, it would be
difficult to describe all possible installation
schemes. In general, flange fittings should be
used for all connections wherever possible.
Gaskets or other seal materials should be
used to assure leak-tight connections. The
volume meter should be located sc as to
avoid severe vibrations and other factors that
may affect the meter calibration.

3.2 Leak Test. A volume meter installed
at a location under positive pressure may be
leak-checked at the meter connections by
using a liquid leak detector solution
containing a surfactant. Apply a small
amount of the solution to the connections. If a
leak exists, bubbles will form, and the leak
must be corrected.

A volume meter installed at a location
under negative pressure is very difficuit to
test for ieaks without blocking flow at the
inlet of the line and watching for meter
movement. If this procedure is not possible.
visually check all connections and assure
tight seals.

3.3 Volume Measurement.

3.3.1 For sources with continuous. steady
emigsion flow rates, record the initial meter
volume reading, meter temperaturé(s), meter
pressure, and start the stopwatch.
Throughout the test period, record the meter
temperature(s) and pressure so that average
values can be determined. At the end of the
test, stop the timer and record the elapsed
time, the final volume reading, meter
temperature(s), and pressure. Record the
barometric pressure at the beginning and end
of the test run. Record the data on a table
similar to Figure 2A-1.

BILLING CODE $560-50-M

3.3.2 For sources with noncontinuous.
non-steady emission flow rates, use the
procedure in 3.3.1 with the addition of the
following: Record ail the meter parameters
and the start and stop times corresponding to
each process cyclical or noncontinuous event.

4. Calibratioa.

4.1 Volume Meter. The volume meter is
calibrated against a standard reference meter
prior to its initial use in the field. The
reference meter is a spirometer or liquid
displacement meter with a capacity
consistent with that of the test meter.

Alternately, a calibrated, standard pitot
may be used as the reference meter in
conjunction with a wind-tunnel assembly.
Attach the test meter to the wind tunnel so
that the total flow passes through the test
meter. For each calibration run, conduct a 4-
point traverse along one stack diameter at a
position at least eight diameters of straight
tunnel downstream and two diameters
upstream of any bend. inlet, or air mover.
Determine the traverse point locations as
specified in Method 1. Calculate the reference
volume using the velocity values foilowing
the procedure in Method 2, the wind tunnel
cross-sectional area, and the run time.

Set up the test meter in a configuration
similar to that used in the field installation
(i.s.. in relation to the flow moving device).
Connect the temperature and pressure gauges
as they are to be used in the field. Conncet
the reference meter at the inlet of the flow
line, if appropriate for the meter, and begin
gas flow through the system to condition the
meters. During this conditioning operation,
check the system for leaks.

The calibration shall be run over at least
three different flow rates. The calibration
flow rates shall be about 0.3, 0.8, and 0.9
times the test meter's rated maximum flow
rate.

For each calibration run, the data to be
collected include: reference meter initial and
final volume readings. the test meter initial
and final volume reading, meter average
temperature and pressure, barometric
pressure, and run time. Repeat the runs at
each flow rate at least three times.

2A-9

Calculate the test meter calibration
coefficient, Ya.' for each run as follows:

(Va—Va) (t,+273) P,
(Py+Py)

(Var— Val(ta +273)

Eq. 2A-1
Y, =Test volume meter calibration
coefficient, dimensionless.

V,=Reference meter volume reading, m*.

V. =Test meter volume reading, m*

t,=Reference meter average temperature,
°C.

1. =Test meter average temperature. °C.

P, =Barometric pressure, mm Hg.

P,=Test meter average static pressure, mm

f =Fin§] reading for run.
i =Initial reading for run.

Compare the three Y., values at each
of the flow rates tested and determine
the maximum and minimum values. The
difference between the maximun and
minimum values at each flow rate
should be no greater than 0.030. Extra
runs may be required to complete this
requirement. If this specification cannot
be met in six successive runs, the test
meter it not suitable for use. In addition,
the metercoefficients should be
between 0.95 and 1.05. If these
specifications are met at all the flow
rates, average all the Y, values from
runs meeting the specifications to obtain

an average meter calibration coefficient,
Yo
The procedure above shall be
performed at least once for each volume
meter, Thereafter, an abbreviated
calibration check shall be completed
following each field test. The calibration
of the volume meter shall be checked by
performing three calibration runs at a
single, intermediate flow rate {(based on
the previous field test) with the meter
pressure set at the average value
encountered in the field test. Calculate
the average value of the calibration
factor. If the calibration has changed by
more than 5 percent, recalibrate the
meter over the full range of flow as
described above.

Note.—If the volume meter calibration
coefficient values obtained before and after a
test series differ by more than 5 percent, the
test series shall either be voided., or
calculations for the test series shall be
performed using whichever meter coefficient
value (i.e.. before or after) gives the greater
value of pollutant emission rate.
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4.2 Temperature Gauge. After each
test series, check the temperature gauge
at ambient temperature. Use an
American Society for Testing and
Materials (ASTM) mercury-in-glass
reference thermometer, or equivalent, as
a reference. If the gauge being checked
agrees within 2 percent (absolute
temperature) of the reference, the
temperature data collected in the field
shall be considered valid. Otherwise,
the test data shall be considered invalid
or adjustments of the test results shall
be made, subject to the approval of the
Administrator. )

4.3 Barometer. Calibrate the barometer
used against a mercury barometer prior to the
field test.

8. Caiculations.

Carry out the calculations, retaining at
least one extra decimal figure beyond that of
the acquired data. Round off figures after the
final calculation.

5.1 Nomenclature

P, =Barometric pressure, mm Hg.

P,= Average static pressure in volume meter,
mm Hg.

Q.=Gas flow rate, m*/min, standard
conditions.

Tq:=Average absolute meter temperature, K.

Va=Meter volume reading, m*.

Ya=Average meter calibration coefficient,
dimensionless.

f=Final reading for test periad.

i=[nitial reading for test period.

s=Standard conditions, 20° C and 760 mm

-~

Hg.
©=Elapsed test period time, min.
52 Volume.
Py + Py}

Ve = 03853 Y (Var V)

Eq. 2A-2
5.3 Gas Flow Rate.

Q =

Eq. 2A-3
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40 CFR Part 60, Appendix A
Final, promulgated

METHOD 2B - DETERMINATION OF EXHAUST GAS VOLUME
FLOW RATE FROM GASOLINE VAPOR INCINERATORS

Applicability and Principle

1.1 Applicability. This method applies to the measurement of
exhaust volume flow rate from incinerators that process gasoline
vapors consisting primarily of alkanes, alkenes, and/or arenes (aromatic
hydrocarbons), It is assumed that the amount of auxiliary fuel is
negligible.

1.2 Principle. The incinerator exhaust flow rate is determined
by carbon balance. Organic carbon concentration and volume flow rate
are measured at the incinerator inlet. Organic carbon, carbon dioxide
(COZ), and carbon monoxide (CO) concentrations are measured at the
outlet. Then the ratio of total carbon at the incinerator inlet and
outTet is multiplied by the inlet volume to determine the exhaust
volume and volume flow rate.

2. Apparatus

2.1 Volume Heter. Equipment described in Method 2A.

2.2 Organic Arelyzers (2). Equipment described in Method 25A or
25B.

2.3 CO Analyzer. Equipment described in 'iethod 10.

. 2.4 CO2 Analyzer. A nondispersive infrared {NDIR) C02 analyzer
and supporting equiznent with comparable specﬁficétions as CO analyzer

described in Methocd :C.
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3. Procedure

3.1 Inlet Installation. Install a volume meter in the vapor line
to incinerator inlet according to the procedure in Method 2A. At the
volume meter inlet, install a sample probe aS described in Method 25A.
Alternatively, a single opening probe may be used so that a gas sample
is collected from the centrally located 10 percent area of the vapor line
cross-section. Connect to the probe a leak-tight, heated (if necessary
to prevent condensation) sample 1ine (stainless steel or equivalent) and
an organic analyzer system as described in Method 25A or 25B.

3.2 Exhaust Installation. Three sample analyzers are required
for the incinerator exhaust - COZ’ CO0, and organic. A sample manifold
with a single sample probe may be used. Install a sample probe as
described Method 25A dr, alternatively, a single opening probe positioned
so that a gas sample is collected from the centrally located 10 percent
area of the stack cross-section. Connth a leak-tight heated sample
line to the sample probe. Heat the sample line sufficiently to prevent
any condensation.

3.3 Recording Requirements. The output of each analyzer must be
permanently recorded on an analog strip chart, digital recorder, or
other recording device. The chart speed or number of readings per time
unit must be similar for all analyzers so that data can be correlated.
The minimum data recording requirement for each analyzer is one
measurement value per minute during the incinerator test period.

3.4 Preparation. Prepare and calibrate all equipment and
analyzers according to the procedures in the respective methods. A1l
calibration gases must be introduced at the connection between the

probe and the sample line. If a manifold system is used for the
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exhaust analyzers, all the analyzers and sample pumps must be
operating when the calibrations are done. HNote: For the purposes
of this test, methane should not be used as an organic calibration gas.

3.5 Sampling. At the beginning of the test period, record the
initial pgrameters for the inlet volume meter according to the
procedures in Method 2A and mark all of the recorder strip charts
to indicate the start of the test. Continue recording inlet organic
and exhaust COZ’ C0, and organic concentrations throughout the test.
During periods of process interruption and halting of
gas flow, stop the timer and mark the recorder strip charts so that
data from this interruption are not inc]udéd in'the ca]culatfons. At
the end of the test perio@, record the final parameters for the inlet
volume meter and mark'the end on all of the recorder strip charts.

3.6 Post Test Calibrations. At the conclusion of the sampling
period, introduce the calibration gases as specified in the respective
reference methods. If analyzer output Jdes not meet the specifications
of the method, invalidate the test data for that period. Alternatively,
calculate the volume results using initial calibration data and using
final calibration data and report both resulting volumes. Then, for
emissions calculations, use the volume measurement resulting in the
greatest emission rate or concentration.

4. Calculations

Carry out the calculations, retaining at least one extra decimal
figure beyond that of the acquired data. Round off figures after the

final calculation.
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4.1 Nomenclature

co,

HCe

300

- Mean carbon monoxide concentration in system

exhaust, ppmv.

- Mean carbon dioxide concentration in system exhaust,

ppmv.

- Mean organic concentration in system exhaust as

defined by the calibration gas, ppmv.

Mean organic concentration in system inlet as

defined by the calibration gas, ppm;.

Calibration gas factor = 2 for ethane calibration gas.
= 3 for propane calibration gas.
= 4 for butane calibration gas.

Exhaust gas volume, m3.

Inlet gas volume, m3.
Exhaust gas volume flow rate, m3/min.

Inlet gas volume flow rate, m3/min.

.Sample run time, min.

Standard Conditions: 20°C, 760 mm Hg.

Estimated concentration of ambient 002, ppmv.

(CO2 concentration in the ambient air may be measured
during the test period using an NDIR and the mean

value substituted into the equation.)

4,2 Concentrations. Determine mean concentrations of inlet

organics, outlet COZ’ C0, and outlet organics according to the procedures

in the respective methods and the analyzers' calibration curves, and

for the time intervals specified in the applicable regulations.
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Concentrations should be determined on a parts per million by volume
(ppmv) basis.
4.3 Exhaust Gas Volume. Calculate the exhaust gas volume as

follows:

y K(HCi)
v = V. Eq. 2B-1
es is K(HCe) + CO2e + COe - 300

4.4 Exhaust Gas Volume Flow Rate. Calculate the exhaust

gas volume flow rate as follows:
Qs = !§§, Eq. 2B-2

5. References

5.1 Measurement of Volatile Organic Compounds. U.S. Environmental
Protection Agency. Office of Air Quality Planning and Standards.
Research Triangle Park, N.C. 27711. Publication No. EPA-450/2-78-041.
October 1978. p. 55.

5.2 Method 10 - Determination of Carbon Monoxide
Emissions from Stationary Sources. U.S. Environmental Protection
Agency. Code of Federal Regulations. Title 40, Chapter 1, part 60,
Appendix A. Washington, D.C. Office of the Federal Register.

March 8, 1974.
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5.3 Method 2A - Determination of Gas Flow Rate
in Pipes and Small Ducts. Tentative Method. U.S. Environmental
Protection Agency. Office of Air Quality Planning and Standards.
Research Triangle Park, M.C. 27711. March 1980.

5.4 Method 25A - Determination of Total Gaseous
Organic Compounds Using a Flame Ionization Analyzer. Tentative
Method. U.S. Environmental Protection Agency. Office of Air
Quality Planning and Standards. Research Triangle Park, N.C. 27711.
March 1980.

5.5 Method 25B - Determination of Total Gaseous
Organic Compounds Using a Nondispersive Infrared Analyzer.
Tentative Method. U.S. Environmental Protection Agency. Office of
Air Quality Planning and Standards. Research Triangle Park, N.C. 27711.
March 1980.
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Method 2B—Determination of Exhaust Gas
Yolume Flow Rate From Gasoline Vapor
incinerators

Applicability and Principle

1.1 Applicability. This method applies to
the measurement of exhaust volume flow rate
from incinerators that process gasoline
vapors consisting primarily of alkanes,
alkenes, and/or arenes (aromatic
hydrocarbons). It is assumed that the amount
of auxiliary fuel is negligible.

1.2 Principle. The incinerator exhaust
flow rate is determined by carbon baiance.
Orgenic carbon concentration and volume
flow rate are measured at the incinerator
inlet. Organic carbon, cerbon dioxide (COs),
and carbon monoxide (CO) concentrations
are measured at the outlet. Then the ratio of
total carbon at the incinerator inlet and outlet
is multiplied by the inlet volume to determine
the exhaust volume and volume flow rate.

2. Apparatus.

2.1 Volume Meter. Equipment described
in Method 2A.

22 Organic Analyzer (2). Equipment
described in Method 25A or 25B. .

23 CO Analyzer. Equipment described in
Method 10.

24 CO: Analyzer. A nondispersive
infrared (NDIR) CO, analyzer and supporting
equipment with comparable specifications as
CO anaiyzer described in Method 10.

3. Procedure.

3.1 Inlet Instaliation. Install a volume
meter in the vapor line to incinerator inlet
acoording to the procedure in Method 2A. At
the volume meter inlet, install a sample probe
as described in Method 25A. Connect to the
probe a leak-tight, heated (if necessary to
prevent condensation) sample line (Stainless
stoel or equivalent) and an organic analyzer
system as described in Method 25A or 25B.

3.2 Exhaust Instaliation. Three sample
analyzers are required for the incinerator
exhaust: COy, CO, and organic analyzers. A
sample manifold with a single sampie probe
may be used. Install a sample probe as
described Method 25A. Connect a leak-tight
heated sample line to the sample probe. Heat
the samplie line sufficiently to prevent any
condensation.

3.3 Recording Requirements. The output
of each analyzer must be permanently
recorded on an analog strip chart, digital
recorder, or other recording device. The chart
speed or number of readings per time unit

must be similar for all analyzers so that data
can be correlated. The minimum data
recording requirement for each analyzer is
one measurement value per minute.

3.4 Preparation. Prepare and calibrate all
equipment and analyzers according to the
procedures in the respective methods. For the
CO; analyzer, follow the procedures
described in Method 10 for CO analysis
substituting CO; calibration gas where the
method calls for CO calibration gas. The span
value for the CO; analyzer shall be 15 percent
by volume. All calibration gases must be
introduced at the connection between the
probe and the sample line. If a manifold
system is used for the exhaust analyzers, all
the analyzers and sample pumps must be
operating when the calibrations are done.
Note: For the purposes of this test. methane
should not be used as an organic calibration
gas.

3.5 Sampling. At the beginning of the test
period. record the initial parameters for the
inlet volume meter according to the
procedures in Method 2A and mark all of the
recorder strip charts to indicate the start of
the test. Continue recording inlet organic and
exhaust COy, CO, and organic concentrations
throughout the test. During periods of process
interruption and halting of gas flow, stop the
timer and mark the recorder strip charts so
that data from this interruption are not
included in the calculations. At the end of the
test period. record the final parameters for
the inlet volume meter and mark the end on
all of the recorder strip charts.

3.6 Post Test Calibrations. At the
conclusion of the sampling period. introduce
the calibration gases as specified in the
respective reference methods. If an analyzer
output does not meet the specifications of the
method, invalidate the test data for the
period. Alternatively, calculate the volume

results using initial calibration data and using

final calibration data and report both
resulting volumes. Then, for emissions
calculations. use the volume measurement
resulting in the greatest emission rate or
concentration.

4. Calculations. .

Carry out the calculations. retaining at
least one extra decimal figure beyond that of
the acquired data. Round off figures after the
final calculation.

4.1 Nomenclature

CO,=Mean carbon monoxide concentration
in system exhaust, ppmv. -

CO,.=Mean carbon dioxide concentration in
system exhaust. ppmv.

HC,=Mean organic concentration in system
exhaust as defined by the calibration
gas, ppmv.

HC, = Mean organic concentration in system
inlet as defined by the calibration gas.
ppmv.

K =Calibration gas factor=2 for ethane
calibration gas.

=3 for propane calibration gas.

=4 for butane calibration gas.

= Appropriate response factor for other
calibration gas.

V. =Exhaust gas volume, M.

V,=Inlet gas volume, M.

Qu..=Exhaust gas volume flow rate, m?*/ min.

Qu=Inlet gas volume flow rate. m* min.

e=Sample run time, min.

s=Standard Conditions: 20°C, 760 mm Hg.

300 =Estimated concentration of ambient
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CO:. ppmv. {CO: concentration in the
ambient air may be measured during the
test period using an NDIR and the mean
value substituted into the equation.)

4.2 Concentrations. Determine mean
concentration of inlet organics, outlet COs,
outlet CO, and outlet organics according to
the procedures in the respective methods and
the analyzers' calibration curves, and for the
time intervals specified in the applicable
regulations. Concentrations should be
determined on a parts per million by volume
{ppmv) basis.

4.3 Exhaust Gas Volume. Calculate the
exhaust gas volume as follows: -

K(HG)
K(HC,) + CO, ~>*°

Va = V,

Eq. 2B-1
|

4.4 Exhoust Gas Volume Flow Rate.
Calculate the exhaust gas volume flow rate
as follows:

V-
L
Q- e
Eq. 2B-2

§. Bibliography.

51 Measurement of Volatile Organic
Coinpounds. U.S. Environmental Protection
Agency. Office of Air Quality Planning and
Standards. Research Triangle Park, N.C.
27711. Publication No. EPA—450/2-76-041.
October 1878. p. 55. -
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METHOD 2C - DETERMINATION OF STACK GAS VELOCITY AND VOLUMETRIC FLOW RATE
FROM SMALL STACKS OR DUCTS (STANDARD PITOT TUBE)
1. Appjicabiiity;and Principle

1.1 Applicability. The applicability of this method is identical to
Method 2, except it is limited to stationary source stacks or ducts. less than

2 2)

about 0.30 meter (12 in.) in diameter, or 0.071 m in cross-sectional

(113 in.
area, but equal to or greater than about 0.10 meter (4 in.) in diameter, or
0.0081 m? (12.57 in.z) in cross-sectional area.

The apparatus, procedure, calibration, calculations, and bibliography are
the same as in Method 2, Sections 2, 3, 4, 5, and 6, except as noted in the
following sections.

1.2 Principle. The average gas velocity in a stack or duct is determined
from the gas density and from measurement of velocity heads with a standard

pitot tube.

2. Apparatus

2.1 Standard Pitot Tube (instead of Type S). A standard pitot tube
which meets the specifications of Section 2.7 of Method 2. Use a coefficient
of 0.99 unless it is calibrated against another standard pitot tube with ;n
NBS-traceable coefficient.

2.2 Alternative Pitot Tube. A modified hemispherical-nosed pitot tube
(See Figure 2C-1), which features a shortened stem and enlarged impact and
static pressure holes. Use a coefficient of 0.99 unless it is calibrated as
mentioned in Section 2.1 above. This pitot tube is useful in particulate
1iquid droplet laden gas streams when a "back purge" is ineffective.

3. Procedure

Follow the general procedures in Section 3 of Method 2, except conduct
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FIGURE 2C-1.
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the measurements at the traverse points specified in Method 1A. The-static
and impact pressure holes of standard pitot tubes are susceptible to plugging
in particulate-laden gas streams. Therefore, the tester must furnish adequate
proof that the openings of the pitot tube have not plugged during the traverse
period; this can be done by taking the velocity head (Ap) reading at the

final traversé point, cleaning out the impact and static holes of the standard
pitot tube by "back-purging” with pressurized air, and then taking another

ap reading. If the Ap readings made before and after the air purge.are

the same (f 5 percent) the traverse is acceptable. Otherwise, rgject the

run. Note that if the Ap at the final traverse point is unsuitably low,
another point may be selected. If “"back-purging" at regular intervals is
part of the procedure, then take comparative Ap readings, as above, for the

last two back purges at which suitably high Ap readings are observed.
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Figuré 2C-1. Modified hemispherical-nosed pitot tube.

8. Procedure

Follow the general procedures in Section 3
of Method 2, except conduct the
measurements st thetraverse points specified
in Method 1A. The static and impact pressurs
holes of standard pitot tubes are susceptible
to plugging in particulate-laden gas streams.
Therefore, the tester must adequate
proof that the openings of the pitot tube have
not plugged during ths traverse period: this
can be done by the velocity head (Ap)
heading at the final traverse point, cleaning
out the impact and static holes of the
- standard pitot tube by “back-purging” with

air, and then taking another Ap
reading. If the A readings made before and
after the air purge are the same (x5 percent)
the traverse is acceptable. Otherwise, reject
the run. Note that if the AP at the final
traverse point is unsuitably low. another
point may be selected. If “back purging” at
regular intervals is part of the procedure, then
take comparative Ap readings, as above, for
the last two back purges at which suitably
high Ap resdings are observed.

I
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METHOD 18. MEASUREMENT OF GASEOUS ORGANIC
COMPOUND EMISSIONS BY GAS CHROMATOGRAPHY

INTRODUCTION

[This method should not be attempted by persons unfamiliar with the
performance characteristics of gas chromatography, nor by those persons
who are unfamiliar with source sampling. Particular care should be
exercised in the area of safety concerning choice of equipment and
operation in potentially explosive atmospheres.]

1. Applicability and Principle

1.1 Applicability. This method applies to approximately 90 percent
of the total gaseous organics emitted from an industrial source. It
does not include techniques to identify and measure trace amounts of
organic compounds, such as those found in building air and fugitive
emission sources.

This method will not determine compounds that (1) are polymeric
(high molecular weight), (2) can polymerize before analysis, or (3) have
very low vapor pressures at stack or instrument conditions.

1.2 Principle. This method is based on separating the4lajor
components of a gas mixture with a gas chromatograph (GC) and measuring
the separated components with a suitable detector.

The retention times of each separated component are compared with
those of known compounds under identical conditions. Therefore, the
analyst confirms the identity and approximate concentrations of the
organic emission components beforehand. With this information, the
analyst then prepares or purchases commercially available standard
mixtures to calibrate the GC under conditions identical to those of the
samples. The analyst also determines the need for sample dilution to
avoid detector saturation, gas stream filtration to eliminate particulate

matter, and prevention of moisture condensation.
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2. Range and Sensitivity

2.1 Range. The range of this method is from about 1 part per
million (ppm) to the upper limit governed by GC detector saturation or
column overloading. The upper limit can be extended by diluting the
stack gases with an inert gas or by using smaller gas sampling loops.

2.2 Sensitivity. The sensitivity limit for a compound is defined
as the minimum detectabie concentration of that compound, or the
concentration that produces a signal-to-noise ratio of three to one.
The minimum detectable concentration is determined during the presurvey
calibration for each compound.

3. Precision and Accurac§

Gas chromatography techniques typically provide a precision of 5 to
10 percent relative standard deviation (RSD), but an experienced GC
operator with a reliable instrument can readily achieve 5 percent RSD.
For this method, the following combined GC/operator values are required.

(a) Precision. Duplicate analyses are within 5 percent of their
mean value.

(b) Accuracy. Analysis results of prepared audit samples are
within 10 percent of preparation values.

4. Interferences

Resolution interferences that may occur can be eliminated by
appropriate GC column and detector choice or by shifting the retention
times through changes in the column flow rate and the use of temperature
programming.

The analytical system is demonstrated to be essentially free from
contaminants by periodically analyzing blanks that consist of hydrocarbon-

free air or nitrogen.
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Sample cross-contamination that occurs when high-level and low-level
samples or standards are analyzed alternately, is best dealt with by
thorough purging of the GC sample loop between samples.

To assure consistent detector response, calibration gases are
contained in dry air. To eliminate errors in concentration calculations
due to the volume of water vapor in the samples, moisture concentrations
are determined for each sample, and a correction factor is applied to
any sample with greater than 2 percent water vapor.

5. Presurvey and Presurvey Sampling

A presurvey shall be performed on each source to be tested. The
purpose of the presurvey %s to obtain all information necessary to
design the emission test. The most important presurvey data are the
average stack teupe;ature and temperature range, Spproxinate particulate
concentration, static pressure, water vapor content, and identity and
expected concentration of each organic compound to be analyzed. Some of
this information can be obtained from literature surveys, direct knowledge,
or plant personnel. However, presurvey samples of the gas shall be
obtained for analysis to confirm the identity and approximate concentrations
of the specific compounds prior to the final testing.

5.1 Apparatus.

5.1.1 Teflon Tubing. (Mention of trade names or specific products
does not constitute endorsement by the U.S. Environmental Protection
Agency.) Diameter and length determined by connection requirements of
cylinder regulators and the GC. Additional tubing is necessary to

connect the GC sample loop to the sample.
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5.1.2 Gas Chromatograph. GC with suitable detector, columns,
temperature-controlled sample loop and valve assembly, and temperature
programable oven, if necessary. The GC shall achieve sensitivity
requirements for the compounds under study.

5.1.3 Pump. Capable of pumping 100 m1/min. For flushing sample
loop.

5.1.4 Flow Meter. To accurately monitor sample loop flow rate of
100 =1/min.

5.1.5 Regulators. Used on gas cylinders for GC and for cylinder
standards.

5.1.6 Recorder. Recorder with linear strip chart is minimum
acceptable. Integrator (optional) is recommended.

5.1.7 Syringes. 1.0- and 10-microliter size, calibrated, maximum
accuracy (gas tight) for preparing standards and for injecting head
space vapor from liquid standards in retention time studies.

5.1.8 Tubing Fittings. To plumb GC and gas cylinders.

5.1.9 Septums. For syringe injections.

5.1.10 Glass Jars. If necessary, clean, amber-colored glass jars
with Teflon-lined 1ids for condensate sample collection. Size depends
on volume of condensate.

5.1.11 Soap Film Flowmeter. To determine flow rates.

5.1.12 Tedlar Baﬁs. 10- and 50-1iter capacity, for preparation of
standards.

5.1.13 Dry Gas Meter with Temperature and Pressure Gauges. Accurate
to +2 percent, for preparation of gas standards.

5.1.14 Midget Impinger/Hot Plate Assembly. For preparation of gas
standards.
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5.1.15 Sample Flasks. For presurvey samples, must have gas-tight
seals.

5.1.16 Adsorption Tubes. If necessary, blank tubes filled with
necessary adsorbent (charcoal, Tenax, XAD-2, etc.) for presurvey samples.

5.1.17 Personnel Sampling Pump. Calibrated, for collecting adsorbent
tube presurvey samples.

5.1.18 Dilution System. Calibrated, the dilution system is to be
constructed following the specifications of an acceptable method.

5.2 Reagents.

5.2.1 Deionized Distilled Water.

5.2.2 Chloroform.

5.2.3 Calibration Gases. A series of standards prepared for every
compound of interest.

5.2.4 Calibration Solutions. Samples of all the compounds of
- interest in a 1iquid form, for retention time studies.

5.2.5 Extraction Solvents. For extraction of adsorbent tube
samples in preparation for analysis.

5.2.6 Fuel. As recommended by the manufacturer for operation of
the GC.

5.2.7 Carrier Gas. Hydrocarbon free, as recommended by the
manufacturer for Operapion of the detector and compatability with the
column.

5.2.8 Zero Gas. Hydrocarbon free air or nitrogen, to be used for
dilutions, blank preparation, and standard preparation.

5.3 Sampling.

5.3.1 Collection of Samples with Glass Sampling Flasks. Presurvey

samples can be collected in precleaned 250-m1 double-ended glass sampling
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flasks. Teflon stopcocks, without grease, are preferred. Flasks should
be cleaned as follows: Remove the stopcocks from both ends of the
flasks, and wipe the parts to remove any grease. Clean the stopcocks,
barrels, and receivers with chloroform. Clean all glass ports with a
soap solution, then rinse with tap and deionized distilled water. Place
the flask in a cool glass annealing furnace and apply heat up to 550°C.
Maintain at this temperature for 1 hour. After this time period, shut
off and open the furnace to allow the flask to cool. Grease the stopcocks
with stopcock grease and return them to the flask receivers. Purge the
assembly with high=-purity nitrogen for 2 to 5 minutes. Close off the
stopcocks after purging tb maintain a slight positive nitrogen pressure.
Secure the stopcocks with tape.

Presurvey salpies can be obtained §ither by drawing the gases into
the previously evacuated flask or by drawing the gases into and purging
the flask with a rubber suction bulb.

5.3.1.1 Evacuated Flask Procedure. Use a high-vacuum pump to
evacuate the flask to the capacity of the pump; then close off the
stopcock leading to the pump. Attach a 6-mm outside diameter (0OD) glass
tee to the flask inlet with a short piece of Teflon tubing. Select a
6-mm 0D borosilicate sampling probe, enlarged at one end to a 12-mm 0D
and of sufficient length to reach the centroid of the duct to be sampled.
Insert a glass wool plug in the enlarged end of the probe to remove
particulate matter. Attach the other end of the probe to the tee with a
short piece of Teflon tubing. Connect a rubber suction bulb to the
third leg of the tee. Place the filter end of the probe at the centroid
of the duct, and purge the probe with the rubber suction bulb. After

the probe is completely purged and filled with duct gases, open the
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stopcock to the grab flask until the pressure in the flask reaches duct
pressure. Close off the stopcock, and remove the probe from the duct.
Remove the tee from the flask and tape the stopcocks to prevent leaks
during shipment. Measure and record the duct temperature and pressure.
5.3.1.2 Purged Flask Procedure. Attach one end of the sampling
flask to a rubber suction bulb. Attach the other end to a 6-mm OD glass
probe as described in Section 5.3.1.1. Place the filter end of the
probe at the centroid of the duct, and apply suction with the bulb to
compietely purge the probe and flask. After the flask has been purged,
close off the stopcock near the suction bulb, and then close the stopcock
near the probe. Remove the probe from the duct, and disconnect both the
probe and suction bulb. Tape the stopcocks io'prevent leakage during
shipment. Measure and record the duct tenperaturé and pressure.

5.3.2 Flexible Bag Procedure. Tedlar or aluminized Mylar bags can
also be used to obtain the presurvey sample. Use new bags, and leak
check them before field use. In addition, check the bag before use for
contamination by filling it with nitrogen or air, and analyzing the gas
by GC at high sensitivity. Experience indicates that it is desirable to
allow the inert gas to remain in the bag about 24 hours or longer to
check for desorption of organics from the bag. Follow the leak check
and sample collection procedures given in Section 7.1.

5.3.3 Determination of Moisture Content. For combustion or water-
controlled processes, obtain the moisture content from plant personnel
or by measurement during the presurvey. If the source is below 50°C,
measure the wet bulb and dry bulb temperatures, and calculate the moisture
content using a psychrometric chart. At higher temperatures, use Method 4

to determine the moisture content.

18-7



5.4 Determination of Static Pressure. Obtain the static pressure
from the plant personnel or measurement. If a type S pitot tube and an
inclined manometer are used, take care to align the pitot tube 90° from
the direction of the flow. Discbnnect one of the tubes to the manometer,
and read the static pressure; note whether the reading is positive or
negative.

5.5 Collection of Presurvey Samples with Adsorption Tube. Follow
Section 7.4 for presurvey sampling.

6. Analysis Development

Presurvey samples shall be used to develop and confirm the best
sampling and analysis schiln.

6.1 Selection of GC Parameters.

6.1.1 Column Cﬁoic.. Based on the initial cbntact with plant
personne] concerning the plant process and the anticipated emissions,
choose a column that provides good resclution and rapid analysis time.
The choice of an appropriate column can be aided by a 1iterature search,
contact with manufacturers of GC columns, and discussion with personnel
at the emission source.

Most column manufacturers keep excellent records on their products.
Their technical service departments may be able to recommend appropriate
columns and detector type for separating the anticipated compounds, and
they may be able t6 provide information on interferences, optimum operating
conditions, and column 1imitations.

Plants with analytical laboratories may be able to provide information
on their analytical procedures, including extractions, detector type,

column types, compounds emitted, and approximate concentrations.
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6.1.2 Preliminary GC Adjustment. Using the standards and column
obtained in Section 6.1.1, perform initial tests to determine appropriate
GC conditions that provide good resolution and minimum analysis time for
the compounds of interest.

6.1.3 Preparation of Presurvey Samples. If the samples were
collected on an adsorbent, extract the sample as recommended by the
manufacturer for removal of the compounds with a solvent suitable to the
type of GC analysis. Prepare other samples in an appropriate manner.

6.1.4 Presurvey Sample Analysis. Before analysis, heat the presurvey
sample to the duct temperature to vaporize any condensed material.
Analyze the samples by thé GC procedure, and compare the retention times
against those of the calibration samples that contain the components
expected to be in tﬁe stream. If any compounds cénnot be.identified
with certainty by this procedure, identify them by other means such as
GC/mass spectroscopy (GC/MS) or GC/infrared techniques. A GC/MS system
is recommended.

Use the GC conditions determined by the procedure of Section 6.1.2
for the first injection. Vary the GC parameters during subsequent
injections to determine the optimum settings. Once the optimum settings
have been determined, perform repeat injections of the sample to determine
the retention time of gach compound. To inject a sample, draw sample
through the loop at a constant rate (100 m1/min for 30 seconds). Be
careful not to pressurize the gas in the loop. Activate the sample
valve, and record injection time, loop temperature, column temperature,
carrier flow rate, chart speed, and attenuator setting. Calculate the
retention time of each peak using the distance from injection to the
peak maximum divided by the chart speed. Retention times should be

repeatable within 0.5 seconds.
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If the concentrations are too high for appropriate detector response,
a smaller sample loop or dilutions may be used for gas samples, and, for
1iquid samples, dilution with solvent is appropriate. Use the standard
curves (Section 6.3) to obtainAan estimate of the concentrations.

Identify all peaks by comparing the known retention times of compounds
expected to be in the sample to the retention times of peaks in the
sample. Identify any remaining unidentified peaks which have areas
larger than 5 percent of the total using a GC/MS, or estimation of
possible compounds by their retention times compared to known compounds,
with confirmation by further GC analysis.

6.2 Calibration Staﬁdards. If the presurvey samples are collected
in an adsorbent tube (charcoal, XAD-2, Tenax, etc.), prepare the standards
in the same solvent used for the extraction procedure for the adsorbent.
Prepare several standards for each compound throughout the range of the
sample. |

6.2.1 Cylinder Calibration Gases. If available, use NBS reference
gases or commercial gas mixtures certified through direct analysis for
the calibration curves.

6.2.1.1 Optiohal Cylinder Approach. As an alternative procedure,
maintain high and low calibration standards. Use the high concentration
(50 to 100 ppm) standard to prepare a three-point calibration curve with
an appropriate dilution technique. Then use the low-concentration
standard to verify the dilution technique. Use this same approach also
to verify the dilution techniques for high-concentration source gases.

To prepare the diluted calibration samples, use calibrated rotameters
to meter both the high concentration calibration gas and the diluent

gas. Adjust the flow rates through the rotameters with micrometer
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valves to obtain the desired dilutions. A positive displacement pump or
other metering techniques may be used in place of the rotameter to
provide a fixed flow of high concentration gas.

To calibrate the rotameters, connect each rotameter between the
diluent gas supply and a suitably sized bubble meter, spirometer, or wet
test meter. While it is desirable to calibrate the calibration gas
flowmmeter with calibration gas, generally the available amount of this
gas will preclude it. The error introduced by using the diluent gas is
insignificant for gas mixtures of up to 1,000 to 2,000 ppm of each

organic component. Record the temperature and atmospheric pressures as

follows:
Q=0 |pPP : Eq. 18-1
112
Where:
Q = Flow rate at new absolute temperature (Tz) and new absolute
pressure (Py).
Q = Flow rate at calibration absolute temperature (T,) and

absolute pressure (P,;).
Connect the rotameters to the calibration and diluent gas supplies using
6-mm Teflon tubing. Connect the outlet side of the rotameters through a
connector to a leak-free Tedlar bag as shown in Figure 18-5. (See
Section 7.1 for leak check procedures.) Adjust the gas flows to provide
the desired dilution, and fill the bag with sufficient gas for calibration.
Be careful not to fill to the point where it applies additional pressure
on the gas. Record the flow rates of both rotameters, the ambient
temperature, and atmospheric pressure. Calculate the concentration of
diluted gas as follows:

_ 10%(X a,)

Ca = o oy Eq. 18-2
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Where:

Ca = Concentration of component "a" in ppm.

X. = Mole fraction of component "a" in the calibration gas to
be diluted.

q, = Flow rate of component “a" at measured temperature and
pressure.

qy = Diluent gas flow at measured temperature and pressure.

Use single~stage dilutions to prepare calibration mixtures up to about
1:20 dilution factor. For greater dilutions, use a double dilution
system. Assemble the apparatus, as shown in Figure 18-6, using calibrated
flowmeters of suitable range. Adjust the control valves so that about

90 percent of the diluted gas from the first stage is exhausted, and

10 percent goes to the second stage flowmeter. Fill the Tedlar bag with
the dilute gas from the second stage. Record the temperature, ambient
pressure, and water ianoueter pressure readings. Correct the flow

reading in the first stage as indicated by the water manometer reading.

Calculate the concentration of the component in the final gas mixture as

follows:
C =108 X Qa1 Q2 )
a a;;—;-EEI a;;-;—aﬁz Eq. 18-3
Where: '
Ca = Concentration of component "“a" in ppm.
Xa = Mole fraction of component "a" in original gas.

9,1 = Flow rate of component "a" in stage 1.

Q2 = Flow rate of component “a" in stage 2.
Qg1 = Flow rate of diluent gas in stage 1.
Q42 = Flow rate of diluent gas in stage 2.

Further details of the calibration methods for rotameters and the

dilution system can be found in Citation 21 in Section 8.
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6.2.2 Preparation of Standards from Volatile Materials. Record
all data shown on Figure 18-3.

6.2.2.1 Bag Technique. Evacuate a 10-liter Tedlar bag that has
passed a leak check (see Section 7.1), and meter in 5.0 liters of nitrogen
through a 0.5 liter per revolution dry test meter. While the bag is
filling, use a 0.5-m1 syringe to inject a known quantity of the material
of interest through the wall of the bag or through a septum-capped tee
at the bag inlet. Withdraw the syringe needle, and immediately cover
the resulting hole with a piece of masking tape. In a like manner,
prepare dilutions having other concentrations. Prepare a minimum of
three concentrations. P]ice each bag on a smooth surface, and alternately
depress opposite sides of the bag 50 times to mix the gases. Record the
average meter telpefature, gas volume, liquid vo]d-e, barometric pressure,
and meter pressure.

Set the electrometer attenuator to the X1 position. Flush the
sampling loop with zero helium or nitrogen, and activate the sample
valve. Record the injection time, sample loop temperature, column
temperature, carrier gas flow rate, chart speed, and attenuator setting.
Record peaks and detector responses that occur in the absence of any
sample. Maintain conditions. Flush the sample loop for 30 seconds at
the rate of 100 u]/lin'with one of the calibration mixtures, and open
the sample valve. Record the injection time. Select the peak that
corresponds to the compound of interest. Measure the distance on the
chart from the injection time to the time at which the peak maximum
occurs. Divide this quantity by the chart speed, and record the resulting

value as the retention time.
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6.2.2.2 Preparation of Standards from Less Volatile Liquid Materials.
Use the equipment shown in Figure 18-8. Calibrate the dry gas meter
with a wet test meter or a spirometer. Use a water manometer for the
pressure gauge and glass, Teflon, brass, or stainless steel for all
connections. Connect a valve to the inlet of the 50-liter Tedlar bag.

To prepare the standards, assemble the equipment as shown in
Figure 18-8, and leak check the system. Completely evacuate the bag.
Fi11 the bag with hydrocarbon-free air, and evacuate the bag again.
Close the inlet valve.

Turn on the hot plate, and allow the water to reach boiling.
Connect the bag to the 1lﬁinger outlet. Record the initial meter reading,
open the bag inlet valve, and open the cylinder. Adjust the rate so
that the bag will b‘ completely filled in approxilitely 15 minutes.
Record meter pressure, temperature, and local barometric pressure.

Fill the syringe to the desired 1iquid volume with the material to
be evaluated. Place the syringe needle into the impinger inlet using
the septum provided, and inject the 1iquid into the flowing air stream.
Use a needle of sufficient length to permit injection of the liquid
below the air inlet.branch of the tee. Remove the syringe.

Complete filling of the bag; note and record the meter pressure and
temperature at regq]ar.intervals, preferably 1 minute.

When the big is filled, stop the pump, and close the bag inlet
valve. Record the final meter reading.

Disconnect the bag from the impinger outlet, and set it aside for
at least 1 hour to equilibrate. Analyze the sample within the proven
life period of its preparation.
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6.2.2.3 Concentration Calculations. Average the meter temperature
(Tm) and pressure (P.) readings over the bag filling process.

Measure the solvent liquid density at room temperature by accurately
weighing a known volume of the material on an analytical balance to the
nearest 1.0 milligram. Take care during the weighing to minimize
evaporation of the material. A ground-glass stoppered 25-ml volumetric
flask or a glass-stoppered specific gravity bottle is suitable for
weighing. Calculate the result in terms of g/ml. As an alternative,
literature values of the density of the liquid at 20°C may be used.

Calculate the concentration of material in the sample in mg/liter
at standard conditions as follows:

- 760 (L)) (p) (293 + T)

c
~std sol - Eq. 18-4
253, - W) (P, * P

= Standard solvent concentration, mg/std liter.

-
<
"

Liquid volume injected, ml.

Liquid density at room temperature, g/ml.

o |
°
" ]

Meter temperature, °C.

"i = Final and initial meter reading, liters.

©
"

bar Local barometric pressure (absolute), mm Hg.

-]
"

Meter pressure (gauge), mm Hg.

6.3 Preparation of Calibration Curves. Obtain gas standards as
described in Section 6.2 such that three concentrations per attentuator
range are avajlable. Establish proper GC conditioning, then flush the
sampling loop for 30 seconds at a rate of 100 m1/min. Allow the sample
loop pressure to equilibrate with atmospheric pressure, and activate the

injection valve. Record the standard concentration, attentuator setting,
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injection time, chart speed, retention time, peak area, sample loop
temperature, column temperature, and carrier gas flow rate. Repeat the
standard injection until two consecutive injections give area counts

within 5 percent of their average. The average multiplied by the attenuaton
setting is then the calibration area value for that concentration.

Repeat this procedure for each standard. Plot concentrations along
the abscissa and the calibration area values along the ordinate. Perform
a regression analysis, and draw the least squares line.

6.4 Optional Use of Prepared Cylinders for Dilution Calibration
Checks, and Response Factor Determinations. A set of three standards of
the major component in thé emissions is required. This set of standards
can be taken into the field and thereby replace the need to prepare
standards as described in Section 6.2.2. |

The high concentration standard can be run through the dilution
system to assess the accuracy of the system. First, prepare a calibration
curve using the three standards following the procedure described in
Section 6.3. Then, prepare a dilute sample using the high concentration
standard so that the dilute sample will fall within the lower limits of
the calibration curve.

Next, analyze the dilute sample, and calculate the measured
concentration from the calibration curve as described in Section 6.3.

The dilute concentration calculated from the analysis shall be within
10 percent of the concentration expected from the dilution system;
otherwise determine the source of error in the dilution system, and
correct it.

The calibration curve from the cylinder standards for a single

organic can also be related to the GC response curves of all the compounds
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in the source by response factors developed in the laboratory. In the
field, the single calibration curve from the cylinder standards and the
calculated response factors measured in the laboratory can then be used

to replace the need to prepare and analyze calibration standards for

each organic compound (see Section 6.5 on daily quality control procedure).

Recheck the relative peak area of one of the calibration standards
daily to guard against degradation. If the relative peak areas on
successive days differ by more than 5 percent, remake all of the standards
before proceeding to the final sample analyses.

6.5 Evaluation of Calibration and Analysis Procedure. Immediately
after the preparation of fhe calibration curve and prior to the final
sample analyses, perform the analysis audit described in Part 61,
Appendix C, Procedur;ﬂ2: “Procedure for Field Auditing GC Analysis"

(47 FR‘39179, September 7, 1982). The information required to document
the analysis of the audit samples has been included on the example data
sheets shown in Figures 18-3 and 18-7. The audit analyses shall agree
with the audit concentrations within 10 percent. When avai1§ble, the
tester may obtain audit cylinders by contacting: Environmental Protection
Agency, Environmental Monitoring Systems Laboratory, Quality Assurance
Division (MD-77), Research Triangle Park, North Carolina 27711. Audit
cylinders obtained from a commercial gas manufacturer may be used provided:
(a) the gas manufacturer certifies the audit cylinder as described in
Section 5.2.3.1 of Method 23 and (b) the gas manufacturer obtains an
independent analysis of the audit cylinders to verify this analysis.
Independent analysis is defined as an analysis performed by an individual
other than the individual who performs the gas manufacturer's analysis,

while using calibration standards and analysis equipment different from
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those used for the gas manufacturer's analysis. Verification is complete
and acceptable when the independent analysis concentration is within
5 percent of the gas manufacturer's concentration.

7. Final Sampling and Analysis Procedure

Considering safety (flame hazards) and the source conditions,
select an appropriate sampling and analysis procedure (Section 7.1, 7.2,
7.2, or 7.4). In situations where a hydrogen flame is a hazard and no
intrinsically safe GC is suitable, use the flexible bag collection
technique or an adsorption technique. If the source temperature is
below 100°C, and the organic concentrations are suitable for the detector
to be used, use the direcf interface method. If the source gases require
dilution, use a dilution interface and either the bag sample or adsorption
tubes. The choice Setueen these two techniques will depend on the
physical layout of the site, the source temperature, and the storage
stability of the compounds if collected in the bag. Sample polar compounds
by divect interfacing or dilution interfacing to prevent sample loss by
adsorption on the bag. |

7.1 Integrated Bag Sampling and Analysis

7.1.1 Evacuatéd Container Sampling Procedure. In this procedure,
the bags are filled by evacuating the rigid air-tight container holding
the bags. Therefore, check both the bags and the container for leaks
before and after use as follows: Connect a water manometer using a tee
connector between the bag or rigid container and a pressure source.
Pressurize the bag or container to 5 to 10 cm H,0 (2 to 4 in. H,0), and

allow it to stand overnight. A deflated bag indicates a leak.
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7.1.1.1 Apparatus.

7.1.1.1.1 Probe. Stainless steel, Pyrex glass, or Teflon tubing
probe, according to the duct temperature, with 6.4-mm 0D Teflon tubing
of sufficient length to connect to the sample bag. Use stainless steel
or Teflon unions to connect probe and sample line.

7.1.1.1.2 Quick Connects. Male (2) and female (2) of stainless
steel construction.

7.1.1.1.3 Needle Valve. To control gas flow.

7.1.1.1.4 Pump. Leakless Teflon-coated diaphragm-type pump or
equivalent. To deliver at least 1 liter/min.

7.1.1.1.5 Charcoal Adsorption Tube. Tube filled with activated
charcoal, with glass wool plugs at each end, to adsorb organic vapors.

7.1.1.1.6 Flowmeter. 0 to 500-m1 flow rangé; with manufacturer's
calibration curve.

7.1.1.2 Sampling Procedure. To obtain a sample, assemble the
sample train as shown in Figure 18-9. Leak check both the bag and the
container. Connect the vacuum line from the needie valve to the Teflon
sample line from the probe. Place the end of tﬁe probe at the centroid
of the stack, and start the pump with the needle valve adjusted to yield
a flow of 0.5 liter/minute. After allowing sufficient time to purge the
Tine several times, copnect the vacuum line to the bag, and evacuate
until the rotameter indicates no flow. Then position the sample and
vacuum lines for sampling, and begin the actual sampling, keeping the
rate proportional to the stack velocity. As a precaution, direct the
gas exiting the rotameter away from sampling personnel. At the end of
the sample period, shut off the pump, disconnect the sample line from

"the bag, and disconnect the vacuum line from the bag container. Record
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the source temperature, barometric pressure, ambient temperature, sampling
flow rate, and initial and final sampling time on the data sheet shown

in Figure 18-10. Protect the Tedlar bag and its container from sunlight.
When possible, perform the analysis within 2 hours of sample collection.

7.1.2 Direct Pump Sampling Procedure. Follow 7.1.1, except place
the pump and needle valve between the probe and the bag. Use a pump and
needle valve constructed of stainless steel or some other material not
affected by the stack gas. Leak check the system, and then purge with
stack gas before the connecting to the previously evacuated bag.

7.1.3 Explosion Risk Area Bag Sampling Procedure. Follow 7.1.1
except replace the pump with another evacuated can (see Figure 18-9a).
Use this method whenever there is a possibility of an explosion due to
pumps, heated probe#. or other flame producing equipment.

7.1.4 Other Modified Bag Sampling Procedures. In the event that
condensation is observed in the bag while collecting the sample and a
direct interface system cannot be used, heat the bag during collection,
and maintain it at a suitably elevated temperature during all subsequent
operations. (Note: Take care to leak check the system prior to the
dilutions so as not to create a potentially explosive atmosphere.) As
an alternative, collect the sample gas, and simultaneously dilute it in
the Tedlar bag.

In the first procedure, heat the box containing the sample bag to
the source temperature, provided the components of the bag and the
surrounding box can withstand this temperature. Then transport the bag
as rapidly as possible to the analytical area while maintaining the
heating, or cover the box with an insulating blanket. In the analytical
area, keep the box heated to source temperature until analysis. Be sure
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that the method of heating the box and the control for the heating
circuit are compatible with the safety restrictions required in each
area.

To use the second procedure, prefill the Tedlar bag with a known
quantity of inert gas. Meter the inert gas into the bag according to
the procedure for the preparation of gas concentration standards of
volatile liquid materials (Section 6.2.2.2), but eliminate the midget
impinger section. Take the partly filled bag to the source, and meter
the source gas into the bag through heated sampling Iines and a heated
flowmeter, or Teflon positive displacement pump. Verify the dilution
factors periodically throbgh dilution and analysis of gases of known
concentration.

7.1.5 Analysié of Bag Samples. Connect the needle valve, pump,
charcoal tube, and flowmeter to draw gas samples through the gas sampling
valve. Flush the sample loop with gas from one of the three Tedlar bags
containing a calibration mixture, and analyze the sample. Obtain at
least two chromatograms for the sample. The results are acceptable when
the peak areas from two consecutive injections agree to within 5 percent
of their average. If they do not agree, run additional samples until
consistent area data are obtained. If this agreement is not obtained,
correct the instrument technique problems before proceeding. If the
results are acceptable, analyze the other two calibration gas mixtures
in the same manner. Prepare the calibration curve by using the least
squares method.

Analyze the two field audit samples as described in Section 6.5 by

connecting each Tedlar bag containing an audit gas mixture to the sampling
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valve. Calculate the results; record and report the data to the audit
supervisor. If the results are acceptable, proceed with the analysis of
the source samples.

Analyze the source gas samples by connecting each bag to the sampling
valve with a piece of Teflon tubing identified with that bag. Follow
the restrictions on replicate samples specified for the calibration
gases. Record the data. Analyze the other two bag samples of source
gas in the same manner. After all three bag samples have been analyzed,
repeat the analysis of the calibration gas mixtures. Use the average of
the two calibration curves to determine the respective sample concentrations.
If the two calibration cufves differ by more than 5 percent from their
msean value, then report the final results by both calibration curves.

7.1.6 Determination of Bag Water Vapor Content. Measure the
ambient temperature and barometric pressure near the bag. From a water
saturation vapor pressure table, determine and record the water vapor
content of the bag as a decimal figure. (Assume the relative himidity
to be 100 percent unless a lesser value is known.)

Use the field analytical data sheet is shown in Figure 18-11. The
sheet has been designed to tabulate information from the bag collection,
direct interface, and dilution interface systems; as a result, not all
of the requested inforpation will apply to any single method. Note the
data that do not apply with the notation "N.A." Summarize the analysis.

7.2 Direct Interface Sampling and Analysis Procedure. The direct
interface procedure can be used provided that the moisture content of
the gas does not interfere with the analysis procedure, the physical
requirements of the equipment can be met at the site, and the source gas
concentration is low enough that detector saturation is not a problem.

Adhere to all safety requirements with this method.
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7.2.1 Apparatus.

7.2.1.1 Probe. Constructed of stainless steel, Pyrex glass, or
Teflon tubing as required by duct temperature, 6.4-mm 0D, enlarged at
duct end to contain glass wool plug. If necessary, heat the probe with
heating tape or a special heating unit capable of maintaining duct
temperature.

7.2.1.2 Sample Lines. 6.4-mm 0D Teflon lines, heat-traced to
prevent condensation of material.

7.2.1.3 Quick Connects. To connect sample line to gas sampling
valve on GC instrument and to pump unit used to withdraw source gas.
Use a quick connect or eqdivalent on the cylinder or bag containing
calibration gas to ailow connection of the calibration gas to the gas
sampling valve. . |

7.2.1.4 Thermocouple Readout Device. Potentiometer or digital
thermometer, to measure source temperature and probe temperature.

7.2.1.5 Heated Gas Sampling Valve. Of two-position, six-port
design, to allow sample loop to be purged with source gas or to direct
source gas into the GC instrument.

7.2.1.6 Needle Valve. To control gas sampling rate from the
source.

7.2.1.7 Pump. Lgakless Teflon-coated diaphragm-type pump or
equivalent, capable of at least 1 liter/minute sampling rate.

7.2.1.8 Flowmeter. Of suitable range to measure sampling rate.

7.2.1.9 Charcoal Adsorber. To adsorb organic vapor collected from
the source to prevent exposure of personnel to source gas.

7.2.1.10 Gas Cylinders. Carrier gas (helium or nitrogen), and
oxygen and hydrogen for a flame ijonization detector (FID) if one is

used.
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7.2.1.11 Gas Chromatograph. Capable of being moved into the
field, with detector, heated gas sampling valve, column required to
complete separation of desired components, and option for temperature
programming.

7.2.1.12 Recorder/Integrator. To record results.

7.2.2 Procedure. To obtain a sample, assemble the sampling system
as shown in Figure 18-12. Make sure all connections are tight. Turn on
the probe and sample 1ine heaters. As the temperature of the probe and
heated line approaches the source temperature as indicated on the
thermocouple readout device, control the heating to maintain a temperature
of 0 to 3°C above the source temperature. While the probe and heated
line are being heated, disconnect the sample 1ine from the gas sampling
valve, and attach the 1ine from the calibration gas mixture. Flush the
sample loop with calibration gas and analyze a portion of that gas.
Record the results. After the calibration gas sample has been flushed
into the GC instrument, turn the gas sampling valve to flush position,
then reconnect the probe sample line to the valve. Move the probe to
the sampling position, and draw source gas into the probe, heated line,
and sample loop. After thorough flushing, analyze the sample using the
same conditions as for the calibration gas mixture. Repeat the analysis
on an additional sample. Measure the peak areas for the two samples,
and if they do not agree to within 5 percent of their mean value, analyze
additional samples until two consecutive analyses meet this criteria.
Record the data. After consistent results are obtained, remove the
probe from the source and analyze a second calibration gas mixture.
Record this calibration data and the other required data on the data

sheet shown in Figure 18-11, deleting the dilution gas information.
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(Note: Take care to draw all samples, calibration mixtures, and
audits through the sample loop at the same pressure.)

In addition, analyze the field audit samples by connecting the
audit sample cylinders to the gas sampling valve. Use the same instrument
conditions as were used for the source samples. Record the data, and
report the results of these analyses to the audit supervisor.

7.3 Dilution Interface Sampling and Analysis Procedure. Source
samples that contain a high concentration of organic materials may
require dilution prior to analysis to prevent saturating the GC detector.
The apparatus required for this direct interface procedure is basically
the same as that described in the Section 7.2, except a dilution system
is added between the heated sample line and the gas sampling valve. The
apparatus is arranged so that either a 10:1 or 100:1 dilution of the
source gas can be directed to the chromatograph. A pump of larger
capacity is also required, and this pump must be heated and placed in
the system between the sample line and the dilution apparatus.

7.3.1 Apparatus. The equipment required in addition to that
specified for the direct interface system is as follows:

7.3.1.1 Sample Pump. Leakless Teflon-coated diaphragm-type that
can withstand being heated to 120°C and deliver 1.5 liters/minute.

7.3.1.2 Dilution'Puups. Two Model A-150 Komhyr Teflon positive
displacement type delivering 150 cc/minute, or equivalent. As an option,
calibrated flowmeters can be used in conjunction with Teflon-coated
diaphragm pumps.

7.3.1.3 Valves. Two Teflon three-way valves, suitable for connecting

to 6.4-mm OD Teflon tubing.
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7.3.1.4 Flowmeters. Two, for measurement of diluent gas, expected
delivery flow rate to be 1,350 cc/min.

7.3.1.5 Diluent Gas with Cylinders and Regulators. Gas can be
nitrogen or clean dry air, depending on the nature of the source gases.

7.3.1.6 Heated Box. Suitable for being heated to 120°C, to contain
the three pumps, three-way valves, and associated connections. The box
should be equipped with quick connect fittings to facilitate connection
of: (1) the heated sample line from the probe, (2) the gas sampling
valve, (3) the calibration gas mixtures, and (4) diluent gas lines. A
schematic diagram of the components and connections is shown in
Figure 18-13.

(Note: Care must be taken to leak check the system prior to the
dilutions so as not to create a potentially explosive atmosphere.)

The heated box shown in Figure 18-13 is designed to receive a
heated line from the probe. An optional design is to build a probe unit
that attaches directly to the heated box. In this way, the heated box
contains the controls for the probe heaters, or, if the box is placed
against the duct being sampled, it may be possible to elminate the probe
heaters. In either case, a heated Teflon line is used to connect the
heated box to the gas sampling valve on the chromatograph.

7.3.2 Procedure. Assemble the apparatus by connecting the heated
box, shown in Figure 15-13, between the heated sample line from the
probe anq the gas sampling valve on the chromatograph. Vent the source
gas from the gaﬁ sampling valve directly to the charcoal filter, eliminating
the pump and rotameter. Heat the sample probe, sample line, and heated
box. Insert the probe and source thermocouple at the centroid of the

duct. Measure the source temperature, and adjust all heating units to a
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temperature 0 to 3°C above this temperature. If this temperature is
above the safe operating temperature of the Teflon components, adjust

the heating to maintain a temperature high enough to prevent condensation
of water and organic compounds. Verify the operation of the dilution
system by analyzing a high concentration gas of known composition through
either the 10:1 or 100:1 dilution stages, as appropriate. (If necessary,
vary the flow of the diluent gas to obtain other dilution ratios.)
Determine the concentration of the diluted calibration gas using the
dilution factor and the calibration curves prepared in the laboratory.
Record the pertinent data on the data sheet shown in Figure 18-11. If
the data on the diluted ci]ibration gas are not within 10 percent of the
expected values, determine whether the chromatograph or the dilution
system s in error,.and correct it. Verify the GC operation using a low
concentration standard by diverting the gas into the sample loop, bypassing
the dilution system. If these analyses are not within acceptable limits,
correct the dilution system to provide the desired dilution factors.

Make this correction by diluting a high-concentration standard gas
mixture to adjust the dilution ratio as required.

Once the dilution system and GC operations are satisfactory, proceed
with the analysis of source gas, maintaining the same dilution settingg
as used for the standards. Repeat the analyses until two consecutive
values do not vary by more than 5 percent from their mean value are
obtained.

| Repeat the analysis of the calibration gas mixtures to verify
equipment operation. Analyze the two field audit samples using either
the dilution system, or directly connect to the gas sampling valve as

required. Record all data and report the results to the audit supervisor.
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7.4 Adsorption Tube Procedure (Alternative Procedure). It is
suggested that the tester refer to the National Institute for Occupational
Safety and Health (NIOSH) method for the particular organics to be
sampled. The principal interferent will be water vapor. If water vapor
is present at concentrations above 3 percent, silica gel should be used
in front of the charcoal. Where more than one compound is present in
the emissions, then develop relative adsorptive capacity information.

7.4.1 Additional Apparatus. In addition to the equipment listed
in the NIOSH method for the particular organic(s) to be sampled, the
following items (or equivalent) are suggested.

7.4.1.1 Probe (Optibnal). Borosilicate glass or stainless steel,
approximately 6-mm ID, with a heating system if water condensation is a
problem, and a filter (either in-stack or out-stack heated to stack
temperature) to remove particulate matter. In most instances, a plug of
glass wool is a satisfactory filter.

7.4.1.2 Flexible Tubing. To connect probe to adsorption tubes.

Use a material that exhibits minimal sample adsorption.

7.4.1.3 Leakless Sample Pump. Flow controlled, constant rate
pump, with a set of limiting (sonic) orifices to provide pumping rates
from approximately 10 to 100 cc/min.

7.4.1.4 Bubble-Tube Flowmeter. Volume accuracy within +1 percent,
to calibrate pump.

7.4.1.5 Stopwatch. To time sampling and pump rate calibration.

7.4.1.6 Adsorption Tubes. Similar to ones specified by NIOSH,
except the amounts of adsorbent per primary/backup sections are 800/200 mg
for charcoal tubes and 1040/260 mg for silica gel tubes. As an alternative,
the tubes may contain a porous polymer adsorbent such as Tenax GC or

XAD-2.
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7.4.1.7 Barometer. Accurate to 5 mm Hg, to measure atmospheric
pressure during sampling and pump calibration.

7.4.1.8 Rotameter. 0 to 100 cc/min, to detect changes in flow
rate during sampling.

7.4.2 Sampling and Analysis. It is suggested that the tester
follow the sampling and analysis portion of the respective NIOSH method
section entitled "Procedure.” Calibrate the pump and limiting orifice
flow rate through adsorption tubes with the bubble tube flowmeter before
sampling. The sample system can be operated as a "recirculating loop"
for this operation. Record the ambient temperature and barometric
pressure. Then, during s#npling, use the rotameter to verify that the
pump and orifice sampling rate remains constant.

Use a sample pfobe, if required. ﬁininize thé length of flexible
tubing between the probe and adsorption tubes. Several adsorption tubes
can be connected in series, if the extra adsorptive capacity is needed.
Provide the gas sample to the sample system at a pressure sufficient for
the limiting orifice to function as a sonic orifice. Record the total
time and sample flow rate (or the number of pump strokes), the barometric
pressure, and ambient temperature. Obtain a total sample volume
commensurate with the expected concentration(s) of the volatile organic(s)
present, and recommended sample loading factors (weight sample per '
weight adsorption media). Laboratory tests prior to actual sampling may
be necessary to predetermine this volume. When more than one organic is
present in the emissions, then develop relative adsorptive capacity
information. If water vapor is present in the sample at concentrations
above 2 to 3 percent, the adsorptive capacity may be severely reduced.

Operate the gas chromatograph according to the manufacture's instructions.
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After establishing optimum conditions, verify and document these conditions
during all operations. Analyze the audit samples (see Section 7.4.4.3),
then the emission samples. Repeat the analysis of each sample until the
relative deviation of two consecutive injections does not exceed 5 percent.

7.4.3 Standards and Calibration. The standards can be prepared
according to the respective NIOSH method. Use a minimum of three different
standards; select the concentrations to bracket the expected average
sample concentration. Perform the calibration before and after each
day's sample analyses. Prepare the calibration curve by using the least
squares method.

7.4.4 Quality Assufince.

7.4.4.1 Determination of Desorption Efficiency. During the testing
program, determine the desorption efficiency in the expected sample
concentration range for each batch of adsorption media to be used. Use
an internal standard. A minimum desorption efficiency of 50 percent
shall be obtained. Repeat the desorption determination until the relative
deviation of two consecutive determinations does not exceed 5 percent.
Use the average desorption efficiency of these two consecutive
determinations for the correction specified in Section 7.4.4.5. If the
desorption efficiency of the compound(s) of interest is questionable
under actual sampling gonditions, use of the Method of Standard Additions
may be helpful to determine this value.

7.4.4.2 Determination of Sample Collection Efficiency. For the
source samples, analyze the primary and backup portions of the adsorption
tubes separately. If the backup portion exceeds 10 percent of the total
amount (primary and backup), repeat the sampling with a larger sampling
portion.
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7.4.4.3 Analysis Audit. Immediately before the sample analyses,
analyze the two audits in accordance with Section 7.4.2. The analysis
audit shall agree with the audit concentration within 10 percent.

7.4.4.4 Pump Leak Checks and Volume Flow Rate Checks. Perform
both of these checks immediately after sampling with all sampling train
components in place. Perform all leak checks according to the
manufacturer's instructions, and record the results. Use the bubble-tube
flowmeter to measure the pump volume flow rate with the orifice used in
the test sampling, and record the result. If it has changed by more
than 5 but less than 20 percent, calculate an average flow rate for the
test. If the flow rate has changed by more than 20 percent, recalibrate
the pump and repeat the sampling.

7.4.4.5 Calculations. A1l calculations can be performed according
to the respective NIOSH method. Correct all sample volumes to standard
conditions. If a sample dilution system has been used, multiply the
resuits by the appropriate dilution ratio. Correct all results by
dividing by the desorption efficiency (decimal value). Report results
as ppa by volume, dry basis.

7.5 Reporting of Results. At the completion of the field analysis
portion of the study, ensure that the data sheets shown in Figure 18-11
have been completed. §unnarize this data on the data sheets shown in
Figure 18-15.
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1. Name of gompany Date

Address

Contacts Phone

Process to be sampled

Duct or vent to be sampled

11. Process description

Raw material

Operating cycle
Check: Batch Continuous Cyelic
Timing of batch or cycle

Best time to test

Figure 18-1. Preliminary survey data sheet.
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111. Sampling site

A. Description
Site description
Duct shape and size
Material
¥all hickness inches
Upstream distance __________ inches diameter
Downstream distance inches diameter
Size of port
Size of access wred
Hazards Mbient temp. __ °F
8. Propertiss of gas stream
Temperature *c ¢, Data source
Velocity , Data source
Static pressure __{nches H,0, Data source
Noisture content %£. Data source

Particulate content _________, Data source
Gaseous components
uz 4 Hydrocarbons pom

6§

Figure 18-1 {continued). Preliminary survey data sheet.
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C. Sampling considerations
" Location to set up GC

Special hazards to be considered

Power available at duct

Power available for GC

Plant safety requirements

Vehicle traffic rules

Plant entry tequirements

Security a gresmants

Potential problems

D. Site dfagrams. (Attach additional sheets 1f required).

. Figure 18-1 (continued). Preliminary survey data sheet.
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Components to be inalyzed mgcted ;onccntntion

ma——

N S
N

L

L

suggested chromatographic column

Column flow zate ml/min  Head pressure____ mm Hg
Column temperature:

Isothermal c

Programmed from Cto___°Cat ____ °C/min
Injection port/sample loop temperaturs - *C
Detector temperature °C '

Detector flow ratss: Hydrogen al/min.

head pressure____ mm Hg
'Aizvt”Qﬂﬂlﬂ» . nl/min,

head pressure mm Hg

Chazt speed inches/minute
Compound datas
und Retention time Attenuation

{11

Pigure 18-2. Chroma raphic conditions data sheet.
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Calibration Curve Data - Volatile and
Liquid Samples Collected in a Tedlar Bag

$ize of Tedlar bag (liters)
Dilution gas (name)

Vol. of dilution gas (liters)
Component (name)

Volume of component (ml)
Average meter temp. (°C)
Average meter pressure (am)
Atmospheric pressure (am)

Density of liquid component
(g/ml)

Sazple loop volume (ml)
Sazple loop temp. (°C)
Carrier gas flow rate (ml/min)

Column temperature
initial (°C)
program rate (°C/min)
final (°C)

Injection time (24 hr. basis)
Distance to peak (cm)

Chart speed (cm/min)’
Retention time (min)
Calculated concentration (ppm)
Attenuator setting

Peak height (mm)

Peak area (mm2)

Area x attenuation

Blank

A

Hix;urc

Mixture
2

Mixture
3

Plot peak area x attenuation against concentration to obtain

calidbration curve.

Figure 18-3.- Calfbration curve data sheet - {injection
of volatile sample into Tedlar bag.
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Rotamster number
Gas used
Mathod: Bubble meter Spirometer Net test meter

Rotamater construction

Float type
Laboratory temperature (T obs.) °C °F
Laboratory pressure (P obs.) in Hg mm Ng

. Flow rate b
1. _Flowmeter reading Time (min) Gas volume® (lab conditions)

% vol. of gas may be measured in mil1414ters, liters or cubic feet.
B convert to standard conditions (20 ¢ and 760 mm Mg).

760 x T obs. /2

O * %bs Pobs. x 20
Flowmeter reading Flow rate (STD conditions)

Plot meter reading against flow rate (std) and draw smooth curve.

Figure 18-4. Rotameter calibration data sheet.
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1p-81

SINGLE-STAGE CALIBRATION
GAS DILUTION SYSTEM

:.@5>4 j
COMPONENT
GAS

@]

CYLINDER

CALIBRATED ROTAMETERS
WITH FLOW CONTROL
" VALVES *

DILUENT
GAS
CYLINDER

FIGURE 18-5.

L

| “T" CONNECTOR

-

TEDLAR BAG
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TWO-STAGE DILUTION APPARATUS

HIGH |
CONCENTRATION
WASTE
%ONEEDLE VALVES LOW
— I — - s CONCENTRATION
- - - - GAS
ROTAMETERS|| [E - - .
S 4 .
QL) & - -
BO-<

PURE SUBSTANCE OR
PURE SUBSTANCE/N, MIXTURE

%0 a0
@ PRESSURE REGULATORS @

DILUENT AIR DILUENT AIR

FIGURE 18-6.



1. High concentration .as mixture

Component Concentration Pom
Diluent gas

3. Dilution and malysis ata Date
Staqe 1 Mixture 1 Mixture 2 Mixture 3

Component gas-rotameter reading
Diluent gas-rotameter reading
Anbient temp. (°C) -
Manometer reading, inches H,;0
Flow rate component gas (ml/min)
Flow rate diluent gas (ml/min)

Stage 2

Component gas-rotameter reading
Diluent gas-rotameter reading
Flow rate component gas (ml/min)
Flow rate diluent gas (ml/min)
Calculated concentration (ppm)

Analysis

Sample loop volume (ml)
Sample loop temp. (°C)
Carrier gas flow rate (ml/min)
Column temperature
initial (°C)
program rate (°C/min)
£inal (°C)
Injection time (24-hr. basis)
Distance to peak (inches)
Chart speed (inch/min)
Rstention time (min)
Attenvator factor
Peak height (mm)
Peak area (mm?) _
Area x attenuation factor (mm?)

Plot peak area x attenuator factor against concentration to
obtain calibration curve.

Figure’18-7. Calibration curve data sheet -
d'l'lutilogq 4uiethod.



3. low toncentration standard
Known concentration (ppn)
Retention time (min)

Injection time (24-hour basis)
Attenuvation factor

Peak height (mm)

Peak area oliz)

Peak area x attenuation OIF)
Calculated concentration (ppm)
Deviation (%)

4. Audit samples : Sample 1  Sample 2
Retention time (min)
Injection time 24-hour basis)
Attenuation factor
Peak height (mm)

Peak area . (wm?)

Peak area x attenuation factor
Measured concsntration

Data reported on (dats)

Data reported by (initial)
Cartified concentration (ppm)
Deviation (%)

Botes If a pump is used instead of a rotameter for component gas
' flow, substitute pump delivery rate for rotameter readings).

Figure 18-7 (8ontinued). Calibration curve data sheet -
dilution method.
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APPARATUS FOR PREPARING STANDARD GAS MIXTURES

SYRINGE
(;%fi—ﬁi- SEPTUM

MIDGET (1 =
(%) IMPINGER =
ol-—— TEDLAR BAG
CAPACITY
| 50 liters
NITROGEN
CYLINDER DRY GAS
METER HOT PLATE
BOILING =
WATER BATH '

FIGURE 18-8.
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INTEGRATED

FILTER
(GLASS WOOL)

QUICK
CONNECTS
FEMALE

TEDLAR OR
ALUMINIZED
- MYLAR BAG

1'TsTack waLL

BAG SAMPLING TRAIN

LON
SAMPLE LINE

VACUUM LINE

NEEDLE
M VALVE

RIGID LEAK-PROOF
CONTAINER PUP

FIGURE 18-9.
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EXPLOSION RISK GAS SAMPLING METHOD

PROBE TEFLON TUBING

“ PVC TUBING
PINCH
CLAMP DIRECTIONAL
FLOWMETER NEEDLE VALVE
| quick pISCONNECTORS
o ol T
GROMMET ™| [\ seeo.
$ i
! X
L SAMPLE
\BAG
1]
\ /
\\ :
\\ /
\\\-’I
AIR TIGHT STEEL DRUM EVACUATED STEEL DRUM
r

FIGURE 19-%a.



Plant Date

Sits

Sample 1 .
Source tamperature (°C)
Sarometric pressure (mm Hg)
Ambient temperature (°C)
Sample flow rate (appr.)
Bag mumber
Start time
Finish time

LT E
TS

Figure 18-10. Field sample data sheet - Todhr
bag collection method.
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Plant Date

Location

1. General {nformation
Source temperature (°C)

Probe temperature (°C)

Ambient temperature (°C)

Atmospheric pressure (mm)

Source pressure ("Hg)

Absolute source pressure (mm)

Sampling rate (liter/min)

Sample loop volume (ml)

Sanple loop temperature (°C)

Columnar temperature:
Initial (°C)/time (min)

Program rate (°C/min)

Final (°C)/ time (min)

Carrier gas flow rate (ml/min)

Detector temperature (°C)

Injection time (24-hour basis)'

Chart speed (mm/min)

Dilution gas flow rate (ml/min)

Dilution Gas used (symbol)

Dilution ratio

Figure 18-11. Field analysis data sheets.
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Pield Analysis Data -~ Calibration Gas

Run No. Time

onents Area Attenuation A x A Factor Conc. (ppm)
Rea No. Tine
Components Area Attenuation A x A Factor Conc. (ppm)
un ¥o. Times
Components Area Attenuation A x A Factor Conc.  (ppm)

Figure 18-11 (continued).
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DIRECT INTERFACE SAMPLING SYSTEM

STACK WALL e Tc¢
READOUT READOUT OR FLOWMETER
CONTROLLER
NEEDLE CHARCOAL
] VALVE
1/4-in. ( ke
SS TUBING
GLASSHGTr TN ' » HEATED TEFLON j//—L\\\
"‘OOJ gL biebichritield INSULATION : LINE K J =10 G C INSTRUMENT
TUBING 1 [ ' HEATED GAS
SAMPLING -=-CARRIER IN
TEMPERATURE VALVE IN G C
CONTROLLER

FIGURE 18-12.
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DIAGRAM OF THE HEATED BOX
REQUIRED FOR DILUTION OF SAMPLE GAS

VENT TO CHARCOAL ADSORBERS

b} j

: .1
—O0 O——QUICK CONNECTS TO
GAS SAMPLE VALVE

HEATED LINE 150 150
FROM PROBE c=——=t% I=}- cc/min cc/min
QUICK
CONNECT 533,3351 GAS PUMP PUMP
1/mi n. C (}
T"V{QY]‘(’)’(‘,L,‘{ES (FLGHMETERS
: ON OUTSIDE
POSITION [ NI [I]
CHECK VALVE QUICK

CONNECTS FOR CALIBRATION FLOW RATE OF
1350 cc/min

HEATED BOX AT 120°C OR SOURCE TEMPERATURE |

FIGURE 18-13.



Gaseous Organic Sampling and Analysis Check lList
(Respond with initials or number as appropriate)

1. Presurvey data

Date
A. Grab sample collected C
3. Grad sample analyzed for composition [ |
Method GC 3
GC/u8 ]
Othez 1
C. 'GC-FID analysis performed 1
2. laboratory calibration data _
A. Calibration curves prepared 1
Number of components 1
¥umber of concentrations/
component (3 required)
B. Audit samples (optional)
Analysis completed ]
Verified for concentratica 1
OK obtained for field work 1
3. Sampling procsdurss
A. Mathod
Bag sample D
Direct interface 3
Dilution intsrface 1
B. Number of samples collected 1
4. Pield analysis
A. Total hydrocarbon analysis performed [ ]
B. Calibration curve preparsd 3
Number of components l—_j
Number of concentrations per [

component (3 required)

Figure 18-14. Sampling and analysis check.

18-53
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Plant
Location

1.

Gaioou- Organic SJppling and Analysis Data

Date

General Information

Source temperature (°C)
Probe temperature (°C)
Ambient temperature (°C)
Atmospheric pressure (mm Hg)
Source pressure(wmm Hg)
Saupling rate (ml/min.)
Sample loop volume (ml)
Sample loop temperature (°C)

Sample collection time (24-hrx basis)

Column temperature
Initial (°C) -
Program rate (°C/min)
Final (°C)

Carrier gas flow rate (ml/min

Detector temperature (°C)
Chart speed (cm/min.)

pilution gas flow rate (ml/min.)

piluent gas used (symbol)
Dilution ratio

Figure 18-14.

1

1]
°

L1l

I

(RLERIIT:

aittli

Performed by (signature):

Date:

Sampling and analysis sheet.
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5. In Appendix A of Part 60._ Method

- 18 is added as follows:

Method 18-—Measurement of Gaseous
Organic Compound Emissions by Gas
Chromatograpby ‘

Introduction

[This method should not be attempted by
persons unfamiliar with the performance
characteristics of gas chromatography. nor by
those persons who are unfamiliar with source
sampling. Particular care should be exercised
in the area of safety concerning choice of
equipment and operation in potentially
explosive atmospheres.}

1. Applicability and Principle

1.1 Applicability. This method applies to
the analysis of approximately 80 percent of
the total gaseous organics emitted from an
industrial source. It does not include
techniques to identify and measure trace
amounts of organic compounds, such as those
found in building air and fugitive emission
sources.

This method will not determine compounds
that (1) are polymeric (high molecular
weight), (2) can polymerize before analysis.
or (3) have very low vapor pressures at stack
or instrument conditions.

1.2 Principle. This method is based on
separating the major components of a gas
mixture with a gas chromatograph {GC) and
measuring the separated components with a
suitabie detector.

The retention times of each separated
compgonent are compared with those of
known compounds under identical
conditions. Therefore. the analyst confirms
the identity and approximate concentrations
of the organic emission components
beforehand. With this information, the
analyst then prepares or purchases
commercially available standard mixtures to
calibrate the GC under conditions identical to
those of the samples. The analyst also
determines the need for sample dilution to
avoid detector saturation, gas stream
filtration to eliminate particulate matter, and
prevention of moisture condensation.

2 Range and Sensitivity

2.1 Range. The range of this method is
from about 1 part per million (ppm) to the
upper limit governed by GC detector
saturation or column overioading. The upper
limit can be extended by diluting the stack
gases with an inert gds or by using smaller
gas sampling loops.

22 Sensitivity. The sensitivity limit for a
compound is defined as the minimum
detectable concentration of that compound.
or the concentration that produces s signal-
to-noise ratio of three to one. The minimum

- detectable concentration is determined -

during the presurvey calibration for each
compound. - '

3. Precision and Accuracy

Gas chromatographic techniques typically
provide a precision of 5 to 10 percent relative
standard deviation (RSD), but an experienced
GC operator with a reliable instrument can
readily achieve 5 parcent RSD. For this
method, the following combined GC/operator
values are required. .

(a) Precision. Duplicate analyses are within
§ percent of their mean value. -

(b) Accuracy. Analysis results of prepared
sudit samples are within 10 percent of
preparation values.

4. Interferences

Resolution interferences that may occur
can be eliminated by appropriate GC column
and detector choice or by shifting the
retention times through changes in the

column flow rate and the use of temperature

programming. _ .
~The analytical system is demonstrated to
be essentially free from contaminants by
riodically anslyzing blanks that tonsist of
E;droclrbon-free air or nitrogen.

Sample cross-contamination that occurs
when high-level and low-level samples or
standards are analyzed altemately, is best
dealt with by thorough purging of the GC
sample loop between samples.

To assure consistent detector response.
calibration gases are contained in dry sir. To
eliminate errors in concentration calculations
due to the volume of water vapor in the
samples, moijsture concentrations are
determined for each sample, and a correction
factor is applied to any sample with greater
than 2 percent water vapor.

5. Presurvey and Presurvey Saempling

A presurvey shall be performed on each
source to be tested. The purpose of the
presurvey is to obtain all information
necessary to design the emission test. The
most important presurvey data are the

average stack temperature and temperature
range, approximate particulate concentration.
static pressure, water vapor content, and
identity and expected concentration of each
organic compound to be analyzed. Some of
this information can be obtained from
literature surveys, direct knowledge, or plant
personnel. However. presurvey samples of
the gas shall be obtained for analysis to
confirm the identity and approximate
concentrations of the specific compounds
prior to the final testing.

§.2 Apparatus. _

5.1.1 Teflon Tubing. (Mention of trade
names or specific products does not
constitute endorsement by the U.S.
Environmental Protection Agency.) Diameter
and length determined by connection
requirements of cylinder regulators and the
GC. Additional tubing is necessary to connect
the GC sample loop to the sample.

5.1.2 Gas Chromatograph. GC with
suitable detector. columns, temperature-
controlled sample Ibop and valve assembly.
and temperature programable oven, if
necessary. The GC shall achieve senaitivity
requirements for the compounds undes study.

5.1.3 Pump. Capable of pumping 100 ml/
min. For flushing sample joop.

5.1.4 Flow Meter. To accurstely monitor
sample loop flow rate of 100 ml/min.

5.1.5 Regulators. Used on gas cylinders
for GC and for cylinder siandards.

§.1.6 Recorder. Recorder with linear strip
chart is minimum acceptable. Integrator
(optional) is recommended. ]

$.1.7 Syringes. 1.0- and 10-microliter size,
calibrated. maximum accuracy (gas tight) for
preparing standards and for injecting head
space vapor from liquid standards in
retention time studies.

51.8 Tubing Fittings. To plumb GC and
gas cylinders.

5.1.9 Septums. For syringe injections.

5.1.10 Glass Jars. If necessary, clean-
colored glass jars with Teflon-lined lids for
condensate sample collection. Size depends
on volume of condensate.

5.1.11 -Soap Film Flow Meter. To
determine flow rates.

5.1.12 Tedlar Bags. 10- and 50-liter
capacity. for preparation of standards.

§.1.13 Dry Gas Meter with Temperature
and Pressure Gauges. Accurate to 2
percent, for perparation of gas standards.

5.1.14 Midget Impinger/Hot Plate

.Assembly. For preparation of gas standards.

$.1.15 Sample Flasks. For presurvey
samples, must have gas-tight seals.

5.1.16 Adsorption Tubes. If necessary,
blank tubes filled with necessary adsorbent
(charcoal, Tenax, XAD-2, etc.) for presurvey
samples.

5.1.17 Personnel Sampling Pump.
Calibrated. for collecting adsorbent tube
presurvey samples.

5.1.18 Dilution System. Calibrated. the
dilution system is to be constructed following
the specifications of an acceptable method.

5.2 Reagents.

5.21 Deionized Distilled Water.

5.2.2 Methylene Dichloride.

52.3 Calibration Gases. A senes of
standards prepared for every compound of
interest.
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524 Calibration Solutions. Samples of all
the compounds of interest in a liquid form. for
retention time studies.

525 Extraction Solvents. For extraction
of adsorbent tube sampies in preparation for
analysis.

5.28 Fuel. As recommended by the.
manufacturer for operation of the GC.

. 527 Carrier Gas. Hydrocarbon free, as
recommended by the manufacturer for
operation of the detector and compatability
with the column. :

528 Zero Gas. Hydrooarbon free air or
nitrogen, to be used for dilutions, blank
preparation, and standard preparation.

53 Sampling.

531 Collection of Samples with Glass

flask. After the flask has been purged. close
off the stopcock near the suction bulb, and
then close the stopcock near the probe.”
Remove the probe from the duct, and
disconnect both the probe and suction bulb.
Tape the stopcocks to prevent leakage during
shipment. Measure and record the duct
temperature and pressure.

5.3.2 Flexible Bag Procedure. Tedlar or
aluminized Mylar bags can also be used to
obtain the presurvey sample. Use new bags.
and leak check them before field vee. In
addition, check the bag before use for -
contamination by filling it with nitrogen or
air, and analyzing the gas by GC at high
sensitivity. Experience indicates that it is
desirable to allow the inert gas to remain ift

Sampling Flasks. Presurvey samples can be —the bag about 24 hours or longer to check jor

collected in precieaned 250-mi double-ended

i Teflon
glass sampling.flasks..Tefloa s ' .

methylene dichloride. Clean all glass ports
with a soap solation, then rinse with tap and
deionized distilled watsr. Place the flask in a
cool glase anmealing furnace and apply beat
up to 500" C. Maintain at this temperature for
1 hour. After this time petiod, shet off and
open the furnacs o allow the flask %o cool.
Grease the stopoocks with stopoock grease™
and return them to the flask receivers. Purge
the assembly with high-purity nitrogen for 2
to § minntes. Close off the stopcooks after
purging to maintain a slight positive pitrogen
pressure. Secure the stopoocks with tape.

Presurvey samples can be obtained either
by drawing the gases into-the previously
evacuated flask or by drawing the geses into
and purging the flask with a rubber suction

5311 Evacuated Flask Procedure. Use s
high-vacoum pump to evacoate the flask o
the capacity of the pump; then close off the
stopcock leeding to the pump. Attach 2 ¢-cam
outside diameter (OD) glass tee to the flask
inlet with a short piece of Teflon tubing.
Select a 6-mm OD borosilicate sampling |,
probe, enlarged at cns end to & 12-mm OD
and of sufficient length to reach the centroid
of the duct to be sampled. Insert a glass wool
plug in the enlarged end of the probe to
remove te matter. Attach the other
end of the probe to the tee with a short piece
of Teflon tubing. Connect a rubber suction
bulb to the third leg of the tee. Place the filter
end of the probe at the controid of the duct,
and purge the probe with the rubber suction
bulb. After the probe is completely purged
and flled with duct gases. open the stopcock
to the grab Bask until the pressure in the
fiask reaches duct presstre. Close off the
stopcock. and remove the probe from the
duct. Remove the tee from the flask and tape
the stopcocks to prevent leaks during
shipment. Measure and record the duct
temperature and pressure.

5312 Purged Flask Procedure. Attach
one end of the sampling flask to a rubber
suction bulb. Attach the other end to a 6-mm
OD glass probe as described in Section

5.3.1.1. Place the filter end of the probe at the -

tentroid of the duct. and apply suction with
the bulb to complately purge the probe and

desorption of organics from the bag. Follow

the presurvey. If the source is below 50° C,
measure the wet bulb and dry bulb-
and calculate the mojsture-

- personnel
tube and an inclined manometer are wsed,

take care o align the pitot tabe 90" from'the
direction of the flow. Discoamect one of the -

. tubes %0 the manometer, and reed the static

pressure: nots whether the reading is positive
or negstive. - o .

8.5 Collection of Presurvey with
Adsorption Tube. Follo Section 7.4
presurvey sampling. .

8. Analysis Development
_ Presurvey samples shall be used to develop
and confirmthe best-sampling and analysis

detector type for separating the anticipated
compounds, and they may be able to provide
information on interferences, optimum -
operating conditions, and colemn limitations.
Plants with analytical laborstories may be
able to provide information on their
analytical procedures, including extractions,

6.1.2 Preliminary GC Adjustment Using
the standards and column obtained in
Section 6.1.1, perform initial tests to
dertermine appropriate GC conditions that
provide good resolution and minimum :
analysis time for the compounds of interest.

18-56
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8.1.3 Preparation of Presurvey Samples_ i
the samples were coliected on an adsorbent,
extract the-sample as recommended by the
manufacturer for removal of the compounds
with a solvent suitable to the type of GC
analysis. Prepare other samples in an
appropriate manner. -

614 Presurvey Sample Analysis. Before
analysis, heat the presurvey sample to the
duct temperature to vaporize any condensed
material. Analyze the samples by the GC
procedure, and compare the retention times .
against those of the calibration sampies that
contain the components expected to be in the
stream. If any compounds cannot be
identified with certainty by this procedure,
identify them by other means such as GC/
maes spectroscopy {CC/MS) or GCfinirared
techniques. A GC/MS system ié .
recommended.

Use the GC conditions determined by the
procedures of Section 8.1.2 for the first
injection. Vary the GC parameters during
subsequent injections to determine the
optimum settings. Once the optimum settings
have been determined, perform repeat
injections of the sample 0 determine the
retention time of each compound. To injects
sample, draw sampie through the loop at a
constant rate (100 ml/min for 30 seconds). Be
careful not to pressurize the gas in the loop.

. Turn off the parap and aliow the gas in the

sample loop to come to smbient pressure.
Activate the sample valve, and record -
injection time, loop tempergtuxe, column
temperature, carrier flow rate, chart speed,
and attenuator setting. Calculate the

" retention tme of each psak using the

distance from imjection Yo the peak maximum
divided by the chart speed. Retention times
should be repeatabls within 0.5 seconds.

K the concentrafions are 00 high for
appropriate detector response. a
sample loop or dilutions may be used for gas
with solvent is appropriate. Uss the standard
curves (Section 6.3) %o obtain an estimate of
the concentrations. | .

Identify all peaks.by compearing the known
retention times of compounds expected to be
in the retention times of peaks in the sample.
Identify any remaining unidentified peaks
which have areas larger than 5 percent of the
total using 8 GC/MS, or estimation of
possible compounds by their retention times
compared to known compounds, with
confirmation.by further GC analysis.

62 Calibration Standards. If the

are collected in an

presurvey samples
" adsorbent tube (clsarcoal, XAD-2, Tenax.

etc.), prepare the standards in the same
solvent used for the' extraction procedure for
the adsorbeat. Prepare several standards for
each compound throughout the range of the .
sample. .

6.21 Cylinder Calibration Gases. If
available, use NBS reference gases or
commercial gas mixtures certified through

6.21.1 Optional Cylinder Approach. As
an alternative maintain high and
low calibration standards. Use the high
concentration (50 to 100 ppm) standard to
prepare a three-point calibration curve with
an appropriate ditution technique. Use this
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same approach also to verify the dilution
techniques for high-concentration source
gases. .

To prepare the diluted calibration samples,
use calibrated rotameters to meter both the
high concentration calibration gas and the
diluent gas. Adjust the flow rates through the
rotameters with micrometer valves to obtain
the desired dilutions. A positive displacement
pump or other metering techniques may be
used in place of the rotameter to provide a
fixed flow of high concentration gas.

To calibrate the rotameters. connect each
rotameter between the diluent gas supply and
a suitably sized bubble meten spirometer. or
wet test meter. While it is desirable to
calibrate the calibration gas flowmeter with
calibration gas. generally the available
amount of this gas will preclude it. The error
introduced by using the diluent gas is .
insignificant for gas mixtures of up to 1,000 to
2.000 ppm of each organic component. Record
the temperature and atmospheric pressures
as follows:

: AT, .
. Q=Q, —‘; T 172 Eq. 181

Where:

Qi =Flow rate at new absolute temperature
(T:) and new absolute pressure (P:).

Q. =Flow rate at calibration absolute
temperature (T} and absolute pressure
(™). . A N

Connect the rotameters to the calibration and

diluent gas supplies using 6-rmm Teflon

tubing. Connect the outlet side of the .

rotameters through a connector to a leak-free

Tedlar bag as shown in Figure 18.5. (See,

Section 7.1 for leak check procedures.) Adjust

the gas flows to provide the desired dilution,

and fill the bag with sufficient gas for
calibration. Be careful not to fill to the point
where it applies additional pressure on the
gas. Record the flow rates of both rotameters,
the ambient temperature, and atmospheric
pressure. Calculate the conceitration of
diluted gas as follows: ’

Where: .
. C,=Concentration of component “a" in ppm.

R.=Mole fraction of component “a" in the
calibration gas to be diluted.

q.=Flow rate of the calibration gas contains
mg component "a” at measured
temperature and pressure.

qe=Diluent gas flow 8t measured
temperature and pressure.

Use single-stage dilutions to prepare

calibration mixtures up to about 1:20 dilution *

factor. For greater dilutions. use a double
dilution system. Assemble the apparatus. as
shown in Figure 18—6. using calibrated
flowmeters of suitable range. Adjust the
control valves so that about 90 percent of the
diluted gas from the first stage is exhausted.

and 10 percent goes to the second stage
flowmeter. Fill the Tedlar bag with the dilute
gas from’the second stage. Record the
temperature, ambient pressure, and water
manometer pressure readings. Correct the
flow reading in the first stage as indicated by
the water manometer reading. Calculate the
concentration of the component in the final
gas mixture as follows: )

) Eq. 18-3

C.=10¢ i.( at N/ a2
N Q1 +qql }\ Ge2+Q42
Where:
C.=Concentration of component “a” in ppm.
X.=Mole fraction of component “a” in
original gas.
q.1=Flow rate of component “a” in stage 1.

_q.2=Flow rate of component “a" in stage 2.

qes1 =Flow rate of diluent gas in stage 1.-
q42=Flow rate of diluent gas in stage 2.

Further details of the calibration methods
for rotameters and the dilution system can be
found in Citation 21 in Section 8.

6.22 Preparation of Standards from
Volatile Materials. Record ail data shown on
Figure 18-3. - .

6.22.1 Bag Technique. Evacuate.a 10-liter
Tedlar bag that has passed a leak check (see

‘Section 7.1), and meter in 5.0 liters of nitrogen

through a 0.5 liter per revolution dry test
meter. While the bag is filling, use a 0.5-ml
syringe to inject a known quantity of the
material of interest through the wall of the
bag or through a septum—caped tee at the
bag inlet. Withdraw the-syringe needle, and
immediately cover the resulting hole with a
piece of masking tape. In a like manner.
prepare dilytions having other
concentrations. Prepare a minimum of three
concentrations. Place each bag on a smooth
surface, and alternately depress opposite
sides of the bag 50 times to mix the gases.
Record the average meter temperature, gas
volume, liquid volume, barometric pressure,
and meter pressure.

Set the electrometer attenuator to the X1
Position. Flush the sampling loop with zero
helium or nitrogen, and activate the sample
valve. Record the injection time, sample loop
temperature, column temperature, carrier gas
flow rate, chart speed, and attenuator setting.
Record peaks and detector responses that
occur in the absence of any sample. Maintain
conditions. Flush the sampie loop for 30
seconds st the rate of 100 ml/min with one of
the calibration mixtures, and open the sample
valve. Record the injection_time. Select the
peak that corresponds to the compound of
interest. Measure the distance on the chart
from the injection time to the time at which
the peak maximum occurs. Divide this’
quantity by the chart speed, and record the
resulting value'as the retention time.

8.2.2.2 Preparation of Standards from less
Volatile Liquid Materials. Use the equipment
shown in Figure 18-8. Calibrate the dry gas
meter with a8 wet test meter or a spirometer.
se & water manometer for the pressure
gauge and glass, Teflon, brass, or stainless
steel for all connections. Connect a valve to
the inlet of the 50-liter Tedlar bag.

To prepare the standards. assembie the
equipment as shown in Figure 18-8. and leak
check the system. Completely evacuate the

18-57

bag. Fill the bag with hydrocarbon-{ree air.
and evacuate the bag again. Close the inlet
valve.

Turn on the hot plate. and allow the water
to reach boiling. Connect the bag to the
impinger outlet. Record the initial'meter
reading, open the bag inlet valve. and open
the cylinder. Adjust the rate so that the bag
will be completely filled in approximately 15
minutes. Record meter pressure. temperature,
and local barometric pressure.

Fill the syringe to the desired liquid volume
with the material to be evaluated. Place the
syringe needle into the impinger inlet using
the septum provided. and inject the liquid
into the flowing air stream. Use a needle of
sufficient length to permit injection of the
liquid below the air inlet branch of the tee.

" Remove the syringe.

. Complete filling of the bag: note and record
the meter pressure and temperature at regular
intervals. preferably 1 minute.

When the bag is filled, stop the pump, and
close the bag inlet vaive. Record the final
meter reading.

Disconnect the bag from the impinger
outlet, and set it aside for at least 1 hour to
equilibrate. Analyze the sample within the
proven life period of its preparation.

6.22.3 Concentration Calculations.
Average the meter temperature (Ta) and
pressure (P,,) readings aver the bag filling
process. :

Measure the solvent liquid density at room
temperature by accurately weighing a known
volume of the material on an analytical
balance to the nearest 1.0 milligram. Take
care during the weighing to minimize
evaporation of the material. A ground-glass
stoppered 25-m! volumetric flask or a glass-
stoppered specific gravity bottle is suitable
for weighing. Calculate the result in terms of
g/ml. As an alternative, literature values of
the density of the liquid at 20°C may be used.

Calculate the concentration of material in
the sample in mg/liter at standard conditions
as follows:

.

- 700(L.)(pX273+Ta)

e ——————————— D.'

Cou o= Z,N_M'_‘)(p_;p_) Q)

283

Where: - :
Coae w=Standard solvent concentration, mg/
" std liter. :

- L, =Liquid volume injected, ml.

p=Liquid density at room temperature, g/ml.

T.=Meter temperature, ‘C. )

MM, =Final and initial meter reading, liters.

P..r=Local barometric pressure (absolute),
mm Hg.

P. =Maeter pressure (gauge). mm Hg.

6.3 Preparation of Calibration Curves.
Obtain gas standards as described in Section
6.2 such that three concentrations per
attentuator range are available. Establish
proper GC conditioning, then flush the
sampling loop for 30 seconds at a rate of 100
mi/min. Allow the sample loop pressure to
equilibrate with atmospheric pressure. and
activate the injection valve. Record the
standard concentration, attentuator setting.
injection time, chart speed, retention time.
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peak area, sample loop, temperature, column
temperature. and carrier gas flow rate.
Repeat the standard injection until two
consecutive injections give area counts
within 5 percent’of their average. The
average multiplied by the attenuator setting
is then the calibration area value for that
concentration.

Repeat this procedure for sach standard.
Piot concentrations along the abscissa and
the calibration area values along the -
ordinate. Perform a regression analysis, and
draw the least squares line.

84 Optional Use of Prepared Cylinders
for Dilution Calibration Checks, and
Response Factor Determinations. A sat of
three standards of the major component in
the emissions is required. This set of
.standards can be taken into the field and

The high concentration standard can be -
run through the dilution sysiem to aseass the

calibration curve.

the analysis shall be within 10 percent of the
concentration expected from the dilstion
system: otherwise determine the source of
error {n the dilution system, and correctit.
" The calibration carve from the cylinder
standards for & single organic can also by
related o the GC responte curves of all the
compounds in the source by factors
- developed in the laboratory. In the field. the
single calibration curve from the cylindar
. standsrds and the caiculated response
factors messured in the laboratory can then
be used to replace the need to prepare and
analyse calibration standards for each
arganic compound (see Section 8.5 on daily
quality contrel

procedure).

Recheck the relative peak area of one of
the calibration standarde daily to ghard
against degradation. If the relative peak
aress on successive days differ by more than
S percent, remake all of the standards before
praceeding to the final sample analyves.
6.5 Evaluation of Calibration and
Analysis Procedure. after the
umnmdtheulibuﬁwmmdpﬁor
to the final sample anatyses. perform the
analysis audit described in Part 81,

Appendix
C. Procedure 2: “Procedure for Pleld Auditing - fiow.

GC Analysis™ (47 FR 30179, September 7,
1982). The information required to document
the analysis of the sudit samples has been
included on the example data sheets shown
in Pigures 18-3 and 18-7. The audit analyses
shall agree with the sudit concentrations
within 10 percent. When available, the tester

Monitoring Systems
Laberatory, Quality Assurance Division
{MD-77]. Research Triangle Park. North
Carolins 27711. Audit cylinders obtained
‘from & commercial gas manufecturer may be

used provided: {a) the gas manufacturer
certifies the audit cylinder as described in
Section 5.2.3.1 of Method 23 and (b) the gas
manufacturer obtains an independent
amalysis of the audit cylinders to verify this
analysis. Independent analysis is defined as
an analysis performed by an individual other
than the individual who performs the gas
manufacturer’s analysis, while using
calibration standards and analysis equipment
different from those used for the gas
manufacturer's analysis. Verification is
complete and acoeptadle when the
independent analysis concentration i» within
5 percent of the gas manufacturer’s
concentration. .

7. Final Sampling and Analysis Procedure
Considering safety (flame hazards) and the
cenditions, select an appropriate
sampling and snalysis procedure (Section 7.1,

72,7.3, or 2.4). In situations where »

to connect o the

sample
71112 Quick Connects. Male (2) and

‘.femak(z]ohhlnhumdwon.‘

7.11.1.3 Needle Vaive. To control gas
di?.l'.I.l.o. Pump. Leakiess Teflon-coated

aj pump or To
deliver at laast 1 liter/min. v

71115 Charcoal Adsorption Tube. Tube
filled with activated charcoal, with giass
wool plugs at each end. to adsorb organic

vapors. )

71118 Flowmeter. 0 to 500-ml flow
range: with manufacturer’s calibration curve.
7112 Sampling Procedure. To obtain a
sample, assemble the train as shown
in Figure 18-8. Leak check both the bag and
the container. Connect the vacuum line from

the needle valve to the Tefion sample line

18-58

from the probe. Place the end of the probe at
the centroid of the stack, and start the pump

‘with the needle valve adjusted to yield a flow

of 0.5 liter/minute. After allowing sufficient
time to purge the line several times, connect
the vacuum line to the bag. and evacuate
until the rotameter indicates no flow. Then
position the sample and vacuum lines for
sampling, and begin the actual sampling.
keeping the rate proportional to the stack
velocity. As a precaution, direct the gas
exiting the rotameter away from sampling
personnel. At the end of the sample period,
shut off the pump, disconnect the sample line
from the bag. and disconnect the vacuum line
from the bag container. Record the source
temperature, barometric pressure, ambient
temperature, sampling flow rate, and initial
end final sampling time on the datas sheet
shown in Figure 18-10. Protect the Tedlar beg ,
and its container from sunlight. When
possible, perform the analysis within 2 hours
of sample collection. N
7.1.2 Direct Pump Sampling Procedure.
Flow 7.1.1, except place the pump and needle
valve between the probe and the bag. Use a
pamp and needle valve constructed of
stainless stesl or soms other material not
affected by the stack gas. Leak check the .
system, and then purge with stack gas befors
g:. connecting to the previously evacuated
718 Explosion Risk Area Bag Sampling
Procedure. Follow 7.1.1 except replace the
pump with another evacuated can (see Pigure -

: 18-9a). Use this method whenever theve is a

ty of an explosion due to pumps.
probes, or other flame producing
squipment. .

714 Other Modified Bag Sampling .
Procedures. In the event that condensation is
cbserved in the bag while collecting the
sample and s direct interface system cannot
be used, heat the bag during collection, and

'mintdnitlutdhﬂydqnhdtempenm'

during all subsequent operations. (Note: Take
care to lask check the gystem prior to the
dilutions 30 as not to create a potentially
explosive atmosphere.] As an alternative,
collect the gas, and simultaneously _
dilute it in the Tedlar bag. .

In the first procedure, heat the box

. containing the sample bag to the source

temperature, provided the components of the
bag and the surrounding box can withstand
this temperature. Then transport the bag as
rapidly as possible to the analytical area
while maintaining the heating. or cover the
box with an insulating blanket. In the
analytical area, keep the box heated to
source tempersature until analysis. Be sure
that the method of heating the box and the
control for the heating circuit are compatible
with the safety restrictions required in each
area.

To use the second procedure. prefill the
Tedlar bag with a known quantity of inert
gas. Meter the inert gasinto the bag
according to the procedure for the
preparation of gas concentration standards of
volatile liquid-materials [Section 8.2.2.2), but
eliminate the midget impinger section. Take
the partly filled bag to the source, and meter
the source gas into the bag through heated
sampling lines and a heated flowmeter, or
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Teflon positive displacement pump. Venify
the dilution factors periodically through
dilution and analysis of gases of known
concentration.

7.1.5 Analysis of Bug Samples. Connect
the needle valve. pump. charcoal tube. and
flowmeter to draw gas samples through the
gas sampling valve. Flush the sampie loop
with gas from one of the three Tedlar bags
containing a calibration mixtura. and analyze
the sample. Obtain at least two
chromatograms for the sample. The results
ure acceptable when the peak areas from two
consecubive injections agree to within §
percent of their average. If they do not agree.
run additional samples unti) consistent ares
data are obtained. If this agreement is not
obtained. correct the instrument technique
problems belore proceeding. ¥ the results are
acceptable, analyze the other two calibration
gas mixtures ih the same manner. Prepare the
calibration curve by using the least squares
method.

Anslyze the two field audit samples as
described 1n Section 8.5 by connecting each
Tedlar bag containing an audit gas mixtyre to
the sampling valve. Calculate the results;
record and report the data to the audht
supervisor. f the results are acceptable.
proceed with the analysis of the source
samples.

Analyze the source gas samples by
connecting each bag to the sampling valve
with a piece of Teflon tubing identified with
that bag. Follow the restrictions on replicate
samples specified for the calibration gases.
Record the data. Analyze the other two bag
samples of source gas in the same manner.
After all three bag samples have been
analyzed, repeat the analysis of the
calibration gas mixtures. Use the average of
the two calibration curves to determine the
respective sampie concentrations. If the two
calibration curvey differ by more than 8
percent from their mean valve, then report
the final reszlts by beth calibration curves.

7.18 Detsrmination of Bag Water Vepor
Content. Measure the ambient temperature
and barometric pressure near the beg. From «
water saturation vapor pressure table,
determine and record the water vapor
content of the bag as a decima! figure.
(Assume the relative humidity to be 100
percent unless a lesser value is known.)

Use the field analytical data sheet as
shown ip Figure 18-11. The sheet has besns
designed tolabulate information from the bag
collection, direct interface, and dilution
interface systems: as a resuit, not al! of the
requested information will apply to any
single method. Note the data that do not
apply with the notation “N.A." Summarize
the analysis. =~

72 Direct Interface Sampiing and
Analysis Procedure. The direct interface
procedure can be used provided that the

moisture content of the gas does not interfere -

with the analysis pracedure. the physical
requirements of the equipment can be met at
the site, and the source gas concentration is
low enough that detector saturation is not a
problem. Adhere to all safety requirements
with this method.

721 Apparatus.

7.21.1 Probe. Constructed of stainless
steel, Pyrex glass, or Teflon tubing as

required by duct temperature. 6.4-mm QOD.
enlarged at dact end 1o contain glass wool
plug. If necessary, heat the probe with
heating tape or a special heating unit capable
of maimaining duct temperature. .

7.212 Sample Lines. 64-mm OD Teflon
lines, heat-traced 10 prevent condensation of
material.

7.21.3 Quick Connects. To connect
sample line to gas sampling valve on GC
instrument and to pump unit used to
withdraw source gas. Use a quick connect or
equivalent on the cylinder ar bag containing
calibration gas to allow conmection of the
calibration gas to the gas sampling vaive.

7.2.1.4 Thermocouple Readout Device.
Potentiometer or digital thermometer, to
measure source temperature and probe
temperature. :

7.21.5 Heated Gas Sampling Valve. Of
two-position, six-port design, to allow sample
loop to be purged with source gas ar to direct
source gas immo the GC instrument.

7.2.1.6 Needle Vaive. To control gas
sampling rate from the sowce.

72.1.7 Pumnp. Leakless Teflon-coated
diaphragm-type pump ar equivalent, capable
of at least 1 liter/mirute sampling rate.

7.218 Flowmeter. Of suitable sange
measure sampling rate. .

7218 Charcoal Adsarber. To adsarb
organic vapor collected from the source to
prevent exposure of personnal to source gas.

7.21.10 Gas Cylinders, Carrier gas
(helium or mitrogen), and axygen and
hydrogen for a flame ionixation detectar (FID)
if one is used.

7.2.111 Gas Chromatograph. Capable of
being moved into the field, with detectar,
heated gas sampling valve, column raquired
to complete separation of desired
components, and aptian for temperature

programming.
72112 Recorder/Integrator. Torecard

results. . . .
722 Procedura. To abtain a sample,
assemble the sampling systam as shown in
Figure 18-12. Make sure ail connections are
tight. Turn on the probe and sample line

. heaters. As the temperature of the probe and

heated line approaches the sowrce
temperature as indicated on the
thermooouple readout device, control the
heating to maintain a tamparature of 0 te 3°C
above the somrce temperature. While the
probe and heated tine are being heated,
disconnect ths sample line from the gas
sampling valve, and attach the line from the
calibration gas mixture. Flush the sample
loop with calibration gas and analyze a
portion of that gas. Record the results. After
the calibration gas sample has been flushed
into the GC instrument, turn the gas sampling
valve to flush position, then recannect the
probe sample line to the vaive. Move the
probe to the sampling position, and draw
source gas into the probe, heated line, and
sample loop. After tharough flushing, analyze
the sample using the same conditions as for
the calibration gas mixture. Repeat the
analysis on an additional sample. Measure
the peak areas far the two samples. and if
they do not agree to within 5 percent of their
mean value. analyze additional samples until
two consecutive analyses meet this criteria.
Record the data. After consistent results are
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obtained. remove the probe from the source
and analyze a second calibration gas
mixture. Record this calibration data and the
other required data on the data sheet shown
in Figure 18-11. deleting the dilution gas
information. -

(Note.—Take care to draw all samples.
calibration mixtures. and audits through the
sample loop at the same pressure.)

In addition. analyze the field audit samples
by connecting the audit sample cylinders to
the gas sampling valve. Use the same
instrument conditions as were used for the
source samples. Record the data, and report
the results of these analyses to the audit
supervisar.

7.3 Dilution Interface Sampling and
Analysis Procedure. Source samples that
contain a high concentration of organic
materials may require dilution prior to
analysis 1o prevent saturating the GC
detectar. The apparatus required for this
direct interface procedure is basically the
same as that described in the Section 7.2,
except a dilution system is added between
the heated sample line and the gas sempling
valve. The apparatws is arranged so that
either a 1021 or 100:1 dilution of the scurce
gas can be directed to the chromatograph. A
pump of larger capacity is also required, and
this pump smust be heated and placed in the
system between the sampie line and the
dilution apparatus.

7.3.1 Apparatus. The equipment required
in addition to that specified for the direct
interface system is as follows: .

7.31.1 Sample Pump. Leakless Teflon-
coated diaphragm-type that can withstand
being heated to 120°C and deliver 1.5 liters/

minate. -
7.31.2 Dilution Pumps. Two Model A-150

. Komhyr Teflon positive displacement type

delivering 150 cc/minute, or equivalent. As
an option, calibrated flowmeters can be used
in conjunction with Teflon-coated diaphragm
pumps. ’

7.3.1.3 Valves. Two Teflon three-way
valves, suitable for connecting to 8.4-mm OD
Teflon tubing.

7.31.4 Flowmeters. Two. for measuremeat
of diluent gas, expected delivery flow rate to
be 1,350 cc/min.

7.31.5 Dilnent Gas with Cylinders and
Regulators. Gas can be nitrogen or clean dry
air, depending on the nature of the source
gases. . : )

7.31.6 Heated Box. Suitable for being

“ heated to 120°C, to contain the three pumps.

three-way valves, and associated

" connections. The box should be equipped

with quick connect fittings to facilitate
connection of: (1) The heated sample line
from the probe, (2) the gas sampling valve. {3)
the calibration gas mixtures, and (4) diluent
gas lines. A schematic diagram of the
components and connections is shown in
Figure 18-13.

(Note.—~Care must be taken to leak check
the system prior to the dilutions 80 as not to
create & potentially explosive atmosphere. )

The heated box shown in Figure 18-13 is -
designed to receive a heated line from the
probe. An optional design is to build & probe
unit that attaches directly to the heated box.
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In this way, the heated box contains the

controls for the probe heaters, or. if the box is
piaced against the duct being sampled, it may
be possible to eliminate the probe heaters. in

732 Procedure. Assemble the apparatus
by connecting the heated box, shown in
Figure 18-13, between the heated sample line
from the probe and the gas sampling valve on
the chromatograph. Vent the source gas from
the gas sampling valve directly to the
charcoel filter, eliminating the pump and
rotameter. Heat the
line, and bestad box. Insert the probe and
source thermocouple st the centroid of the |
duct. Measure the source temperature, and
adjust all heating units 1o & temperature 0 to
$°C sbove this wmperature. If this

pump strokss), the barometric
* ambient

for the particular organic(s) to be sampled.
the following items (or equivalent) are
suggested. _

74.1.1 Probe {Optional). Borosilicate glass
or stainless steel, approximately 6-mm ID,
with a heating system if water condensation
is a problem, and a filter (either in-stack or
out-stack heated to stack temperature} to
remove particulate matter. In most instances.
» plug of glass wool is a satisfactory fiter. ™

7412 Flexible Tubing. To connect probe
to adsorption tubes. Use & material that
exhibits minimal sample sdsorption.

7413 Leakiess Sampie Pump. Flow
controlied, constant rate pump, with a set of
limiting (sonic) orifices ti provide pumping
rates from approximately 10 to 100 cc/min.

7414 Bubble-Tube Flowmaetar. Volume
sccuracy within = 1 percent, to calitvete -
pump. .

7413 Stopwatch. To time sampling end
pump rate calibration,

74.1.8 Adsorption Tubes. Simflar 1o ones
specified by NIOSH. sxcept the amounts of
adsorbent pér primary/backupsections are
800/300 mg for charcoal tubes end 1080/380
mg for silics gel tubes. As an alternative, the
tubss may contain & porous polymsr
adsorbent such es Tenax GC or XAD-2.

. w ”:;l‘ﬁ'
0 mossure pressure
sampling and pump caltbration. {

7418 Rotameter. 0 %0 100 oc/min, 0

time and sample fow rate (or the number of
pressure, and
temaperature. Obtain & total sample
volume commensurete with thy expected
concentration(s) of the volatile organic(s)
hetm[::l.hlunpbpcwmm
media). Laborstory tests prior to acteal
sampling may be necessary to predstermine
this votume. When more than one organic is
present in the emissions, then develop
relative adsorptive capacity information.
water vapor is present in the sample st
concentrations above 2 to 3 percent, the
adsorptive capacity may be severely reduced.
Operate the gas chromatograph according to
the manufacture’s instructions. After
establishing optimum conditions, verify and
document conditions during all
operations. Analyze the sudit samples {see
Section 7.4.4.3), then the emission samples.
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Repeat the analysis of each sample until the
relative deviastion of two consecutive
injections does not exceed 5 percent.

7.4.3 Standards and Calibration. The
standards can be prepared according to the
respective NIOSH method. Use a minimum of
three different standards: select the
concentrations to brecket the expected
average sample concentration. Perform the
calibration before and after each day's
sample analyses. Prepare the calibration
curve by using the lsast aquares method.

744 Quality Assurance.

7.44.1 Determination of Desofption
determine the desorption efficiency in the
expectsd sample concentration range for
.each batch of sdsorption media to be used.
Use sa internal standard. A minlmum

the
determination until the relative deviation of
two consecutive determinations does not
exosed 5 percent. Use the average desorption
sfficiency of thase two comsecutive

Section 74A8. ¥ the desorption efficiency of
the compound(s) of Lilerest is questionable
under actual sempling conditions, use of the
Mathod of Standard Additions may be * =
helpiul to detormine this vilue g,

7442 . of Samaple

. Por tha souros samples,
backnp partions of
the adeorption tebes separately. If the backp

. portion excesds 10 perosat of the total

. sampling with a larger sempling portion.
7443

Analysis Audit. menediately .
before the sample snalyses, analyze the two

" swdits in acbordance with Section 7.4.2. The

anslysis audit shall agree with the audit
concentration with 10 percent.

7444 Pump Lok Checks and Volume
Flow-Rate Chevks. Perform both of these

results. Use the bubble-tube fiowmeter to
moasure the pump volume flow rate with the
orifics used in the test sampling and the
result. i it has changed by more than 5 bt
less than 0 calculate an average
flow rate for the test. H the flow rate has
changed by more than 20 peroent. recalibraie
the pump and repest the sampling.

74435 Calculations. All calculations cas
be performed according to the respective -
NIOSH method. Correct all sample volumes
to stendard conditions. If & sample dilutios
system has bean nsed. multiply the results by
the appropriate dilution ratio. Corvect all
results by dividing by the desorption
sfficiency (decimal valus). Report results as
ppnhyvohu.?buh. .

75 Reporting of Results. At the
complefion of the field analysis portion of the
study. ensure that the data sheets shown i
Figure 18-11 have been completed.
Summarize this data on the duta sheets
shown in Figure 18-15.
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3. Kame of gompany Date
Address :
Contacts i Phome

Process to be sampled

puct or vent to be sampled

11. Process description

Raw materfal

Products -,

Opsrating cycls
Check: Batch Contlma
Timing of batch or cycle

cyem ——

Bust time toTest SR

F1cun' 18-1. Preliminary survey data sheet.

1. Sampling oite
A. Description
' $1te dascription _

Duct shape and size
Materis) -

1) {hickness

inches

Upstresn distance " Ynches

. - Downstresm distance Inches

dlameter
dismeter .

" $tze of port
$ize of access wes

Hazerds Mbient temp.

8. Properties of ms stresn
Teperature __°C p— Data source _
Yeloecity i , Data source _
Static prassurs
Mofsture content __—________%, Dats source
Particulate content ______, Dats source
Gaseous components '

°F

Sm———

—oinches Hn0, Data source .

VO, Nydrocarbons _____'PPm .
0. S '
“_____} |
0 5
0, 3
Hydrocarbon components
. ppe
o pom
/ ppm
PP
pPm
ppm

Figurs -1 (antinued). Prediminary survey data shest.
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.
0.

Sampling considerations
Locatfon to set up 6C

Special hazards to be considered

Power avatlable at duct

Power available fpr sC

Plant safety requirements -

Vehicle traffic rules '

Plant entry tequirements

Security a greements

Potential problems

1

Site diagrams, (Attach pdditional sheets if required).,

Figure 18-1 (continued). Prelimindry survey data sheet.

Components to be snalyzed Expected gonecnglntiog

Suggestad chromatographic column

Column temperaturs:
Isothermal - *C

‘Celumn flow rate mi/min  Head pressure mm Hg

Programmed from °C to °C at *C/min

Injection po:i/umplo loop temperature
Detector temperature oc

Detegtor flow rates: Hydrogen _ - ml/min.

head pressure mm Hg

Air/Oxygen ml/min,

- '. head pressure____ mm Hg

Chart speed - " {nches/minute
Compound datas

°C

Compound Retention tims Attenuation

Pigure 10-2. Chromatographic conditions data sheet.

/
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Calibration Curve Data = Voletile and
Liquid Samples Collested in & Tedlaxz Bag

- Bash-_ 1 -
Bise of Tedlar bag (1iters) i )

Mixtuze MNinture MNixture
+ .;

Duuuen gas (name)

vol. of dilution gas (liters)

Component (nams)

Volume of component (ml)

Avezage meter tesp. (°C)

Average meter pressure (mm)

Atmospheric pressure (am)

bonux of 1iquid component
{g/nl)
Sample loop volume (m1)

Sample loop temp. (°C)

Carrier gas flov rats (ml/min) ’

Column tempsrature
inicial (°C) '

progras rate (°C/ain)

final (°C)

Injection time (24 hr. basis)

Distance to peak (am) )

Chart spesed (cm/min)

Retention tine (minm) . ‘ '

Calculated concentretion (ppm)

Attanuator setting

Peak height (wm)

Peak azes (mal) "

Area nttonuttn /

Plet peak area x uumuuoa against mnntnuoa to e»zun
calibration curve.

H %-3.- cmmtm curve dots shest - 1.3.“1.. '
pire of volatile m\o tate Tedlar bag. .

Method: Oubble meter _
Rotameter construction

Wet test meter

Flost type
Laboratory temperaturs (T obs.) 'c °F
Laborstory pressure (P ob;.) in Hg om Hg

Flow rate '

.__m_uﬂlm Ying (win) h! volyme® (lab conditions}

2 Yol. of gas may b¢ peasured In mi11414ters, lifcrs or cubic feet.

b convert to Standard conditions (20° C and 760 mm Hg).

‘ Il"|

%%%‘

. Flowneter’ Tow rate (S

onditions

14

Plot mater m«n omut flow rate (std) and draw smooth curve.

Flgure 'll-l. lou-mr calibration data sheet.
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COMPONENT wy* CONNECTOR

GAS . °
CYUINDER \ | v

CALIBRATED ROTAMETERS ‘
WITH RLOW CONTROL 1
VALVES
s , TEDLAR BAG
DILUENT ‘
GAS o
CYLINDER ’
Figure 18-5. Single-stage calibration gas dilution system.

PURE SUBSTANCE OR
PURE SUBSTANCE /Ny MIXTURE

Figure 18-6. Two-stage dilution apparatus.
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1. Nigh concentration &8s mixture

Component
Diluvent gas ,
3. Dilution and malysis ata

grage )
Component gas-rotameter reading
Diluent gas-rotameter reading
Ambient temp. (°C)
Manometdr reading, inches K0
Tlow xate component gas (-.l’-h)
Tlow rate diluent gas (ml/min)

Jtage z

Component gas-rotaneter resding
Diluent gas-rotaneter reading
Tliov rate component gas (ml/min)
Tlow rate diluant gas (ml/min)
Calculated concentration (ppm)

. ; Analysis .
Sample loop-volums (ml)
Sanple loop temp. (°C) .
Carzier gas flow zate (ml/min)
Column tempsrature

initial (°C)

program rate (°C/min)

final (°C)
Injection time (24-hr.. basis)
Distance to peak (inches)
Chart speesd (inch/min)
Retention time (min)
Attenvator factor
Pask height (sm) )
Peak arxea (ma?) i T
Axea % Attenuation facsor (mmt)

P

Concentration PPm

Date )

Mixsyre ] Mixgore 3 Nixsuze

Plot peak area x attenuator factor against concentratién to

odtain colidration curve. .

Figure>18-7,

Calidration curve dots sheet -

dilution methnd.

3. , lpv neentration standazd
Knewn soneentratien (ppa)
Retention tine (min)
Injection time (24-howr besis)
Atteasation fastor

——

arm—

Pesk height (m) ———
Peak area (dt) nv———

Peak ares x sttenvatien (mf) - —
Caloulated sonceatratien (ppm)__
Deviasion (V) '
4. Awdic samples : :
" Retentioa time (min)
"Injection time 24-hovr besis)
Attenuition factex ‘
-aak height (m) .
Peak area () .
Peak area x attanuation factor
Measured ooncentzation '
Data zeported on (date)
Data reported by (indtial) \
. Caxsified soneentration (ppm) —
Devistion (%) )

ANAS———

fample | * Sarple 2

If a. 13 used instead of a rotameter for component gas
flow, substituts pump delivery rate for zotaseter readings).

(] 15-7 (§entinwed). Calibration curve data sheet -
re “ d‘nhn -r
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SYRINGE

- SEPTUM:

L,
_.:4

~

® MIDGET |
BoILING —]:| | || IMPINGER /" yepiar BAG
WATER | |
s . [F\UL CAPACITY _
< - 50 LITERS
HOT PLATE
NTTROGEN
CYLINDER

Figure 18-8. Apparatus for preparation of 1iquid matertals.

RIGID LEAKPROOF CONTAINER

Figure 18-9. Integrated bag sampling train.
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PYC Tubing

Probe
§* Taflcn Tubing
Pinch Clanp

ety —ie
", 1
" i
‘e
| R |

Figun—ls-h.“ Explosfon risk gas- sampling method.

Source tempersture.(°C)
Ssremetric pressure (mm Mg)
Mubimt tespersture (°C)
Ssxple flew rete (appr.)
Sag mmber

Start time

Fiaish time

Figure 18-10. Field sample data sheet - Tedlar
beg collection method.
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Plane Date

Location

1. Genersl {nformation °
Source temperature (°C)
Probe temperature (°C)
Ambient temperature (°C)
Atmospheric pressure (mm)
Source pressure (“Bg)
Absolute source pressure (sm)
Sampling rate (liter/min)
Sample loop voluzme (ml)
Sample loop temperatuse (°C)

Columnar temperature:
Initial (°C)/time (min)
Program rate (°C/min
Final (°C)/ time (min

Carrier gas flow rate (ml/min)
Detector temperature (°C)
Injection time (24-hour basis)
Chart speed (mm/min)

Dilution gas flow taté (al/min)

Dilution Gas used (symbdol)
Dilution ratio

Figure 18-11. Fleld analysis data sheets,

R

Pield Analysis Data ~ Calibration Gas
Run NMo. : Time

Components Area Attenuation A x A Yactor Conc, (ppm)

" - St

+

-

\

Rva No. . Time ___

Components ea Attenuation A ¥ 8§ Facto Cone. (ppm)

3 addd, A &

~

Run No._ . . Tire _
Componants. Area Attenuation A % et Cone. (ppm}

e Y

Figure 18-11 (continuad). Fiald dnilysis data sheets.
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mec

Figure 18:-12. Direct interface supling system.

Yent to Chavcoal Msorbers
d
10:1  100:1

X quitck comects

To Gas Sample
. Valm

From Probe - | e/ : '
==o+—g‘ o —Q 150 cc/Min
Quick Pump -

Comnect Source

Gas Pump L__ch . h .
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METHOD 21. DETERMINATION OF VOLATILE
ORGANIC COMPOUND LEAKS

1. Applicability and Principle

1.1 Applicability. This method applies to the determination of
volatile organic compound (VOC) leaks from process equipment. These
sources include, but are not limited to, valves, flanges and other
connections, pumps and compressors, pressure relief devices, process
drains, open-ended valves, pump and compressor seal system degassing

vents, accumulator vessel vents, agitator seals, and access door

seals.

1.2 Principle. A portable instrument is used to detect VOC
leaks from individual sources. The instrument detector type is not
specified, but it rmust meet the specifications and performance criteria
contained in Section 3. A leak definition concentration based on a
reference compound is specified in each applicable regulation. This
procedure is intended to locate and classify leaks only, and is not to
be used as & cirect measure of mass emission rates from individual
sources.
2. Definiticns

2.1 Leer Jefinition Concentration., The local VOC concentration at

the surface ¢f a2 leak source that indicates that a V0T emission (leak)
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is present. The leak definition is an instrument meter reading based
on a reference compound.

2.2 Reference Compound. The VOC species selected as an instrument
calibration basis for specification of the leak definition concentration.
(For example: If a leak definition concentration is 10,000 ppmv as
methane, then any source emission that results in a local concentration
that yields a meter reading of 10,000 on an instrument calibrated with
methane would be classified as a leak. In this example, the leak
definition is 10,000 ppmv, and the reference compound is methane.)

2.3 Calibration Gas. The VOC compound used to adjust the instrument
meter reading to a known value, The calibration gas is usually the
reference compound at a concentration approximately equal to the leak
definition concentration.

2.4 No Detectable Emission. The local VYOC concentration at the
surface of a leak source that indicates that a VOC emission (leak) is
not present. Since background VOC concentrations may exist, and to
account for instrument drift and imperfect reproducibility, a difference
between the source surface coﬁcentration and the local ambient con-
centration is determined. A difference based on meter readings of
less than a concentration corresponding to the minimum readability
specification indicates that a VOC emission (leak) is not present.

(For example, if the leak definition in a regulation is 10,000 ppmv,
then the allowable increase in surface concentration versus local

ambient concentration would be 500 ppmv based on the instrument meter

readings.)
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2.5 Response Factor. The ratio of the known concentration of a
VOC compound to the observed meter reading when measured using an
instrument calibrated with the reference compound specified in the
application regulation,

2.6 Calibration Precision. The degree of agreement between
measurements of the same known value, expressed as the relative percentage
of the average difference between the meter readings and the known
concentration to the known concentration.

2.7 Response Time. The time interval from a step change in VOC
concentration at the input of the sampling system to the time at which
90 percent of the corresponding final value is reached as displayed on
the instrument readout meter.

3. Apparatus

3.1 Monitoring Instrument.

3.1.1 Specifications.

a. The VOC instrument detector shall respond to the compounds
being processed. Detector types which may meet this reguirement include,
but are not limited to, catalytic oxidation, flame ionization, infrared
absorption, and photoionization.

b. The instrument shall be capable of measuring the leck definition
concentration specified in the regulation.

c. The scale of the instrument meter shall be readable to +5
percent of the specified leak definition concentration.

d. The instrument shall be equipped with a pump so that a continuous
sample is provided to the detector. The nominel sample flow rate shall

be 1/2 to 2 liters per minute.



e. The instrument shall be intrinsically safe for operation in
explosive atmospheres as defined by the applicable U.S.A. standards
(e.g., National Electrical Code by the National Fire Prevention Association).

3.1.2 Performance Criteria.

a. The instrument response factors for the individual compounds
to be measured must be less than 10.

b. The instrument response time must be equal to or less than 30
seconds. The response time must be determined for the instrument
configuration to be used during testing.

c. The calibration precision must be equal to or less than 10
percent of the calibration gas value.

d. The evaluation procedure for each parameter is given in
Section 4.4,

3.1.3 Performance Evaluation Requirements.

a. A response factor must be determined for each compound that
is to be measured, either by testing or from reference sources. The
response factor tests are required before placing the analyzer into
service, but do not have to be repeated at subsequent intervals.

b. The calibration precision test must be completed prior to
placing the analyzer into service, and at subsequent 3-month intervals
or at the next use whichever is later.

¢. The response time test is required prior to placing the
instrument into service. If a modification to the sample pumping
system or flow configuration is made that would change the response

time, a new test is required prior to further use.
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3.2 Calibration Gases. The monitoring instrument is calibrated
in terms of parts per million by volume (ppmv) of the reference compound
specified in the applicable regulation. The calibration gases required
for monitoring and instrument performance evaluation are a zero gas
(air, less than 10 ppmv VOC) and a calibration gas in air mixture
approximately equal to the leak definition specified in the regulation.
If cylinder calibration gas mixtures are used, they must be analyzed
and certified by the manufacturer to be within +2 percent accuracy,
and a shelf 1ife must be specified. Cylinder standards must be either
reanalyzed or repiaced at the end of the specified shelf 1ife. Alter-
nately, calibration gases may be prepared by the user according to any
accepted gaseous standards preparation procedure that will yield a
mixture accurate to within +2 percent. Prepared standards must be
replaced each day of use unless it can be demonstrated that degradation
does not occur during storage.

Calibrations may be performed using a compound other than the
reference compound if a conversion factor is determined for that
alternative compound so that the resulting meter readings during
source surveys can be converted to reference compound resuits.

4. Procedures

4.1 Pretest Preparations. Perform the instrument evaluation
procedures given in Section 4.4 if the evaluation requirements of
Section 3.7.3 have not been met.

4.2 Calibration Procedures., Assemble and start up the VOC

analyzer according to the manufacturer's instructions. After the
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appropriate warmup period and zero or internal calibration procedure,
introduce the calibration gas into the instrument sample probe.

Adjust the instrument meter readout to correspond to the calibration
gas value. (Note: If the meter readout cannot be adjusted to the
proper value, a malfunction of the analyzer is indicated and corrective
actions are necessary before use.)

4.3 Individual Source Surveys.

4.3.1 Type I - Leak Definition Based on Concentration. Place
the probe inlet at the surface of the component interface where leakage
couf& occur. Move the probe along the interface periphery while
observing the instrument readout. If an increased meter reading is
observed, slowly sample the interface where leakage is indicated until
the maxirunm meter reading is obtained. Leave the probe inlet at this
maximum reading location for approximately two times the instrument
response time. If the maximum observed meter reading is greater than
the leak definition in the applicable regulation, record and report
the results as specified in the regulation reporting requirements.
Examples of the application of this general technique to specific
equipment types are:

a. Valves--The most common source of leaks from valves is at the
seal between the stem and housing. Place the probe at the interface
where the s;em exits the packing.gland and sample the stem circumference.
Also, place the probe at the interface of the packing gland take-up
flange seat and sample the periphery. In addition, survey valve

housings of nultipart assembly at the surface of all interfaces where

leaks could occur.
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b. Flanges and Other Connections--For welded flanges, place the
probe at the outer edge of the flange-gasket interface and sample the
circumference of the flange. Sample other types of nonpermanent
joints (such as threaded connections) with a similar traverse.

c. Pumps and Compressors--Conduct a circumferential traverse at
the outer surface of the pump or compressor shaft and seal interface.

If the source is a rotating shaft, position the probe inlet within 1 cm

of the shaft-seal interface for the survey. If the housing configuration
prevents a complete traverse of the shaft periphery, sample all accessible
portions. Sample all other joints on the pump or compressor housing

where leakage could occur.

d. Pressure Relief Devices--The configuration of most pressure
relief devices prevents sampling at the sealing seat interface. For
those devices equipped with an enclosed extension, or horn, place the
probe inlet at approximately the center of the exhaust area to the
atmosphere.

e. Process Drains-~For open drains, place the probe inlet at
approximately the center of the area open to the atmosphere. For
covered drains, place the probe at the surface of the cover interface
and conduct a peripheral traverse.

€. Open-Erded Lines or Valves--Place the probe inlet at approximately
the center of the opening to the atmosphere.

g. Seal System Degassing Vents and Accumulator Vents--Place the

probe inlet at approximately the center of the opening to the atmosphere.
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h. Access Door Seals--Place the probe inlet at the surface of
the door seal interface and conduct a peripheral traverse.

4.3.2 Type II - "No Detectable Emission".

Determine the local ambient concentration around the source by
moving the probe inlet randomly upwind and downwind at a distance of
one to two meters from the source. If an interference exists with
this determination due to a nearby emission or leak, the local ambient
concentration may be determined at distances closer to the source, but
in no case shall the distance be less than 25 centimeters. Then move
the probe inlet to the surface of the source and determine the concentration
described in 4.3.1. The difference between these concentrations
determines whether there are no detectable emissions. Record and
report the results as specified by the regulation.

For those cases where the regulation requires a specific device
installation, or that specified vents be ducted or piped to a control
device, the existence of these conditions shall be visually confirmed.
When the regulation also requires that no detectable emissions exist,
visual observations and sampling surveys are required. Examples of
this technique are:

(2) Pump or Compressor Seals--If applicable, determine the type
of shaft seal. Perform a survey of the local area ambient VOC concentration
and determine if detectable emissiops exist as described above.

(b} Seal System Degassing Vents, Accumulator Vessel Vents,
Pressure Relief Devices--If applicable, observe whether or not the

applicable ducting or piping exists. Also, determine if any sources
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exist in the ducting or piping where emissions could occur prior to

the control device. If the required ducting or piping exists and

there are no sources where the emissions could be vented to the atmosphere
prior to the control device, then it is presumed that no detectable
emissions are present. If there are sources in the ducting or piping
where emissions could be vented or sources where leaks could occur,

the sampling surveys described in this paragraph shall be used to
determine if detectable emissions exist.

4,3.3 Alternative Screening Procedure. A screening procedure
based on the formation of bubbles in a soap solution that is sprayed
on a potential leak source may be used for those sources that do not
have continuously moving parts, that do not have surface temperatures
greater than the boiling point or less than the freezing point of the
soap solution, that do not have open areas to the atmosphere that the
soap solution cannot bridge, or that do not exhibit evidence of 1iquid
leakage. Sources that have these conditions present must be surveyed
using the instrument techniques of 4.3.1 or 4,3.2.

Spray a soap solution over all potential leak sources. The soap
solution may be a commercially available leak detection solution or
may be prepared using concentrated detergent and water. A pressure
sprayer or & squeeze bottle may be used to dispense the solution..
Observe the potential leak sites to determine if any bubbles are
formed, £ no bubbles are observed, the source is presumed to have no
detectable emissions or leaks, as applicable. If any bubbles are

chserved, the instrument techniques of 4.3.1 or 4.3.2 shall be used to
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determine if a leak exists, or if the source has detectabie emissions,
as applicable.

4.4 Instrument Evaluation Procedures. At the beginning of the
instrument performance evaluation test, assemble and start up the
instrument according to the manufacturer's instructions for recommended
warmup period and preliminary adjustments.

4.4,1 Response Factor. Calibrate the instrument with the reference
compound as specified in the applicable regulation. For each organic
species that is to be measured during individual source surveys,
obtain or prepare a known standard in air at a concentration of approximately
80 percent of the applicable leak definition unless limited by volatility
or explosivity. In these cases, prepare a standard at 90 percent of
the saturation concentration, or 70 percent of the lower explosive
limit, respectively. Introduce this mixture to the analyzer and
record the observed meter reading. Introduce zero air until a stable
reading is obtained. Make a total of three measurements by alternating
between the known mixture and zero air. Calculate the response factor
for each repetition and the average response factor.

Alternatively, if response factors have been published for the
compounds of interest for the instrument or detector type, the response
factor determination is not required, and existing results may be
referenced. Examples of published response factors for flame ionization
and catalytic oxidation detectors are included in Section 5,

4.4,2 Calibration Precision. Make a total of three measurements

by alternately using zero gas and the specified calibration gas.
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Record the meter readings. Calculate the average algebraic difference
between the meter readings and the known value. Divide this average
ditference by the known calibration value and multiply by 100 to
express the resulting calibretion precision as a percentage.

4.4.3 Response Time. Introduce zero gas into the instrument
sample probe. MWhen the meter reading has stabilized, switch quickly
to the specified calibration gas. Measure the time from switching to
when 90 percent of the final stable reading is attained. Perform this
test sequence three times and record the results. Calculate the
average response time.

5. Bibliography

5.1 DuBose, D.A., and G.E. Harris. Response Factors of VOC
Analyzers at a Meter Reading of 10,000 ppmv for Selected Organic
Compounds. U.S. Environmental Protection Agency, Research Triangle
Park, N.C. Publication No. EPA 600/2-81-051. September 1981.

5.2 Brown, G.E., et al. Response Factors of VOC Analyzers
Calibrated with Methane for Selected Organic Compounds. U.S. Environmental
Protection Agency, Research Triangle Park, N.C. Publication No. EPA
600/2-81-022. May 198l.

5.1 DuBose, D.A., et al. Response of Portable VOC Analyzers to
Chemical Mirxtures. U.S. tnvironmental Protection Agency, Research

Triangle Park, N.C. Publication No. EPA 600/2-81-110. September 1961.

-

21-11



Federal Register / Vol. 48, No. 161 / Thursday, August 18, 1983 / Rules and Regulations
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Campounds Loaks
1. Applicability and Principle.

1.1 Applicability. This method applies to
the determination of volatile organic
compound {(VOC) leaks from process
equipment. These sources include. but are not
limited to. valves, flanges and other
connections, pumps and compressors,
pressure relief devices, process drains, open-
ended valves, pump and compressor seal
system degassing vents, accumulator vessel
vents, agitator seals, and access door seals.

1.2 Principle. A portable instrument is
used to detect VOG leaks from individual
sources. The instrument detector type is not
specified. but it must meet the specifications
and performance criteria contained in Section
8. A leak definition concentration based on a
reference compound is specified in each

applicable regulation. This procedure is
intended to locate and classify leaks only,
and is not to be used as a direct measure of
mass emission rates from individual sources.

2 Definitions.

2.1 Leak Definition Concentrotion. The
local VOC concentration at the surface of a

_leak source that indicates that a VOC

emission {leak) is present. The leak definition
is an instrument meter reading based on a
reference compound.

22 Reference Compound. The VOC
species selected as an instrument calibration
besis for specification of the leak definition
concentration. (For exampie: If a leak
definition concentration is 10,000 ppsav as
maethana, then any source emission that
results in a local concentration that yields a.
meter reading of 10,000 oo an instrument
calibrated with methane would be classified

used to adjust the instrument meter reading

VOC concentration at the surface of & Jeak
source that indicates that a VOC emission
(leak) is not present. Since vOC
concentrations may exist, and to account for
instrument drift and imperfect )
reproducibility, a differencs between the
source surface concentration and the local
ambient concentration je determined. A
difference based on meter readings of lese
than a concentration ing to-the
minimum reedability specification indicates
that 8 VOC emission (leak) is not present.
(For example, if the leak definition in 2
regulation is 10,000 ppmv, then the allowable
increase in surface concentration versus Jocal
ambient concentration would be 500 ppmv
besed on the instrument meter readings.)

2.5 Response Foctor. The ratio of the
known concentration of a VOC compound to
the obsefved meter reading when messured
ﬁqmmtabbntodwmtbc

reference compound specified in the

spplication regulation.

28 Calibration Precision. The degree of

‘agreement between measurements of the

same known value, expressed as the relative
percentage of the average difference between
the meter readings and the known
oonoentration 10 the known concentration.
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2.7 Response Time. The time interval
from a step change in VOC concentration at
the input of the sampling system to the time
at which 90 percent of the corresponding final
value is reached as displayed on the
instrument readout meter.

3. Apparatus.

3.1 Monitoring Instrument.

3.1.1 Specifications.

a. The VOC instrument detector shall
respond to the compounda being processed.
Detector types which may meet this
requirement include, but-are not limited to,
catalytic oxidation, flame ionization, infrared
abeorption. and photoionization.

b. The instrument shall be capable of |
measuring the leak definition concentration
specified in the regulation.

c. The scale of the instrument meter shall
be readabie to 5 percent of the specified leak
definition concentration.

d. The instrument shall be equipped with a
pump so that a contituous sample is provided
to the detector. The nominal sample flow rate
shall be % to 3 liters per minute.

. The instrument shall be intrinsically safe
for operation in explosive atmospheres as
defined by the applicable U.8.A. standards
(e.g.. National Electrical Code by the National
Flre Prevention Association). -

312 Performance Critena.

8. The instrument response factors for the
individal compounds to be measured must be
less than 10.

b. The instrument response time must be
equal to or less than 30 seconds. The
response time must be determined for the
instrument configuration to be used during

c.%ouﬂhnﬂoni'dsionmboeqml
to or less than 10 percent of the calibration

8. A response factor must be determined
for each compound that is to be measured,
either by testing or from reference sources.
The response factor tests are required before
placing the analyzer into service, but do not
have to be repeated as subsequent intervals.

b. The calfbration precision test must be
completed prior to placing the analyzer into
service, and at subsequent 3-month intervals

- or at the next use whichever is later.

c. The response time test is required prior
to placing the instrument into service. If a
modification to the sample pumping system
or flow configurstion is made that would
change the response time, a new test is
required prior to further use. _

3.2 Calibration Gases. The monitoring
instrument is calibrated in terms of parts per
million by volume (ppmv) of the reference
oompound specified in the applicable
regulation. The calibration gases required for
monitoring and instrament performance
evalustion are a xero gas (air, less than 10
ppmyv VOC) and a calibration gas in air
mixture approximately equal to the leak
definition specified in the regulation. If
cylinder calibration as mixture are used, they
must be analyzed and certified by the
manafacturer to be within +2 percent
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sccuracy. and a shelf life mm? be apecified.
Cylinder standarde mast be either

or replaced at the end of the specified shelf
life. Alternaiely. calibration geses mey he
peepared by the user according to any
accepted gaseous standards preparation
procedure that will yield a mixture accurate
o within +2 pescent. Prepared standards
must be replaced each day of use umless it
can be demonstrated that degradation does
not occur during storage.

Calibrations may be performed using a
compound other than the reference
compound if a canversion factor is
determined for that alternative compound so
that the resulting meter readings during
source surveys can be converted to reference
compound results.

4. Procedures.

4.1 Pretest Preparations. Perform the
 instrument evaluation procedures given in
Section 4.4 if the evaluation requirements of
Section 3.1.3 have not been met.

42 Calibration Procedures. Assemble and
start up the VOC analyzer according to the
manufacturer’s instructions. After the
sppropriate warmup period and zero internal
calibration procedure, introduce the
calibration gas into the instrument sampie
probe. Adjust the instrument meter readout to
correspond to the calibration gas value.

- Note.~If the meter readout cannot be
adjusted to the proper value, a malfunction of
the analyzer is indicated and corrective
actions are necessary before use.

43 Individual Source Surveys.

43.1 Type I—Leak Definition Based on
Concentration. Place the probe inlet at the
wswrface of the component interface where
leakage could occur. Move the probe along
the interface periphery while observing the
instrument readout. If an increased meter
meding is observed, slowly sample the
iterface where leakage is indicated until the
maximum meter reading is obtained. Leave
the probe inlet at this maximum reading
location for approximately two times the
instrument response time. If the maximum
obeerved meter reading is greater than the
Joak definition in the applicable regulation,
record and report the results as specified in
the regulation reporting requirements.
Examples of the application of this general
tachnigue to specific equipment types are:

_ a.Valves—The most common source of
Joaks from valves is at the seal between the
stem and housing. Place the probe at the
interface where the stem exists the packing
gland and sample the stem circumference.
Also, place the probe at the interface of the
packing gland take-up flange seat and sample
the periphery. In addition. survey vaive
bousings of multipart assembly at the surface
of all interfaces where leak could occur.

b. Flanges and Other Connections—For
-walded flanges, place the probe at the outer
-wdge of the flange-gasket interface and
‘sample the circumference of the flange.
Sampie other types of nonpermanent joints

{such as threaded connections) with a similar
fraverse.

¢. Pumps and Compressors—Conduct a
.circumferential traverse at the outer surface
of the pump or compressor shaft and seal
“iatarface. If the source is a rotating shaft,
 position the probe inlet within 1 cm of the

shaft-seal interface for the survey. I the
housing configuration prevents & complete
traverse of the shaft periphery, sample all

_ accessible portions. Sampte aR other joints

\

on the pump or compressor housing where
leakage could acenx. i

d. Pressure Refef Devices—The
configuration of most presaore reBef devices
prevents sampling at the sealing seat
interface. For those devices equipped with an
enclosed extension, or horn, place the probe
inlet at approximately the center of the -~
exhaust area to the atmosphere.

e. Process Drains—For open drains, place
the probe inlet at approximately the center of
the area open to the atmosphere. For covered
drains, place the probe at the surface of the
cover interface and conduct a peripheral
traverse.

f. Open-Ended Lines or Valves—Place the
probe inlet at approximately the center of the
opening to the atmosphere.

g. Seal System Degassing Vents and
Accumulator Vents—Place the probe inlet at
approximately the center of the opening to
the atmosphere.

h. Access Door Seals—Place the probe inlet
8l the surface of the door sealinterface and
conduct a peripheral traverse.

4.3.2 Type Il—"No Detectable Emission".

Determine the local ambient concentration
around the source by moving the probe inlet
randomly upwind and downwind at a
distance of one to two meters from the
source. If an interference exists with this
determination due to a nearby emission or
leak, the local ambient concentration may be
determined at distances closer to the source,
but in no case shall the distance be less than
25 centimeters. Then move the probe inlet to
the surface of the source and determine the
concentration described in 4.3.1. The-
difference between these concentrations
determines whether there are no detectable
emissions. Record and report the results as
specified by the regulation.

For those cases where the regulation
requires @ specific device installation, or that
specified vents be ducted or piped to a
contro) device, the existence of these
conditions shall be visuaily confirmed. When
the regulation also requires that no
detectable emissions exist, visual =~ —
observations and sampling surveys are
required. Examples of this technique are:

(a) Pump or Compressor Seals—If
applicable, determine the type of shaft seal.
Preform a survey of the local area ambient
VOC concentration and determine if
detectable emissions exist as described
above.

(b} Seal System Degassing Vents,
Accumulator Vessel Vents, Pressure Relief
Devices—If applicable, observe whether or
not the applicable ducting or piping exists.
Alse, determine if any sources exist in the
ducting or piping where emissions could
occur prior to the control device. If the
required ducting or piping exists and there
are no sources where the emissions could be
vented to the atmosphere prior to the control
device, then it is presumed that no detectable
emissions are present. If there are sources in
the ducting or piping where emissions could
be vented or sources where leaks could
occur, the sampling surveys described inthis
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paragraph shall he used to detesmine i
detectahle emissions exist

433 Alemauve Screening Procechre A
screening procedure based on the formation
of bubbles is 2 seep salution thal s sprayed
on a poteatisl keak soxrce mey be wed for
thoae semrces that do not beve continwouwsly
moving parts, that do not have serfece
temperatures greater than the boifing point or
less tham the freexing point of the soap
solution, that do not have open areas to the
atmosphere_that the soap solution cannot
bridge. or that do not exhibit evidence of
liquid leakage. Sources that have these
conditions present must be syrveyed using
the instrument techniques of 4.3.1 or 4.3.2.

Spray a soap solution over all potential
leak sources. The soap solution may be a
commercially available leak detection
solution or may be prepared using
concentrated detergent and water. A pressure
sprayer or a squeeze bottle may be used to
dispense the solution. Observe the potential
leak sites to determine if any bubbles are
formed. If no bubbles are observed, the
source is presumed to have no detactable
emissions or leaks as applicable. If any
bubbles are observed, the instrument
techniques of 4.3.1 or 4.3.2 shall be used to
determine if a leak exists, or if the source hes
detectable emigsions. as applicable.

4.4 Instrument Evaluation Procedures. At
the beginning of the instrument performance
evaluation test, assembie and start up the
instrument according to the manufacturer's
instructions for recommended warmup period
and preliminary adjustments.

4.4.1 Response Factor. Calibrate the
instrument with the reference compound as
specified in the applicable regulation. For
each organic species that is to be measured
during individual source surveys, obtain or
prepare a known standard in air at a -
concentration of approximately 80 percent of
the applicable teak definition uniess limited
by volatility or explosivity. In these cases,
prepare a standard at 80 percent of the
saturation concentration, or 70 percent of the
lower explosive limit, respectively. Introduce
this mixture to the analyzer and record the
observed meter reading. Introduce zero air
until a stable reading is obtained. Makea
total of three measurements by alternating
between the known mixture and zero air.
Calculate the response factor for each
repetition and the average response factor.

Alternatively, if response factors have been
published for the compounds of interest for
the instrument or detector type, the respoxsise
factor determination is not required, and
existing results may be referenced. Examples
of published response factors for flame :
ionization and catalytic oxidation detectors
are included in Section 5.

4.4.2 Calibration Precision. Make a total of
three measurements by alternately using zero
gas and the specified calibration gas. Record
the meter readings. Calculate the average
algebraic difference between the meter
readings gnd the known value. Divide this
average difference by the known calibration
value and mutiply by 100 to express the
resulting calibration precision as a
percentage.
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44.3 Response Time. Introduce zero gas
”mmmmb&mmc&
ster i switch qui

1 the specified calibration gas. Measure the
me from switching to when 90 percent of the
cal stable reading is attained. Perform this
st sequence three times and record the
walts. Calculate the average response time.
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METHOD 23. DETERMINATION OF HALOGENATED
ORGANICS FROM STATIONARY SOQURCES

INTRODUCTION

Performance of this method should not be attempted
by persons unfamiliar with the operation of a gas
chromatograph, nor by those who are unfamiliar with
source sampling because knowledge beyond the scope
of this presentation is required. Care must be
exercised to prevent exposure of sampling

personnel to hazardous emissions.

1. Applicability and Principle

1.1 Applicability. This method applies to the
measurement of halogenated organics such as carbon tetra-
chloride, ethylene dichloride, perchloroethylene,
trichloroethylene, methylene chloride, 1,1,1-trichloroethane,
and trichlorotrifluoroethane in stack gases from sources as
specified in the regulations. The method does not measure
halogenated organics contained in particulate matter.

1.2 Principle. An integrated bag sample of stack gas
containing one or more halogenated organics is subjected
to gas chromatographic (GC) analysis, using a flame
jonization detector (FID).

2. Range and Sensitivity

The range of this method is 0.1 to 200 ppm. The upper
1imit may be extended by extending the calibration range or

by diluting the sample.

23-1



3. Interferences

The chromatograph column with the corresponding
operating parameters herein described rnormally provides an
adequate resolution of halogenated organics; however,
resolution interferences may be encountered in some sources.
Therefore, the chromatograph operator shall select the
column best suited to his particular analysis problem,
subject to the approval of the Administrator. Approval
is automatic provided that confirming data are produced
through an adequate supplemental analytical technique,

e.g. analysis with a different column or GC/mass spectro-
scopy. This confirming data must be available for review
by the Administrator.

4, Apparatus

4.1 Sampling (see Figure 23-1). The sampling train
consists of the following components:

4.1.1 Probe. Stainless steel, Pyrex* glass, or Teflon*
tubing (as stack temperature permits), each equipped with a
glass wool plug to remove particulate matter.

4.1.2 Sample Line, Teflon, 6.4-mm outside diameter,
of sufficient length to connect probe to bag. Use a new
unused piece for each series of bag samples that constitutes

an emission test, and discard upon completion of the test.

*Mention of trade names or specific products does rot
constitute endorsement by the Environmental Protection Agency.
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Figure 23-1. Integrated-bag sampling train. (Mention of trade names
or specific products does not constitute endorsement by the Environ-
mentai Protection Agency.)
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4.1.3 Quick Connects. Stainless steel, male (2) and
female (2), with ball checks (one pair without), located
as shown in Figure 23-1.

4.1.4 Tedlar or Aluminized Mylar Bags. 100-liter
capacity, to contain sample.

4,1.5 Bag Containers. Rigid leakproof containers
for sample bags, with covering to protect contents from
sunlight.

4,1.6 Needle Valvg. To adjust sample flow rate.

4.1.7 Pump. Leak-free, with minimum of 2-liters/min
capacity.

4,1.8 Charcoal Tube. To prevent admission of
halogenated organics to the atmosphere in the vicinity
of samplers.

4,1.9 Flow Meter, For observing sample flow rate;
capable of measuring a flow range from 0.10 to 1.00 liter/min.

4,1.10 Connecting Tubing. Teflon, 6.4-mm outside
diameter, to assemble sampling train (Figure 23-1).

4,2 Sample Recovery. Teflon tubing, 6.4-mm outside
diameter, to connect bag to gas chromatograph sample loop
is required for sample recovery. Use a new unused piece
for each series of bag samples that constitutes an emission

test and discard upon conclusion of analysis of those bags.
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4.3. Analysis. The following equipment is needed:
4.3.1 Gas Chromatograph. With FID, potentiometric
strip chart recorder, and 1.0- to 2.C-m1 sampling loop
in automatic sample valve. The chromatogfaphic system
snall be capable of producing a response to 0.1 ppm of
the halogenated organic compourd that is at least as
great as the average noise level. (Response is measured
from the average value of the baseline tc the maximum of
the waveform, while standard operating conditions are in
use.)
4.3.2 Chromatographic Column. Stainless steel,
3.05 m by 3.2 mm, containing 20 percent SP-21C03/0.1 percent
Carbowax 1500 on 100/120 Supeicoport. The analyst may use
other columns provided that the precision and accuracy of
the analysis of standards are not impaired and he has
available ¥or review information confirming that there is
adequate resolution of the halogenated organic compourd
peak. (Adequate resolution is defined as an‘area overlap
of not more than 10 percent of the halogenated organic
compound peak by an interferent peak. Calculation of
area overlap is explained in Appendix E, Supplement A:
"Determination of Adequate Chromatographic Peak Resoiution.”
§4.3.3 Flow Meters (2). Rotameter type,

0-to-100-m1/min capacity.
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4.3.4 Gas Regulators. For required gas cylinders.

4.3.5 Thermometer. Accurate to 1°C, to measure
temperature of heated sample loop at time ¢f sample
injection.

4.3.6 Barometer. Accurate to 5 mm Hg, to measure
atmospheric pressure around gas chromatograph during
sample analysis.

4.3.7 Pump. Leak-free, with a minimum of 100-m1/min
capacity.

4.3.8 Recorder. Strip chart type, optionally
equipped with either disc or electronic integrator.

4.3.9 Planimeter. Optional, in place of disc or
electronic integrator (4.3.8), to measure chromatograph
peak areas,

4.4 Calibration. Sections 4.4.2 through 4.4.5 are
for the optional procedure in Section 7.1.

4.4,1 Tubing. Teflon, 6.4-mm outside diameter,
separate pieces marked for each calibration concentration.

4.4,.2 Tedlar or Aluminized Mylar Bags. 50-liter
capacity, with valve; separate bag marked for each
calibration concentration.

4.4,3 Syringe. 25-ul, gas tight, individually

calibrated, to dispense liquid halogenated organic soivent.
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4.4.,4 Syringe. 50-ul, gas tight, individually
calibrated to dispense liquid halogenated organic solvent.

4.4.5 Dry Gas Meter, with Temperature anc Pressure
Gauges. Accurate to + 2 percent, to meter nitrogen in
preparation of standard gas mixtures, calibrated at the
flow rate used to prepare standards.

4.4.6 Midget Impinger/Hot Plgte Assembly. To

vaporize solvent.

5. Reagents

It is necessary that all reagents be of chromatographic
grade.

5.1 Analysis. The following are needed for analysis:

5.1.1 Helium Gas or Nitrogen Gas. Zero grade, for
chromatographic carrier gas.

5.1.2 Hydrogen Gas. Zero grade.

5.1.3 Oxygen Gas or Air. Zero grade, as required by
the detector,

5.2 Calibration. Use one of the following options:
either 5.2.1 and 5.2.2, or 5.2.3.

5.2.1 Halogenated Organic Compound, 99 Mol Percent
Pure. Certified by the manufacturer to contain a minimum
of 99 Mol percent of the particular nalogenated organic
compound; for use in the preparation of standard gas

mixtures as described jn Section 7.1.
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5.2.2 Nitrogen Gas. Zero grade, for preparation
of standard gas mixtures as described in Section 7.1.

5.2.3 Cylinder Standards (3). Gas mixture standards
(200, 100, and 50 ppm of the halogenated organic compound
of interest, in nitrogen). The tester may use these
cylinder standards to directly prepare a chromatograph
calibration curve as described in Section 7.2.2, if the
following conditions are met: (a) The manufacturer
certifies tne gas composition with an accuracy of
" + 3 percent or better (see Section 5.2.3.1).
(b} The manufacturer recommends a maximum shelf life over
which the gas concentration does not change by greater than
" + 5 percent from the certified value. (c) The manufacturer
affixes the date of gas cylinder preparation, certified
concentration of the halogenated organic compound, and
recomnended maximum shelf life to the cylinder before shipment
from the gas maﬁufacturer to the buyer,

5.2.3.1 Cylinder Standards Certification. The
manufacturer shall certify the concentration of the halogenated
organic compound in nitrogen in each cylinder by (a) directly
analyzing each cylinder and (b) calibrating his analytical
procedure on the day of cylinder analysis. To calibrate
his analytical procedure, the manufacturar shall use, as
a minimum, a three-point calibration curve. It is recommended

that the manufacturer maintain (1) a high-concentration
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calibration standard (between 200 and 400 ppm) to prepare
his calibration curve by an appropriate dilution
technique and (2) a Tow-concentration calibration
standard (between 50 and 100 ppm) to verify the dilution
technique used. If the difference between the apparent
concentration read from the calibraticn curve and
the true concentration assigned to the low-concentration
calibration standard exceeds 5 percent of the true concen-
tration, the manufacturer shall determine the source of
error and correct it, then repeat the three-point calibration.

5.2.3.2 Verification of Manufacturer's Calibration
Standards. Before using, the manufacturer shall verify each
calibration standard by (a) comparing it to gas mixtures
prepared (with 99 Mol percent of the halogenated organic
compounds) in accordance with the procedure described in
Section 7.1 or by (b) having it analyzed by the National
Bureau of Standards, if such analysis is available. The
agreement between the initially determined concentration
value and the verification concentration value must be
within + 5 percent. The manufacturer must reverify all
calibration standards on a time interval consistent with the
shelf 1ife of the cylinder standards sold.

5.2.4 Audit Cylinder Standards (2). Gas mixture

standards with concentrations known only to the person
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.supervising the analysis samples. The audit cylinder standards
shall be identically prepared as those in Section 5.2.3 (the
halogenated organic compounds of interest, in nitrogen). The
concentrations of the audit cylinders should be: one
low-concentration cylinder in the range of 25 to 50 ppm, and
one high-concentration cylinder in the range of 200 to 300 ppm.
When available, the tester may obtain audit cylinders by
contacting: Environmental Protection Agency, Environmental
Monitoring and Support Laboratory, Quality Assurance Branch
(MD-77), Research Triangle Park, North Carolina 27711. If audit
cylinders are not available at the Environmental Protection
Agency, the tester must secure an alterﬁative source.
6. Procedure

6.1 Sampling. Assemble the sampling train as shown in
Figure 23-1. Perform a bag leak check according to Section 7.3.2.
Join the quick connects as illustrated, and determine that all
connections between the bag and the probe are tight. Place the
end of the probe at the centroid of the stack and start the
pump with the needle valve adjusted to yield a flow that will
more than half fill the bag in the specified sample period.
After allowing sufficient time to purge the line several times,
connect the vacuum line to the bag and evacuate the bag until
the rotameter indicates no flow. At all times, direct the gas

exiting the rotameter away from sampling personnel.
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Then reposition the sample and vacuum lines and begin the
actual sampling, «eeping the rate constant. At the end
of the sample period, shut off the pump, disconnect the
sample line from the bag, and disconnect the vacuum line
from the bag container. Protect bag container from sun-

light.

6.2 Sample Storage. Keep the sample bags out of direct
sunlight and protect from heat. Perform the analysis witnin
i day of sample collection for methylene chlcoride, ethylene
dichloride, and tricklorotrifluoroethane, and within 2 days
for perchioroethylene, trichloroethylene, 1,1,1-trichloro-
ethane, and carbon tetrachloride.

6.3 Sample Recovery. With a new piece of Teflon
tubing identified for that bag, connect a bag inlet valve
to the gas chromatograph sample valve. Switch the valve
to receive gas from the bag through the sample locp.

Arrange the equipment so the sample gas passes from the
sample valye to a 0-to-100-mi/min rotameter with flow
control valve followed by a charcoal tube and a

0-to-1-in. H20 pressure gauge. The tester may maintain the
sample fiow either by a vacuum pump or container pressur-
ization if the collection bag remains in the rigid container.

After sample loop purging is ceased, allow the bressure gauge

to return to zero before activating the gas sampling valve.
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6.4 Anaiysis. Set the column temperature to 100°C
and the detector temperature to 225°C. When optimum hydrogen
and oxygen flow rates have been determined, verify and main-
tain these flow rates during all chromatograph operations.
Using zero helium or nitrogen as the carrier gas, establish
a flow rate in the range consistent with the manufacturer's
requirements for satisfactory detector operation. A fiow
rate of approximately 20 m1/min should produce adequate
separations. Observe the base line periodically and determine
that the noise level has stabilized and that base-line drift
has ceased. Purge the sample loop for 30 sec at the rate of
100 ml/min, then activate the sample valve. Record the
injection time (the position of the pen on the chart at the
time of sample injection), the sample number, the sample
loop temperature, the column temperature, carrier gas fiow
rate, chart speed, and the attenuator setting. Record the
barometric pressure. From the chart, note the peak having
the retention time corresponding to the halogerated organic
compound, as determined in Section 7.2.1. Measure the
halogenated organic compound peak area, Am, by use of a disc
integrator, electronic integrator, or a planimeter. Record
Am and the retention time. Repeat the injection at least
two times or until two consecutive values for the total area
of the peak do not vary more than 5 percent. Use the average

value for these two total areas to compute the bag concentration.
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6.5 Determination of Bag Water Vepor Content.
Measure the ambient temperature and barcmetric pressure
near the bag. From a water saturation vapor pressure
table, determine and record the water vapor content of
the bag as a decimal figure. (Assume the relative
humidity to be 100 percent unless a lesser value is known.)

7. ?reparation of Standard Gas Mixtures, Calibration, and

Quality Assurance

7.1 Preparation of Standard Gas Mixtures. (Optional
procedure--delete if cylinder standards are used.) Assemble
the apparatus shown in Figure 23-2. Creck that all fittings
are tight. Evacuate a 50-1jter Tedlar or aluminized Myiar
bag that has passed a leak check (dascribed in Section 7.3.2)
and meter in about 50 liters of nitrogen. Measure the
barometric pressure, the relative pressure at the dry gas
meter, and the temperature at the dry gas meter. Refer to
Table 23-]. While the bag is filling, use the 5C-ul syringe
to inject through the septum on top of the impinger, the
quantity required to yield a concentration of 200 ppm. In a
1ike manner, use the 25-ul syringe to prepare bags having
approximately 100- and 50-ppm concentrations. To calculate
the specific concentrations, refer to Section 8.1. (Tedlar
bag gas mixture standards of methylene chioride, ethylere

dichloride, and trichlorotrifluoroethane may be used for
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TABLE 23-1. INJECTION VALUES FOR PREPARATION OF STANDARDS (Optional, See Section 7.1)

Molecular Density at u1/50 liters of N, required
Weight 293°K for approximate cgncentration of:
Compound g/g-mole g/ml 200 ppm 100 ppm 50 ppm
Perchloroethylene C2014 165.85 1.6230 42.5 21.2 10.6
Trichloroethylene C2HC13 131.40 1.4649 37.3 18.6 9.3
1,1, -Trichloroethane C2H3Cl3 133.42 1.4384 38.6 19.3 9.6
Methylene Chloride CH2C12 84.94 1.3255 26.6 13.3 6.7
Trichlorotrifluoroethane C2C13F3 187.38 1.5790 49.3 24.7 12.3
Carbon Tetrachloride CC]4 163.84 1.5940 40.1 20.1 10.0

Ethylene Dichloride C2H4C]2 98.96 1.2569 32.7 16.4 8.2



1 day, trichloroethylene and 1,1,1-trichloroethane for

2 days, and perchloroethylene and carbon tetrachloride

for 10 days from the date of preparation. (Caution: If the
new gas mixture standard is a lower concentration than the

previous gas mixture standard, contamination may be a problem

when a bag is reused.)

7.2 Calibration.

7.2.1 Determination of Halogenated Organic Compound
Retention Time. (This section can be performed simultaneously
with Section 7.2.2.) Establish chromatograph conditions
identical with those in Section 6.4, above. Determine proper
attenuator position. Flush the sampling loop with zero
helium or nitrogen and activate the sample valve. Record the
injection time, the sample loop temperature, the column
temperature, the carrier gas flow rate, the chart speed, and
the attenuator setting. Record peaks and detector responses
that occur in the absence of the halogenated organic. Main-
tain conditions (with the equipment plumbing arranged identi-
cally to Section 6.3), flush the sample loop for 30 sec at
the rate of 100 m1/min with one of the halogenated organic
cqmpound calibration mixtures, and activate the sample valve.
Record the injection time. Select the peak that corresponds
to the halogenated organic compound. Measure the distance
on the chart from the injection time to the time at which

the peak maximum occurs. This distance divided by the chart
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speed is defined as the halogenated organic compound peak
retention time. Since it is possible that there will be
other organics present in the sample, it is very important
that positive identification of the halogenated organic
compound peak be made.

7.2.2 Preparation of Chromatograph Calibration Curve.
Make a gas chromatographic measurement of each standard gas
mixture (described in Section 5.2.3 or 7.1) using conditions
identical with those listed in Sections 6.3 and 6.4. Flush
the sampling loop for 30 sec at the rate of 100 ml/min with
one of the standard gas mixtures and activate the sample
valve. Record cc, the concentration of halogenated organic
injected, the attenuator setting, chart speed, peak area,
sample loop temperature, column temperature, carrier gas
flow rate, and retention time. Record the laboratory
pressure. (Calculate Ac’ the peak area multiplied by the
attenuator setting. Repeat unti] two consecutive injection
areas are within 5 percent, then plot the average of those
two values versus Cc. When the other standard gas mixtures
have been similarly analyzed and plotted, draw a straight
line through the points derived by the least squares method.
Perform calibration daily, or before and after each set of

bag samples, whichever is more frequent.
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7.3 Quality Assurance.

7.3.1 Analysis Audit. Immediately after the preparation
of the calibration curve and prior to the sample analyses,
perform the analysis audit described in Appendix E, Supplement B:
"Procedure for Field Auditing GC Analysis."

7.3.2 Bag Leak Checks. While performahce of this section
is required subsequent to bag use, it is also advised that it
be performed prior to bag use. After each use, make sure a bag
did not develop leaks by connecting a water manometer and
pressurizing the bag to 5 to 10 cm H,0 (2 to 4 in. HZO)'

Allow to stand for 10 min. Any displacement in the water
manometer indicates a leak. Also, check the rigid container
for leaks in this manner. (Note: An alternative leak

check method is to pressurize the bag to 5 to 10 cm HZO

(2 to 4 in. HZO) and allow to stand overnight. A deflated
bag indicates a leak.) For each sample bag in its rigid
container, place a rotameter in line between the bag and

the pump inlet. Evacuate the bag. Failure of the rotameter

to register zero flow when the bag appears to be empty

indicates a leak.

8. Calculations.

8.1 Optional Procedure Standards Concentrations.
Calculate each halogenated organic standard concentration

(Cc in ppm) prepared in accordance with Section 7.1 as follows:
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8D 3
T (24.055 x 107) g 80 T

C. *© : = 6.240 x 10 E—m;ﬁr7:;
Vo ¥ %22' 7%5'
m
Eq. 23-1
Where: |
8 = Volume of halogenated organic injected, wul.
D = Density of compound at 293°K, g/ml.
M = Molecular weight of compound, g/g-mole.
Vm = @as volume measured by dry gas meter, liters.
Y = Dry gas meter calibration factor, dimensionless.
Pm = Absolute pressure of dry gas meter, mm Hg.
Tm = Absolute temperature of dry gas meter, °K.

24.055 = Ideal gas molal volume at 293° K and 760 mm Hg,

1iters/g-mole.

10 = Conversion factor. [ (ppm)(ml)]/ul.

8.2 Sample Concentrations. From the calibration curve
described in Section 7.2.2 above,.se]ect the value of C. that
corresponds to Ac' Calculate CS, the concentration of
halogenated organic in the sample (in ppm), as follows:

CPT.

c = —c—_—r-%T:-—T Eq. 23-2
s Pi‘r Swb
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Where:
C = Concentration of the halogenated organic
indicated by the gas chromatograph, ppm.
P = Reference pressure, the laboratory pressure
recorded during calibration, mm Hg.
T1 = Sampla loop temperature'at the time of
analysis, °K.
Pi = Laboratory pressure at time of analysis, mm Hg.
= Reference temperature, the sample loop temper-
ature recorded during calibration, °K.
wa = Water vapor content of the bag sample, volume
fraction.
9. References
1. Feairheller, W.R., A.M. Kemmer, B.J. Warner, and
0.Q. Douglas. Measurement of Gaseous Organic Compound
Emissions by Gas Chromatography. EPA Contract No. 68-02-1404,
Task 33 and 68-02-2818, Work Assignment 3. January 1978.
Revised by EPA August 1978.
2. Supelco, Inc. Separation of Hydrocarbons.
Bulletin 747. Belleforte, Pennsylvania. 1974.
3. Communication from Joseph E. Knoll. Perchloroethylene
Analysis by Gas Chromatography. March 8, 1978.
4. Communication from Joseph E. Knoll. Test Method for
Halogenated Hydrocarbons. December 20, 1978,
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40 CFR Part 60 Appendix A
Final, promulgated 10/3/80
45 FR 65958

Revised 1/27/83

METHOD 24--DETERMINATION OF VOLATILE MATTER CONTENT, WATER
CONTENT, DENSITY, VOLUME SOLIDS, AND WEIGHT SOLIDS OF SURFACE COATINGS

1. Applicability and Principle

1.1 Applicability. This method applies to the determination of vclatile
matter content, water content, density, volume solids, and weight solids of
paint, varnish, lacquer, or related surface coatings.

1.2 Principle. Standard methods are used to determine the volatile
matter content, water content, density, volume solids, and weight solids of
the paint, varnish, lacquer, or related surface coatings.

2. Applicable Standard Methods

Use the apparatus, reagents, and procedures specified in the standard
methods below:

2.1 ASTM D 1475-60 (Reapproved 1980). Standard Test Method for Density
of Paint, Lacquer, and Related Products (incorporated by reference - see §60.17).

2.2 ASTM D 2369-81. Standard Test Method for Volatile Content of Paints
(incorporated by reference - see §60.17).

2.3 ASTM D 3792-79. Standard Test Method for Water Content in Water
Reducible Paint by Direct Injection into a Gas Chromatograph (incorporated by
reference - see §60.17).

2.4 ASTM D 4017-81. Standard Test Method for Water in Paints or Paint

Materials by the Karl Fischer Titration Method (incorporated by reference -

see §60.17).
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3. Procedure
3.1 Volatile Matter Content. Use the procedure in ASTM D 2369-81 (in-
corporated by reference - see 860.17) to determine the volatile matter content

(may include water) of the coating. Record the following information:

=
1]

1 Weight of dish and sample before heating, g.

=
n

2 Weight of dish and sample after heating, g.
w3 = Sample weight, g.
Run analyses in pairs (duplicate sets) for each coating until the criterion
in section 4.3 is met. Calculate the weight fraction of the volatile matter

(Hv) for each analysis as follows:

W = —/— Eq. 24-1

Record the arithmetic average (ﬁv).

3.2 MWater Content. For waterborne (water reducible) coatings only,
determine the weight fraction of water (Nv) using either "Standard Test Method
for Water Content in Water Reducible Paint by Direct Injection into a Gas
.Chromatograph“ or “"Standard Test Method for Water in Paint or Related Coatings
by the Karl Fischer Titration Method." (These two methods are incorporated
by reference - see §60.17.) A waterborne coating is any coating which contains
more than 5 percent water by weight in its volatile fraction. Run duplicate
sets of determinations until the criterion in section 4.3 is met. Record the
arithmetic average (ﬁw).

3.3 Coating Density. Determine the density (Dc, kg/liter) of the sur-
face coating using the procedure in ASTM D 1475-60 (incorporated by reference

- see §60.17).
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Run duplicate sets of determinations for each coating until the
criterion in section 4.3 is met. Record the arithmetic average (DC).
3.4 Solids Content. Determine the volume fraction (VS) solids

of the coating by calculation using the manufacturer's formulation.

4. Data Validation Procedure

4.1 Summary. The variety of coatings that may be subject to
analysis makes it necessary to verify the ability of the analyst
and the analytical procedures to obtain reproducible results for the
coatings tested. This is done by running duplicate analyses on
each sample tested and comparing results with the within-laboratory
precision statements for each parameter. Because of the inherent
increased imprecision in the determination of the VOC content of
waterborne coatings as the weight percent water increases, measured
parameters for waterborne coatings are modified by the appropriate
confidence 1imits based on between-laboratory precision statements.

4.2 Analytical Precision Statements. The within-laboratory and

between-laboratory precision statements are given below:

Within-laboratory Between-laboratory

Volatile Matter Content, wv 1.5% wv 4.7% ?v

Water Content, ww 2.9% Nw 7.5%lww

Density, D 0.001 kg/liter 0.002 kg/liter
? c .
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4.3 Sample Analysis Criteria. For wv and ww. run duplicate
analyses until the difference between the two values in a set is
less than or equal to the within-laboratory precision statement for
that parameter. For Dc run duplicate analyses until each value in a
set deviates from the mean of the set by no more than the within-
laboratory precision statement. If after several attempts it is
concluded that the ASTM procedures cannot be used for the specific
coating with the established within-laboratory precision, the
Administrator will assume responsibility for providing the necessary
procedures for revising the method or precision statements upon written
request to: Director, Emission Standards and Engineering Division,
(MD-13) Office of Air Quality Planning and Standards, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina 27711.

4.4 Confidence Limit Calculations for Waterborne Coatings. Based
on the between-laboratory precision statements, calculate the confidence
© Vimits for waterborne coatings as follows:

To calculate the lower confidence limit, éubtract the appropriate
between-laboratory precision value from the measured mean value for
that parameter. To calculate the upper confidence 1imit, add the
appropriate between-laboratory precision value to the measured mean
value for that parameter. For Hv and Dc. use the lower confidence
limits, and for ww, use the upper confidence 1imit. Because Vs is

calculated, there is no adjustment for the parameter.
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hWnere:

wo = Weight Traction nonaguedus voiatile matter, g/g.

5.1.2 Vaverborne Coatings.

UO = dv - Tw £q. 24-3
5.2 ueight Traction soiius.
A= 1 - £G. 24-4
Laere Hs = \eight solids, §/3.
. Sidiiocraniis

. e o~ TR
.

LCST Yo Yohcliie content of Paints.

rveiladle from: Chaivman, Commitice O-1 on Paint aad Rolated

[}
<)
£

T
'

Coutings anc Materiails, Anerican Society Tor
7916 Race Street, Pniladelphia, Pennsy.vania 19i03. ASTM
oesignation D 23536-31.

5.2 Standard Method of Test for Lensity of Paint, Varnish,
Leccuer, and Related Products. in: 1974 Booxk o7 ASTM Standards,
Part 27. Pnilaceipnia, Pennsylvania, ASTM Designation D 1475-80.

-~

;9CJ.
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6.3 Standard Method of Test for Water in Water Reducible
Paint by Direct Injection into a Gas Chromatograph. Available
from: Chairman, Committee D-1 on Paint and Related Coatings
and Materials, American Society for Testing and Materials, 1916
Race Street, Philadelphia, Pennsylvania 19103. ASTM Designation
D 3792-79.

6.4 Provisional Method of Test Water in Paint or Related
Coatings by the Karl Fischer Titration Method. Available from:
Chairman, Committee D-1 on Paint and Related Coatings and Materials,

American Society for Testing and Materials, 1916 Race Street,
Philadelphia, Pennsylvania 19103.
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Mothod 24—Determination of Volatile Matter
Coatent, Water Content, Deasity, Volume
Selids, and Weight Solids of Surface Coatings
1. Applicability and Principle

11 Applicability. This method applies to
the determination of volatile matter content,
water content, density, volume solids, and
weight solids of paint, varnish. lacquer, or
related surface coatings.

1.2 Principle. Standard methods are used
to determine the volatile matter content,
water content, density, volume solids. and
weight solids of the paint, varnish, lacquer, o¢
related surface coatings. |

2 Applicable Standard Methods

Use the apparatus, reagents. and
specified in the standard methods

21 ASTM D 1473-80. Standard Method of
- Test for Density of Paint, Lacquer. and
Related Products.

22 ASTM D 2308-81. Provisional Method
of Test for Volatile Content of Paints.

23 ASTM D 3792-79. Standard Method of
Test for Water in Water Reducible Paint by
Direct Injection into s Gas Chromatogreph.

24 ASTM Provisional Method of Test for
Waler in Paint or Related Coatings by the
Karl Flscher Titration Method.

3 Procedure

31 Volatile Matter Content. Use the
procedure in ASTM D 2309-81 to determine
the volatile matter content (may include
waisr) of the coating. Record the following
formation:

W,=Weight of dish and sample before
heating, 3.
Wa=Weight of dish and sample after heating,

s .
W,=Sample weight. 3.
Run anslyses in pairs {duplicate sets) for
each coating until the criterion in section 4.3
is met. Calculate the waight fraction of the
volatile matter (W,) for each analysis as

" ’ - -——ws——- Eq. 24-
Record the arithmetic average (W.,).

32 Water Content. For waterborne {water
reducible) costings onty, determine the
weight fraction of water (W, ) using either
“Standard Method of Test for Water in Water
Reducible Paint by Direct Injection into a Gas
Chromatograph” or “Provisional Method of
Test for Water in Paint or Related Coatings
by the Karl Fischer Titration Method.” A
waterbarne coating is any coating which
contains more than 5 percent water by weight
fn its volatile fraction. Run duplicate sets of
determinationsanti] the criterion in section
m is met. Record the arithmetic average

»)-

33 Coating Density. Determine the
density (D.. kg/liter} of the surface coating
using the procedure in ASTM D 1475-60.

Run duplicate sets of determinations for
each coating until the criterion in section 4.3
is met. Record the arithmetic average (D, ).

3.4 Solids Content. Determine the volume
fraction (V,) solids of the coating by
calcolation using the manufacturer's
formulation.

4. Data Validotion Procedure

4.1 Summery. The variety of coatings that
may be subject to analysis makes it
necessary to verify the ability of the analyst
and the analytical procedures to abtain
reproducible resuits for the coatings tested.
This is done by running duplicate analyses on
each sample tested and comparing results
with the within-laboratory precision
statements for each parsmeter. Because of
the inherent increased imprecision in the
determination of the VOC content of
waterborne coatings as the weight percent
water increases, messured parameters for
waterborne coatings are modified by the
appropriate confidence limits based on
between-laboratory precision statements.

4.2 Analytical Precision Statements. The
within-leboretory and between-laboratory
preadision statemments are given below:

Wikhin- Betwoen-
\aboratory faboresory
Volatie metier coamt, W, 18 oCt W, .. 47 pt W,.

Water content, W, 29 pA Weore. 7.5 pot W
Ownasty, Do 0.001 /Mo . 0.002 hg/Mar

43 Sample Anaslysis Criteria. For W, snd
W.,. run duplicate analyses until the
difference between the two values in a set is
less than or equal to the within-laboratory
precision statement for that parameter. For D,
run duplicate analyses until sach value in a
set deviates from the mean of the set by no
more than the within-laboratory precision
statement. If after several attempts it is
concluded that the ASTM procedures cannot
be used for the specific costing with the
established within-laboratory precision. the
Administrator will assume responsibility for
providing the necessary proceduses for
revising the methad or precision statements
upon written request to: Director, Emission
Standards and Engineering Division. (MD-13)
Office of Air Quality Planning and Standards.
U.S. Bavironmental Protection Agency
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Rewearch Triangle Park. North Carotina
27711,

4.4 Confidence Limit Csiculations for
Waterbome Costings. Based on the between-
laboretory precision statements. calculate the
confidence limits for waterborne coatings as
follows:

To calculate the lower confidence limit,
subtract the appropriate between-laboratory
precision value from the measured mean
value for that parameter. To calcalate the
upper oonfidence limit, add the appropirate
between-laboratory precision value to the
measured mean value for that parameter. For
W, and D, use the lower confidence limits,
and for W, use the upper confidence limit.
Because V, is calculated. there {s no
adjustment for the parameter.

& Colculations

8.1 Nonaqueous Volatile Matter.
5.1.1 Solvent-borne Coatings.

W.=W, Eq. 4-2
Where:
W, = Weight fraction nonagueous volatile
matter, g/g.
512 Waterborne Coatings.
W=W,-W, Eq. 243
52 Weight frection solids.
W,=1-W, Eq. 244
Where: W, = Weight solids. g/g.
& Bibliography
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62 Standard Method of Test for Density
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Committee D-1 on Paint and Related
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METHOD 24A--DETERMINATION OF VOLATILE MATTER CONTENT
AND DENSITY OF PRINTING INKS AND RELATED COATINGS

1. Applicability and Principle

1.1 Applicability. This method applies to the determination of
the volatile organic compound (VOC) content and density of solvent-borne

(solvent reducible) printing inks or related coatings,

1.2 Principle. Separate procedures are used to determine the VOC
weight fraction and density of the coating and the density of the solvent
in the coating. The VOC weight fraction is determined by measuring the
weight loss of a known sémp1e quantity which has been heated “or a
specified length of time at a specified temperature. The density of
both the coating and solvent aré measured by a standard procedure. From
this information, the VOC volume fraction is calculated.

2. Procedure

2.1 Weight Fraction VOC.

2.1.1 Apparatus.

2.1.1.1 Weighing Dishes. Aluminum foil, 58 mm in diameter by
18 mm high, with a flat bottom. There must be at least three weighing
dishes per sample.

2.1.1.2 Disposable syringe, 5 ml.

2.1.1.3 Analytical Balance. To measure to within 0.1 mgq.

2.1.1.4 Oven. Vacuum oven capable of maintaining a temperature of

120 =2°C and an absolute pressure of 510 =51 mm Hg for 4 hours. 1ternatively,
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a forced draft oven capéb1e of maintaining a temperature of 120 =2°C
for 24 hours.

2.1.1.5 Analysis. Shake or mix the sample thoroughly to assure
+hat all the solids are completely suspended. Label and weigh to the
nearest 0.1 mg a weighing dish and record this weight (MxI)'

Using a 5-ml syringe without a needle remove a sample of the coating.
Weigh the syringe and sample to the nearest 0.1 mg and record this
weight (McY1)‘ Transfer 1 to 3 g of the sample to the tared weighing
dish. Reweigh the syringe and sample to the nearest 0.1 mg and record
this weight (McYZ)' Heat the weighing dish and sample in a vacuum oven
at an absolute pressure of 510 + 51 mm Hg and a temperature of 120 + 2°C
for 4 hours. Alternatively, heat the weighing dish and sample in a
forced draft oven at a temperature of 120 = 2° C for 24 hours. After
the weighing dish has cooled, reweigh it to the nearest 0.1 mg and
record the weight (sz). Repeat this procedure for a total of three
determinations for each sample.

2.2 Coating Density. Determine the density of the ink or related
coating according to the procedure outlined in ASTM D 1475-60, which is
incorporated by reference. HMake a total of three determinations for
each coating. Report the density'ﬁz as the arithmetic average of the
three determinations. This Standard Test Method For Density of Paint,
Varnish, Lacquer, and Relatéd Products can be found in the "1974 Annual
Book of ASTM Standards.® It is available from the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, Pennsylvania

19103, It is also available for inspection at the 0ffice of the Federal
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Register Information Ceﬁter, Room 8301, 1100 L Street, N.W., Washington,
p.C. 20408. This incorporation by reference was approved by the Director

pf the Federal Register on , 1981. This material is incorporated

as it exists on the date of the approval and a notice of any change in
these materials will be pubiished in the FzDERAL REGISTER.

2.3 Solvent Density. Determine the density of the solvent according
to the procedure outlined in ASTM D 1475-60. Make a total of three
determinations for each coating. Report the density 5;' as the arithmetic
average of the three determinations.

3. Calculations

3.1 4eight Fraction VOC. Calculate the weight fraction volatile
grganic content wo using the following equation:
v oo Ba Mo mMers m M
° My - M
cYl cY2

Eq. 24A-1

Report the weight fraction VOC 3C; as the arithmetic average of the
three determinations.
3.2 Volume Fraction VOC. Calculate the volume fraction volatile

organic content Vo using the following equation:

V s —— Eq. 24A-2



4, Bibliography

4.1‘ Standard Test Method for Density of Paint, Varnish, lLacouer,
and Related Products. In: 1974 Book of ASTM Standards, Part 25, Philadelphia,
Pennsylvania, ASTM Designation D 1475-60. 1974, p. 231-233.
4.2 Teleconversation. Wright, Chuck, Inmont Corporation with
Reich, R.A., Radian Corporation. September 25, 1979. Gravure Ink
Analysis.
4.3 Teleconversation. Oppenheimer, Robert, Gravure Research
Institute with Burt, Rick, Radian Corporation. November 5, 1979.

Gravure Ink Analysis.

24A-4



Federal Register / Vol. 47, No. 216 / Monday, November 8, 1982 / Rules and Regulations
R

Appendix A—Reference Methods

L - L ] * L]

Method 24A—Determination of Volatile
Matter Content and Density of Printing Inks
and Related Coatings

1. Applicability and Principle,

1.1 Applicability. This method applies to
the determination of the volatile organic
compound (VOC) content and density of
solvent-borne (solvent reducible) printing
inks or related coatings.

1.2 Principle. Separate procedures are
used to determine the VOC weight fraction
and density of the coating and the density of
the solvent in the coating. The VOC weight
fraction is determined by measuring the
weight loss of a known sample quantity
which has been heated for a specified length
of time at a specified temperature. The ’
density of both the coating and solvent are
measured by a standard procedure. From this
information, the VOC volume fraction is
calculated.

2. Procedure.

2.1 Weight Fraction VOC.

2.1.1 Apparatus. :

21.1.1 Weighing Dishes. Aluminum foil,
58 mm in diameter by 18 mm high, with a flat
bottom. There must be at least three weighing
dishes per sample. .

21.1.2 Disposable syringe, 5 ml.

21.1.3 Analytical Balance. To measure to
within 0.1 mg. :

21.1.4 Oven. Vacuum oven capable of
maintaining a temperature of 120+2°C and
an absolute pressure of 510 +51 mm Hg for 4
hours. Alternatively, & forced draft oven
capable of maintaining a temperature of 120
+2°C for 24 hours. :

21.1.5 Analysis. Shake or mix the sample
thoroughly to assure that all the solids are
completely suspended. Label and weigh to
the nearest 0.1 mg a weighing dish and record
this weight (My)).

Using a 5-m!} syringe without a needle
remove a sample of the coating. Weigh the
syringe and sample to the nearest 0.1 mg and
record this weight {M.y,). Transfer 1 to 3 g of
the sample to the tared weighing dish.
Reweigh the syringe and sample to the
nearest 0.1 mg and record this weight (Meyz).
Heat the weighing dish and sample in a
vacuum oven at an absolute pressure of 510
+51 mm Hg and a temperature of 120 +2°C
for 4 hours. Alternatively, heat the weighing
dish and sample in a forced draft oven at a
temperature of 120 32°C for 24 hours. After
the weighing dish has cooled, feweigh it to
the nearest 0.1 mg and record the weight
(Mg2). Repeat this procedure for a total of
three determinations for each sample.

2.2 Coating Density. Determine the
density of the ink or related coating -
according to the procedure outlined in ASTM
D 1475-80 (Reapproved 1980), which is
incorporated by reference. It is available
from the American Society of Testing and
Materials, 1916 Race Street, Philadelphia,
Pennsylvania 19103. It is also available for
inspection at the Office of the Federal
Register, Room 8401, 1100 L Street, NW.,
Washington, D.C. This incorporation by
reference was approved by the Director of
the Federal Register on November 8, 1982,
This material is incorporated as it exists on
the date of approval and a notice of any
change in these materials will be published in
the Federal Register.

2.3 Solvent Density. Determine the
density of the solvent according to the
procedure outlined in ASTM D 1475-80
(reapproved 1980). Make a total of three
determinations for each coating. Report the
density D, d¢ thirarithmetic average of the
three determinations.

3. Calculations.

3.1 Weight Fraction VOC. Calculate the
weight fraction volatile organic content W,
using the following equation: ’

24A-5

Mll + McVI - Mcﬂ — MIZ
Mer - Mcw

W,=

Report-the weight fraction VOC W, as the
arithmetic average of the three
determinations.

3.2 Volume Fraction VOC. Calculate the
volume fraction volatile organic content V,
using the following equation:

A
Db

Q
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METHOD 25 - DETERMINATION OF TOTAL GASEQUS MONMETHANE
ORGANIC EMISSIONS AS CARBON

1. Applicability and Principle

1.1 Applicability. This method applies to the measurement of
volatile organic compounds (VOC) as total gaseous nonmethane
organics (TGNMO) as carbon in source emissions. Organic particulate
matter will interfere with the analysis and therefore, in some cases,
an in-stack particulate filter is required. This method is not the
only method that applies to the measurement of TGNMO. Costs,
logistics, and other practicalities of source testing may make other
test methods more desirable for measuring VOC of certain effluent
streams. Proper judgment is required in determining the most
applicable VOC test method. For example, depending upon the molecular
weight of the organics in the effluent stream, a totally automated
semi-continuous nonmethane organic (NMO) analyzer interfaced directly
to the source may yield accurate results. This approach has the
advantage of providing emission data semi-continuous1y over an
extended time period.

Direct measurement of an effluent with a flame ionization
detector (FID) analyzer may be appropriate with prior

characterization of the gas stream and knowledge that the
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detector responds predictably to the organic compounds in the stream.
If present, methane will, of course, also be measured. In practice,
the FID can be applied to the determination of the mass concentration
of the total molecular structure of the organic emissions under the
following 1imited conditions: (1) where only one compound is
known to exist; (2) wheﬁ the organic compounds consist of only
hydrogen and carbon; (3) where the relative percentage of the
compounds is known or can be determined, and the FID response to the
compounds is known; (4) where a consistent mixture of compounds exists
before and after emission control and only the relative concentrations
are to be assessed; or (5) where the FID can be calibrated against
mass standards of the compounds emitted (solvent emissions, for
example).

Another example of the use of a direct FID is as a screening method.
If there is enough information available to provide a rough estimate
of the analyzer accuracy, the FID analyzer can be used to determine the
VOC content of an uncharacterized gas stream. With a sufficient buffer
to account for possible inaccuracies, the direct FID can be a useful
tool to obtain the desired results without costly exact determination.

In situations where a qualitative/quantitative analysis of an
effluent stream is desired or required, a gas chromatographic FID
system may apply. However, for sources emitting numerous organics,

the time and expense of this approach will be formidable.
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1.2 Principle. An emission sample is withdrawn from the stack
at a constant rate through a chilled condensate trap by means of an
evacuated sample tank. TGNMO are determined by combining the
analytical results obtained from independent analyses of the condensate
trap and sample tank fractions. After sampling is completed, the
organic contents of the condensate trap are oxidized to carbon
dioxide (COZ) which is quantitatively collected in an evacuated
vessel; then a portion of the COZ is reduced to methane (CH4) and
measured by a FID. The organic content of the sample fraction
collected in the sampling tank is measured by injecting a portion into
a gas chromatographic (GC) column to achieve separation of the

nonmethane organics from carbon monoxide (CO), CO, and CH,; the

2 4’
nonmethane organics (NMO) are oxidized to C02, reduced to CH4, and
measured by a FID. In this manner, the variable response of the FID
associated with different types of organics is eliminated.

2. Apparatus

The sampling system consists of a condensate trap, flow control
system, and sample tank (Figure 1). The analytical system consists
of two major sub-systems; an oxidation system for the recovery and
conditioning of the condensate trap contents and a NMO analyzer. The
NMO analyzer is a GC with backflush capability for NMO analysis and
is equipped with an oxidation catalyst, reduction catalyst, and FID.
(Figures 2 and 3 are schematics of a typical NMO analyzer.) The

system for the recovery and conditioning of the organics captured in

the condensate trap consists of a heat source, oxidation catalyst,
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nondispersive infrared (NDIR) analyzer and an intermediate collection
vessel (Figure 4 is a schematic of a typical system.) TGNMO

sampling equipment can be constructed from commercially available
components and components fabricated in a machine shop. NMO analyzers
are available commercially or can be constructed from available
components by a qualified instrument laboratory.

2.1 Sampling. The following equipment is required:

2.1.1 Probe. 3.2-mm 0D (1/8-in.) stainless steel tubing.

2.1.2 Condensate Trap. Constructed of 316 stainless steel;
construction details of a suitable trap are shown in Figure 5.

2.1.3 Flow Shut-off Valve. Stainless steel control valve for
starting and stopping sample flow.

2.1.4 Flow Control System. Any system capable of maintaining
the sampling rate to within + 10 percent of the selected flow rate
(50 to 100 cc/min range).

2.1.5 Vacuum Gauge. Gauge for monitoring the vacuum of the
sample tank during leak checks and sampling.

2.1.6 Sample Tank. Stainless steel or aluminum tank with a
volume of 4 to 8 liters, equipped with a stainless steel female quick
connect for assembly to the sample train and analytical system.

2.1.7 Mercury Manometer. U-tube mercury manometer capable of
measuring pressure to within 1 mm Hg in the 0-900 mm range.

2.1.8 Vacuum Pump. Capable of evacuating to an absolute

pressure of 10 mm Hg.
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2.2 Analysis. The following equipment is required:

2.2.1 Condensate Recovery and Conditioning Apparatus. An
apparatus for recovering and catalytically oxidizing the condensate
trap contents is required. Figure 4 is a schematic of such a system.
The analyst must demonstrate prior to initial use that the analytical
system is capable of proper oxidation and recovery, a§ specified in
section 5.1. The condensate recovery and conditioning apparatus
consists of the following major components.

2.2.1.1 Hea*t Source. A heat source sufficient to heat the
condensate trap (including probe) to a temperature where the trap
turns a "dull red" color. A system using both a propane torch and
an electric muffle-type furnace is recommended.

2.2.1.2 Oxidation Catalyst. A catalyst system capable of meeting
the catalyst efficiency criteria of this method (section 5.1.2).
Addendum I of this method 1ists a catalyst system found to be acceptable.

2.2.1.3 Water Trap. Any leak proof moisture trap capatle of
removing moisture from the gas stream.

2.2.1.4 NDIR Detector. A detector capable of indicating CO,
concentration in the zero to 1 percent range. This detector is required
for monitoring the progress of combustion of the organic compounds from
the condensate trap.

2.2.1.5 Pressure Regulator. Stainless steel needle valve
required to maintain the trap conditioning system at a near constant
pressure.

2.2.1.6 Intermediate Collection Vessel. Stainless steel or

aluminum collection vessel equipped with a female quick connect.
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Tanks with nominal volumes in the 1 to 4 1iter range are
recommended.

2.2.1.7 Mercury Manometer. U-tube mercury manometer capable
of measuring pressure to within 1 mm Hg in the 0-900 mm range.

2.2;1.8 Gas Purifiers. Gas purification systems sufficient to
maintain COz»and organic impurities in the carrier gas and auxiliary
oxygen at a level of less than 10 ppm (may not be required depending
on quality of cylinder gases used).

2.2.2 NMO Analyzer. Semi-continuous GC/FID analyzer capable of:
(1) separating CO, coz, and CH4 from nonmethane organic compounds, (2)
reducing the 602 to CH, and quantifying as CHy» and (3) oxidizing the
nonmethane organic compounds to C02, reducing the co2 to CH4 and
quantifying as CH4. The analyst must demoﬁstrate prior to initial use
that the analyzer {s capable of proper sepafation, oxidation, reduction,
and measurement (section 5.2). The analyzer consists of the following
major components:

2.2.2.1 Oxidation Catalyst. A catalyst system capable of meeting
the catalyst efficiency criteria of this method (section 5.2.1).
Addendum I of this method 1ists a catalyst system found to be acceptable.

- 2.2.2.2 Reduction Cataiyst. A catalyst system éapable of meeting

the catalyst efficiency criteria of this method (section 5.2.2).
Addendum I of this method lists a catalyst system found to be acceptable.
~ 72.2.2.3 Separation Column(s). Gas chromatographic column(s)
capable of separating C0, CO,, and CH, from NMO compounds as demonstrated
according to the procedures established in this method (section 5.2.5).
Addendum I of this method lists a column found to be acceptable. |
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2.2.2.4 Sample Injection System. A GC sample injection valve
fitted with a sample loop properly sized to interface with the NMO
analyzer (1 cc loop recommended).

2.2.2.5 FID. A FID meeting the following specifications is
required.

2.2.2.5.1. Linearity. A linear response (+ 5%) over the operating
range as demonstrated by the procedures established in section 5.2.2.

2,2.2.5.2 Range. Signal attenuators shall be available to
produce a minimum signal response of 10 percent of full scale fer a
full scale range of 10 to 50000 ppm CH4.

2.2.2.6 Data Recording System. Analog strip chart recorder
or digital integration system compatible with the FID for permanently
recording the analytical results.

2.2.3 Barometer. Mercury, anefoid, or other barometer capable
of measuring atmospheric pressure to within 1 mm Hg.

2.2.4 Thermometer. Capatle of measuring the laberatory
temperature within 1°C.

2.2.5 Vacuum Pump. Capable of evacuating to an absolute pressure
of 10 mm Hg.

2.2.6 Syringe(2). 10 ul and 100 pl1 liquid injection syringes.

2.2.7 Liquid Sample Injection Unit. 316 SS U-tube fitted with
a Teflon injection septum, see Figure 6.
3. Reagents

3.1 Sampling. Crushed dry ice is required during sampling.

3.2 Analysis.

3.2.1 NMO Analyzer. The following gases are needed:
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3.2.1.1 Carrier Gas. Zero grade gas containing less than
1 ppm C. Addendum I of this method lists a carrier gas found to be
acceptable.

3.2.1.2 Fuel Gas. Pure hydrogen, containing less than 1 ppm C.

3.2.1.3 Combustion Gas. Zero grade air or oxygen as required
by the detector.

3.2.2 Condensate Recovery and Conditioning Apparatus.

3.2.2.1 Carrier Gas. Five pergent 02 in NZ’ containing less
than 1 ppm C. |

3.2.2.2 Auxiliary Oxygen. Zero grade oxygen containing less
than 1 ppm C.

3.2.2.3 Hexane. ACS grade, for liquid injection.

3.2.2.4 Toluene. ACS grade, for liquid injection.

3.3 Calibration. For all calibration gases, the manufacturer
must recommend a maximum shelf life for each cylinder (i.e., the
length of time the gas concentration is not expected to change more
than + 5 percent from its certified value). The date of gas cylinder
~preparation, certified organic concentration and recommended maximum
shelf life must be affixed to each cylinder bgfore shipment from the
gas manufacturer to the buyer. The following calibration gases are
required.

3.3.1 Oxidation Catalyst Efficiency Check Calibration Gas. Gas
mixture standard with nominal concentration of 1 percent methane in air.

3.3.2 Flame Ionization Detector Linearity and Nonmethane Organic
Calibration Gases (3). Gas mixture standards with nominal propane

concentrations of 20 ppm, 200 ppm, and 3000 ppm, in air.
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3.3.23 Carbon Dioxide Calibration Gases (3). Gas mixture
standards with nominal CO2 concentrations of 50 ppm, 500 ppm, and
1 percent, in air. Note: total NMO less than 1 ppm required for
1 percent mixture.

3.3.4 NMO Analyzer System Check Calibration Gases (4).

3.3.4.1 Propane Mixture. Gas mixture standard containing
(nominal) 50 ppm CO, 50 ppm CH4, 2 percent COZ’ and 20 ppm C3 8°
prepared in air.

3.3.4.2 Hexane. Gas mixture standard containing (nominal)

50 ppm hexane in air.

3.3.4.3 Toluene. Gas mixture standard containing (nominal)
20 ppm toluene in air.

3.3.4.4 Methanol. Gas mixture standard containing (nominal)
100 ppm methanol in air.

4. Procedure

4.1 Sampling.

4.1.1 Sample Tank Evacuation and Leak Check. Either in the
laboratory or in the field, evacuate the sample tank to 10 mm Hg
absolute pressure or less (measured by a mercury U-tube manometer)
then leak check the sample tank by isolating the tank from the
vacuum pump and allowing the tank to sit for 10 minutes. The tank
is acceptable if no change in tank vacuum is noted.

4.1.2 Sample Train Assembly. Just prior to assembly, measure
the tank vacuum using a mercury U-tube manometer. Record this vacuum
(Pti)’ the ambient temperature (Tti)’ and the barometric pressure (Pbi)

at this time. Assuring that the flow shut-off valve is in the closed

position, assemble the sampling system as shown in Figure 1. Immerse



the condensate trap body in dry ice to within 2.5 or 5 ¢m of the point
~ where the inlet tube joins the trap body.

4.1.3 Pretest Leak Check. A pretest leak check is required.

After the sampling train is assembled, record the tank vacuum as
indicated by the vacuum gauge. Wait a minimum period of 10 minutes and
recheck the indicated vacuum. If the vacuum has not changed, the
portion of the sampling train behind the shut-off valve does not leak
and is considered acceptable. To check the front portion of the
sampling train, assure that the probe tip is tightly plugged and then
open the sample train flow shut-off valve. Allow the sample train to
sit for 2 minimum period of 10 minutes. The leak check is acceptable
if no visible change in the tank vacuum gauge occurs. Record the
pretest leak rate (cm/Hg per 10 minutes). At the completion of the
leak check period, close the sampie flow shut-off valve.

4.1.4 Sample Train Operation. Place the probe into the stack such
that the'probe is perpendicular to the direction of stack gas flow;
locate the probe tip at a single preselected point. If a probe extension
which will not be analyzed as part of the condensate trap is being used,
assure that at least a 15 cm section of the probe which will be analyzed
with the trap is in the stack‘eff1uent. For stacks having a negative
static pressure, assure that the sample port is sufficiently sealed to
prevent air in-leakage around the probe. Check the dry ice level and
add ice if necessary. Record the clock time and sample tank gauge
vacuum. To begin sampling, open the flow shut-off valve and adjust (if
applicable) the control valve of the flow control system used in the
sample train; maintain a constant flow rate (+ 10 percent) throughout the

duration of the sampling period. Record the gauge vacuum and flowmeter
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setting (if applicable) at 5-minute intervals. Select a total sample
time greater than or equal to the minimum sampling time specified in

the applicable subpart of the regulation; end the sampling when this
time period is reached or when a constant flow rate can no longer be
maintained due to reduced sample tank vacuum. When the sampling is
completed, close the flow shut-off valve and record the final sample
time and gauge vacuum readings. Note: If the sampling had to be
stopped before obtaining the minimum sampling time (specified in the
applicable subpart) because a constant flow rate could not be maintained,
proceed as follows: After removing the probe from the stack, remove the
used sample tank from the sampling train (without disconnecting other
portions of the sampling train) and connect another sample tank to the
sampling train. Prior to attaching the new tank to the sampling train,
assure that the tank vacuum (measured on-site by the U-tube manometer)
has been recorded on the data form and that the tank has been leak-
checked (on-site). After the new tank is attached to the sample train,
proceed with the sampling until the required minimum sampling time has
been exceeded.

4.1.5 Post Test Leak Check. A leak check is mandatory at the
conclusion of each test run. After sampling is completed, remove the
probe from the stack and plug the probe tip. Open the sample train
flow shut-off valve and monitor the sample tank vacuum gauge for a
period of 10 minutes. The leak check is acceptable if no visible change
in the tank vacuum gauge occurs. Record the post test leak rate (cm Hg
per 10 minutes). If the sampling train does not pass the post leak check,

inyalidate the run or use a procedure acceptable to the Administrator to

adjust the data.
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4.2 Sample Recovery. After the post test leak check is
completed, disconnect the condensate trap at the flow metering system
and tightly seal both ends of the condensate trap. Keep the trap packed
in dry ice until the samples are returned to the laboratory for analysis.
Remove the flow metering system from the sample tank. Attach the
U-tube manometer to the tank (keep length of connecting line to a
minimum) and record the final tank vacuum (Pt); record the tank
temperature (Tt) and barometric pressure at this time. Disconnect the
manometer from the tank. Assure that the test run number is properly
identified on the condensate trap and.the sample tank(s).

. 4.3 Condensate Recovery and Conditioning. Prepare the condensate
recovery and conditioning apparatus by setting the carrier gas flow rate
and heating the catalyst to its operating temperature. Prior to initial
use of the condensate recovery and conditioning apparatus, a system
performance test must be conducted according to the procedures
‘established in section 5.1 of this method. After successful completion
‘of the initial performance test, the system is routinely used for sample
conditioning according to the following procedures:

- 4.3.1 System Blank and Catalyst Efficiency Check. Prior to and
;1mnediate1y following the conditioning of each set of sample traps, or
on a dafly basis (whichever occurs first) conduct the carrier gas blank
’testvand”catalyst‘efficiency test as specified in sections 5.1.1 and
5.1.2 of this method. Record the carrier gas initial and final blank

‘values, B, . and Btf’ respectively. If the criteria of the tests cannot

ti
be met, make the necessary repairs to the system before proceeding.
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4.3.2 Condensate Trap Carbon Dioxide Purge and Sample Tank
Pressurization. The first step in analysis is to purge the condensate
trap of any C02 which it may contain and to simultaneously pressurize
the sample tank. This is accomplished as follows: Obtain both the
sample tank and condensate trap from the test run to be analyzed. Set
up the condensate recovery and conditioning apparatus'so that the
carrier flow bypasses the condensate trap hook-up terminals, bypasses
the oxidation catalyst, and is vented to the atmosphere. Next, attach
the condensate trap to the apparatus and pack the trap in dry ice.
Assure that the valves isolating the collection vessel connection
from the atmospheric vent and the vacuum pump are closed and then
attach the sample tank to the system as if it were the intermediate
collection vessel. Record the tank vacuum on the laboratory data
form. Assure that the NDIR analyzer indicates a zero output level
and then switch the carrier flow through the condensate trap;
immediately switch the carrier flow from vent to collect. The
condensate trap recovery and conditioning apparatus should now be
set up as indicated in Figure 8. Monitor the NDIR; when CO2 is no
Jonger being passed through the system, switch the carrier flow
so that it once again bypasses the condensate trap. Continue in
this manner until the gas sample tank is pressurized to a nominal
gauge pressure of 800 mm Hg. At this time, isolate the tank, vent
the carrier flow, and record the sample tank pressure (Ptf),
barometric pressure (be), and ambient temperature (th). Remove
the sample tank from the system.

4.3.3 Recovery of Condensate Trap Sémp]e. Oxidation and

collection of the sample in the condensate trap is ncw ready to begin.
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From the step just completed in section 4.3.1.2 above, the system
should be set up so that the carrier flow bypasses the condensate
trap, bypasses the oxidation catalyst, and is vented to the atmosphere.
Attach an evacuated intermediate collection vessel to the system and
then switch the carrier so that it flows through the oxidation
catalyst. Switch the carrier from vent to collect and open the valve
to the collection vessel; remove the dry ice from the trap and then
switch the carrier flow through the trap. The system should now be
set up to operate as indicated in Figure 9. During oxidation of the
condensate trap sample, monitof the NDIR to determine when all the
sample has been removed and oxidized (indicated by return to baseline
of NDIR analyzer output). Begin heating the condensate trap and
probe with a propane torch. The trap should be heated to a tempera-
ture at which the trap glows a "dull red" (apbroximate]y 500°C).
During ‘the early part of the trap "burn out," adjust the carrier and
auxiliary oxygen flow rates so that an excess of oxygen is being fed
to the catalyst system. Gradually increase the flow of carrier gas
through the trap. After the NDIR indicates that most of the organic
matter has been purged, place the trap in a muffle furnace (500°C).
Continue to heat the probe with a torch or some other procedure
(e.g., electrical resistance heater). Continue this procedure for at
least 5 minutes after the NDIR has returned to baseline. Remove the
heat from the trap but continue the carrier flow until the
intermediate collection vessel is pressurized to a gauge pressuyre of
800 mm Hg (nominal). When the vessel is pressurized, vent the carrier;

measure-and record the final intermediate collection vessel pressure
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(Pf) as well as the barometric pressure (va), ambient temperature (TV),
and collection vessel volume (Vv).

4.4 Analysis. Prior to putting the NMO analyzer into routine
operation, an initial performance test must be conducted. Start the
analyzer and perform all the necessary functions in order to put the
analyzer in proper working order, then conduct the performance test
according to the procedures established in section 5.2. Once the

performance test has been successfully completed and the CO, and MMO

2
calibration response factors determined, proceed with sample analysis
as follows:

4.4.1 Daily operations and calibration checks. Prior to and
immediately following the analysis of each set of samples or on a daily
basis (whichever occurs first) conduct a calibration test according to
the procedures established in sectioﬁ 5.3. If the criteria of the
daily calibration test cannot be met, repeat the NMC analyzer
performance test (section 5.2) before proceeding.

4.4.2 Analysis of Recovered Condensate Sample. Purge the sample
loop with sample and then inject a preliminary sample in order to
determine the appropriate FID attenuation. Inject triplicate samples
from the intermediate collection vessel and record the values obtained

cm)'
4.4.3 Analysis of Sample Tank. Purge the sample loop with sample

for the condensible organics as CO, (C

and inject a preliminary sample in order to determine the appropriate
FID attenuation for monitoring the backflushed non-methane organics.
Inject triplicate samples from the sample tank and record the values

obtained for the nonmethane organics (Ctm).
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5. Calibration and Operational Checks

Maintain a record of performance of each item.

5.1 Initial Performance Check of Condensate Recovery and
Conditioning Apparatus.

5.1.1 Carrier Gas and Auxiliary Oxygen Blank. Set equal
flow rates for both the carrier gas and auxiliary oxygen. With the
trap switching valves in the bypass position and the catalyst in-line,
fi1l an evacuated intermediate collection vessel with carrier gas.
Analyze the collection vessel for coz; the carrier blank is acceptable
if the CO2 concentration is less thanvlo ppm.

5.1.2 Catalyst Efficiency Check. Set up the condensate trap
recovery system so that the carrier flow bypasses the trap inlet and
is vented to the atmosphere at the system outlet. Assure that the
valves isolating the collection system from the atmospheric vent
and vacuum pump are closed and then attach an evacuated intermediate
collection vessel to the system. Connect the methane standard gas
cylinder (section 3.3.1) to the system's condensate trap connector
(probe end, Figure 4). Adjust the system valving so that the standard
gas cylinder acts as the carrier gas and adjust the flow rate to the
rate normally used during trap sample recovery. Switch off the
auxiliary oxygen flow and then switch from vent to collect in order to
begin collecting a sample. Continue collecting a sample.in a normal
manner until the intermediate vessel is filled to a nominal gauge
pressure of 300 mm Hg. Remove the intermediate vessel from the system
and vent the carrier flow to the atmosphere. Switch the valving to return

the system to its normal carrier gas and normal operating conditions.
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Analyze the collection vessel for C02; the catalyst efficiency is
acceptable if the CO, concentration is within + § percent of the
expected value.

5.1.3 System Performance Check. Construct a liquid sample
injection unit similar in design to the unit shown in Figure 6. Insert
this unit into the condensate recovery and conditioning system in place
of a condensate trap and set the carrier gas and auxiliary oxygen
flow rates to normal operating levels. Attach an evacuated
intermediate collection vessel to the system and switch from
system vent to collect. With the carrier gas routed through the
injection unit and the oxidation catalyst, inject a 1iquid sample
(see 5.1.3.1 to 5.1.3.4) via the injection septum. Heat the injection
unit with a torch while monitoring the oxidation reaction on the NDIR.
Continue the purge until the reaction is complete. Measure the final
collection vessel pressure and then analyze the vessel to determine
the CO2 concentration. For each injection, calculate the percent
recovery using the equation in section 6.6.

The performance test is acceptable if the average percent recovery
is 100 + 10 percent with a relative standard deviation (section 6.7)
of less than 5 percent for each set of triplicate injections as
follows:

5.1.3.1 100 ul hexane.

5.1.3.2 10 ul hexane.

5.1.3.3 100 ul toluene.

5.1.3.4 10 pl toluene.
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5.2 Initial NMO Analyzer Performance Test.

5.2.1 Oxidation Catalyst Efficiency Check. Turn off or
bypass the NMO analyzer reduction catalyst. Make triplicate
injections of the high level methane standard (section 3.3.1).
The oxidation catalyst operation is acceptable if no FID response
is noted.
. 5.2.2 Analyzer Linearity Check and NMO Calibration. Operating
both the oxidation and reduction catalysts, conduct a linearity check
of the anaTyzer using the propane standards specified in section 3.3.
Make triplicate injections of each calibration gas and then calculate
the a#enage response factor (area/ppm C) for each gas, as well as
the overall mean of the response factor values. The instrument linearity
is acceptable if the average response factor of each calibration
giﬁyis within 1‘5 percent of the overall mean value and if the
relative standérd deviation (section 6.7) for each set of triplicate
injections is less thah + 5 percent. Record the overall mean of the
prapane fesponse factor values as the NMO calibration response factor
(RFyg)- |

5.2.3 Reduction Catalyst Efficiency Check and CO2 Calibration.
An exact determination of the reduction catalyst efficiency is not
required. Instead, proper catalyst operation is indirectly checked and
continuously monitored by establishing a CO2 response factor and comparing
it to. the NMO response factor. Operating both the oxidation and reduction
catalysts make triplicate injections of each of the Co2 calibration
gases (section 3.3.3). Calculate the average response factor (area/

ppm) for each calibration gas, as well as the overall mean of the
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response factor values. The reduction catalvst operation is accept-
able if the average response factor of each calibration cas is within
+ 5 percent of the overall mean value and if the relative standard
deviation {section €.7) for each set of triplicate injections is less
than + 5 percgnt. Additionally, the CO2 overall mean response factor
must be within + 10 percent of the NMQ calibration response factor
(RFNMO) calculated in section 5.2.2. Record the overall mean of the
response factor values as the CO2 calibration response faéior
(RFCOZ)'

5.2.4 NMQ System Blank. For the high level 002 calibration cas
(section 2.3.3) record the NMO value measured during the CO, calibraticn
conducted in section 5.2.3. This value is the NMC blank value for the
analyzer (Ba) and should be less than 10 ppm.

5.2.5 System Performance Check. Check the column separation
and overall performance of the analyzer by making triplicate injections
of the calibration gases listed in section 3.3.4. The analyzer
performance is acceptable if the measured MMO value for each
gas (average of triplicate injections) is within + 12 percent of
the expected value.

5.3 NMO Analyzer Daily Calibration.

5.3.1 NMO Blank and COZ' Inject triplicate samples of the high
level CO2 calibration gas (section 3.3.3) and calculate the average
response factcr. The system operation is adequate if the calculated

response factor is within + 10 percent of the RFCO calculated during

2
the initial performance test (section 5.2.2). Use the daily response

factor (DRFCC ) for analyzer calibration and the calculaticn of
)
o

25-19



. measured CO2 concentrations in the collection vessel samples.
In addition, record the MMO blank value (Ba); this value should
be less than 10 ppm.

5.3.2 NMO Calibration. Inject triplicate samples of the
mixed propane calibration cylinder (section 3.3.4.1) and calculate
the average NMO response factor. The system operation is adequate
if the calculated response factor is within + 10 percent of the
RFNMO calculated during the initial performance test (section 5.2.1).
Use the daily response facter (DRFNMO) for analyzer calibration and
calculation of NMO concentrations in the sample tanks.

5.4 Sample Tank. The volume of the gas sampling tanks used
must be determined. Prior to putting each tank in service, determine
‘the tank volume by weighing the tanks empty and then filled with
deionized distilled water; weigh to the nearest 5 gm and record the
results. Alternatively, measure the volume of water used to fill
the tanks to the nearest 5 mil.

5.5 Intermediate Collection Vessel. The volume of the
intermediate collection vessels used to collect CO, during the analysis
of the condensate traps must be determined. Prior to putting each
:iyesselfinto service, determine the volume by weighing the vessel
empty and then filled with deionized distilled water; weigh to the
nearest 5§ gm and record the resuits. Alternatively, measure the

o volume of water used to fill the tanks to the nearest 5 ml.
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6. Calculations

Note: A1l equations are written using absolute pressure;
absolute pressures are determined by adding the measured barometric
pressure to the measured gauge pressure.

6.1 Sample Volume. For each test run, calculate the gas

volume sampled:

P P

t Pt
V. =0.386 V| <t - ——:>
s Ty Ty

6.2 Noncondensible Organics. For each sample tank, determine

the concentration of nonmethane organics (ppm C):

Pet
T .
¢ =lp th %‘  Cip. - By
T, " T..
t Tt
- UL _

6.3 Condensible Organics. For each condensate trap determine

the concentration of organics (ppm C):

C_ = 0.386 Wil 9o B
¢ TV Te |a gy om ot

L
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6.4 Total Gaseous Nonmethane Organics (TGNMO). To determine
the TGNMO. concentration for each test run, use the following
equation:

c=¢ +Cc

t
6.5 Total Gaseous Nonmethane Organics (TGNMO) Mass
Concentration. To determine the TGNMO mass concentration as

carbon for each test run, use the following equation:
"c = 0.498 C

6.6 Percent Recovery. To calculate the percent recovery for
the liquid injections to the condensate recovery and conditioning

system use the following equation:

Vv P. C
= M v f “cm
percent recovery = 1.6 o T; N

6.7 Relative Standard Deviation.

2
Rsp = 100 (& (x5 - x)
' X n-1
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Where:

ti

Measured NMO blank value for NMO analyzer, ppm C
Measured CO2 blank value for condensate recovery
and conditioning system carrier gas, ppm C02.
Total gaseous nonmethane organic (TGNMO) concentration
of the effluent, ppm C equivalent.

Calculated condensible organic (condensate trap)
concentration of the effluent, ppm C equivalent.
Measured concentration (NMO analyzer) for the
condensate trap (intermediate collection vessel),
ppm COZ.

Calculated noncondensible organic concentration
(sample tank) of the effluent, ppm C equivalent.
Measured concentrat{on (NMO analyzer) for the
sample tank, ppm NMO.

Volume of 1iquid injected, microliters.

Molecular weight of the 1iquid injected, g/g-mole.
Total gaseous non-methane organic (TGMMO) mass
concentration of the effluent, mg C/dscm.

Carbon number of the 1iquid compound injected

(N = 7 for toluene, N = 6 for hexane).

Final pressure of the intermediate collection vessel,
mm Hg absolute.

Gas sample tank pressure prior to sampling, mm Hg

absolute.
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Gas sample tank pressure after sampling, but prior

to pressurizing, mm Hg absolute.

Final gas sample tank pressure after pressurizing,

mm Hg absolute.

Final temperature of intermediate collection vessel,
°K.

Sample tank temperature prior to sampling, °K.

Sample tank temperature at completion of sampling, °K.
Sample tank temperature after pressurizing, °K.

Sample tank volume, cm.

Intermediate collection vessel volume, cm.

Gas volume sampled, dscm.

Number of data points.

Total number of analyzer injections of intermediate
collection vessel during analysis (where k = injection
number, 1 . . q).

Total number of analyzer injections of sample-tank

during analysis (where j = injection number,
1...r)

Individual measurements.

Mean value.

Density of liquid injected, g/cc.
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METHOD 25
ADDENDUM I. SYSTEM COMPONENTS

In test Method 25 several important system components are
not specified; instead minimum performance specifications are
proyided. ' The method is written in this manner to permit individual
preference in choosing components, as well as, to encourage
development and use of improved components. This addendum is added
to the method in order to provide users with some specific information
reg&fding components which have been found satisfactory for use with
the’method. This listing is given only for the purpose of providing
1nfbrmatioﬁ and does not constitute an endorsement of any product by
the Environmental Protection Agency. This list is not meant to imply
that other components not listed are not acceptable.

1. Condensate Recovery and Conditioning System Oxidation Catalyst.
3/8" OD X 14" inconel tubing packed with 8 inches of hopcalite*
oxidizing catalyst and operated at 800°C in a tube furnace.' Note: A
this temperature, this catalyst must be purged with carrier gas at
all times to prevent catalyst damage.

2. NMO Analyzer Oxidation Catalyst. 1/4" 0D X 14" inconel
tubing packed with 6 inches of hopcalite oxidizing catalyst and
operated at 800°C in a tube furnace. (See note above.)

3. NMO Analyzer Beduction Catalyst. Reduction Catalyst Module;
Byron Instruments, Raleigh, N.C.

* MSA registered trade mark.
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5. Gas Chromatographic Separation Column. 1/8 inch 0D
stainless steel packed with 2 feet of 10 percent methyl silicone,
Sp 2100 (or equivalent) on Supelcoport (or equivalent), 80/100
mesh, fo1lowed by 1.5 feet Porapak Q (or equivalent) 60/80 mesh.
The inlet side is to the silicone. Condition the column for
24 hours at 200°C with 20 cc/min N2 purge.

During analysis for the nonmethane organics the separation
column is operated as follows: First, operate the column at -78°C
(dry ice bath) to elute CO and CH,. After the CH, peak
operate the column at 0°C to elute coz, When the CO2
is completely eluted, switch the carrier flow to backflush the
column and simultaneously raise the column temperature to 100° C in
order to elute all nonmethane organicsl(exact timings for column
operation are determined from the calibration standard).

Note: The dry ice operating condition may be deleted if
separation of €0 and CH4 is unimportant.

Note: Ethane and ethylene may or may not be measured using
this column; whether or not ethane and ethylene are quantified
will depend on the CO2 concentration in the gas sample. When high
levels of CO2 are present, ethane and ethylene will elute under .
the tail of the CO2 peak.

5. Carrier Gas. Zero grade nitrogen or helium or zero air.
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Figure 1. Sampling apparatus.
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Figure 7. Exampie Field Data Form.
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Method 25—Determination of Tolal Gaseous
Nonmethane Organic Emissions as Carbon
1. Applicability and Principle

1.1 Applicability. This method applies o
the measurement of volatile organic
compounds (VOC) as total guseous
nonmethane arganica (TGNMO) as carbon in
source smissions. Organic particulate matter
will interfere with the analysis and therefore,
in some cases, an in-stack particulate filter is
required. This method is not the only method
that applies to the measurement of TGNMO.

Costs. logistics. and other practicalities of
source testing may make other test methods
mare desiruble for measuring VOC of certawn
effluent streams. Proper judgment is 1equired
in determining the most applicable VOC test
method. For example. depending upon the
molecular weight of the organics in the
effluent stream. a totally automated semi-
continuous nonmethane organic (NMO)
analyzer interfaced directly to the source
may yisld accurate results. This approach has
the advantage of providing emission data
semi-continuously over an extended time
period.

Direct measurement of an effluent with @
flame ionization detector (FID) analyzer may
be appropriate with prior characterization of
the gas stream and knowledge that the
detector responds predictably to the organic
compounds in the stream. If present, methane
will, of course. aleo be messured. In practice.
the FID can be applied to the determination
of the mass concentration of the total
molecular structure of the organic emissions
under the following limited conditions: (1)
Where only one compound is known to exist:
{2) when the organic compounds consist of
only hydrogen and carbon: (3) where the
relstive percentage of the compounds is
knawn or can be determined, and the FID
response to the compounds is known: {4)
where a consistent mixture of compounds
exists before and afier emission control and
only the relative concentrations are to be
sssessed; or (5) where the FID can be
calibrated against mass standards of the
compounds emitted (solvent emissions. for
example).

Another example of the use of s direct FID
is a8 a screening method. If there is enough
information evailable to provide a rough
estimate of the analyzer accuracy. the FID
analyzer can be used to determine the VOC
content of an uncharacterized gas stream.
With a sufficient buffer to account for
posstble inaccuracies. the direct FID can be s
useful tool to obtain the desired results
without costly exact determination.

In situations where 8 qualitative/
quentitative snalysis of an effluent stream is
desired or required. s gas chromatographic
FID system may spply. However. {or sourcen
emitting numerous organics, the time and
expense of this epproach will be formideble.

12 Principle. An emission sample is
withdrawn from the stack at a constant rate
through a chilled condensate trap by means
of an svacusted sample tank. TGNMO are
determined by combining the analytical
results obtained from independent analyses
of the condensate trap and sample tank
fractions. Afier sampling is completed, the
organic contents of the condensate trap are
oxidized to carbon dioxide (CO,} which is
quantitatively collected in an evacuated
vessel; then a portion of the CO, is reduced 10
methane {CH.) and measured by a FID. The
organic content of the sample fraction
collected in the sampling tank is measured by
injecting a portion into & gas
chromatographic (GC) column to achieve
separation of the nonmethane organics from
carbon monoxide (CO). CO, and CH.; the
nonmethane organics (NMO) are oxidized 1o
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CO,, reduced to CH.. and measured by a FID.
In this manner, the variable response of the
FID associated with different types of
organics is eliminated.

2. Apparatus

The sampling system consists of a
condensate trap, flow control system, and
sample tank (Figure 1). The analytical system
consists of two major sub-systems: an
oxidation system for the recovery and
conditioning of the condensate trap contents
and a NMO analyzer. The NMO analyzeris s

- GC with backflush capability for NMO
analysis and is equipped with an oxidation
catalyst, reduction catalyst, and FID. (Figures
2 and 3 are schematics of a typical NMO
analyzer.) The system for the recovery and
conditioning of the organics captured in the
condensate trap consists of a heat source,
oxidation catalyst. nondispersive infrared
(NDIR) analyzer and an intermediate
collection vessel (Figure 4 is & schematic of &
typical system.) TGNMO sampling equipment
can be cons from commercially
available components and components
fabricated in a machine shop. NMO
analyzers are available commercially or can
be constructed from available components by
8 qualified instrument laboratory. )

21 Sampling. The following equipment is
required:

211 Probe. 3.2-mm OD {%-in.) stainless
steel tubing.

212 Condensate Trap. Constructed of 318
stainless steel; construction details of a
suitable trap are shown in Figure S

213 Flow Shut-off Valve. Stainless steel
control valve for starting and stopping
samplie flow.

2.1.4 Flow Control System. Any system
capable of maintaining the sampling rate to
within +10 percent of the selected flow rats
(50 to 100 cc/min range).

215 Vacuum Gauge. Gauge for
monitoring the vacuum of the sample tank
during leak checks and sampling.

216 Sample Tank. Stainless steel or
aluminum tank with a volume of 4 to 8 liters,
equipped with a stainless steel female quick
connect for assembly to the sample train and
analytical system. .

21.7 Mercury Manometer. U-tube
mercury manometer capable of measuring
pressure to within 1 mm Hg in the 0-900 mm

ra .
21.8 Vacuum Pump. Capable of
evacuating to an absolute pressure of 10 mm

Hg.
22 Analysis. The following equipment is

required:

221 Condensate Recovery and
Conditioning Apparatus. An apparatus foe
recovering and catalytically oxidizing the
condensate trap contens is required. Figure 4
is a schematic of such a system. The analyst
must demonstrate prior to initial use that the
analytical system is capable of proper
oxidation and recovery, as specified in
section 5.1. The condensate recovery and
conditioning apparatus consists of the
following major components.

221.1 Heat Source. A heat source
sufficient to heat the condensate trap
{including probe) to a temperature where the
trap turns a “dull red” color. A system usicg

both a propane torch and an electric muffle-
type furnace is recommended.

2212 Oxidation Catalyst. A catalyst
system capable of meeting the catalyst
efficiency criteria of this method (section
5.1.2). Addendum I of this method lists a
catalyst system found to be acceptable.

2213 Water Trap. Any leak-proof
moisture trap capable of removing moisture
from the gas stream.

2214 NDIR Detector. A detector capable
of indicating CO. concentration in the zero to
1 percent range. This detector is required for
monitoring the progress of combustion of the
organic compounds from the condensats trap.

2.21.5 Pressure Regulator. Stainless steel
needle valve required to maintain the trap
conditioning system at a near constant

sure.

2216 Intermediate Collection Vessel.
Stainless steel or aluminum collection vessel
equipped with a female quick connect. Tanks
with nominal volumes in the 1 to 4 liter range
are recommended.

2217 Mercury Manometer. U-tube
mercury manometer capable of measuring
pressure to within 1 mm Hg in the 0-800 mm

range.

2218 Gas Purifiers. Gas purification
systems sufficient to maintain CO, and
organic impurities in the carrier gas and
auxiliary oxygen at a level of less than 10
ppm {may not be required depending on
quality of cylinder gases used).

222 NMO Analyzer. Semi-continuous
GC/FID snalyzer capable of: (1) separating
CO. CO,, and CH, from nonmethane organic
compounds, (2} reducing the CO, to CH, and
quantifying as CH, and (3) oxidizing the
nonmethane organic conmounds to CO,
reducing the CO, to CH, and quantifying as
CH.. The analyst must demonstrate prior to
initial use that the enalyzer is capable of
proper separation, oxidation, reduction, and
measurement {section 5.2). The analyzer
consists of the following major components:

2221 Oxidation Catalyst. A catalyst
system capabls of meeting the catalyst
efficiency criteria of this method (section
5.2.1). Addendum I of this method lists a
catalyst system found to be acceptable.

2222 Reduction Catalyst. A catalyst
system capable of meeting the catalyst
efficiency criteria of this method (section
5.2.3). Addendum I of this method lists a
catalyst system found to be acceptable.

2223 Separation Column(s). Gas
chromatographic column(s) capable of
separating CO, CO,, and CH, from NMO
compounds as demonstrated according to the
procedures established in this method
(section 5.2.5). Addendum [ of this method
lists a columan found to be acceptable,

2224 Sample injection System. A GC
sample injection valve fitted with a sample
loop properly sized to interface with the
NMOC analyzer (1 cc loop recommended).

2228 FID. A FID mesting the following
specifications is required.

22251 Linearity. A linear response (+
5%) over the operating range as demonstrated
by the procedures established in section 5.2.2,

22252 Range. Signal attenuators shall
be available to produce a minimum signal
response of 10 percent of full scale for a full
scale range of 10 to 50000 ppm CH..
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2226 Data Qecording System. Analog
strip chart recorder or digital intergration
system compatible with the FID for
permanently recording the analytical results.

2.2.3 Barometer. Mercury, aneroid, or
other barometer capabie of measuring
atmospheric pressure to within 1 mm Hg.

224 Thermometer. Capabie of measuring
the laboratory temperature within 1°C.

225 Vacuum Pump. Capable of
evacuating to an absolute pressure of 10 mm

Hg.

228 Syringe (2). 10 ul and 100 pl liquid
injection syringes.

227 Liguid Sample Injection Unit. 318 8S
U-tube fitted with a Teflon injection septum,
see Figure 8.

3. Reagents

31 Sampling. Crushed dry ice is required
during sampling.

3.2 Analysis.

321 NMO Analyzer. The following gases
are needed:

3.21.1 Carrier Gas. Zero grade gas
containing less than 1 ppm C. Addendum I of
this method lists a carrier gas found to be
acceptable.

3.2.1.2 Fuel Gas. Pure hydrogen,
containing less than 1 ppm C.

3213 Combustion Gas. Zero grade air or
oxygen as required by the detector.

3.22 Condensate Recovery and
Conditioning Apparatus.

3221 Carrier Gas. Five percent O, in N,,
containing less than 1 ppm C.

3222 Auxiliary Oxygen. Zero grade
oxygen containing less than 1 ppm C.

3.223 Hexane. ACS grade, for liquid
injection.

3.224 Toluene. ACS grade, for Hquid
injection.

3.3 Calibration. For all calibration gases,
the manufacturer must recommend a
maximum shelf life for each cylinder (i.e., the
length of time the gas concentration is not
e to change more than = § percent
from its certified value). The date of gas
cylinder preparation, certified organic
concentration and recommended maximum
shelf life must be affixed to each cylinder
before shipment from the gas manufacturer to
the buyer. The following calibration gases are

required.

331 Oxidation Catalyst Efficiency Check
Calibration Gas. Gas mixture standard with
nominal concentration of t percent methane
n air.

3.3.2 Flame lonization Detector Linearity
and Nonmethane Organic Calibration Gases
(3). Gas mixture standards with nominal
propane concentrations of 20 ppm. 200 ppm.
and 3000 ppm. in air.

3.3.3 Carbon Dioxide Calibration Gases
{3). Gas mixture standards with nominal CO,
concentrations of 50 ppm, 500 ppm, and 1
perceat, in air. Note: total NMO less than 1
ppm required for 1 percent mixture.

3.3.4 NMO Analyzer System Check
Calibration Gases (4).

3.3.4.1 Propane Mixture. Gas mixture
standard containing (nominal) 50 ppm CO. 50
ppm CH., 2 percent CO,, and 20 ppm C.H..
prepared in air. .

3.3.4.2 Hexane. Gas mixture standard
containing (nominal) 50 ppm hexane in air.
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3.3.4.3 Toluene. Gas mixture standard
containing {nominal) 20 ppm toluene in air.

3.3.4.4 Methanol. Gas mixture standard
containing (nominsl) 100 ppm methanol in eir.

4. Procedure

4.1 Sampling.

4.1.1 Sample Tank Evacuation and Leak
Check. Either in the laboratory or in the field.
evacuate the sample tank to 10 mm Hg
absolute pressure or less (measured by a
mercury U-tube manometer) then leak check
the sample tank by isolating the tank from
the vacuum pump and allowing the tank to si
for 10 minutes. The tank is acceptabie if no
change in tank vacuum is noted.

4.1.2 Sample Train Assembly. Just prior to
assembly, measure the tank vaccuum using a
mercury U-tube manometer. Record this
vaccum (Py), the ambient temperature (T,),
and the barometric pressure (P, at this time.
Assuring that the flow shut-off valve is in the
closed position, essembie the sampling
system as shown in Figure 1. Immerse the
condensate trap body in dry ice to within 2.5
or 5 cm of the point where the iniet tube joins
the trap body.

4.1.3. Pretest Leak Check. A pretest leak
check is required. After the sampling train is
assembled, record the tank vacuum as
indicated by the vaccum gauge. Wait a
minimum period of 10 minutes and recheck
the indicated vacuum. If the vacuum has not
changed, the portion of the sampling train
behind the shut-off valve does not leak and is
considered acceptable. To check the front
portion of the sampling train. assure that the
probe tip is tightly plugged and then open the
sample train flow shut-off valve. Allow the
sample train to sit for a minimum period of 10
minutes. The leak check is acceptable if no
visible change in the tank vacuum gauge
occurs. Record the pretest leak rate (cm/Hg
per 10 minutes). At the completion of the leak
ch’eck period, close the sample flow shut-off
valve.

4.1.4. Sample Train Operation. Place the
probe into the stack such that the probe is
perpendicular to the direction of stack ges
flow: locate the probe tip at a single
preselected point. If a probe extension which
will not be analyzed as part of the
condensate trap is being used, assure that at
least a 15 cm section of the probe which will
be analyzed with the trap is in the stack
effluent. For stacks having a negative static
pressure. assure that the sample port is
sufficiently sealed to prevent air in-leakage
around the probe. Check the dry ice level and
add ice if necessary. Record the clock time
and sample tank gauge vacuum. To begin
sampling, open the flow shut-off valve and
adjust (if applicable) the control valve of the
flow control system used in the sample train:
maintain a constant flow rate {10 percent)
throughout the duration of the sampling
period. Record the gauge vacuum and
flowmeter setting (if applicable) at 5-minute
intervals. Select a total sample time greater
than or equal to the minimum sampling time
specified in the applicable subgart of the
regulation; end the sampling when this time
period is reached or when a constant flow
rate can no longer be maintained due to
reduced sample tank vacuum. When the
sampling is completed, close the flow shut-off

valve and record the final sample time and
guag® vacuum readings. Note: If the sampling
had to be stopped before obtaining the
minimum sampling time (specified in the
applicable subpart) becsuse s conetant flow
rate counld not be maintained, proceed as
follows: After removing the probe from the
stack, remove the used sample tank from the
sampling train {without disconnecting other
portions of the sampling train) and connect
another sample tank to the sampling train.
Prior to attaching the new tank to the
sampling train, assure that the tank vacuum
(measured on-site by the U-tube manometer)
has beer. recorded on the data form and that
the tank has been leak-checked [on-site}.
After the new tank is attached to the sample
train, proceed with the sampling until the
required minimum sampling time has been
exceeded. -

4.1.5 Post Test Leak Check. A leak check
is mandatdry at the conciusion of each test
run. After sampling is completed, remove the
probe from the stack and plug the probe tip.
Open the sample trein {low shut-off valve
and monitor the sample tank vacvum gauge
for a period of 10 minutes. The leak check is -
acceptable if no visible change in the tank
vacuum gauge occurs. Record the post test
leak rate (cm Hg per 10 minutes). I the
sampling train does not pass the post leak
check, invalidate the run or use a procedure
;cceptable to the Administrator to adjust the

ata.

4.2 Sample Recovery. After the post test
leak check is completed, disconnect the
condensate trap at the flow metering system
and tightly seal both ends of the condensate
trap. Keep the trap packed in dry ice until the
samples are returned to the laboratory for
analysis. Remove the flow metering system
from the sample tank. Attach the U-tube
manometer to the tank (keep length of
connecting line to a minimum) and reccrd the
final tank vacuum (P,}); record the tank
temperature (T and barometric pressure at
thie time. Disconnect the manometer from the
tank. Assure that the test run number is’
properly identified on the condensate frap
and the sample tank(s).

4.3 Condensate Recovery and
Conditioning. Prepare the condensate
recovery and conditioning apparatus by
setting the carrier gas flow rate and heating
the catalyst to its operating temperature.
Prior to initial use of the condensate recovery
and conditioning apparatus, a system
performance test must be conducted
according to the procedures established in
section 5.1 of this method. After successful
completion of the initial performance test. the
system is routinely used for sample
conditioning according to the following
procedures:

431 System Blank and Catalyst
Efficiency Check. Prior to and immediately
following the conditioning of each set of
sample traps. or on a daily basis (whichever
occurs first) conduct the carrier gas blank test
and catalyst efficiency test as specified in
sections 5.1.1 and 5.1.2 of this method. Record
the carrier gas initial and final blank values,
By, and B, respectively. If the criteria of the
tests cannot be met, make the necessary
repairs to the system before proceeding.

43.2 Condensate Trap Carbon Dioxide
Purge and Sample Tank Pressurization. The
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first step in analysis is to purge the
condensate trap of any CO, which it may
contain and to simultaneously pressunze the
sample tank. This is accomplished as follows:
Obtain both the sample tank and condensate
trap from the test run to be analyzed- Se! up
the condensate recovery and conditionirg
apparatus so that the carrier {low bypasses
the condensate trap hook-up terminals,
bypasses the oxidation catalyst, and is
vented to the atmosphere. Nex!. atiach the
condensate trap to the apparatus and pack
the trap in dry ice. Assure that the valveg
isolating the collection vessel connection
from the atmospheric vent and the vacvum
pump are closed and then attach the sample
tank to the system as if it were the
intermediate collection vessel. Record the
tank vacuum on the laboratory data form
Assure that the NDIR analyzer indicates a
zero output level and then switch the carrier
flow through the condensate trap.
immediately switch the carrier flow from vent
to collect. The condensate trap recovery and

‘conditioning apparatus should now be set up

as indicated in Figure 8. Monitor the NDIF:
when CQO: is no longer being passed thr~.::>
the system, switch the carrier flow so tha: n
once again bypasses the condensate trap
Continue in this manner until the gas sample
tank is pressurized to a nominal gauge
pressure of 800 mm Hg. At this time. 150late
the tank. vent the carrier flow. and record the
sample tank pressure (P,). baromerric
pressure (Py,). and ambient temperature {T,).
Remove the sample tank from the system
4.3.3 Recovery of Condensate Trap
Sample. Oxidation and collection of the
sample in the condensate trap is now readyv
{0 begin. From the step just completed in
section 4.3.1.2 sbove. the system should be
set up so that the carrier flow bypasses tne
condensate trap, bypasses the oxidation
catalyst, and is vented to the atmasphere
Attach an evacuated intermediate coller ton
vessel to the system and then switch the
carrier so that it flows through the oxidaton
catalyst. Switch the carrier from vent to
collect and open the valve to the collecticn
vessel: remove the dry ice from the trap and
then switch the carrier flow through the trap
The system should now be set up to operat=
as indicated in Figure 8. During oxidation of
the condensate trap sample, monitor the
NDIR to determine when ail the sample has
been removed and oxidized (indicated by
return to baseline of NDIR analyzer outpu!}
Begin heating the condensate trap and probe
with a propane torch. The trap should be
heated to a temperature at which the trap
glows a "dull red” (approximately 500°C).
During the early part of the trap “burn out,”
adjust the carrier and auxiliary oxygen flow
rates so that an excess of oxygen is being fed
to the catalyst system. Gradually increase the
flow of carrier gas through the trap. After the
NDIR indicates that most of the organic
matter has been purged, place the trap in a
muffle furnance (500°C). Continue to heat the
probe with a torch or some other procedure
{e.g.. electrical resistance heater). Continue
this procedure for at least 5 minutes after the
NDIR has returned to baseline. Remove the
heat from the trap but continue the carrier
flow until the intermediate collection vessel
is pressurized to a gauge pressure of 800 mm
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Hg {nominal). When the vessel is pressurized.
vent the carrier; measure and record the final
intermechate collection vessel pressure (P as
well as the barometric pressure {P,,). ambient
temperature (T,). and collection vessel
volume (V).

44 Analysis. Prior to putting the NMO
analyzet isto toutine operation, an initial
perform.nce test must be conducted. Start
the ana'yzer and perform all the necessary
functions in crder to put the analyzer in
proper working order, then conduct the
performance test according to the procedures
estabi-shed in section 5.2 Once the
performance test has been successfully
cumpleted and the CO, and NMO calibration
resporse factors determined, proceed with
sample analysis as follows:

441 Daily operations and calibration
checks. Prior to and immediately following
the analysis of each set of samplesorona
datly basis {(whichever occurs first} conduct a
calibration test according to the procedures
estabiished in section 5.3. If the criteria of the
daily calibration test cannot be met. repeat
the N\MO analyzer performance test {section
5.2} before proceeding.

442 Analysis of Recovered Condensate
Sample. Purge the sample loop with sample
und then irject a preliminary sample in order
to determine the appropriate FID attenuation.
Inject triplicate samples from the
intermediate collection vessel and record the
values obtained for the condensible organics
48 €0y (Cen):

443 Analysis of Sample Tank, Purge the
sumple loop with sample and inject a

preliminary sample in order to determine the
appropriate FID attenuation for moanitoring
the backflushed non-methane organics. Inject
triplicate samples from the sample tank and
record the values obtained for the
nonmethane organics (C..). .

3. Calibration and Operational Checks

Maintain & record of performancs of each
tem.

5.1 [nitial Performance Chack of
Condensate Recovery and Conditioning
Apparatys.

5.1.1 Carrier Gas and Auxiliary
Blank. Set equal flow rates for both the
carrier gas and auxiliary oxygen. With the
trap switching valves in the bypass position
and the catalyst in-line, fill an evacuated .
intermediate collection vessel with carrier
gas. Analyze the collection vessel for CO,;
the carrier blank is acceptable if the CO,
concentration is less than 10 ppm.

§.1.2 Catalyst Efficiency Check. Set up the
condensate trap recovery system so that the
carrier flow bypasses the trap inlet and is
vented to the atmosphere at the system
outlet. Assure that the valves isolating the
collection system from the atmospheric vent
and vacuum pump are closed and then attach
an evacuated intermediate collection vessel
to the system. Connect the methane standard
gas cyclinder (section 3.3.1) to the system’s
condensate trap connector (probe end, Figure
4). Adjust the system valving so that the
standard gas cylinder acts as the carrier gas
snd adjust the flow rate to the rate normally
used during trap sample recovery. Switch off
the auxiliary oxygen flow and then switch
from veat to collect in order to begin
collecting 2 sample. Continue collecting a
sample in a normal manner until the

intermediate vessel is filled to a nominal
gauge pressure of 300 mm Hg. Remove tha.
intermediate vessel from the system and vent
the carrier flow to the atmosphere. Switch the
valving to return the system to its normal
carrier gas and normal operating conditions.
Analyze the collection vessel for COy; the
catalyst efficiency is acceptable if the CO,
concentration is within +5 percent of the
expected value.

5.1.3 System Performance Check.
Construct a liquid sample injection unit
similar in design to the unit shown in Figure

6. Insert this unit into the condensate
recovery and conditioning system in place of
a condensate trap and set the carrier gas and
auxiliary oxygen flow rates to normal
operating levels. Attach an evacuated
intermediate collection vessel to the system
and switch from system vent to collect. With
the carrier gas routed through the injection
unit and the oxidation catalyst, inject a liquid
sample (see. 5.1.3.1 to 5.1.3.4) via the injection
septum. Heat the injection unit with a torch
while monitoring the oxidation reaction on
the NDIR. Continue the purge until the
reaction is complete. Measure the final

collection vessel pressure and then analyze
the vessel to determine the CO,
concentration. For each injection, calculate
the percent recovery using the equation in
section 8.8.

The performance test is acceptable if the
average percent recovery is 100 x 10 percent
with a relstive standard deviation {section
8.7) of less than § percent for each set of
triplicate injections as follows:

5.1.3.1 100 pl hexane,

5132 10 pl hexane.

5.1.3.3 100 ul toluens.

5134 10 i toluene.

52 Initial NMO Analyzer Performance
Test.

§.21 Oxidation Catalyst Efficiency Check.
Turn off or bypass the NMO analyzer
reduction catalyst. Make triplicate injections
of the high level methane standard {section

3.3.1). The oxidation catalyst operation is
acceptable if no FID response is noted.

5.22 Analyzer Linearity Check and NMO
Calibration. Operating both the oxidation and
reduction catalysts, conduct a linearity check
of the analyzer using the propane standards
specified in section 3.3. make triplicate
injections of each calibration gas and then
calculate the average response factor (area/
ppm C) for each gas, ag well as the oversll
mean of the response factor values. The
instrument linearity is acceptable if the
average response factor of each calibration
gas is within + 5 percent of the overall mean
value and if the relative standard deviation
(section 8.7) for each set of triplicate
injections is less than + 35 percent. Record the
overall mean of the propane response factor
values as the NMO calibration response
factor (R.Fm).

$.2.3 Reduction Catalyst Efficiency Check
and CO, Calibration. An exact determination
of the reduction catalyst efficiency is not
required. Instead, proper catalyst operation is

and continuously

- indirectly checked and

monitored by establishing a CO, response
factor and comparing it to the NMO response
factor. Operating both the oxidation and

ion catalysts make triplicate injections
of each of the CO, calibration gases (section
3.3.3). Calculate the average response factor
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(area/ppm) for each calibration gas, as welil
as the overall mean of the response factor
values. The reduction catalyst operation is
acceptable if the average response factor of
each calibration gas is within + 5 percent of
the averall mean value and if the relative
standard deviation (section 8.7) for each set
of triplicate injections is less than =5
percent. Additionally, the CO, overall mean
response factor must be within + 10 percent
of the NMO calibration response factor
(RPyneo) calculated in section 5.2.2. Record the
overall mean of the respounse factor values as
the CO, calibration response factor (RFcos).

5.24 NMO System Blank. For the high
level CO, calibration gas {section 3.3.3)
record the NMO value measured during the
CO, calibration conducted in section 5.2.3.
This value is the NMO blank value for the
analyzer (B,} and should be less’than 10 ppm.

525 System Performance Check. Check
the column separation and overall
performance of the analyzer by making
triplicate injections of the calibration gases
listed in section 3.3.4. The analyzer
performance is acceptable if the measured
NMO value for each gas (average of triplicate
injections) is within + 12 percent of the
expaected value.

5.3 NMO Analyzer Daily Calibration.

53.1 NMO Blank and CO, Inject’
triplicate samples of the high level CO,
calibration gas (section 3.3.3) and calculate
the average response factor. The system
operation is adequate if the calculated
respanse factor is within =+ 10 percent of the
RF e calculated during the initial
performance test {section 5.2.2). Use the daily
response factor (DRF ) for analyzer
calibration and the calculation of measured
CO, concentrations in the collection vessel
samples. In addition, record the NMO blank
value (B,): this value should be less than 10

ppm.

5.3.2 NMO Calibration. Inject triplicate
samples of the mixed propane calibration
cylinder (section 3.3.4.1) and calculate the
average NMO response factor. The system
operation is adequate if the calculated
response factor is within + 10 percent of the
RFngo calculated during the initial
performance test (section 5.2.1). Use the daily
response factor (DRFa) for analyzer
calibration and calculation of NMO
concentrations in the sample tanks.

5.4 Sample Tank. The.volume of the gas
sampling tanks used must be determined.
Prior to putting each tank in servics,
determine the tank volume by weighing the
tanks empty and then filled with deionized
distilled water; weigh to the nearest 5 gm and
record the results. Alternatively. measure the
volume of water used to fill the tanks to the
nearest 5 ml.

5.5 -Intermediate Collection Vessel. The
volume of the intermediate collection vessels
used to collect CO, during the analysis of the
condensate traps must be determined. Prior

« to putting each vessel into service, determine

the volume by weighing the vessel empty and
then filled with deionized distilled water;
weigh to the nearest 5 gm and record the
results, Alternatively, measure the volume of
w;:terusedtnﬂlllhennhlothe nearest 5
ml. -
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6. Calculations

Note: A1l equations are written using absolute prassure;
absolute bressures are determined by adding the measured barometric
pressure to the measured gauge pressure.

6.1 Sample Volume. For each test run, calculate the gas

volume sampled:

P P
- i
v, = 0.386 V ,iTL
t ti
6.2 Noncondensible Organics. For each sample tank, determine

the concentration of nonmethane organics (ppm C):

;t_f_
' tf )
Cy Pe Pty r Jf| cth =B
T Tu :
- -

6.3 Condensible Organics. For each condensate trap determine

the concentration of organics (ppm C):

Vv P
CC " 0.386 rT—

6.4 Total Gaseous Nonrmethane Organics (TGNMO). To determine
the TGNMO concentration for each test run, use the following

equation:
Cs= Ct + cc

6.5 Total Gaseous Nonmethane Organics (TGNMO) Mass
Concentration. To determine the TGNMO mass concentration as

carbon for each test run, use the following equation:
" - 0.498 C

6.6 Percent Recovery. To calculate the percent recovery for

the 1iquid injections to the condensate recovery and conditioning

system use the following equation:

v P, C
M 'y 'f “cm
percent recovery = 1.6 o~
Co T, X

6.7 Relative Standard Deviation.

L (x; = X)
RSD = l%q —L
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Where:

B, = Measured NMO blank value for NMQ
snalyzer. ppm C.

B‘ - Measured COQ Lienk vajue for condensate recovery
and condilioning Sysiems carrier A8, POE co‘_

C =total gaseous nonmethane organic
{TGNMO) concentration of the effluent.
ppm C equivalent.

C. =Calculated condensible organic
{condensate trap) concentration of the
effluent. ppm C equivalent.

C.m =Measured concentration (NMO
analyzer) for the condensate trap
{intermediate collection vessel}, ppm
CcoO,

C, =Calculated noncondensible organic
concentration {sample tank) of the
effluent, ppm C equivaient.

C.m = Measured concentration (NMO

analyzer} for the sample tank. ppm NMO.

L= Volume of liquid injected. microliters.

M =Molecular weight of the liquid injected.
/g mole.

M, = 'otal gasecus non-methane organic
{FGNMO) mass concentration of the
e¢filuent, mg C/dscm.

N =Curbon number of the liquid compound
injected (N =7 for toluene. N=8 for
hexane).

P, =Final pressure of the intermediate
cullection vessel. mm Hg absulute.

P, = Gas sample tank pressure prior to
sumpling. mm Hg absolute.

P, =Gas sample tank pressure after sampling.

bat prior to pressurizing. mm tHg
ahsolure.

P, =Final gas samp!e tank pressure after
pressunizing, mm Hg ahsoiute.

T, =Final temperature of intermediate
collection vessel. '’K. =~

T, =Sample tank temperature prior to
sampling. "K. ]

T, = Sample tank temperature at completion
of sumpling, ‘K.

Ty =Sample tank temperature after
pressurizing ‘K.

V =Sample tank volume, cm.

V, ={aterrediate coiiection vessef volume.
cm

V, =Cas volume sampled, dscm.

n =Number of duta pcints.

q = Tulal number of analyzer injections of
intermediate collection vessel during
araly sis {(where k =injection number, 1

q).

r = Total number of analyzer irjectuns of
sample tank during analysis (where
i -imjection cumber. 1. . .l

x, = ladividudl measurements.

X =Mean value.

p =Density of liquid injected. g/cc.

T B:hicography

7.1 Salu. Aibwrt E., Samuyel Witz. and
Robert D Macthive. Determination of Solvent
Vapor Conuentrations by Total Combustion
Aralysis A Cotnparison of Infrared with
Flame tonization Detectors. Paper No. 75-33.2
{Presented at the St Annual Meeting of the
Awr Puilution Control Association. Boston,
MA. fune 15-20. 1975.] 14 p.

7.2 Sala, Atbert E., William L. Oaks. and
Robert D. MacPhee. Measuring the Organic
Carbon Content of Source Emissions for Air
Poilutiun Control. Paper No. 74-190.
{Presented ot the 67th Annual Meeting of the
Air Poiliton Control Assaciation Denver.
CO. june 9-13.1974) 25 p.

Method 25

Addendum l. System Components

In test Method 25 several important system
components are not specified; instead
minimum performance specifications are
provided. The method is written in this
manner to permit individual preference in
choosing components, as well as to
encourage development and use of improved
components. This addendum is added to the
method in order to provide users with some
specific information regarding components
which have been found satisfactory for use
with the method. This listing is given only for
the purpose of providing information and
does not constitute an endorsement of any
product by the Environmental Protection
Agency. This list is not meant to imply that
other components not listed are not
acceptable.

1. Condensate Recovery and Conditioning
System Oxidation Catalyst. %" ODx 14"
inconel tubing packed with 8 inchea of
hopcalite® oxidizing catalyst and operated at
800°C in a tube furnace. Note: At this
temperature, this catalyst must be purged
with carrier gas at all times to prevent
catalyst damage.

2. NMO Analyzer Oxidation Catalyst. %~
0D « 14" inconel tubing packed with 8 inches
of hopcalite oxidizing catalyst and operated
at 800°C in a tube furnaces. (See note above.}

3. NMO Analyzer Reduction Catalyst.
Reduction Catalyst Module: Byron
Instruments. Raleigh, N.C.

4. Cas Chromatographic Separation
Column. % inch OD stainless steel packed
with 3 feet of 10 percent methy! silicone. Sp
2100 (or equivalent) on Supelcoport (or
equivalent), 80/100 mesh. followed by 1.5 feet
Porapak Q (or equivalent) 80/80 mesh. The
inlet side is to the silicone. Condition the
column for 24 hours at 200°C with 20 cc/min
N, purge.

During analysis for the nonmethane
organics the separation column is operated as
follows: First, operate the column at —78°C
{dry ice bath) to elute CO and CH.. After the
CH, peak operste the column at 0°C to elute
COs. When the CO, is completely eluted.
switch the carrier flow to backflush the
column and simultaneously raise the column
temperature to 100°C in order to elute all
nunmethane organics (exact timings for
column operation are determined from the
calibration standard).

Note.—The dry ice operating condition
may be deleted if separation of CO and CH,
is unimportant.

Note.—Ethane and ethylene may or may
not be measured using this column; whether
or not ethane and ethylene are quantified will
depend on the CO, concentration in the gas
sample. When high levels of CO; are present.
ethane and ethylene will elute under the tail
of the CO, peak.

5. Carrier Gas. Zero grade nitrogen or
helium or zero air.

SNLING CODE $580-07-8

*MSA registered ‘tudemark
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Figure 1. Sampling apparatus.
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Figure 2. Simplified schematic of non-methane organic (NMO) analyzer.
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Figure 4. Condensate recovery and conditioning apparatus.
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FACILITY. SAMPLE LOCATION
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Figure 7. Example Field Data Form.
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Figure 8 Condensate recovery and conditioning apparatus, carbon dioxide purge.
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40 CFR Part 60, Appendix A
Final, promulgated
METHOD 25A - DETERMINATION OF TOTAL GASEQUS ORGANIC

CONCENTRATION USING A FLAME IONIZATION ANALYZER

1. Applicability and Principle

1.1 Applicability. This method applies to the measurement of
total gaseous organic concentration of vapors consisting primarily of
alkanes, alkenes, and/or arenes (aromatic hydrocarbons). The concentration
is expressed in terms of propane (or other appropriate organic calibration
gas) or in terms of carbon.

1.2 Principle. A gas sample is extracted from the source
through a heated sample line, if necessary, and glass fiber filter to
a flame ionization analyzer (FIA). Results are reported as volume
concentration equivalents of the calibration gas or as carbon equivalents.
2. Definitions

2.1 Measurement System. The total equipment required for the
determination of the gas concentration; The system consists of the
following major subsystems:

2.1.1 Sample Interface. That portion of the system that is used
for one or more of the following: sample acquisition, sample
transportation, sample conditioning, or protection of the analyzer
from the effects of the stack effluent.

2.1.2 Organic Analyzer. That portion of the system that senses
organic concentration and generates an output proportional to the gas
concentration.

2.2 Span Value. The upper limit of a gas concentration

measurement range that is specified for affected source categories in

25A-1



the applicable part of the regulations. The span value is established
in the applicable regulation and is usually 1.5 to 2.5 times the
applicable emission limit. [f no span value is provided, use a span
value equivalent to 1.5 to 2.5 times the expected concentratfon. For
| convenience, the span value shdﬁld correﬁpond to 100 percent of the
recorder §ca1e.

2.3 Calibration Gas. A known concentration of a gas in an
appropriate diluent gas.

2.4 Zero Drift. The difference in the measurement system response
to a zero level calibration gas before and after a stated period of
operation during which no unscheduled maintenénce, repair, or adjustment
took place.

2.5 Calibration Drift. The difference in.the measurement system
response to a mid-1evé1 calibration gas before and after a stated
period of operation during which_no unscheduled maintenance, repair,
or adjustment took place. |

2.6 Response Time. The time intervai from a step change in
pollutant concentration at the inlet to the emission measurgment
system to the time at which 395 percent of the corresponding final
value is reached as displayed on the recorder.

2.7 Calibration Error. The difference between the gas concentration
indicated by the measurement system and the known concentration of the
calibration gas.

3. Apparatus
A schematic of an acceptable measurement system is shown in

Figure 25A-1, The essential components of the measurement system are

described below:
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3.1 Organic Concentration Analyzer. A flame jonization analyzer
(FIA) capable of meeting or exceeding the specifications in this
method.

3.2 Sample Probe. Stainless steel, or equivalent, three-hole
rake type. Sample holes shall be 4 mm in diameter or smaller and
located at 16.7, 50, and 83.3 percent of the equivalent stack diameter.
Alternatively, a single opening probe may be used so that a gas_samp1e
is collected from the centrally located 10 percent area of the’gtack
cross-section.

3.3 Sample Line. Stainless steel or Teflon* tubing to transport

‘the sample gas to the analyzers. The sample line should be heated, if
necessary, to prevent condensation in the line.

3.4 Calibration Valve Assembly. A three-way valve assembly to
direct the zero and calibration gases to the analyzers is recommended.
Other methods, such as quickeconpect 1ines, to route calibration gas

to the analyzers are applicable. |

3.5 Particulate Filter. An in-stack or an out-of-stack glass
fiber filter is recommended if exhaust gas particulate loading is
significant. An out-of-stack filter should be heated to prevent any
condensation. |

3.6 Recorder; A strip-chart recorder, analog computer, or
digital recorder for recording measurement data. Thé minimum data
recording. requirement is one measurement value per minute. Note: This
method is often applied fn highly explosive areas. Caution and care

should be exercised in choice of equipment and installation.

*Hention of trade names or specific products does not constitute
endorsement by the Environmental Protection Agency.
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4., Calibration and Other Gases

Gases used for calibrations, fuel, and combustion air (if required).
are contained in compressed gas cylinders. Preparation of calibration
gases shall be done according to the procedure in Protocal No. 1,
listed in Reference 9.2. Additionally, the manufacturer of the cylinder
should provide a recommended shelf l1ife for each calibration gas
cylinder over which the concentration does not change more than +2
percent from the certified value. For calib;at1on gas values not
generally available (i.e., organics between 1 and 10 percent by
volume), alternative methods for preparing calibration gas mixtures,
such as dilution systems, may be used with prior approval of the
Administrator.

Calibration gases usually consist of propane in air or nitrogen
and are determined in terms of.the span value. QOrganic compounds other
than propane can be used following the above guidelines and making the
appropriate corrections for response factor.

4.1 Fuel. A 40 percent H,/60 percent Hé or 40 percent H,/60
percent N, gas.mixtufe is recommended to avoid an oxygen synergism
effect that reportedly occurs when_oxygen concenfration varies
significantly from a mean va1ue..

4.2 Zero Gas. High purity air with less than Q.] parts per
million by volume (ppmv) of organic material (propane or carbon equivalent)
or less than 0.1 percent of the span value, whichever is greater.

4.3 Low=level Calibration Gas. An organic calihration gés with
a concentration equivalent to 25 to 35 percent of the applicable span
value..
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4.4 Mid-level Calibration Gas. An organic calibration gas with
a concentration equivalent to 45 to 55 percent of the applicable span
value.

4.5 High-level Calibration Gas. An organic calibration gas with
a concentration equivalent to 80 to 90 percent of the applicable span
v;lue. |

5. Measurement System Performance Specifications

5.1 Zero Drift. Less than 3 percent of the span value.
5.2 Calibration Drift. Less than % 3 percent of the span value.
5.3 Calibration Error. Less than + 5 percent of the calibration
gas value.

6. Pretest Preparations

6.1 Selection of Sampling Site. The location of the sampling
site is generally specffied by the applicable regulation or purpose of
the test; i.e., exhaust stack, inlet line, etc. Thé sample port_sh?l1
be located at least 1.5 meter; or 2 equiialeut diameters (whichever\TE :
less) upstream of the gas discharge to the atmosphere.

6.2 Location of Sample Probe. Install the sample propé so that
the probe is centrally located in the stack, pipe, or duct and is
sealed tightly at the stack porf‘connection.

6.3 Measurement System Preparation. Prior to the emission test,
assemble the measurement system following the manufacturer's written
instructions in preparing the sample interface and the organic analyzer.
Make the system operable.

FIA equipment can be calibrated for almost any range of total
organics concentrations. For high concentrations of organics (>1.0

percent by volume as propane) modifications to most commonly available
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analyzers are necessary. One accepted method of equipment modification

is to decrease the size of the sample to the analyzer through the use

of a smaller diameter sample capillary. Direct and continuous measurement
of organic concentration is a necessary consideration when determining

any modification design.

6.4 Calibration Error Test. Immediately prior to the test series,
-A(within 2 hours of the start of the test) introduéé zero gas and high-
level calibration gas at the calibration valve assembly. Adjust the
analyzer output to the appropriate 1eve]s; if necessary. Calculate
the predicted response for the low-level and mid-level gases based on
a linear response line betweeh the zero and high-level -responses.

Then introduce low-level and mid-level calibration gases successively
toAthe measurement system. Record the analyzer responses for low-level
and mid-level calibrétion gases and determine the differences between
the measurement system responses and the'predicted responses. These
differences must be less than 5 bercent“of the respective calibration
gas value. If not, the measurement system is not acceptab}e and must
be replaced or repaired prior to testing. No adjustments to the
measurement system shall be conducted after the calibration and before
the drift check (Section 7.3). If'adjustménts are necessary before
the completion of the test series, perform the drift checks prior to
the required adjustments and repeat the ca\ibration'fo1lowing the
adjustments. If multiple electronic ranges are to be used, each

additional range must be checked with a mid-level calibration gas to

verify the multiplication factor.
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6.5 Response Time Test. Introduce zerc gas into the measurement
system at the ca1ibration.va1ve assembly. Hhen‘the system output has
stabilized, switch quickly to the high-level calibration gas. Record
the time fromrthe concentration ¢hange to the measurement system
response equivalent to 95 percent of the step change. Repeat the test
three times and average the results.

7. Emission Measurement Test Procedure

7.1 Organic Measurement. Begin sampling at the start of.the
test period, recording time and any required process information as
appropriate. In particular, note on the recording chart periods of
process interruption or cyclic operation. |

7.2 DOrift Determination. Immediately following the completion
of the test period and hourly during the test period, reintroduce the
zero and mid-level calibration gases, one at a time, to the measurement
" system at the ca1ibration valve assembly. (Make no adjustments to the
measurenent syétem until after both the zero and calibration drift
checks are madg.) Record the analyzer resﬁonse. If the drift values
exceed the specified 1imits, fnvalidate the test results preceding the
check and repeat the test following corrections to the measurement
system. Alternatively, recalibrate the test meésurement system as in
Section 6.4 and report the results using both sets of calibration data
(i.e., data determined prior to the test period and data determined
following the test period).

8. Organic Concentration Calculations

Determine the average organic concentration in terms of ppmv as
propane or other calibration gas. The average shall be determined by
the integration of the output reccrding over the period speciffed in

the applicable regulation.
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[f results are required in terms of ppmv as carbon, adjust measured

concentrations using Equation 25A-1.

-Cc = K Cmeas Eq. 25A-1
Where:
Cc = Organic concentration as carbon, ppmv.
Creas - Organic concentration as measured, ppmv.
K = Carbon equivalent correction factor,

K = 2 for ethane.
K = 3 for propane.
K = 4 for butane.

K = Appropriate response factor for other organic
calibration gases.

9. B8ibliography

9.1 Measurement of Volatile Organic Compounds - Guideline Series.
U.S. Environmental Protectioﬁ Agency. Research Triangle Park, N.C.
Publication No. E#A—450/2-78-041. June 1978.. p. 46-54.

9.2 Traceability Protocol for Establishing True Concentrations
of Gases Used for Calibration and Audits of Continuous Source Emission
Monitors (Protocol No. 1). U.S. Environmental Protection Agency,
Environmental Monitoring and Support Laboratory. Research Triangle

Park, N.C. June 1978.

9.3 Gasoline Vapor Emission Laboratory Evaluation - Part 2., U.S,
Environmeﬁtal Protection Agency, Office of Air Quality Planning and
Standards. Research Triangle Park, N.C. EMB Report No. 75-GAS-6.
August 1975.
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1. Applicability and Principle.

1.1 Applicability. This method applies to
the measurement of total gaseous organic
concentration of vapors consisting primarily
of alkanes, alkenes, and/or arenes (aromatic
hydrocarbons). The concentration is
wdmtumofpmpane(orother
sppropeiate organic calibration gas) or in
tesms of carbon.

1.2 Principle. A gas sample is extracted
ﬁuﬁem&xwgluheatodumplehne.
if mecessary, and glass fiber filter to a flame
‘fonization analyzer (F1A). Resiilts are

as volume concentration equivalents
of the calibration gas or as carbon -

2 Definitions. .
21 Measurement System. The total

equipment required for the determination of

" the gas concentration. The system consists of

the following major subsystems:

2.1.1 Sample Interface. That portion of the
system that is used for one or more of the
following: sample acquisition, sample
transportation, sample conditioning, or
protection of the analyzer from the effects of
the stack effluent.

2.1.2 Organic Analyzer. That portion of
the system that senses organic concentration
and generates an output proportional to the
gas concentration.

2.2 Span Value. The upper limit of a gas
concentration measurement range that is
specified for affected source categories in the
applicable part of the regulations. The span
value is established in the applicable
regulation and is usually 1.5 to 2.5 times the
applicable emission limit. If no span value is
provided, use a span value equivalent to 1.5
to 2.5 times the expected concentration. For
convenience, the span value should
correspond to 100 percent of the recorder

2.3 Calibration Gas. A known
conceutration of a gas in an nppropriate
diluent gas.

24 Zem Drift. The difference in the
measurement system response to a zero level
calibration gas before and after a stated
period of operation during which no
unscheduled maintenance, repair, or
adjustment took place.

2.5 Calibration Drift. The difference in the
measurement system response to a mid-level
calibration gas before and after a stated
period of operation during whichno -
unscheduled maintenance, repair or
adjustment took place.

2.8 Response Time. The time interval
from a step change in pollutant concentration

~at the inlet to the emission measurement

system to the time at which 85 percent of the
corresponding final value is reached as
displayed on the recorder. -

2.7 Calibration Error. The difference
between the gas concentration indicated by
the measurement system and the known
concentration of the calibration gas. <

3. Apparatus.

A schematic of an acceptable measurement
system is shown in Figure 25A-1. The
essential components of the measurement
system are described below:

HEATED

ORGANC

ANALYZER

STACK
Figpue 26A- 1. Osganic C

[ ot System.
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3.1 Oryanic Concentration Analyzer. A
flame ionization analyzer (F1A} capabie of

' meeting or exceeding the specifications in

this method.

32 Sample Probe. Stainless steel, or
equivalent, three-hole rake type. Sample
holes shall be 4 mm in diameter or smaller
and located at 18.7, 50, and 83.3 percent of the
equivalent stack diameter. Alternatively, a
smdeopenmgprobcmybeuudnothata
gas sample is collected from the centrally
located 10 percent area of the stack cross-
section.

3.3 Sample Line. Stainless steel or Teflon*
tubing to transport the sample gas to the
analyzers. The sample line should be heated,
gnmuary to prevent condensation in the

e.

3.4 Calibration Valve Assembly. A three-
way valve assembly to direct the zero and
calibration gases to the analyzers is
recommended. Other methods, such as quick-
-connect lines, to route calibration gas to the
analyzers are applicable.

3.5 Particulate Filter. An in-stack or an

- out-of-stack glass fiber filter is recommended

if exhaust gas particulate loading is
significant, An out-of-stack filter should be
heated to prevent any condensation.

3.8 Recorder. A strip-chart recorder,
analog computer, or digital recorder for
recording measurement data. The minimum
data recording requirement is one
measurement value per minute, Note: This .
method is often applied in highly explosive
areas. Caution and cpre should be exercised
in choice of equipment and installation.

4. Calibration and Other Gases. -

Gases used for calibrations, fuel, and
combustion air {if required} are contained in
compressed gas cylinders. Preparation of
mhbuﬁongnmlhaubedmmordmgw
the procedure in Protocol Ne. 1, listed in N
Reference 9.2. Additionally, the manufacturer
of the cylinder should provide a -
recommended shelf life for each calibration
gas cylinder over which the concentration
does not change more than #2 percent from
the certified value. For calibration gas values
not generally available {i.e., organics
between 1 and 10 percent by volume),

- alternative methods for preparing calibration

gas mixtures, such as dilution systems, may
be used with prior approval of the
Administrator..

Calibration gases usually consist of
propane in air or nitrogen and are determined
in terms of the span value. Organic
compounds other than propane can be used
following the above guidelines and making
ge appropriate corrections for response

ctor.

4.1 Fuel. A 40 percent Ho/60 percent He or
10 percent H,/60 percent N.gas mixture is
recommended to avoid an oxygen synergism
affect that reportedly occurs when oxygen
concentration varies significantly from a

" mean value.

4.2 Zero Gas. High purity air with less
than 0.1 parts per million by volume (ppmv)
oforganic material (propane or carbon

* Mention of trade names or specific producu
Joes not constitute endorsement by the
3nvironmental Protection Agency.

——
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equivalent} or less than 0.1 percent of the
span value, whichever is greater.

43 Low-level Calibration Gas. An argenic
calibration gas with a concentration
equivalent to 25 to 35 percent of the
applicable span value.

4.4 Mid-level Calibration Gas. An organic

calibration gas with a concentration
squivalent to 45 to 55 percent of the
applicable span value.

4.5 High-level Calibration Gas. An
organic calibration gas with.a concentration
equivalent to 80 to 80 percent of the
applicable span value. -

8. Measurement System Performance

Specifications. -

5.1 Zero Drift. Less than +3 percent of
the span value. .
8.2 Calibration Drift. Less than +3
percent of span value.
83 Coalibration Error. Less than +5-
percent of the calibration gas value.
8. Pretest Preparations.
8.1 Selection of Sampling Site. The
. location of the sampling site is generally
~ specified by the applicable regulation or
purpose of the test; i.e., exhaust stack, inlet
line, etc. The sample port shail be located at
. least L5 meters or 2 equivalent diameters
- (whichevar is less) upstream of the gas
discharge to the atmosphere.
- 82 . Location of Sample Probe. Install the
- sample probe so that the probe is centrally
located in the stack, pipe, or duct and is
" sealed tightly at the stack port connection.
63 Measurement System Preparation.
Prior to the emission test, assemblie the
. measurement system following the
‘ manufacturer’s written instructions in
preparing the sample interface and the
organic analyzer. Make the system operable.
" F1A equipment can be calibrated for almost
. any range of total organics concentrations.
For high concentrations of organics (>1.0
* percent by volume as propane) modifications
. to most commonly available analyzers are -
necessary. One accepted method of
- equipment modification is to decrease the
* size of the sample to the analyzer through the

8¢ Calibration Error Test. Immediately
* prior to the test series, (within 2 hours of the
start of the test) introduce zero gas and high-
. lavel calibration gas at the calibration valve
assembly. Adjust the analyzer output to the
sppropriate levels, if neceseary. Calculate the
response for the low-level and mid-
gases based on a linear response line
between the zero and high-level responses.
Then introduce low-level and mid-level
calibration gases successively to the .
measurement system. Recard the analyzer
responses for low-level and mid-level
calibration gases and determine the
differences between the measurement system
“responses and the predicted responses. These
differences must be Jess than 5 percent of the
Tespective calibration gas value. If not, the
measuremernt system is not acceptable and
must be replaced or repaired prior to testing.
No adjustments to the measurement system
shall be conducted after the calibration and

before the drift check (Section 73
adjustments are necessary before the
completion of the test series, perform the drifi
checks prior to the required adjustments and
repeat the calibration following the
adjustments. If multipie electronic ranges are
to be used, each additional range must be
checked with a mid-level calibration gas to
verify the multiplication factor.

85 Response Time Test. Introduce zero
gas into the measurement system at the
calibration valve assembly. When the system
output has stabilized, awitch quickly ta the
high-level calibration gas. Record the time
from the concentration change to the

‘measurement system response equivalent to

95 percent of the step change. Repeat the test
three times and average the results.

7. Emisgion Measurement Test

71 Organic Measurement. Begin sampling
at the start of the test period, recording time
and any required process information as
appropriate. In particular, note on the
recording chart periods of process
interruption or cyclic operation.

.22 Drift Determination. Immediately
following the completion of the test period
and hourly during the test period, reintroduce
the zero and mid-level calibration gases, ane
at a time, to the measurement system at the
calibration valve assembly. (Make no
adjustments to the measurement system until

“after both the zero and calibration drift

checks are made.} Record the analyzer
response. If the drift values exceed the

. specified limits, invalidate the test results

preceding the check and repeat the test
following corrections to the measurement
system. Alternatively, recalibrate the test
measurement system as in Section 6.4 and
report the results using both sets of
calibration data (i.e.. data determined prior to
the test period and data determined fallowing
the test period).

8. Organic Concentration Calcufations.

Determine the average organic
concentration in terms of ppmv as propane or
other calibration gas. The average shall be
determined by the integration of the output
recording over the period specified in the
applicable regulation.

I results are required in terms of ppmv as
carbon, adjust measured concentrations using
Equation 25A-1.

Ce=K Cuuns

Eq. 25A-1

Where: - -

C.=Organic concentration as carbon, ppmv.

Crema=Organic concentration as measured,
ppmv. .

K=Carbon equivalent correction factor,

K=2 for ethane.

K =3 for propane.

K =4 for butane.

K= Appropriate response factor for other

organic calibration gases.

9. Bibliography.

9.1 Measurement of Volatile Organic
Compounds—Guideline Series. U.S.
Environmental Protection Agency. Research
Triangle Park, N.C. Publicatian No. EPA—450/
2-78-0A1. June 1978. p. 46-54.

9.2 Traceability Protocol for Establishing
True Concentrations of Gases Used for
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3.1 Organic Concentration Analyzer. A
flame jonization analyzer (F1A) capable of
meeting or exceeding the specifications in
this method.

3.2 Sample Probe. Stainless steel, or
equivalent, three-hole rake type. Sample
holes shall be 4 mm in diameter or smaller
and located at 16.7, 50, and 83.3 percent of the
equivalent stack diameter. Alternatively, a
single opening probe may be used so that a
gas sample is collected from the centrally
located 10 percent area of the stack cross-
section. . g

3.3 Sample Line. Stainless steel or Teflon*
tubing to transport the sample gas to the
analyzers. The sample line should be heated,
;f necessary, to prevent condensation in the

ine.

3.4 Calibration Valve Assembly. A three-
way valve assembly to direct the zero and
calibration gases to the analyzers is
recommended. Other methods, such as quick-

-connect lines, to route calibration gas to the

analyzers are applicable.

3.5 Particulate Filter. An in-stack or an
out-of-stack glass fiber filter is recommended
if exhaust gas particulate loading is
significant, An out-of-stack filter should be
heated to prevent any condensation.

3.6 Recorder. A strip-chart recorder,
analog computer, or digital recorder for
recording measurement data. The minimum
data recording requirement is one
measurement value per minute. Note: This .
method is often applied in highly explosive
areas. Caution and care should be exercised

" in choice of equipment and installation.

4. Calibration and Other Gases. *

Gases used for calibrations, fuel, and
combustion air (if required) are contained in
compressed gas cylinders. Preparation of
calibration gases shall be done according to-
the procedure in Protocol No. 1, listed in .
Reference 8.2. Additionally, the manufacturer
of the cylinder should provide a :
recommended shelf life for each calibration
gas cylinder over which the concentration
does not change more than #2 percent from
the certified value. For calibration gas values
not generally available (i.e., organics
between 1 and 10 percent by volume]),
alternative methods for preparing calibration
gas mixtures, such as dilution systems, may
be used with prior approval of the
Administrator.

Calibration gases usually consist of
propane in air or nitrogen and are determined
in terms of the span value. Organic
compounds other than propane can be used
following the above guidelines and making
the appropriate corrections for response
factor.

4.1 Fuel A 40 percent H,/60 percent He or
10 percent Ha/60 percent N,gas mixture is
recommended to avoid an oxygen synergism
2ffect that reportedly occurs when oxygen
concentration varies significantly from a
-mean value.

4.2 Zero Gas. High purity air with less
than 0.1 parts per million by volume (ppmv)
of organic material (propane or carbon

* Mention of trade names or specific products
loes not constitute endorsement by the

Znvironmental Protection Agency.
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equivalent) or less than 0.1 percent of the
span value, whichever is greater.

43 Low-level Calibration Gas. An crganic
calibration gas with & concentration
equivalent to 25 to 35 percent of the
applicable span value.

4.4 Midievel Calibration Gas. An organic
calibration gas with a concentration
equivalent to 45 to 55 percent of the
applicable span value.
organic calibration gas with a concentration
equivalent to 80 to 90 percent of the

i span value.
5. Measurement System Performance

Specifications. -

81 Zero Drift. Less than +3 percent of
o tive span value.

82 Calibration Drift. Less than £3
percent of span value.

53 Calibration Error. Less than +5-
percent of the calibration gas value.

8. Pretest Preparations.

&1 Selection of Sampling Site. The
location of the sampling site is generally
specified by the applicable regulation or

of the test; i.e., exhaust stack, inlet

e, étc: The sample port shall be located at
least 1.5 meters or 2 equivalent diameters
{whichever is less) upstream of the gas
discharge to the atmosphere.

8.2 - Location of Sample Probe. Install the
sampla probe so that the probe is centrally
located in the stack, pipe, or duct and is
sealed tightly at the stack port connection.

48 - Meagsurement System Preparation.
Prior to'the emission test, assemble the
measuremenit system following the

preparing the sample interface and the

orgauic analyzer. Make the system operable.

. *FIA equipment can be calibrated for almost
any rangs of total organics concentrations.

. ‘For high concentrations of organics (>1.0
. percentby volume as propane} modifications
‘to moét commonly available analyzers are
necessary. One accepted method of
equigsnent modification is to decrease the
sizs of the sample to the analyzer through the
ose of » xmaller diameter sample capillary.

- Iiisett and continuous measurement of
organic concentration is a necessary
consideristion when determining any
« . Calibration Error Test. Immediately
prior to the test séries, (within 2 hours of the
stait of the test) introduce zero gas and high-

_ level calibration gas at the calibration valve

“apuembly. Adjust the analyzer output to the_
appropriate levels, if necessary. Calculate the
predicted response for the low-level and mid-
lovel guses based on a linear response line
between the zero and high-level responses.
Then introduce low-level and mid-level

responses and the predicted responses.
differences must be less than 5 percent of the
mespective calibration gas value. If not, the
measurement system is not acceptable and
must be replaced or repaired prior to testing.
No. 1o the measurement system
shafl be conducted after the calibration and

before the drift check (Section 7.3). If
adjustments are necessary before the
completion of the test series, perform the drift
checks prior to the required adjustments and

~ repest the calibration following the

adjustments. If multipie electronic ranges are
to be used, each additional range must be
checked with a mid-leve! calibration gas to
verify the multiplication factor.

65 Response Time Test. Introduce zero
gas into the measurement system at the
calibration valve assembly. When the system
output has stabilized, switch quickly to the
high-level calibration gas: Record the time
from the concentration change to the
measurement system response equivalent to
95 percent of the step change. Repeat the test
three times and average the resuits.

7. Emission Measurement Test

7.1 Organic Measurement. Begin sampling
at the start of the test period, recording time
and any required process information as
appropriate. In particular, note on the
recording chart periods of process
interruption or cyclic operation.

7.2 Drift Determination. Immediately
following the completion of the test period
and hourly during the test period, reintroduce
the zero and mid-level calibration gases, one
at a time, to the measurement system at the
calibration valve assembly. (Make no
adjustments to the measurement system until

-after both the zero and calibration drift
checks are made.) Record the analyzer
response. If the drift values exceed the
specified limits, invalidate the test results

ing the check and repeat the test
following corrections to the measurement
system. Alternatively, recalibrate the test
measurement system as in Section 6.4 and
report the results using both sets of
calibration data (i.e., data determined prior to
the test period and data determined following
the test period).

8. Organic Concentration Calculations.

Determine the average organic
concentration in terms of ppmv as propane or
other calibration gas. The average shail be
determined by the integration of the output
recording over the period specified in the
applicable regulation.

1f results are required in terms of ppmv as
carbon, adjust measured concentrations using
Equation 25A-1.

ngK c--

Eq. 25A-1

Where: - -

C.=0Organic concentration as carbon, ppmv.
Coaess= Organic concentration as measured,

K=Carbon equivalent correction factor.

K=2 for ethane.

K=3 for propane. P

K=4 for butane.

=Appropriate response factor for other
organic calibration gases.

8. Bibliography.

9.1 Measurement of Volatile Organic
Compounds—Guideline Series. U.S.
Environmental Protection Agency. Research
Triangle Park, N.C. Publication No. EPA-450/
2-78-041. [une 1978. p. 46-54.

8.2 Traceability Protocol for Establishing
True Concentrations of Gases Used for
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Caiibration and Audits of Continuous Source
Emission Monitors (Protocol No. 1). U.S.
Environmental Protection Agency.
Environmental Monitoring and Support
Laboratory. Research Triangle Park. N.C.
June 1978,

9.3 Gasoline Vapor Emission Laboratory
Evaluation—Part 2. U.S. Environmental
Protection Agency, Office of Air Quality
Planning and Standards. Research Triangle
Park, N.C. EMB Report No. 75-GAS-6. August
1975.
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METHOD 25B DETERMINATION OF TOTAL GASEOQUS ORGANIC

CONCENTRATION USING A NONDISPERSIVE INFRARED ANALYZER
1. Applicability and Principle

1.1 Applicability. This method applies to the measurement of
total gaseous organic concentration of vapors consisting hrimari]y of
alkanes. (Other organic materials may be measured using the general
procedure in this method, the appropriate calibration gas, and an
analyzer set to the appropriate absorption band.) The concentration
is expressed in terms of propane (or other appropriate organic calibration
gas) or in terms of carbon.

1.2 Principle. A gas sample is extracted from the source through
a heated sample line, if necessary; and glass fiber filter to a nondispersive
infrared analyzer (NDIR). Results are reported as volume concentration
equivalents of the calibration gas or as carbon equivalents.
2. Definitions

The terms and definitions are the same as for Method 25A.
3. Apparatus The apparatus are the same as for Method 25A with the
exception of the following:

3.1 Organic Concentration Analyzer. A nondispersive infrared
analyzer designed to measure alkane organics ahd capable of meeting or
exceeding the specifications in this method.

4, Calibration Gases

The calibration gases are the same as are required for Method 25A,

Section 4. HNo fuel gas is required for an NDIR.
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5. Measurement System Performance Specifications

5.1 Zero Drift. Less than =3 percent of the span value.

5.2 Calibration Drift. Less than 3 percent of the span value.

5.3 Calibration Errgr. Less than 5 percent of the calibration
gas valve,

6. Pretest Preparations

6.1 Selection of S;mpling Site. Same as in Method 25A, Section 6.1.

6.2 Location of Sample Probe. Same as in Method 25A, Section 6.2.

6.3 Measurement System Preparation. Prior to the emission test,
assemble the measurement system following the manufacturer's written
instructions in preﬁaring the sample interface and the organic analyzer.
Make the system operaﬁle.

6.4 Calibration Error Teét. Same as in Method 25A, Section 6.4.

6.5 Response Time Test Procedure. Same as in Method 25A, Section 6.4.

7. Emission Measurement Test Procedure

Proceed with the emission measurement immediately upon satisfactory
completion of the ca]fbration.

7.1 Organic Measurement. Same as in Method 25A, Section 7.1.

7.2 Drift Determination. Same as in Method 25A, Section 7.2.

8. Organic Concentration Calcu]atiqns

The calculations are the same as in Method 25A, Section 8.

9, Bibliography

The bibliography is the same as in Method 25A, Section 9.
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Method 25B—Determination of Total
Gaseous Organic Concentration Using a
Nondispersive infrared Analyzer

1. Applicability and Principle.

1.1 Applicability. This method applies to
the measurement of total gaseous organic
concentration of vapors consisting primarily
of alkanes. (Other organic materials may be .
measured using the general procedure in this
method, the appropriate calibration gas, and
an analyzer set to the appropriate absorption
band.) The concentration is expressed in
terms of propane (or other appropriate
organic-calibration gas) or in terms of carbon.

1.2 Principle. A gas sample is extracted
‘from the source through a heated sample line,
if necessary, and glass fiber filter to a
nondigpersive infrared analyzer (NDIR).
Results are reported as volume concentration
equivalents of the calibration gas or as
carbon equivalents.

2. Definitions.

The terms and definitions are the same as
for Method 25A.

3. Apparatus. The apparatus are the same
as for Method 25A with the exception of the
following:

8.1 Organic Concentration Analyzer. A
nondispersive infrared analyzer designed to
measure alkane organics and capable of
meeting or exceeding the specifications in
this method.

4. Calibration Gases.

The calibration gases are the same as are
required for Method 25A, Section 4. No fuel
gas is required for an NDIR.

5. Measurement System Performance
Specifications.

5.1 Zero Drift. Less than x3 percent of
the span value. <

5.2 Calibration Drift. Less than +3

nt of the span value.

5.3 Calibration Error. Less than 5

rcent of the calibration gas valve.

8. Pretest Preparations.

6.1 Selection of Sampling Site. Same as in
Method 25A, Section 6.1.

6.2 Location of Sampling Probe. Same as
in Method 25A, Section 8.2,

8.3 Measurement System Preparation.
Prior to the emission test, assemble the
measurement system following the
manufacturer’s written instructions in
preparing the sample interface and the
organic analyzer. Make the system operable.

64 Calibration Error Test. Same as in
Method 25A, Section 6.4.

65 Response Time Test Procedure. Same
as in Method 25A, Section 6.4.

7. Emission Measurement Test Procedure.
Proceed with the emission measurement
immediately upon satisfactory completion of

the calibration. '

7.1 Organic Measurement. Same as in
Method 25A. Section 7.1.

7.2 Drift Determination. Same as in
Method 25A, Section 7.2.

8. Organic Concentration Calculations.

The calculations are the same as in Method
25A, Section 8.

8. Bibliography.

The bibliography is the same as in Method
25A, Section 8.
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METHOD 27-DETERMINATION OF VAPOR TIGHTNESS OF GASOLINE
DELIVERY TANK USING-PRESSURE-VACUUM TEST

1. Applicability and Principle

1.1 Applicability. This method is applicable for the determination
of vapor tightness of a gasoline defivery tank which is equipped with
vapor collection equipment.

1.2 Principle. Pressure and vacuum are applied alternately to
the compartments of a gasoline delivery tank and the change in pressure

or vacuum is recorded after a specified period of time.

2. Defjnitions and Nomenclature

2.1 Gasoline. Any petroleum distillate or petfo1eum distillate/
alcohol blend having a Reid vapor pressure of 27.6 kilopascals or
greater which is used as a fuel for internal combustion engines.

2.2 Delivery tank. Any container, including associated pipes
and fittings, that is attached'to:or'fbrms a part of any truck, trailer,
or railcar used for the transport of éésd1ine.

2.3 Compartment. A liquid-tight division of a delivery tank.

2.4 Delivery tank vapor collection equipment. Any piping,
hoses, An¢ devices on the delivery tank used to collect and route
gasoline vapors either from the tank to a bulk terminal vapor control
system or from a bulk plant or service station into the tank.

2.5 Time period of the pressure or vacuum test (t). The time
period of the test, as specified in the appropriate regulation, during
which the change in pressure or vacuum is monitored, in minutes.

2.6 Initial-pressure‘(Pi). The pressure applied to the delivery
tank at the Beginning of the static pressure test, as specified in the

appropriate regulation, in mm HZO'
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2.7 Initial vacuum (Vi). The vacuum applied to the delivery
tank at the beginning of the static vacuum test, as specified'in the
appropriate regulation, in mm HZO.

2.8 Allowable pressure change ( p). The allowable amount of
decrease in pressure during the static pressure test, within the time
pefiod t, as specified in the appropriate regulation, in mm HZO‘

2.9 Allowable vacuum change'( v). The allowable amount of
decrease\jn vacuum during the static vacuum test, within the time
period t, as specified in the appropriate regulation, in mm H,0.

3. Apparatus

3.1 Pressure source. Pump or compressed gas cylinder of air or
inert gas sufficient to pressurize the delivery tank to 500 mm HZO
above atmospheric pressure.

3.2 Regulator. Low pressure regulator for controlling
pressurization of the delivery tank.

3.3 Vacu&m source. VYacuum pump capable of evacuating the delivery
tank to 250 mm H26~be10w atmospheric pressure.

3.4 Pressure-vacuum supply hose.

3;5 Manometer. Liquid manomete}. or équiva]ent instrument,

c&pab]e of measuring up to 500 mm HéO géuge pressure with #2.5 mm HZO
"précision. |

3.6 Prgssure-vacuum relief va1ve$. The test apparatus shall be
equipped with an in-line pressure-vacuum relief valve set to activate
at 675 mm HZO above atmospheric pressure or 250 mm HZO below atmospheric
pressure, with a capacity equal to the pressurizing or evacuating

pumps.
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3.7 Test cap for vapor reéovery hose. This cap shall have a tap
for manometer connection and a fitting with shut-off valve for.connectioh

to the pressure-vacuum supply hose.

3.8 Caps for liquid delivery hoses.

4. Pretest Preparations

4.1 Summary. Testing problems may occur due to the presence of
volatile vapors and/or temperature fluctuations inside the delivery
tank. Under these conditions, it is often difficult to obtain a
stable initial pressure at the beginning of a test, and erroneous test
results may occur. To help prevent this, it is recommended that,
prior to testing, volatile vapors be removed from the tank and the
temperature inside the tank be allowed to stabilize. Because it is not
always possible to attain completely these pretest conditions a provision
to ensure reproducible results is included. The difference in results
for two consecufive runs must meet the criterion in Sections 5.2.5 and

5.3.5.

4.2 FEmptying of tank. The delivery tank shall be emptied of all
1iquid.

4,3 Purging of vapor. As mﬁch as possible, the delivery tank
shall be purgéd of all volatile vapors by any safe, acceptable method.
One method is to carry a load of non-volatile liquid fuel, such as
diesel or heating oil, immediately prior to the test, thus flushing
out all thé volatile gasoline vapors. A second method is to remove
the volatile vapors by blowing ambient air into each tank compartment
for at least 20 minutes. "This second method is usually not as effective
and often cﬁuses stabilization problems, requiring a much longer time

for stabilization during the testing.
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4.4 Temperature stabilization. As much as possible, the test
shéll be‘éohducted under isothermal conditions. The temperature of
the:delivery tank should be allowed to equilibrate in the test environm
During the test, the tank should be protected from extreme environmenta
and temperature variability, such as direct sunlight.

5. Test Procedure

5.1 Preparations.

5.1.1 Open and close each dome cover.

5.1.2 Connect static electricai ground connections to tank.
Attach the liquid delivery and vapor return hoses, remove the liquid
delivery elbows, and plug the 1iquid delivery fittings. (Note: The
purpose of testing the liquid delivery hoses .is to detect tears or
holes that would allow liquid leakage during a delivery. Liquid
delivery hoses are not considered to.be possible sources of vapor
"leakage, and thqs; do not have to be attached for a Qapor leakage
test. Instead, a liquid delivery hose could be either visually inspecte
or filled with water to detect any liquid leakage. )

5.1.3 Attach the test cap to the end of the vapor recovery hose.

5.1.4 Connect the pressure-vacuum supply hose and the pressure-
vgcuuﬁ relief valve to the shut-off va]vé. Attach a manometer to the
p%és#ufe tap. N |

5.1.5. Connect compartments of the tank internally to each other
- if pbssbee. If not possible, each compartment must be tested separatel
aéhffmit were an individual delivery tank.

| 5.29 Pressure‘test.

5.2.1~ Connect the pressure source to the pressure-vacuum supply
hose.
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5.2.2 Open the shut-off valve in the vapor recovery hose cap.
Applying air pressure slowly, pressurize the tank to Pi’ the 1pit1a1
pressure specified in the regulation.

5.2.3 Close the shut-off valve and allow the pressure in the
tank to stabilize, adjusting the pressure if necessary to-maintain
pressure of Pi‘ When the pressure stabilizes, record the time and
initial pressure.

5.2.4 At the end of t minutes, record the time and final pressure.

5.2.5 Repeat steps 5.2.2 through 5.2.4 until the change in
pressure for two consecutive runs agrees within +12.5 mm HZO‘ Calculate
the arithmetic average of the two results.

5.2.6 Compare the average measured change in pressure to the
allowable pressure change, Ap, as specified in the regulation. If the
delivery tank does not satisfy the vapor tightness criterion specified
in the regu]atidn, repair the sources of leakage, and repeat the
pressure test until the criterion is met.

5.2.7 ﬂisconnect the pressure source from the pressure-vacuum
supply hose, and slowly open the shut-off valve to bring the tank to
atmospheric pressure. -

5.3 Vacdum test.

5.3.1 Connect the vacuum source to the pressure-vacuuh supply
hose.

5.3.2 Open the shut-off valve in the vapor recovery hose cap.
Slowl& evacuate ‘the tank to Vi, the initial vacuum specified in the

regulation.
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5.3.3 Close the shut-off valve and allow the pressure in the
tank to stabilize, adjusting the pressure if necessary to maintain a
vacuum of Vi. 'Hh-en the pressure stabilizes, record the time and
jnitial vacuum. |

5.3.4 At the end of t minutes, record the time and final vacuum.

5.3.5 Repeat steps 5.3.2 through 5.3.4 until the change in
vacuum for two consecutive runs'agfees within 12,5 mm HZO' Calculate
the arithmetic average of the two results. |

5.3.6 Compare the average mea.;.ured change in vacuum to the
allowable vacuum change, Av, as specified in the Aregulation. If the
del*h)ery tank doe§ not satisfy the vapor tightness criterion specifiet
in the regu1ati6n; repair the sources of ‘Ie'aka‘ge, and repeat the
vacuum test until the criterion is met.

5.3.7 Disconnect the vacuum source from the pressure-vacuum
supply hose, and"s‘low'l,y open the shut-off valve fo -bring the tank to
atmospheric pressure.

5.4 Post-test clean-up. Disconnect all test equipment and
return the delivery tank to its pretest condition.

6. Alternative Procedures

6.1 The pumping of water into the bottom of a delivery tank is
an acceptable alternative to the pressure source described above.
Likewise, the draining of water out of the bottom of a delivery tank
may be substiﬁgted for the vacuum source. Note that some of the
specific step-by-step procedures in the method must be altered slight’

to accommodate these different pressure and vacuum sources.
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6.2 Techniques other than specified above may be used for purging
and pressurizing a delivery tank, if prior approval is obtained from
the Administrator. Such approval will be based upon demonstrated

equivalency with the above method.
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Method 27—-Determination of Vapor
of Gasoline Delivery Tank
Pressure-Vacuum Test .

1. Applicability and Principle.

1.1 Applicability. This method is
applicable for the determination of vapor
tightness of a gasoline delivery tank which is
equipped with vapor collection equipment.

1.2 Principle. Pressure and vacuum are
applied alternately to the compartments of a
gasoline delivery tank and the change in

-pressure or vacuum is recorded after a
specified period of time.

2. Definitions and Nomenclature.

21 Gasoline. Any petroleum distillate or
petroleum distillate/elcohol blend having a
Reid vapor pressure of 27.6 kilopascals or
greater which is used as a fuel for internal
combustion engines.

22 Delivery tank. Any container.
including associated pipes and fittings, that is

attached to or forms a part of any truck,
trailer, or railcar used for the transport of

gasoline.

23 Compartment. A liquid-tight division
of a delivery tank.

24 Delivery tank vapor collection
equipment. Any piping. hoses, and devices on
the delivery tank used to collect and route
gascline vapors either from the tank to a bulk
terminal vapor control system or from a bulk
plant or service station into the tank.

25 Time period of the pressure or
vocuum test (1). The time period of the test. as
specified in the appropriate regulation, during
which the change in pressure or vacuum is
monitored, in minutes.

2¢ Initial pressure (P)). The pressure
applied to the delivery tank at the beginning
of the static pressure test, as specified in the
appropriste regulation, in mm H,O.

27 Initial vacuum (V). The vacuum
spplied to the delivery tank at the beginning
of the static vacuum test, as specified in the
appropriate regulation, in mm HsO.

28 Allowable change (Ap). The
allowable amount of decrease in pressure

the static pressure test, within the time
t. as specified in the appropriate
regulation, in mm H,O.

28 Allowable vacuum change (Av). The

allowabls amount of decrgase in vacoum -

the static vacnum test, within the time

t, ds specified in the appropriate
rqs‘.nhﬁua.hm!-lso. )

Apparatus. -

8.1 Pressure source. Pump or compressed
gas cylinder of air or inert gas sufficient to
pressurize the delivery tank to 500 mm H,O
above atmospheric pressure. .

32 Reguiator. Low pressure regujator for
mﬂ!mllhgpmhﬁouoﬂhedelivuy

3.4 Pressure-vacuum supply hose.

3.5 Manometer. Liquid manometer, or
equivalent instrument, capable of measuring
up to 500 mm H,O gauge pressure with +2.5
mm H,O precision. .

3.6 Pressure-vacuum relief vaives. The
‘test apparatus shall be equipped with an in-
line pressure-vacuum relief valve set to
activate at 675 mm H,O above atmospheric
pressure or 250 mm HsO below atmospheric
pressure, with a capacity equal to the
pressurizing or evacuating pumps.

3.7 Test cap for vapor recovery hose. This
cap shall have a tap for manometer
connection and a fitting with shut-off vaive
for connection to the pressure-vacuum supply
hose. .

3.8 Caps for liguid delivery hoses.

4. Pretest Preparations.

4.1 Summary. Testing problems may
occur due to the presence of volatile vapors
and/or temperature fluctuations inside the
delivery tank. Under these conditions, it is
often difficult to obtain a stable initial
pressure at the beginning of a test, and
erroneous test results may occur. To help
prevent this, it is recommended that, prior to
testing, volatile vapors be removed from the
tank and the temperature inside the tank be
aliowed 10 stabilize. Because it is not always
possible to attain completely these pretest
conditions a provision to ensure reproducible
results is included. The difference in results
for two consecutive runs must meet the
criterion in Sections 5.2.5 and 5.3.5.

4.2 Emptying of tank. The delivery tank
shall be emptied of all liquid.

4.3 Purging of vapor. As much as possible,
the delivery tank shall be purged of all
volatile vapors by any safe, acceptable
method. One method is to carry a load of
non-volatile liquid fuel, such ay diesel or
heating oil. immediately prior to the test, thus
flushing out all the volatile gasoline vapors. A
second method is to remove the volatile
vapors by blowing ambient air into each tank
compartment for at least 20 miputes. This
second method is usually not as effective and
often causes stabilization problems, requiring
a much longer time for stabilization during
the testing.

4.4 Temperuture stabilization. As much
as possible, the test shall be conducted under
isothermal conditions. The temperature of the
delivery tank should be allowed to
equilibrate in the test environment. During
the test, the tank should be protected from
extreme environmental and temperature
variability, such as direct sunlight.

§. Test Procedury.

8.1 Preparations. ’

5.1.1.  Open and close each dome cover.

5.1.2 Connect static electrical ground
connections to tank. Attach the liquid
delivery and vapor return hoses, remove the
liquid delivery elbows, and plug the liquid
delivery fittings.

{Note.—The purpose of testing the liquid
delivery hoses is to detect tears or holes that
would allow liquid leakage during a delivery.
Liquid delivery hoses are not considered to
be possible sources of vapor leakage, and
thus, do not have to be attached for a vapor
leakage test. Instead, a liquid delivery hose
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could be either visually inspected, or filled
with water to detect any liquid leakage.}

5.1.3 Attach the test cap to the end of the
vapor recovery hose.

5.1.4 Connect the pressure-vacuum su
hose and the pressure-vacuum relief valvg [:(l,y
the shut-off valve. Attach a manometer to the
pressure tap.

. 3.1L5 Connect compartments of the tank

mlerpally to each other if possible. If not
possible, each compartment must be tested
separately, as if it were an individual
delivery tank. ‘

5.2 Presgsure test.

5.21 Connect the pressure source to the
pressure-vacuum supply hose.

522 Open the shut-off valve in the vapor
recovery hose cap. Applying air pressure
slowly, pressurize the tank to P,, the initial
pressure specified in the regulation.

5.23 Close the shut-off valve and allow
the pressure in the tank to stabilize, adjusting
the pressure if necessary to maintain
pressure of P;. When the pressure stabilizes,
record the time and initial pressure. -

5.2.4 At the end of t minutes, record the
time and final pressure.

52.5 Repeat steps 5.2.2 through 5.2.4 until
the change in pressure for two consecutive
runs agrees within +12.5 mm H,0. Calculate
the arithmetic average of the two results.

52.86 -Compare the average measured
change in pressure to the allowable pressure
WAn as specified in the regulation. If
the delivery tank does not satisfy the vapor
ti.ghtneu criterion specified in the regulation,
repair the sources of leakage, and repeat the
pressure test until the critesion is met.

5.27 Disconnect the pressure source fram
the prassure-vacuum supply hose. and alowly
open the shut-off valve to bring the tank to
atmospheric pressure.

8.3~ Vacuum test.

53.1 Connect the vacuum source to the
pressure-vacaum supply hose.

532 Open the shut-off valve in the vapor
Tecovery hose cap. Slowly evacuate the tank
to V,, the initial vacuum specified in the
regulation.

533 Clou the shut-off valve and allow
the pressure in the tank to stabilize, adjusting
:he pnat;r‘e, ifWh ban to meintain a

acuum of V,. When the pressure stabilizes,

record the time and initial vacuom.
534 At the end of t minutes, record the
time and final vacuum.

§.3.5 Repeat steps 5.3.2 through 5.3.4 until
the change in vacuum for two consecutive
runs agrees within ()12.5 mm H,O. Calculate
the arithmetic average of the two resulta.

5.3.6 Compare the average measured .
change in vacuum to the allowable vacunm
change'. Ap, as specified in the regulation. If
the dehver! tank does not satisfy the vapor
tightness criterion specified in the regulation, -
repair the sources of leakage, and repeat the
vacuum test until the criterion is met.

5.3.7 Disconnect the vacuum source from
the pressure-vacuum supply hose, and slowly
open the shut-off valve to bring the tank to
atmospheric pressure.

5.4 Poet-test clean-up. Disconnect all test
equipment and return the delivery tank to its
pretest condition.

8. Alternative Procedures.

8.1 The pumping of water into the bottom
of a delivery tank is an acceptable
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alternative to the pressure source described
above, Likewise, the draining of water out of
the bottom of a delivery tank may be
substituted for the vacuum source. Note that
some of the specific step-by-step procedures
in the method must be altered slightly to
accommodate these different pressure and
vacuum sources.

8.2 Techniques other than specified above
may be used for purging and pressurizing a
delivery tank, if prior approval is obtained
from the Administrator. Such approval will
be based upon demonstrated equivalency
with the above method.

[FR Doc. 83-22300 Filed 8-17-93%: 8:45 am]
BILLING CODE ¢380-50-4
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40 CFR Part 61, Appendix B
Final, promulgated

METHOD 106--DETERMINATION OF VINYL CHLORIDE
FROM STATIONARY SOURCES

Introduction

Performance of this method should not be attempted by persons
unfamiliar with the operation of a gas chromatograph (GC) nor by those
who are unfamiliar with source sampling, because knowledge beyond
the scope of this presentation is required. Care must be exercised
to prevent exposure of sampling personnel to vinyl chloride, a
carcinogen.

1. Applicability and Principle

1.1 Applicability. The method is applicable to the measurement
of vinyl chloride in stack gases from ethylene dichloride, vinyl
chloride, and polyvinyl chloride manufacturing processes. The method
does not measure vinyl chloride contained in particulate matter.

1.2 Principle. An integrated bag sample of stack gas containing
vinyl chloride (chloroethene) is subjected to GC analysis using a flame
jonization detector (FID).

2. Range and Sensitivity

This method is designed for the 0.1 to 50 ppm range. However,
common GC instruments are capable of detecting 0.02 ppm vinyl chlaride.

With proper calibration, the upper limit may be extended as needed.
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3. Interferences

The chromatographic columns and the corresponding operating
parameters herein described normally provide an adequate resolution
of vinyl chloride; however, resolution interferences may be encountered
on some sources. Therefore, the chromatograph operator shall select
the column and operating parameters best suited to his particular
analysis requirements, subject to the approval of the Administrator.
Approval is automatic, provided that the tester produces confirming
data through an adequate supplemental analytical technique, such as
analysis with a different column or GC/mass spectroscopy, and has the
data available for review by the Administrator.

4. Apparatus

4.1 Sampling (see Figure 106-1). The sampling train consists of
the following components:

4.1.1 Probe. Stainless steel, Pyrex glass, or Teflon tubing
(as stack temperature permits) equipped with a glass wool plug to
remove particulate matter.

4.1.2 Sample Lines. Teflon, 6.4-mm outside diameter, of
sufficient length to connect probe to bag. Use a new unused piece for
each series of bag samples that constitutes an emission test, and
discard upon completion of the test. ]

4.1.3 Quick Connects. Stainless steel, male (2) and female (2),
with ball checks (6ne pair without), 1ocafed as shown in Figure 106-1.

4.1.4 Tedlar Bags. 50- to 100-liter capacity, to contain sample.
Alhmfnized Mylar bags may be used if the samples are‘analyzed within

24 hours of collection.
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4.1.5 Bag Containers. Rigid leak-proof containers for sample
bags, with covering to protect contents from suniight.

4.1.6 Needle Valve. To adjust sample flow rates.

4.1.7 Pump. Leak-free, with minimum of 2-liter/min capacity.

4.1.8 Charcoal Tube. To prevent admission of vinyl chloride
and other organics to the atmosphere in the vicinity of -samplers.

4.1.9 Flowmeter. For observing sampling flow rate; caﬁab]e
of measuring a flow range from 0.10 to 1.00 liter/min.

4.1.10 Connecting Tubing. Teflon, 6.4-mm outside diameter, to
assemble sampling train (Figure 106-1).

4.1.11 Tubing Fittings and Connectors. Tef1oﬁ or stainless steel,
to assemble sampling train.

4.2 Sample Recovery. Teflon tubing, 6.4-mm outside diameter, to
connect bag to GC sample loop for.sample recovery. Use a new unused
piece for each series of bag Samples that constitutes an emission test,
and discard upon conclusion of analysis of those bags.

4.3 Analysis. The following equipment is required:

4.3.1 Gas Chromatograph. With FID, potentiometric strip chart
recorder and 1.0- to 5.0-ml heated sampling loop in automatic sample
valve. The chromatographic system shall be capable of producing a
response to 0.1-ppm vinyl chloride that is at least as great as tﬁé
average noise level. (Response is measured from the average value of
the base line to the maximum of the wave form, while standard operating

conditions are in use.)
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4.3.2 Chromatographic Columns. Columns as listed below. The
analyst may use other columns provided that the precision and accuracy
of the analysis of vinyl chloride standards are not impaired and he
has available for review information confirming that there is adequate
resolution of the vinyl chloride peak. (Adequate resolution is defined
as an area overlap of not more than 10 percent of the vinyl th]oride
peak by an interferent peak. Calculation of area overlap is
explained in Appendix C, Procedure 1: "Determination of Adequate
Chromatographic Peak Resolution.")

4.3.2.1 Column A. Stainless steel, 2.0 m by 3.2 mm, containing
80/100-mesh Chromasorb 102.

4.3.2.2 Column B. Stainless steel, 2.0 m by 3.2 mm, containing
20‘percent GE SF-96 on 60/80-mesh Chromasorb P'Aw; or stainless steel,
1.0 m by 3.2 mm containing 80/100-mesh Porapak T. Column B is required
as a secondary column if acetaidehyde is present. If used, column B
is placed after column A. The combined columns should be operated at
120° C.

4.3.3 Flowmeters (2). Rotameter type, 100-ml/min capacity, with
flow control valves.

4.3.4 Gas Regulators. For required gas cylinders.

4.3.5 Thermometer. Accurate to 1° C, to measure temperature of
heated sample loop at time of sample injection.

4.3.6 Barometer. Accurate to 5 mm Hg, to measure atmospheric
pressure around GC during sample analysis.

4.3.7 Pump. Leak-free, with minimum of 100-ml1/min capacity.
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4.3.8 Recorder. Strip chaft type, optionally equipped with

either disc or electronic integrator.
©4.3.9 Planimeter. Optional, in place of disc or electronic
integrator on recorder, to measure chromatograph peak areas.

4.4 Calibration. Sections 4.4.2 through 4.4.4 are for the
optional procedure in Section 7.1.

4.4.1 Tubing. Teflon, 6.4-mm outside diameter, separate pieces
marked for each calibration concentration.

4.4.2 Tedlar Bags. Sixteen-inch-square size, with valve;
separate bag marked for each calibration concentration.

4.4,3 Syringes. 0.5-ml and 50-ul, gas tight, individually
calibrated to dispense gaseous vinyl chloride.

4.4.4 Dry Gas Meter, with Temperature and Pressure Gauges.
Singer model DTM-115 with 802 index, or equivalent, to meter nitrogen
in preparation of standard gas mixtures, calibrated at the flow rate
used to prepare standards.

5. Reagents

‘Use only reagents that are of chromatograph grade.

5.1 Analysis. The following are required for analysis.

5.1.1 Helium or Nitrogen. Zero grade, for chromatographic
carrier gas.

5.1.2 Hydrogen. Zero grade.

5.1.3 Oxygen or Air. Zero grade, as required by the detector.

5.2 Calibration. Use one of the following options: either

5.2.1 and 5.2.2, or 5.2.3.
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5.2.1 Vinyl Chloride. Pure vinyl chloride gas certified by the
manufacturer to contain a minimum of 99.9 percent vinyl chloride,
for use in the preparation of standard gas mixtures in Section 7.1.
If the gas manufacturer maintains a bulk cylinder supply of 99.9+
percent vinyl chloride, the certification analysis may have been
performed on this_supp]y rather than on each gas cylinder prepared
from this bulk supply. The date of gas cylinder preparation and the
certified analysis must have been affixed to the cylinder before
shipment from the gas manufacturer to the buyer.

5.2.2 Nitrogen. Zero grade, for preparation of standard gas
mixtures as described in Section 7.1.

5.2.3 Cylinder Standards (3). Gas mixture standards (50-, 10-,
and 5-ppm vinyl chloride in nitrogen cylinders). The tester may use
-cylinder standards to directly prepare a chromatograph calibration
curve as described in Section 7.2.2, if the following conditions are
met: (a) The manufacturer certifies the gas composition with an
accuracy of +3 percent or better (see Section 5.2.3.1). (b) The
manufacturer recommends a maximum shelf 1ife o#er which the gas
concentration does not change by greater than +5 percent from the
certified value. (c) The manufacturer affixes the date of gas cylinder
preparation, certified vinyl chloride concentration, and recommended
maximum shelf 1ife to the cylinder before shipment to the buyer.

5.2.3.1 Cylinder Standards Certification. The manufacturer
shall certify the concentration of vinj1 chloride in nitrogen in each

cylinder by (a) directly analyzing each cylinder and (b) calibrating
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his analytical procedure on the day of cylinder analysis. To calibrate
his aha]ytica] procedure, the manufacturer shall use, as a minimum, a
three-point calibration curve. It is recommended that the manufacturer
maintain (1) a high-concentration calibration standard (between 50 aﬁd
100 ppm) to prepare his calibration curve by an appropriate dilution
technique and (2) a low-concentration calibration standard (between 5
and 10 ppm) to verify the dilution technique used. If the difference
betwéen the apparent concentratfdn read from the calibration curve and
the true concentration assigned to the low-concentration calibration
standard exceeds 5 percent of the true concentration, the manufacturer
shall determine the source of error and correct it, then repeat the
three-point calibration.

5.2.3.2 Verification of Manufacturer's Calibration Standards.
Before using a standard, the manufacturer shall verify each calibration
standard {a) by comparing it to gas mixtures prepared (with 99 mole
percent vinyl chloride) in accordance with the procedure described in
Section 7.1 or (b) calibrating it against vinyl chloride cylinder
Standard Reference Materials (SRM's) prepared by the National Bureau
of Standards, if such SRM's are available. The agreement between the
initially determined concentration value and the verification
concentration value must be within +5 percent. The manufacturer must
reverify all calibration standards on a time interval consistent with

the shelf 1ife of the cylinder standards sold.
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5.2.4 Audit Cylinder Standards (2). Gas mixture standards
with concentrations known only to the person supervising the
analysis of samples. The audit cylinder standards shall be
identically prepared as those in Section 5.2.3 (vinyl chloride in
nitrogen cylinders). The concentrations of the audit cylinders
should be: one low-concentration cylinder in the range of 5 to
20 ppm vinyl chloride and one high-concentration cylinder in the
range of 20 to 50 ppm. When available, the tester may obtain audit
cylinders by contacting: Environmental Protection Agency,
Environmental Monitoring Systems Laboratory, Quality Assurance
Division (MD-77), Research Triangle Park, North Carolina 27711.
Audit cylinders obtained from a commercial gas manufacturer may
be used provided: (a) the gas manufacturer certifies the audit
cylinders as described in Section 5.2.3.1, and (b) the gas
manufacturer obtains an independent analysis of the audit cylinders
to verify this anal}sis. Independent analysis is defined here to
mean analysis performed by an individual different than the
individual who performs the gas mahufacturer's analysis, while
using calibration standards and analysis equipment different from
those used for the gas manufacturer's analysis. Verification is
complete and acceptable when the independent analysis
concentration is within +5 percent of the gas manufacturer's

concentration.
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6. Procedure

6.1 Sampling. Assemble the sample train as shown in Figure 106-1.
A bag leak check should have been performed previouly according to
Section 7.3.2. Join the quick connects as illustrated, and determine
that all connections between the bag and the probe are tight. Place
the end of the probe at the centroid of the stack and start the pump
with the needle valve adjusted to yield a flow that will fill over
50 percent of bag volume in the specified sample period. After
allowing sufficient time to purge the line several times, change the
vacuum line from the container to the bag and evacuate the bag until
the rotameter indicates no flow. Then reposition the sample and
vacuum lines and begin the actual sampling, keeping the rate propor-
tional to the stack velocity. At all times, direct the gas exiting the
rotameter away from sampling personnel. At the end of the sample
périod, shut off the pump, disconnecf the sample line from the bag, and
disconnect the vacuum line from the bag container. Protect the bag
container from sunlight.

6.2 Sample storage. Keep the sample bags out of direct sunlight.
When at all possible, analysis is to be performed within 24 hours, but
in no case in excess of 72 hours of sample col1e¢tion. Aluminized
Mylar bag samples must be analyzed within 24 hours.

6.3 Sample Recovery. With a new piece of Teflon tubing
jdentified for that bag, connect a bag inlet valve to the gas
chromatograph sample valve. Switch the valve to receive gas from the

bag through the sample loop. Arrange the equipment so the sample gas
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passes from the sample valve to 100-ml/min rotameter with flow control
valve followed by a charcoal tube and a 1-in. H20 pressure gauge.

The tester may maintain the sample flow either by a vacuum pump or
container pressurization if the collection bag remains in the rigid
cbntainer. After sample loop purging is ceased, allow the pressure
gauge to return to zero before activating the gas sampling valve.

6.4 Analysis. Set the column temperature to 100° C and the
detector temperature to 150° C. When optimum hydrogen and oxygen flow
rates have been determined, verify and maintain these flow rates
during all chromatography operations. Using zero helium or nitrogen
as the carrier gas, establish a flow rate in the range consistent
with the manufacturer's requirements for satisfactory detector
operation. A flow rate of approximately 40 ml/min should produce
adequate separations. Qbserve the base line periodically and determine
that the noise level has stabilized and that base line drift has
ceased. Purge the sample loop for 30 seconds at the rate of
100 m1/min, shut off flow, allow the sample loop pressure to reach
atmospheric pressure as indicated by the H20 ménometer, then activate
the sample valve. Record the injection time (the position of the
pen on the chart at the time of'sample injection), sample number,
sample loop temperéture, column temperature, carrier gas flow rate,
chart speed, and attenuator setting. Record the barometeric pressure.
From the chaft; note the peak having the retention time corresponding
to vinyl\chlofide a§ determined in Section 7.2.7. Measure the vinyl

chloride peak area, Am, by use of a disc integrator, electronic
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integrator, or a planimeter. Measure and recﬁrd the peak heights,
Hm‘ Record Am and retention time. Repeat the injection at

lTeast two times or until two consecutive values for the total area
of the vinyl chloride peak do not vary more than 5 percent. Use the
average value for the these two total areas to compute the bag
concentration.

Compare the ratic of Hm to Am for the vinyl chloride sample with
the same ratio for the standard peak that is closest in height. If
these ratios differ by more than 1C percent, the vinyl chloride peak
may not be pure (possibly acetaldehyde is present) and the secondary
column should be employed (see Section 4.3.2.2).

6.5 Determination of Bag Water Vapor Content. Measure the
ambient temperature and barometric pressure near the bag. From a
water saturation vapor pressure table, determine and record the water
vapor cantent of the bag as a decimal figure. (Assume the relative
humidity to be 100 percent unless a lesser value is known.)

7. Preparation of Standard Gas Mixtures, Calibration, and Quality

Assurance

7.1 Preparation of Vinyl Chloride Standard Gas Mixtures.
(Optional Procedure--delete if cylinder standards are used.) Evacuate
a 16-inch square Tedlar bag that has passed a leak check (described in
Section 7.3.2) and meter in 5.0 liters of nitrogen. While the bag is
filling, use the 0.5-ml syringe to inject 25C ul of 99.9+ percent

vinyl chloride gas through the wall of the bag. Upcn withdrawing the
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syringe, immediately cover the resulting hole with a piece of adhesive
tape. The bag now contains a vinyl chloride concentration of 50 ppm.
In a 1ike manner use the 50 ul syringe to prepare gas mixtufes having
10- and 5-ppm vinyl chloride concentrations. Place each bag on a
smoothAsurface and alternately depress opposite sides of the bag 50
times to further mix the gases. These gas mixture standards may be
used for 10 days from the date of preparation, after which time new

gas mixtures must be prepared. (Caution: Contamination may be a
problem when a bag is reused if the new gas mixture standard is a lower
concentration than the previous gas mixture standard.)

7.2 Calibration.

7.2.1 Determination of Vinyl Chloride Retention Time. (This
section can be performed simultaneously with Section 7.2.2.) Establish
chromatograph conditions identical with those in Section 6.4 abave.
Determine broper attenuator position. Flush the sampling loop with
zero helium or nitrogen and activate the sample valve. Record the
injection time, sample 1oop temperature, column temperature, carrier
gas flow rate, chart speed, and attenuator setting. Record peaks and
detector responses that occur in the absence of vinyl chloride.
Maintain conditions with the equipment plumbing arranged identically
‘to Section 6.3, and flush the sample loop for 30 seconds at the rate
of 100-m1/min with one of the vinyl chloride calibration mixtures. Then
activate the sample vé]ve. Record the'injeCtion time. Select the peak

that corresponds to vinyl chloride. Measure the distance on the chart

from the injection time to the time at which the peak maximum occurs.
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This quantity divided by the chart speed is defined as the retention
time. Since other organics may be present in the sample, positive
identification of the vinyl chloride peak. must be made.

7.2.2 Preparation of Chromatograph Caljbration Curve. Make a
GC measurement of each gas mixture standard (described
in Section 5.2.3 or 7.1) using conditions identical with those listed
in Sections 6.3 and 6.4. Flush the sampling laop for 30 seconds at
the rate of 100 ml/min with one of the standard mixtures, and activate
the sample valve. Record the concentration of vinyl chloride injected
(CC), attenuator setting, chart speed, peak area, sample loop
temperature, column temperature, carrier gas flow rate, and retention
time. Record the barometric pressure. Calculate Ac’ the peak area
multiplied by the attenuator setting. Repeat until two consecutive
injection areas are within 5 percent, then plot the average of those .
two values versus C.. When the other standard gas mixtures have been
similarly analyzed and plotted, draw a straight line through the
points derived by the least squares method. Perform calibration daily,
or before and after the analysis of each emission test set of bag
samples, whichever is more frequent. For each group of sample analyses,
use the average of the two calibration curves which bracket that group
‘to determine the respective sample concentrations. If the two
calibration curves differ by more than 5 percent from their mean value,

then report the final results by both calibration curves.
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7.3 Quality Assurance.

7.3.1' Analysis Audit. Immediately after the preparation of
the calibration curve and prior to the sample analyses, perform the
analysis audit described in Appendix C, Procedure 2: "Procedure for
Field Auditing GC Analysis."

7.3.2 Bag Leak Checks. Checking of bags for leaks is required
after bag use and strongly recommended before bag use. After each
use, connect a water manometer and pressurize the bag to
5 to 10 cm HZO (2 to 4 in. HZO)' Allow to stand for 10 min. Any
displacement in the water manometer indicates a leak. Also, check
the rigid container for leaks in this manner. (Note: An alternative
Teak check method is to pressurize the bag to 5 to 10 cm HZO and allow
it to stand overnight. A deflated bag indicates a leak.) For each
sample bag in its rigid container, place a rotameter in line between
the bag and the pump inlet. Evacuate the bag. Failure of the
rotameter to register zero flow when the bag appears to be empty
indicates a leak.

8. Calculations

8.1 Determine the sample peak area, A

c? as follows:

Ac = Am Af Eq. 106-1
Where:
Am = Measured peak area.
Af = Attenuation factor.
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8.2 Vinyl Chloride Concentrations. From the calibration
curves described in Section 7.2.2, determine the average concentration
value of vinyl chloride, Cc’ that gorresponds to Ac’ the sample peak
area. Calculate the concentration of vinyl chloride in the bag,

Cb’ as follows:

G, * W_‘C{_%m | Eq. 106-2
Where:

Pr = Reference pressure, the laboratory pressure recorded
during calibration, mm Hg.

Ti = Sample loop temperature on the absolute scale at the
time of analysis, °K.

Pi' = Laboratory pressure atttime of analysis, mm Hg.

Tr = Reference temperature, the sample loop temperature

recorded during calibration, °K.

Bwb = Water vapor content of the bag sample, as analyzed.
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Method 108—Determination of Viny! Chlocide
From Stationsry Sources
Introduction

Performance of this method shbuld not be
attempted by persons unfamiliar with the
operation of a gas chromatograph (GC) nor
by those who are unfamiliar with source
sampling, because knowledge beyond the
scope of this presentation is required. Care
must be exercised to prevent exposure of
mplingmel!omylchlonde a
carcinogen.

1. Applicability and Principle
11 Applicability. The method i
me - ]

to the measurement of vinyl
chioride in stack gases from ethylene

dichloride. vinyl chloride, and polyvinyl
chloride manufacturing processes. The
method does not measure vinyi chioride
contained in particulate matter.

1.2 Principle. An integrated bag sample of -
stack gas containing vinyl chloride
{chloroethene) is subjected to GC analvsis
using a flame ionization detector (FID).

2. Range and Sensitivity

This method is designed for the 0.1 to 50
ppm range. However, common GC
instruments are capable of detecting 0.02 ppm
vinyl chloride. With proper calibration. the
upper limit may be extended as needed.

3. Interferences

The chromatographic columns and the
corresponding operating parameters herein
described normally provide an adequate
resolution of vinyl chloride; however,
resolution interferences may be encountered
on some sources. Therefore, the
chromatograph operator shall select the
column and operating parameters best suited
to his particular analysis requirements.
subject to the approval of the Administrator.
Approval is automatic, provided that the
tester produces confirming data through an
adequate supplemental analytical technique,
such as analysis with a different column or
GC/mass spectroscopy. and has the data
available for review by the Administrator.

4. Apparatus

4.1 Sampling (see Figure 108-1). The
sampling train consists of the following

components:

4.1.1 Probe. Stainless steel, Pyrex glass, or
Teflon tubing (as stack temperature permits)
equipped with a glass wool plug to remove’
particulate matter.

4.1.2 Sample Lines. Teflon. 8.4-mm outside
diameter, of sufficient length to connect
probe to bag. Use a new unused piece for
each series of bag samples that constitutes an
emission test, and discard upon complenon of
the test.

413 Quick Connects. Stainless steel,
male (2) and female {2), with ball checks (one
pau' mthnut) located as shown in Figure 106-

tl 4 Tedlar Bags. 50- to 100-liter capacity,
to contain sample. Aluminized Mylar bags -
may be used if the samples are analyzed
within 24 hours of collection.

4.1.5 Bag Containers. Rigid leak-proof
containers for sample bags. with covering to
protect contents from sunlight.

4.1.8 Needle Valve. To adiust umple flow
rates.

4.7 Pump. Leak-free, with minimum of 2- .

liter/min capacity.

4.1.8 Charcoal Tube. To prevent
admission of vinyl chloride and other
organics to the atmosphers in the vicinity of
samplers.

4.1.9_ Flowmeter. For obumng sampling
flow rate: capable of measuring a flow range
from 0.10 to 1.00 liter/min.

4.1.10 Connecting Tubing. Teflon. 6.4-mm
outside diameter, 10 assemble umphng train
{Figure 106-1).

41.11 Tubing Fittings and Connectors.
Teflon or stainless steel. to assemble

_ sampling train. -
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4.2 Sample Recovery. Teflon tubing. 6.4-
mm outside diameter. to connect bag to GC
sample loop for sample recovery. Use a new
unused piece for each series of bag samples
that constitutes an emission test, and discard
upon conclusion of analysis of those bags.

4.3 Analysis. The following equipment is
required:

4.3.1 Gas Chromatograph. With FID,
potentiometric strip chart recorder and 1.0- to
5.0-ml heated sampling loop in automatic
sample valve. The chromatographic system
shall be capable of producing a response to
0.1-ppm vinyl chloride that is at least as great
as the average noise level. (Response is
measured from the average value of the base
line to the maximum of the wave form. while
standard operating conditions are in use.}

4.3.2 Chromatographic Columns. Columns
as listed below. The analyst may use other
columns provided that the precision and
accuracy of the analysis of vinyl chioride
standards are not impaired and he has
available for review information confirming
that there is adequate resolution of the vinyl
chloride peak. (Adequate resolution is
defined as an area overlap of not more than
10 percent of the vinyl chloride peak by an
interferent peak. Calculation of area overlap
is explained in Appendix C, Procedure 1:
“Determination of Adequate
Chromatographic Peak Resolution.™)

4321 Column A. Stainless steel, 20 m by
3.2 mm, contgining 80/100-mesh Chromasorb
102

4322 Column B. Stainiess steel, 20 m by
3.2 mm, containing 20 percent GE SF-96 on
60/80-mesh Chromasorb P AW; or stainless
steel. 1.0 m by 3.2 mm containing 80/100-
mesh Porapak T. Column B is required as a
secondary column if acetaldehyde is present.
If used. column B is placed after column A.
The combined columns should be operated at
120" C.

4.33 Flowmeters {2). Rotameter type, 100-
ml/min capacity, with flow control valves.

434 Gas Regulators. For required gas
cylinders.

4.3.5 Thermometer. Accurate to 1° C, to
measure temperature of heated sample loop
at time of sample injection.

438 Barometer. Accurate to 5 mm Hg. to _
measure atmospheric pressure around GC
during sample analysis.

4.3.7 Pump. Leak-free, with minimum of
100-mi/min capacity.

4.3.8 Recorder. Strip chart type, optionally
equipped with enher disc or electronic
integrator.

439 Planimeter. Optional. in place of disc
or electronic integrator on recorder, to
measure chromatograph peak areas.

4.4 Calibration. Sections 4.4.2 through
4.4.4 are for the optional procedure in Section
7.1.

441 Tubmg Teflon, 8.4-mm outside
diameter, separate pieces marked for each
calibration concentration.

44.2 Tedlar Bags. Sixteen-inch-square
size, with valve; separate bag marked for
each calibration concentration.

4.4.3 Syrings. 0.5-mi and 50-pl. gas tight.
individually calibrated to dispense gaseous
vinyl chioride.
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4.44 Dry Gas Meter. with Temperature
and Pressure Gauges. Singer model DTM-115
with 802 index. or equivalent. to meter
nitrogen in preparation of standard gas
mixtures, calibrated at the flow rate used to
prepare standards.

5. Reagents

Use only reagents that are of .
chromatograph grade.

8.1 Analysis. The following are required
for analysis.

5.1.1 Helium or Nitrogen. Zero grade, for
chromatographic carrier gas.

§.1.2 Hydrogen. Zero grade.

513 Oxygen or Air. Zero grade, as
required by the detector.

§.2 Calibration. Use one of the following
options: either 5.2.1 and 5.2.2, or 5.2.3.

5.2.1 Vinyl Chloride. Pure vinyl chloride
gas certified by the manufacturer to contain a
minimum of 99.8 percent vinyl chloride, for
use in the preparation of standard gas -
mixtures in Section 7.1. If the gas .
manufacturer maintains & bulk cylinder
supply of 98.9+ percent vinyl chloride, the
certification analysis may have been
performed on this supply rather than on each
gas cylinder prepared from this bulk supply.
The date of gas cylinder preparation and the
certified analysis must have been affixed to
the cylinder before shipment from the gas
- manufacturer to the buyer.

822 Nitrogen. Zero grade, for preparation
of standard gas mixtures as described in
. Section 7.1. -
523 Cylinder Standards (3). Gas mixture
- standards (50-, 10-, and 5-ppm viny! chloride
. innitrogen cylinders). The tester may use
i standards to directly prepare a
" chromatograph calibration curve as

described in Section 7.2.2, if the following

conditions are met: (a) The manufacturer
- certifies the gas composition with an
sccuracy of =3 percent or better (see Section

5.23.1). (b) The manufacturer recommends a

maximum shelf life over which the gas

concentration does not change by greater
. than +5 percent from the certified value. (c)

The manufacturer affixes the date of gas
- cylinder preparation, certified vinyl chloride

concentration, and recommended maximum

::lf life to the cylinder before shipment to

8231 Cylinder Standards Certification.
The manufacturer shall certify the
- concentration of vinyl chloride in nitrogen in
sach cylinder by (a) directly analyzing each
*cylinder and (b) calibrating his analytical -
procedure on the day of cylinder analysis. To
calibrate his analytical procedure, the" '
manufacturer shall use, as a minimum, a
three-point calibration curve. It is o
fecommended that the manufacturer maintain
(1) & high-concentration calibration standard
{between 50 and 100 ppm) to prepare his
calibration curve by an appropriate dilution
technique and (2) a low-concentration
calibration standard (between § and 10 ppm)
to verify the dilution technique used. If the
difference between the apparent
concentration read from the calibration curve
and the true concentration assigned to the
- low-concentration calibration standard
exceeds 5 percent of the true concentration,
.. the manufacturer shall determine the source

of error and correct it, then repeat the three-
point calibration. -
5.23.2 Verification of Manufacturer's
Calibration Standards. Before using a
standard, the manufacturer shall verify each

- calibration standard (a) by compating it to

gas mixtures prepared (with 99 mole percent
vinyl chioride) in accardance with the
procedure described in Section 7.1 or (b)
calibrating it against vinyl chloride cylinder
Standard Reference Materials (SRM's)
prepared by the National Bureau of
Standards, if such SRM's are available. The
agreement between the initially determined
concentration value and the verification
concentration value must be within +35
percent. The manufacturer must reverify all
calibration standards on a time interval
consistent with the shelf life of the cylinder
standards sold.

5.24 Audit Cylinder Standaids (2). Gas
mixture standards with concentrations
known only to the person supervising the
analysis of samples. The audit cylinder
standards shall be identically prepared as
those in Section 5.2.3 {vinyl chloride in
nitrogen cylinders). The concentrations of the
audit cylinder should be: one low-
concentration cylinder in the range of 5 to 20
ppm vinyl chloride and one high- -
concentration cylinder in the range of 20 to 50
ppm. When available, the tester may obtain
audit cylinders by contacting: Environmental
Protection Agency, Environmental Monitoring
Systems Laboratory, Quality Assurance
Division (MD-77), Research Triangle Park,
North Carolina 27711. Audit cylinders
obtained from a commercial gas

. manufacturer may be used provided: (a) the

gas manufacturer certifies the audit cylinder
as described in Section 5.2.3.1, and (b} the gas

* manufacturer obtains an independent

analysis of the audit cylinders to verify this
analysis. Independent analysis is defined
here to mean analysis performed by an -
individual different than the individual who
performs the gas manufacturer's analysis,
while using calibration standards and
analysis equipment different from those used
for the gas manufacturer's analysis.
Verification: is complete and acceptable when
the independent analysis concentration is
within +35 percent of the gas manufacturer's
concentration.

& Procedure

6.1. Sampling. Assembie the sample train
as shown in Figure 108-1. A bag leak check
should have been performed previously
according to Section 7.3.2. Join the quick
connects as illustrated, and determine that all
connection between the bag and the probe
are tight. Place the end of the probe at the
centroid of the stack and start the pump with
the needle valve adjusted to yield a flow that
will fill over 50 percent of bag volume in the
specific sample period. After allowing
sufficient time to purge the line several times,
change the vacyum line from the container to
the bag and evacuate the bag until the
rotameter indicates no flow. Then reposition
the sample and vacuum lines and begin the
actusl sampling, keeping the rate
proportional to the stack velocity. At all
times. direct the gas exiting the rotameter
away from sampling personnel. At the end of
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the sample period. shut off the pump,
disconnect the sample line from the bag, and
disconnect the vacuum line from the bag
container. Protect the bag container from
sunlight. .

8.2 Sample storage. Keep the sample bags
out of direct sunlight. When at all possible,
analysis is to be performed within 24 hours,
but in no case in excess of 72 hours of sarfiple
collection. Aluminized Mylar bag samples
must be analyzed within 24 hours.

8.3 Sample Recovery. With a new piece of
Teflon tubing identified for that bag, connect
a bag inlet valve to the gas chromatograph
sample valve. Switch the valve to receive gas
from the bag through the sample loop.
Arrange the equipment so the sample gas
passes from the sample valve to 100-mi/min-
rotameter with flow control valve foilowd by
a charcoal tube and a 1-in. H:O pressure
gauge. The tester may maintain the sample
flow either by a vacuum pump or container
pressurization if the collection bag remains in
the rigid container. After sample loop purging
is ceased, allow the pressure gauge to return -
to zero before activating the gas sampling ==
valve.

8.4 Analysis. Set the column temperature
to 100° C and the detector temperature to 150°
C. When optimum hydrogen and oxygen flow
rates have been determined, verify and
maintain these flow rates during all
chromatography operations. Using zero
helium or nitrogen as the carrier gas, -
establish a flow rate in the range consistent
with the manufacturer’s requirements for
satisfactory detector operation. A flow rate of
approximately 40 ml/min should produce .
adequate separations. Observe the base line
periodically and determine that the noise
level has stabilized and that base line drift
has ceased. Purge the sample loop for 30-
seconds at the rate of 100 ml/min, shut off
flow. allow the sample loop pressure to reach
atmospheric pressure as indicated by the H,O
manometer, then activate the sample valve.
Record the injection time (the position of the
pen on the chart at the time of sample
injection), sample number, sampie loop
temperature, column temperature, carrier gas
flow rate. chart speed, and attenuator setting.
Record the barometeric pressure. From the
chart, note the peak having the retention time
corresponding to vinyl chloride as.
determined in Section 7.2.1. Measure the
vinyl chloride peak area, Ag, by use of a disc
integrator, electronic integrator, or a
planimeter. Measure and record the peak
heights, H,. Record A_, and retention time,
Repeat the injection at least two times or
until two consecutive values for the total area
of the vinyl chloride peak do not vary more
than 5 percent. Use the average value for
these two total areas to compute the bag

,concentration.

Compare the ratio of Ha to A, for the vinyl
chloride sample with the same ratio for the
standard peak that is closest in height. If
these ratios differ by more than 10 percent,
the vinyl chloride peak may not be pure
(possibly acetaldehyde is present) and the
secondary column should be employed (see
Section 4.3.2.2).

8.5 Determination of Bag Water Vapor
Content. Measure the ambient temperature
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and barometric pressure near the bag. From a
water saturation vapor pressure table,
determine and record the water vapor
content of the bag as a decimal figure.
{Assume the relative humidity to be 100 -
percent-uniess a lesser value is known.)

7. Preparation of Standard Gas Mixtures,
Calibration, and Quality Assurance

7.1 Preparation of Vinyl Chioride
Standard Gas Mixtures. (Optional
Procedure—delete if cylinder standards are
used.) Evacuate a 168-inch square Tedlar bag
that has passed a leak check {described in
Section 7.3.2) and meter in 5.0 liters of
nitrogen. While the bag is filling, use the 0.5-
ml syringe to inject 250 ul of 99.9+ percent
vinyl chloride gas through the wall of the bag.
Upon withdrawing the syringe, immediately
cover the resulting hole with a piece of
adhesive tape. The bag now contains a vinyl
chloride concentration of 50 ppm. In a like
manner use the 50 ul syringe to prepare gas
mixtures having 10- and 5-ppm vinyl chioride
concentrations. Place each bag on a smooth
surface and alternately depress opposite
sides of the bag S0 times to further mix the
gases. These gas mixture standards may be
used for 10 days from the date of preparation,
after which time new gas mixtures must be
prepared. (Caution: Contamination may be a
problem when a bag is reused if the new gas
mixture atandard is a lower concentration
than the previous gas mixture standard.) -~

72 Calibration.

721 Determination of Vinyl Chloride
Retention Time. (This section can be
performed simultaneously with Section 7.2.2.)
Establish chromatograph conditions identical
with those in Section 8.4 above. Determine
proper attenuator position. Flush the
sampling loop with zero helium or nitrogen
and activaw the sample vaive. Record the
injection time, sample loop temperature,
column temperature, carrier gas flow rate,
chart speed. and attenuator setting. Record
peaks and detector responses that occur in
the absence of vinyl chloride. Maintain
conditions with the equipment plumbing
arranged identically to Section 6.3, and flush
the sample loop for 30 seconds at the rate of
100 ml/min with one of the vinyl chloride
calibration mixtures. Then activate the
sample valve. Record the injection time. -
Select the peak that corresponds to vinyl
chloride. Measure the distance on the chart
from the injection time to the time at which
the peak maximum occurs. This quantity
divided by the chart speed is defined as the
retention time. Since other organics may be
present in the sample, positive identification
of the vinyl chloride peak must be made.

722 Preparation of Chromatograph
Calibration Curve. Make a GC measurement

'Ac'%Af

of each gas mixture standard {described in
Section 5.2.3 or 7.1) using conditions identical
with those listed in Sections 6.3 and 6.4. Flush
the sampling loop for 30 seconds at the rate
of 100 ml/min with one of the standard
mixtures, and activate the sample valve.
Record the concentration of vinyl chioride
injected (C,), attenuator setting, chart speed.
peak area, sample loop temperature, column
temperature, carrier gas flow rate, and
retention time. Record the barometric
pressure. Calculate A, the peak area .
multiplied by the attenuator setting. Repeat
until two consecutive injection areas are
within 5 percent, then plot the average of
those two values versus C. When the other
standard gas mixtures have been similarly
analyzed and plotted, draw a straight line
through the points derived by the least
squares method. Perform calibration daily, or
before and after the analysis of each
emission test set of bag samples, whichever
is more frequent. For each group of sample
analyses, use the average of the two
calibration curves which bracket that group
to determine the respective sample
concentrations. If the two calibration curves
differ by more than 5 percent from their mean
value, then report the final results by both
calibration curves. -

7.3 Quality Assurance.

7.3.1 Analysis Audit. Inmediately after
the preparation of the calibration curve and
prior to the sample analyses, perform the
analysis audit described in Appendix C, .
Procedure 2: “Procedure for Field Auditing
GC Analysis.” -

732 Bag Leak Checks. Checking of bags
for leaks is required after bag use and
strongly recommended before bag use. After
each use, connect a water manometer and
pressurize the bag to 5to 10cm HyO (2to 4
in. H:0). Allow to stand for 10 min. Any
displacement in the water manometer
indicates a leak. Also, check the rigid
container for leaks in this manner. (Note: An
alternative leak check method is to pressurize
the bag to 5 to 10 cm H.O and allow it to -
stand overnight. A deflated bag indicates a
leak.) For each sampie bag in its rigid
container, place a rotameter in line between
the bag and the pump inlet. Evacuate the bag.
Failure of the rotameter to register zero flow
when the bag appears to be empty indicates a
feak

8. Calculations.

8.1 Determine the sample peak area. A,
as follows:

Eq- 106-]

An=Measured peak area.
A= Attenuation factor.
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8.2 Vinyl Chioride Concentrations. From
the calibration curves described in Section
7.2.2, determine the average concentration
value of vinyl chloride, C.. that corresponds
to A, the sample peak area. Calculate the
concentration of vinyl chloride in the bag. C,.
as follows:

ccPrT'I

I A AR Y

Eq. 106-2
i'r wb

Where:
P, =Reference pressure, the laboratory
pressure recorded during calibration, mm

Hg.

Ty=Sample loop temperature on the
absolute scale at the time of analysis, ‘K.

P,=Laboratory pressure at time of analysis.
mm Hg.

T,=Reference temperature, the sample
loop temperature recorded during
calibration, ‘K.

Bas=Water vapor content of the bag
sample, as analyzed.
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METHOD 107-~-DETERMINATION OF VINYL CHLORIDE CONTENT OF INPROCESS
WASTEWATER SAMPLES, AND VINYL CHLORIDE CONTENT OF POLYVINYL CHLORIDE
RESIN, SLURRY, WET CAKE, AND LATEX SAMPLES

Introduction

Performance of this method should not be attempted by persons
unfamiliar with the operation of a gas chromatograph (GC), nor by
those who are unfamiliar with source sampling, because knowledge
beyond the scope of this presentation is required. Care must be
exercised to prevent exposure of sampling personnel to vinyl chiloride,
a carcinogen.

1. Applicability and Principle

1.1 Applicability. This method applies to the measurement of
the vinyl ch10ridé monomer (VCM) content of inprocess wastewater
samples, and the residual vinyl chloride monomer (RVCM) content of
polyvinyl chloride (PVC) resins, wet cake, slurry, and latex samples.
It cannot be used for polymer in fused forms, such as sheet or cubes.
This method is not acceptable where methods from Section-304(h) of
the Clean Water Act, 33 U.S.C. 1251 et seq. (the Federal Water
Pollution Control Amendments of 1972 as amended by the Clean Water
Act of 1977) are required.

1.2 Principle. The basis for this method relates to the vapor
equilibrium that is established between RVCM, PVC resin, water, and
air in a closed system. The RVCM in a PVC resin will equilibrate
rapidly in a closed veésel, provided that the temperature of the PVC
resin is maintained above the glass transition temperature of that

specific resin.
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2. Range and Sensitivity

The lower limit of detection of vinyl chloride will vary

acéording to the chromatograph used. Values reported include

1x 1077 mg and 4 x 1077 mg. With proper calibration, the upper
limit may be extended as needed.

3. Interferences

The chromatograph columns and the corresponding operating
parameters herein described normally provide an adequate resolution
~ of vinyl chloride; however, resolution interferences may be
* encountered on some sources. Therefore, the chromatograph operator
shall select the column and operating parameters best suited to his
particular analysis requirements, subject to the approval of the
Administrator. Approval is automatic provided that the tester
produces confirming data through an adequate supplemental analytical
technique, such as analysis with a different column or GC/mass
spectfoscopy, and has the data available for review by the
Administrator.

4. Precision and Reproducibility

An interlaboratory comparison between seven laboratories of
three resin sampTes, each split into three parts, yielded a standard
deviation of 2.63 percent for a sample with a mean of 2.09 ppm,
4.16 percent for a sample with a mean of 1.66 ppm, and 5.29 percent
for a sample with a mean of 62.66 ppm.
5. safety

Do not release vinyl chloride to the laboratory atmosphere

during preparation of standards. Venting or purging with VCM/air
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mixtures must be held to a minimum. When they are required, the vapor
must be routed to ocutside air. Vinyl chloride, even at low ppm
levels, must never be vented inside the laboratory. After vials have
been analyzed, the gas must be vented prior to removal of the vial
from the instrument turntable. Vials must be vented through a
hypodermic needle connected to an activated charcoal tube to

prevent release of vinyl chloride into the laboratory atmosphere.

The charcoal must be replaced prior to vinyl chloride breakthrough.

6. Apparatus

6.1 Sampling. The following equipment is required:

6.1.1 Glass Bottles. 60-ml (2-0z) capacity, with wax-lined
screw-on tops, for PYC samples.

6.7.2 Glass Vials. 50-ml capacity Hypo-vial, sealed with Teflon
faced Tuf-Band dicsc, for water samples.

6.1.3 Adhesive Tape. To prevent loosening of bottle tops.

6.2 Sample Recovery. The following equipment is required:

6.2.1 Glass Vials. With butyl rubber septa, Perkin-Elmer
Corporation Nos. 0105-0129 (glass vials), B0OC1-0728 (gray butyl rubber
septum, plug style), 0105-0131 (butyl rubber septa), or equivalents.
The seals must be made from butyl rubber. Silicone rubber seals are
not acceptable.

£.2.2 Analytical Balance. Capable of weighing to +0.00C1 gram.

6.2.2 Vial Sealer. Perkin-Elmer No. 105-0106, or equivalent.

6.2.4 Syringe. 100-ul capacity, precision series "A"

No. 010025, or equivalent.

6.3 Analysis. The following ecguipment is required:
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6.3.1 Gas Chromatograph. Perkin-Elmer Corporation Model F-40,
F-42, or F-45 Head-Space Analyzer, or equivalent. Equipped with
backflush accessory.

6.3.2 Chromatographic Columns. Stainless steel 1 m by 3.2 mm
and 2 m by 3.2 mm, both containing 50/80-mesh Porapak Q. The analyst
may use other columns provided that the precision and accuracy of the
analysis of vinyl chloride standards are -t impaired and he has
available for review information confirming that there is adequate
resolution of the vinyl chloride peak. {Adeouate resolution is
defined as an area overlap of not more than 10 percent of the vinyl
chloride peak by an interferent peak. Calculation of area overiap is
explained invAppendix C, Procedure 1: "Determination of Adequate
Chromatographic Peak Resolution.") Two 1.83 m columns, each containing
1 percent Carbowax 1500 on Carbopak B, have been suggested for samples
containing acetaldehyde.

6.3.3 Thermometer. 0 to 100° C, accurate to +0.1° C, Perkin-Elmer
No. 105-0109, or equivalent.

6.3.4 Sample Tray Thermostat System. Perkin-Elmer No. 105-0103,
or equivalent.

6.3.5 Septa. Sandwich type, for automatic dosing, 13 mm,
Perkin-Elmer No. 105-1008, or equivalent.

6.3.6 Integrator-Recorder. Hewlett-Packard Model 3380A, or
equivalent. _

6.3.7 Filter Drier Assembly (3). Perkin-Elmer No. 2230117,

or equivalent.
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6.3.8 Soap Film Flowmeter. Hewlett Packard No. 0101-0113,
or equivalent.

6.3.9 Regulators. For required gas cylinders.

6.3.10 Headspace Vial Pre-Pressurizer. Nitrogen pressurized
hypodermic needle inside protective shield. (Blueprint available
from Test Support Section, Emission Measurement Branch, Office of
Air Quality Planning and Standards, Environmental Protection Agency,
Mail Drop 19, Research Triangle Park, N.C. 27711.)

7. Reagents

Use only reagents that are of chromatographic grade.

7.1 Analysis. The following items are requifed for analysis:

7.1.1 Hydrogen. Zero grade.

7.1.2 Nitrogen. Zero grade.

7.1.3 Air. Zero grade.

7.2 Calibration. The following items are required for calibration:

7.2.1 Cylinder Standards (4). Gas mixture standards (50-, 500-,
2000~ and 4000-ppm vinyl chloride in nitrogen cylinders). The
tester may use cylinder standards to directly prepare a chromatograph
calibration curve as described in Section 9.2, if the following
conditions are met: (a) The manufacturer certifies the gas
composition with an accuracy of +3 percent or better (see
Section 7.2.1.1). (b) The manufacturer recommends a maximum shelf
1ife over which the gas concentration does not change by greater
than +5 percent from the certified value. (c) The manufacturer

affixes the date of gas cylinder preparation, certified vinyl
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chloride concentration, and recommended maximum shelf 1ife to the
cylinder before shipment to the buyer.

7.2.1.1 Cylinder Standards Certification. The manufacturer
shall certify the concentration of vinyl chloride in nitrogen in
each cylinder by (a) directly analyzing each cylinder and (b)
calibrating his analytical procedure on the day of cylinder analysis.
To calibrate his analytical procedure, the manufacturer shall use,
as a minimum, a 3-point calibration curve. It is recommended
that the manufacturer maintain (1) a high-concentration calibration
standard (between 4000 and 8000 ppm) to prepare his calibration curve
by an appropriate dilution technique and (2) a low-concentration
calibration standard (between 50 and 500 ppm) to verify the dilution
technique used. If the difference between the apparent concentration
read from the calibration curve and the true concentration assigned
to the low-concentration calibration standard exceeds 5 percent of
the true concentration, the manufacturer shall determine the source
of error and correct it, then repeat the 3-point calibration.

7.2.1.2 Verification of Manufacturer's Calibration Standards.
Before using, the manufacturer shall verify each calibration
standard by (a) comparing it to gas mixtures prepared (with 99 mole
percenﬁ vinyl chloride) in accordance with the procedure described
in Section 7.1 of Method 106 or by (b) calibrating it against vinyl
chloride cylinder Standard Reference Materials (SRM's) prepared by
the National Bureau of Standards, if such SRM's are available. The

agreement between the initially determined concentration value and the
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verification concentration value must be within +§ percent. The
manufacturer must reverify all calibration standards on a time
interval consistent with the shelf life of the cylinder standards
sold.

8. Procedure

8.1 Sampling.

8.1.1 PVC Sampling. Allow the resin or slurry to flow from
a tap on the tank or silo until the tap line has been well purged.
Extend and fil1l a 60-ml sample bottle under the tap, and immediately
tighten a cap on the bottle. Wrap adhesive tape around the cap
and bottle to prevent the cap from loosening. Place an identifying
label on each bottle, and record the date, time, and sample
location both on the bottles and in a log book.

8.1.2 Water Sampling. Prior to use, the 50-ml vials (without the
discs) must be capped with aluminum foil and heated in a muffle furnace
at 400° C for at least 1 hour to destroy or remove any organic
matter that could interfere with analysis. At the sampling location
fill the vials bubble-free to overflowing so that a convex meniscus
forms at the top. The excess water is displaced as the sealing disc
is carefully placed, with the Teflon side down, on the opening of the
vial.

Place the aluminum seal over the disc and the neck of the vial,
and crimp into place. Affix an identifying label on the bottle, and
record the date, time, and sample location both on the vials and in a

log book. A1l samples must be kept refrigerated until analyzed.
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8.2 Sample Recovery. Samples must be run within 24 hours.

8.2.1 Resin Samples. The weight of the resin used must be
between 3.5 and 4.5 grams. An exact weight must be obtained
(+0.0001 g) for each sample. In the case of suspensicn resins,

a volumetric cup can be prepared for holding the required

amount of sample. When the cup is used, open the samplie bottle,

and add the cup volume of resin to the tared sample vial (tared,
including septum and aluminum cap). Obtain the exact sample weight,
add 100 ul or about two equal drops of distilled water, and immediately
seal the vial. Report this value on the data sheet; it is required
for calculation of RVCM. In the case of dispersion resins, the

cup cannot be used. Weigh the sample in an aluminum dish, transfer
the sample to thevtared viél, and accurately weigh it in the vial.
After prepressurization of the samples, condition them for a minimum
of 1 hour in the 90° C bath. Do not exceed 5 hours.

Note: Some aluminum vial caps have a center section that must
be removed prior to placing into sample tray. If the cap is not
removed, the injection needle will be damaged.

8.2.2 Suspension Resin Slurry and Wet Cake Samples. Decant
the water from a wet cake sample, and turn the sample bottle upside

down onto a paper towel. Wait for the water to drain, place
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approximately 0.2 to 4.0 grams of the wet cake sample in a

tared vial (tared, including septum and aluminum cap) and

seal immedijately. Then determine the sample weight (+0.0001 g).
A1l samples must be prepressurized and then conditioned for

1 hour at 90° C. A sample of wet cake is used to determine total
solids (TS). This is required for calculating the RVCM.

8.2.3 Dispersion Resin Slurry and Geon Latex Samples. The
materials should not be filtered. Sample must be thoroughly mixed.
Using a tared vial (tared, including septum and aluminum cap) add
approximately eight drops (0.25 to 0.35 g) of slurry or latex using
a medicine dropper. This should be done immediately after mixing.
Seal the vial as soon as possible. Determine sample weight
(+0.0001 g). After prepressurization, condition the vial for
1 hour at 90° C in the analyzer‘bath, Determine the TS on the
slurry sample (Section 8.3.5).

8.2.4 Inprocess Wastewater Samples. Using’a tared vial
(tared, including septum and alumihum cap) quickly add approximately
1 cc of water using a medicine dropper. Seal the vial as soon as
possible. Determine sample weight (+0.0001 g). Prepressurize
the vial, and then condition for 1 to 2 hours as required at 90° C
in the analyzer bath.

8.3 Analysis

8.3.1 Preparation of Equipment. Install the chromatdgraphic
column and condition overnight at 160° C. In the_first operation,

Porapak columns must be purged for 1 hour at 230° C.
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Do not connect the exit end of the column to the detector while
conditioning. Hydrogen and air to the detector must be turned
off while the column is disconnected.
8.3.1.1 Flow Rate Adjustments. Adjust flow rates as follows:
a. Nitrogen Carrier Gas. Set regulator on cylinder to
read 50 psig. Set regulator on chromatograph to produce a f1ow
rate of 30.0 cc/min. Accurately measure the flow rate at the
exit end of the column using the soap film flowmeter and a stop-
watch, with the oven and column at the analysis temperature.
After the instrument program advances to the "B" (backflush) mode,
adjust the nitrogen pressure regulator to exactly balance the
nitrogen flow rate at the detector as was obtained in the "A" mode.
b. Vial Prepressurizer Nitrogen. After the nitrogen carrier
is set, solve the following egquation and adjust the pressure on the

vial prepressurizer accordingly.

T P.-P
= wli__ w2
P-?-Z-E]--—i'—go—']-“)kpa

Where:
T] ‘= Ambient temperature, °X.
T2 = Conditioning bath temperature, °K.
P] = Gas chromatograph absolute dosing pressure (analysis
mode), k Pa.
Pw] = Water vapor pressure @ 90° C}(525;8 mm Hg).
sz = Water vapor pressure @ 22° ¢ {19.8 mm Hg).

7.50

mm Hg per k Pa.
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10 k Pa = Factor to adjust the prepressurized pressure to

slightly less than the dosing pressure.

Because of gauge errors, the apparatus may over-pressurize the
vial. If the vial pressure is at or higher than the dosing pressure,
an audible double injection will occur. If the vial pressure is too
low, errors will occur on resin samples because of inadequate time for
head-space gas equilibrium. This condition can be avoided by running
several standard gas samples at various pressures around the
calculated pressure, and then selecting the highest pressure that does
not produce a double injection. All samples and standards must be
pressurized for 60 seconds using\the vial prepressurizer. The vial
is then placed into the 90° C conditioning bath and tested for leakage
by placing a drop of water on the septum at the needle hole. A clean,
burr-free needle is mandatory.

c¢. Burner Air Supply. Set regulator on cylinder to read 50 psig.
Set regulator on chromatograph to supply air to burner at a rate
between 250 and 300 cc/min. Check with bubble flowmeter.

d. Hydrogen Supply. Set regulator on cylinder to read 30 psig.
Set regulator on chromatograph to supply approximately 35 + 5 cc/min.
Optimize hydrogen flow to yield the most sensitive detector response
without extinguishing the flame. Check flow with bubble meter and
record this flow.

8.3.1.2 Temperature Adjustments. Set temperatures as follows:

a. Oven (chromatograph column), 140° C.

b. Dosing Line, 150° C.

¢. Injection Block, 170° C.

d. Sample Chamber, Water Tamperature, 90° C + 1.0° C.



8.3.1.3 Ignition of Flame Ionization Detector. Ignite the
detector according to the manufacturer's instructions.

8.3.1.4 Amplifier Balance. Balance the amplifier according
to the manufacturer's instructions.

8.3.2 Programming the Chromatograph. Program the chromatograph
as follows:

a. [-Dosing or Injection Time. The normal setting is 2 seconds.

b. A-"Analysis Time." The normal setting is approximately
70 percent of the VCM retention time. When this timer
terminates, the programmer initiates backflushing of the first column.

c. B-Backflushing Time. The normal setting is double the
"analysis time.” .

d. W-Stabilization Time. The normal setting is 0.5 min to
1.0 min.

e. X-Number of Anaiyses Per Sample. The normal setting is one.

8.3.3 Preparation of Sample Turntable. Before placing any
sample into turntable, be certain that the center section of the
aluﬁinum cap has been removed. All samples and standards must be
pressurized for 60 seconds by using the vial prepressurizer. The
numbered sample vials should be placed in the corresponding numbered
positions in the turntable. Insert samples in the following order:

Positions 1 and 2--01d 2000-ppm standards for conditioning. These
are necessary only after the analyzer has hot been used for 24 hours or
longer.

Position 3 -- 50-ppm standard, freshly prepared.

Position 4 -- 500-ppm standard, freshly prepared.
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Position 5 -- 2000-ppm standard, freshly prepared.

Position 6 -- 4000-ppm standard, freshly prepared.

Position 7 -- Sample No. 7 (This is the first sample of the day,
but is given as 7 to be consistent with the turntable and the
integrator printout.)

After all samples have been positioned, insert the second set of
50-, 500-, 2000-, and 4000-ppm standards. Samples, including
standards, must be conditioned in the bath of 90° C for 1 hour {(not
to exceed 5 hours).

8.3.4 Start Chromatograph Program. When all samples, including
standards, have been conditioned at 90° C for 1 hour, stayt the
analysis program according to the manufacturer’'s instructions. These
instructions must be carefully followed when starting and stopping a
program to prevent damage to the dosing assembly.

8.3.5 Determination of TS. For wet cake, slurry,
resin solution, and PVC latex samples, determine TS for each samplg
by accurately weighing approximately 3 to 4 grams of sample in an
aluminum pan before and after placing in a draft oven (105 to 110° C).
Samples must be dried to constant weight. After first weighing, return
the pan to the oven for a short period of time, and then reweigh to
verify complete dryness. The TS are then calculated as the final
sample weight divided by initial sample weight.

9. Calibration

Calibration is to be performed each 8-hour period when the instru-
ment is used. Each day, prior to running samples, the column should

be conditioned by running two 2000-ppm standards from the previous day.
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9.1 Preparation of Standards. Calibration standards are prepared
as follows: Place 100 ul or about two equal drops of distilled water
in the sample vial, then fill the vial with the VCM/nitrogen'
standard, rapidly seat the septum, and seal with the aluminum cap. Use
a 1/8-in. stainless steel line from the cylinder to the vial. Do not
use rubber or tygon tubing. The sample line from the cylinder must
be purged (into a properly vented hood) for several minutes prior to
fi1l the vials. After purging, reduce the flow rate to
500 to 1000 cc/min. Place end of tubing into vial (near bottom).
Position a septum on top of the vial, pressing it against the 1/8-in.
filling tube to minimize the size of the vent opening. This is
necessary to minimize mixing air with the standard in the vial. Each
vial is to be purged with standard for 90 seconds, during which time
the filling tube is gradually slid to the top of the vial. After the
90 seconds, the tube is removed with the septum, simultaneously
sealing the vial. . Practice will be necessary to develop good techﬁique.
Rubber gloves should be worn during the above operations. The sealed
vial must then be pressurized for 60 seconds using the vial
-prepressurizer. Test the vial for leakage by placing a drop of water
on the septum at the needle hole.

9.2 Preparation of Chromatograph Calibration Curve.

Prepare two 50-, 500-, 2000-, and 4000-ppm standard samples. Run
the calibration samples in exactly the same manner as reqgular samples.
. Plot Ag, the integrator area counts for each standard sample, versus
Cc’ the concentration of vinyl chloride in each standard sample. Draw

a straight line through the points derived by the least squares method.
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10. Calculations

10.1 Response Factor. If the calibration curve described in
Section 9.2 passes through zero, a response factor, Rf, may be used to
compute vinyl chloride concentrations. To compute a response factor,
divide any particular AS by the corresponding Cc'

AS
Re = & Eq. 107-1
c

If the calibration curve does not pass through zero, the calibration curve
must be employed to calculate each sample concentration unless the error
introduced by using a particular Rf is known.

10.2 Residual Vinyl Chloride Monomer Concentration, (Crvc) or
Vinyl Chloride Monomer Concentration. Calculate crvc in ppm or mg/kg

as follows:

AP MV,
=2 3 a L - -
Cove " R T, T t Ky (TS) T+ K, (1 -75) T, Eq. 107-2

>
)

Chromatograph area counts of vinyl chloride for the sample.

o
n

Ambient atmospheric pressure, mm Hg.

Response factor in area counts per ppm VCM.

-t
waval)
[

Ambient laboratory temperature, °K.

=
n

Molecular weight of VCM, 62.5 g/mole.

Volume of the vapor phase, cm3.

-
"

Gas constant, (62360 cm3) (mm Hg/mole) (°K).

P
[

3
]

Sampie weight, g.
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A, 750
rve Rf 596

Kp = Henry's Law Constant for VCM in PVC @ 90° C,
6.52 x 107° g/g/mm Hg.

TS = Total solids expressed as a decimal fraction.

T2 = Equilibrium temperature, °K.

Henry's Law Constant for VCM in water @ 90° C,

"o

7 x 1077 g/9/mm Hg.
Assuming the following conditions are met, these values can be

substituted into Equatipn 107-2:

Pa = 750 mm Hg.
Vg = Vial volume - sample volume (Fisher vials are 22.0 cm3 and
Perkin-Elmer vials are 21.8 cm3).
T, = 23° C or 296° K.
T, = 90° C or 363° K.
65.5 (21.8 - TI3) . 2(L-T3)) . S :]
£5360 ™ +6.25 x 10 (TS)(363) + 7.0 x 107" (1-TS)(363)

Results calculated using these equations represent concentration

based on the total sample. To obtain results based on dry PVC content,

. -divide by TS.
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Mesthod 107—Determination of Vinyl Chloride
Content of Inprocess Wastewater Samples,
and Vinyl Chloride Content of Polyvinyl
Chloride Resin, Slurry, Wet Cake, and Latex
Semples

Introduction -

Performance of this method should not be
attempted by persons unfamiliar with the
aperstion of a gas chromatograph (GC). nor
by those who are unfamiliar with source
sampling. because knowledge beyond the
scope of this presentation is required. Care
must be exercised to prevent exposure of
sampling personnel to vinyl chloride, a

carcinogen. .

1. Applicability and Principle.

1.1 Applicability. This method applies to
the measurement of the vinyi chloride
monomer (VCM) content of inprocess
chioride monomer (RVCM)] content of
polyviny! chloride (PVC) resins. wet cake,
slurry, and latex samples. It cannot be used
for polymer in fused forms, such as sheet or
cubes. This method is not acceptable where
methods from Section 304(h) of the Clean
Water Act, 33 US.C. 1251 et seq. (the Federal
Water Pollution Control Amendments of 1972
as amended by the Clean Water Act of 1977)

are required.

1.2 Principle. The basis for this mathod
relates to the vapor equilibrium that is
sstablished between RVCM, PVC resin, .
water. and air it & closed system. The RVCM
in a PVC resin will equilibrate ina
closed vessel. provided that the temperature
of the PVC resin is maintained above the
giass transition temperature of that specific

2 Range and Sensitivity. The lower limit of
detection of vinyl chioride will vary
sceording to the chromatograph used. Values
reported include 1 x 10" "mg and ¢ x 1077 mg.
With proper calibration, the upper limit may
be extended as nesded. .

produces i
dnhdumqhm-doq:t;smlemhl "
analytical technique, as analysis with a
- diffevent column or GC/mass spectroscopy,
and has the data available for review by the _

Precision and Reproducibil -

4 ISi ibility. An
interlaboratory comparison between seven
1shoratories of three resin samples, each split
into three parts, yielded a standard deviation
of 283 percent for a sample with a mean of
200 ppm, 4.16 percent for a sample with a
mean of 1.8 ppm, and 5.29 percent for &
sample with a mean of 62.66 ppm.

5. Safety. Do not release vinyl chloride to
the laboratory atmosphere during preparation
of standards. Venting or purging with VCM/
air mixtares must be held to @ minimum.
When they age required. the vapor must be

routed to outside air. Vinyl chloride, even at
low ppm levels, must never be vented inside
the laboratory. Alfter vials have been
analyzed, the gas must be vented prior to
removal of the vial from the instrument
turntable. Vials must be vented through s
hypodermic needle connected to an activated
charcoal tube 10 prevent release of vinyl
chloride into the laboratory atmosphere. The
charcoal must be replaced prior to vinyt
chloride breakthrough.

8. Apparatus

‘ .81 Sumphng. The following equipment is

required:

8.1.1 Glass bottles, 60-ml (2-0z] capacity,
with wax-lined screy-on tops, for PVC
samples. :

8.1.2 Glass Vials. 50-ml capacity Hypo-
vial. sesled with Teflon faced Tuf-Bond discs,
for water samples.

813 Adhesive Tape. To prevent
loosening of bottle tops. -

8.2 Sample Recovery. The following
equipment is required:

6.21 Glass Vials. With butyl rubber septa,
Perkin-Elmer Corporation Nos. 0105-0129
{glass vials), B001-0728 (gray butyl rubber
septum. plug style), 0105-0131 (butyl rubber
septa). or equivalents. The seals must be
made from butyl rubber. Silicone rubber seals
are not acceptable.

8.22 Analytical Balance. Capable of

. weighing to =0.0001 gram.

8.23 Vial Sealer. Perkin-Elmer No. 105-
0108, or equivalent.

624 Syringe. 100-u1 capacity, precision .
series A" No. 010025, or equivalent.

6.3 Analysis. The following equipment is

required:

631 Gas Chromatograph. Perkin-Elmer
Corporation Model F-40, F-42, or F-45 Head-
Space Analyzer. or equivalent. Equipped with

steel 1 m by 3.2 mm and 2 m by 3.2 mm, both
containing 50/60-mesh Porapak Q. The
snalyst may use other columns provided that
the precision and accuracy of the analysis of
vinyl chloride standards are not impaired and
he has available far review information
confirming that there is adequate resolution
of the vinyl chloride peak. (Adequate
resolution is defined as an area overiap of

not more than 10 percent of the vinyl chloride

peak by an interferent peak. Calculation of
ares overlap is explained in Appendix C, .
Procedure 1: “Determination of Adequate
Chromatographic Peak Resolution.”) Two
1.3 m columins, exch containing 1 percent
Carbowax 1500 on Carbopak B, have been
suggested for samples containing
acetaldehyde. ;

633 Thermometer. 0 to 100° C, accurate
to +0.1° C. Perkin-Elmer No. 105-0108, or
equivalent. .

6.3.4 Sample Tray Thermostat System.
Perkin-Elmer No. 105-0103, or equivalent.

8.3.5 Septa. Sandwich type, for sutomatic
dosing, 13 mm, Perkin-Elmer No. 105-1008. or
equivalent. -

838 Integrator-Recorder. Hewlett-
Packard Model 3380A, or equivalent.

8.3.7 Filter Drier Assembly (3). Perkin-
Elmer No. 2230117, or equivalent.

8.3.8 Soap Film Flowmeter. Hewlett
Packard No. 0101-0113, or equivalent.
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8.39 Regulators. For required gas
cylinders.

8.3.10 Headspace Vial Pre-Pressurizer.
Nitrogen pressurized hypodermic needle
inside protective shield. (Blueprint available
from Test Support Section, Emission
Measurement Branch, Office of Air Quality
Planning and Standards. Environmental
Protection Agency, Mail Drop 19, Research
Triangle Park, N.C. 27711,

7. Reagents. Use only reagents that are of
chromatographic grade.

7.3 Analysis. The following items are
required for analysis:

7.1.1 Hydrogen. Zero grade.

7.1.2 Nitrogen. Zero grade.

7.1.3 Air. Zero grade.

72 Calibration. The following items are
required for calibration: - :

7.21 Cylinder Standards (4). Gas mixture
standards (50-, 500-, 2000- and 4000-ppm vinyl
chloride in nitrogen cylinders). The tester
may use cylinder standards to directly
prepare a chromstograph calibration curve as
described in Section 9.2, if the following
conditions are met: (a) The manufacturer
certifies the gas composition with an

- accuracy of 3 percent or better {see Section

7.2.1.1). (b} The manufacturer recommends a
maximum shelf life over which the gas
concentration does not change by greater
than +5 percent from the certified value. (c)
The manufacturer affixes the date of gas
cylinder preparation. certified viny! chloride
concentration, and recommended maximum
shelf life to the cylinder before shipment to
the

buyer.

7.21.1 Cylinder Standards Certification.
The manufacturer shall certify the
concentration of vinyl chioride in nitrogen in
each cylinder by (a) directly analyzing each
cylinder and (b) calibrating his analytical
procedure on the day of cylinder analysis. To

- calibrate his analytical procedure, the

manufacturer shall use, as a minimum, a 3-
point calibration curve. It is recommended
that the manufacturer maintain {1) a high-
concentration calibration standard (between .
4000 and 8000 ppm]) to prepare his calibration
curve by an appropriate dilution technique
and (2) a low-concentration calibration
standard {(between 50 and 500 ppm) to verify
the dilution technique used. If the difference
between the apparent concentration read
from the calibration curve and the true
concentration assigned to the low-
concentration calibration standard exceeds 5
percent of the true concentration, the .
manufacturer shall determine the source of
ervor and correct it, then repeat the 3-point
calibration. .
7.212 Verification of Manufacturer's
Calibration Standards. Before using, the
manufacturer shall verify each calibration
standard by (a) comparing it to gas mixtures
prepared (with 99 mole percent vinyl
chioride)} in accordance with the procedure
described in Section 7.1 of Method 108 or by
(b) calibrating it against vinyl chloride
cylinder Standard Reference Materials
{SRM's) prepared by the National Bureau of
Standards, if such SRM's are available. The
agreement between the initially determined
concentration velue and the verification
concentration value must be within +5
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t. The manufacturer must reverify ail
calibration standards on a time interval
consistent with the shelf life of the cylinder

8. Procedure.

81 Sampling. v

81.1 PVC Sampling. Allow the resin or
slurry to flow from a tap on the tank or silo
until the tap line has been well purged.
Extend and fill a 60-ml sample bottle under
the tap. and immediately tighten a cap on the
bottle. Wrap adhesive tape around the cap

determine total solids (TS). This is required
for calculating the RVCM.

8.2.3 Dispersion Resin Slurry and Geon

Latex Samples. The materials should not be
filtered. Sample must be thoroughly mixed.
Using a tared vial (tared. including septum
and aluminum cap} add approximately eight
drops (0.25 to 0.35 g) of slurry or latex using a
medicine dropper. This should be done
immediately after mixing. Seal the vial as
soon as possible. Determine sample weight
(+0.0001 g). After prepressurization,

and bottle to prevent the cap from loosening.  condition the vial for 1 hour at 90° C in the

Place an identifying label on each bottle, and
record the date, time, and sample location
both on the bottles and in a log book.

analyzer bath. Determine the TS on the slurry
sample (Section 8.3.5).
824 Inprocess Wastewater Samples. -

812 Water Sampling. Prior to use. the 50-  Using a tared vial (tared. including septum

mi vials (without the discs) must be capped
with aluminum foil and heated in a muffle

and aluminum cap) quickly add
approximately 1 cc of water using a medicine

furnace at 400° C for at least 1 hour to destroy  dropper. Seal the vial as soon as possible.

or remove any organic matter that could
interfere with analysis. At the sampling
location fill the vials bubble-free to

Determine sample weight (+0.0001 g).
Prepressurize the vial, and then condition for
" 1to 2 hours as required at 80° C in the

overflowing so that a convex meniscus forms  analyzer bath.

at the top. The excess water is displaced as
the sealing disc is carefully placed, with the

83.1 Preparation of Equipment. Install the

- Teflon side down, on the opening of the vial.  chromatographic column and condition
Place the aluminum seal over thediscand  overnight at 160° C. In the first operation,

the neck of the vial, and crimp into place.

Affix an identifying label on the bottle, and

record the date, time, and sample location

both on the vials and in a log boak. All
samples must be kept refrigerated until

.. analyzed.

82 Sampie Recovery. Samples must be
wun within 24 hours. :
821 Resin Samples. The weight of the
_ resin used must be between 3.5 and 4.5 :
grams. An exact weight must be obtained
{£0.0001 g) for each sample. In the case of
suspension resins, a volumetric cup can be -
prepared for holding the required amount of
sample. When the cup is used. open the
sample bottle, and add the cup volume of
“resin to the tared sample vial (tared,
including septum and aluminum cap}. Obtain
the exact sample weight, add 100ul or about
two equal drops of distilled water, and
immediately seal the vial. Report this value
on the data sheet; it is required for - .
calculation of RVCM. In the case of
dispersion resins, the cup cannot be used.
. Weigh the sample in an aluminum dish,
" transfer the sample to the tared vial, and
. sccurately weigh it in the vial, After :
-.prepressurization of the samples, condition
them for a minimum of 1 hour in the 80° C
bath. Do not exceed 5 hours,
Nots.—Some aluminum vial caps have a
center section that must be removed prior to
‘placing into sample tray. If the cap is not
removed, the injection needle will be
8.2.2 Suspension Resin Slurry and Wet
Cake Samples. Decant the water from a wet
cake sample, and turn the sample bottie
upside down onto a paper towel. Wait for the
water to drain. place approximately 0.2 to 4.0
grams of the wet cake sample in a tared vial
{tared, including septum and aluminum cap)
and seal immediately. Then determine the
sample weight (=0.0001 g). All samples must
be prepressurized and then conditioned for 1

bour at 90° C. A sample of wet cake is used to

Porapak columns must be purged for 1 hour
at230° C. - .
Do not connect the exit end of the column
to the detector while conditioning. Hydrogen
and air to the detector must be turned off

while the column is disconnected.

8311 Flow Rate Adjustments. Adjust
flow rates as follows:

a. Nitrogen Carrier Gaa. Set regulator on
cylinder to read 50 psig. Set regulator on
chromatograph to produce s flow rate of 30.0
cc/min. Accurately measure the flow rate at
the exit end of the column using the soap film
flowmeter and a stopwatch, with the oven
and column st the analysis temperature.
After the instrument program advances to the
“B” {backflush) mode, adjust the nitrogen
pressure regulator to exactly balance the

flow rate at the detector as was

obtained in the “A" mode.

b. Vial
nitrogen carrier is set, solve the following
-equation and adjust the pressure on the vial
prepressurizer accordingly.

izer Nitrogen. After the

T ' P, ~P
) wl w2

.- P, - - 10k Pa
2 1 ‘0

thtc:

T,=Ambient temperature, ‘K.

.Ty=Conditioning bath temperature, ‘K.

P, =Gas chromatograph absolute dosing
pressure (analysis mode), k Pa.

Py, =Water vapor preasure @ 90° C (525.8
mm Hg).

_Pye=Water vapor pressure @ 22° C (19.8

mm Hg).

7.50=mm Hg per k Pa. -

10 k Pa=Factor to adjust the
prepressurized pressure to slightly less
than the dosing pressure.

Because of gauge errors, the apparatus may

over-pressurize the vial. If the vial pressure is
at or higher than the dosing pressure, an
audible double injection will occur. If the vial
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pressure is too low, errors will occur on resin
samples because of inadequate time for head-
space gas equilibrium. This condition can be

" avoided by running several standard gas
- samples at various pressures around the

calculated pressure, and then selecting the
highest pressure that does not produce a
double injection. All samples and standards
must be pressurized for 60 seconds using the
vial prepressurizer. The vial is then placed
into the 80° C conditioning bath and tested .
for leakage by placing a drop of water on the
septum at the needle hole. A clean, burr-free
needle is mandatory. - .

c. Burner Air Supply. Set regulator o
cylinder to read 50 paig. Set regulator on
chromatograph to supply air to burner at a
rate between 250 and 300 cc/min. Check with
bubble flowmeter. : :

d. Hydrogen Supply. Set regulator on
cylinder to read 30 psig. Set regulator on
chromatograph to supply approximately 35 +
5 cc/min. Optimize hydrogen flow to yield the
most sensitive detector response without
extinguishing the flame. Check flow with
bubble meter and record this flow.

83.1.2 Temperature Adjustments. Set
temperatures as follows:

a. Oven (chromatograph coiumn}, 140°

b. Dosing Line, 150° C. :

c. Injection Block. 170° C.

d. Sample Chamber, Water Temperature,
80°C +10°C. ' .

8.3.13 Ignition of Flame lonization
Detector. Ignite the detector according to the
manufacturer’s instructions.

83.1.4 Amplifier Balance. Balance the
amplifier according to the manufacturer’s
instructions. -

832 Programming the Chromatograph.
Program the chromatograph as follows:

a. I—Dosing or Injection Time. The normal
setting is 2 seconds.

. b. A—"Analysis Time."” The normal setting
is gpproximately 70 percent of the VCM
retention time. When this timer terminates,
the programmer initiates backilushing of the
first column. .

¢. B—Back{lushing Time. The normal
setting is double the “analysis time.”

d. W—Stabilization Time. The normal
setting is 0.5 min to 1.0 min.

e. X—Number of Analyses Per Sample. The
normal setting is one.

833 Preparation of Sample Turntable.
Before placing any sample into turntable, be
certain that the center section of the
aluminum cap has been removed. All samples
and standards must be pressurized for 60
seconds by using the vial prepressurizer. The
numbered sample vials should be placed in
the corresponding numbered positions in the

turntable. Insert samples in the following
order: )

Position 1 and 2—Old 2000-ppm standards
for conditioning. These are necessary only
after the analizer has not been used for 24
hours or longer.

Position 3—50-ppm standard, freshly
prepared.
~ Position 4—500-ppm standard, freshly

prepared.
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.Position 5~2000-ppm standard, freshly

Position 6—4000-ppm standard. freshly

Prepare two 50-, 500-, 2000-, and 4000-ppm
standard samples. Run the calibration
samples in exactly the same manneras -
regular sampies. Plot A, the integrator area
counts for each standard sample, versus C,,
the concentration of viny! chloride in each
standard sample. Draw a straight line throygh
the points derived by the least squares
method.

mPoution 7—Samplé No. 7 (This is the first
sample of the day. but is given as 7 to be
consistent with the turntable and the
integrator printout.)
er all sampies have been pasitioned,

- insert the sécond set of 50-, 500-, 2000-. and 10. Calculations.
4000-ppm standards. Samples, including 101 Response Factor. If the calibration
standards. must be conditioned in the bath of  curve described in Section 9.2 passes through
90° C for 1 hour {not to exceed 5 hours). zero, a response factor. Ry, may be used to

8.34 Start Chromatograph Program. When  compute vinyi chioride concentrations. To
all samples, including standards. have been compute a response factor, divide any

conditioned at 90° C for 1 hour, start the pnrﬂadnA.bythecomspondmgC..
anslysis program according to the

manufacturer’s instructions. These A
instractions must be carefully followed when . . p_ o _S

starting and stopping a program to prevent f T Eq. 10741
. damage to the dosing assembly. - ¢ . )

835 Determination of TS. For wet cake,

dﬁtrymhndnﬁm.andPVCthumplu. Where:

“ detesmine TS for each sample by accurately A.sChrmmtograph area counts of vmyl
weighing approximately 3 to 4 grams of

umphinunlumnummbefmaudaﬂcr .

placing in & draft oven (105 to 110° C). AP IM

Samples must be dried to constant weight. c -3 a

After first weighing, return the pan to the rve .EfT.'

oven for a short period of time, and then

reweigh to verify complete dryness. The TS

are then calculated as the final sample -

weight divided by initial sample weight. Resuits calculated using these equations
9. Calibration. Calibration is to be represent concentration based on the total
performed each 8-hour period when the " sample. To obtain results based on dry PVC

instrument is used. Each day. prior to running  content, divide by TS.
samoles, the column should be conditioned 11. References.

by running two 2000-ppm standards from the 1. BF. Goodrich, Residual Viny! Chloride

day. Monomer Content of Polyvinyl Chloride
9.1 Preparation of Standards. Calibration  Reging, Latex. Wet Cake, Sturry and Water
standards are pnpu-ad as follows: Place - Sampies. BF. Goodrich Chemical Group -

Standard Test Procedure No. 1005-E. B.F.
Gaodrich Technical Center, Avon Lake. Ohw.
October 8, 1978.

2 Berens, A.R. The Diffusion ofVinyl
Chioride in Polyvinyl Chloride. ACS—

lade o et Dossbmenbber i of Py Coemy, Pyt
st be purged (into a properly Preprmts 15 (2)197. 1974.

vented hood) for several minutes prior to 3. Berens, A.R. The Diffusion of Vinyl

filling the vials. After purging, reduce the Chloride in Polyvinyl Chloride. ACS—

flow rate to 500 to 1000 cc/min. Place end of  Division of Polymer Chemistry, Polymer

tubing into visl (near bottom). Position &
mmtopofﬂuvh!.premg against
K-in. Hilting tube to minimive the size of
hmmmum -
giniinize mixing air with the standard in the
‘vial. Bach. vial is to be purged with standard
for 90 séconds, during which time the filling
* "4l is graduaily slid to the top of the vial.
m&mmmmuw

Gas ChWWY. joumnal of Applied
Polymer Science. 19:3169-3172. 1975, «
$. Mansfield. RA. The Evaiuationof -

jal Practice will be necessary Henry's Law Constant (Kp) and Water
:fdmm gloves :onld be Enhancement in the Perkin-Elmer Multifract
worn during the above operations. The sealed F-40 Gas Chromatograph. B.F. Goodrich.

vial must then be pressurized for 80 seconds Avon Lake, Ohio. February 10, 1978.

- using the vial prepressurizer. Test the vial for

llihalbyphdngadmpoimmm the
upmnuhmdk

Wd&mw
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- .
—,‘g—mﬁ- + Ky (1) T+ K, (1-T5) T,

chloride for the sample.
P,=Ambient atmospheric pressure, mm Hg.
R(=Response factor in area counts per ppm
Vv

T\=Ambient laboratory temperature, *K.

M, =Molecular weight of VCM. 62.5 g/
mole.

V,=Volume of the vapor phase, cm®.

R=Gas constant, (62360 cms) {mm Hg/
mole} (*K]}.

m=Sample weight, g.

K,=Henry's Law Constant for VCM in
PVC @ 90° C, 8.52x10"*g/g/mm Hg.

" If the calibration curve does not pass
through zero, the calibration curve must be
employed to cslculate each sample
concentration unless the error introduced by
using a particular R, is known.

102 Residual Vinyl Chloride Monomer
Concentration, {CyJ or Vinyl Chloride
Monomer Concentration. Calculate C.. in
ppm or mg/kg as follows:

"Eq. 107-2

Preprints 15 (2):203. 1974.

4. Berens, A.R., LB. Crider, C.]. Tomanek,
and J. M. Wh:tney Analysis for Vinyl
Chioride in PVC Powders by Head—Space

TS=Total solids expressed as a decimal
fraction.
Ts=Equilibrium temperature, °K.
K.=Henry's Law Constant for VCM in
water @ 90" C, 7X10""g/g/mm Hg.
Assuming the following conditions are met,
these values can be substituted into Equation
107-2:
P, =750 mm Hg.
V= Vial volume—sample volume (Fisher
" vials are 22.0 cm? and Perkin-Elmer vials
are 21.8 cm?).
T,=23"Cor296° K.
Te=90" C or 363° K.

[;‘5_’_@_1_?;%_3‘.@’9 © o8 0 SO0 + 7.0 % 167 n-fsm“:’
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METHOD 110. DETERMINATION OF BENZENE
FROM STATIONARY SOURCES

Introduction

Performance of this method should not be attempted by
persons unfamiliar with the operation of a gas chroma-
tograph, nor by those who are unfamiliar with source
sampling, because knowledge beyond the scope of this
presentation is required. Care must be exercised to
prevent exposure of sampling personnel to benzene,

a carcinogen.

1. Applicability and Principle

1.1 Appiicability. This‘method applies to the measure-
ment of benzene in stack gases from processes as specified
in the regulations. The method does not measure benzene
contained in particulate matter.

1.2 Principle. An integrated bag sample of stack gas
containing benzene and other organics is subjected to gas
chromatographic (GC) analysis, using a flame jonization
detector (FID).

2. Range and Sensitivity

The range of this method is 0.1 to 70 ppm. The upper
1imit may be extended by extending the calibration range or

by diluting the sample.
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3. Interferences

The chromatograph columns and the corresponding operating
parameters herein described normally provide an adequate
reso]utfon of benzene; however, resolution interferences may
be encountered on some sources. Therefore, the chromatograph
operator shall select the column and operating parameters best
suited to his particular analysis problem, subject to the approval
of the Administrator. Approval is automatic provided that the tester
produces confirming data through an adequate supplemental analytical
technique, such as analysis with a different column or GC/mass
Spectroscopy, and has the data available for review by the
Administrator.
4. Apparatus

4.1 Sampling (see Figure 110-1). The sampling train
consists of the following components:

4.1.7 Probe. Stainless steel, Pyrex* glass, or Teflon
tubing (as stack temperatyre permits), equipped with a glass
wool plug to remove particulate matter.

4.1.2 sample Lines. Teflon, 6.4-mm outside diameter,
of sufficient Tength to conpect probe to bag. Use a new
unused piece. for each series of bag samples that constitutes

an emission test and discard upon completion of the test.

-

* Mention of any trade name or specific product does not
constitute endorsement by the Environmental Protection Agency.
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4.1.3 Quick Connects. Stainless steel, male (2) ana

female (2), with ball checks (one pair without), located as

shown in Figure 110-1.

4.1.4 Tedlar or Aluminized Mylar Bags. 100-liter
capacity, to contain sample.

4.1.5 Bag Containers; Rigid Jeakproof containers for
sample bags, with covering to protect contents from sunlight.

4.1.6 Needle Valve. To adjust sample flow rate.

4,1.7- Pump. Leak-free, with minimum of 2-liters/min
- capacity.

4.1.8 Charcoa] Tube, To preyent admission of benzene
and other organics to the atmosphere in the vicinity of
samplers,

4,1.9 Flow Meter. For observing sample flow rate;

- capable of -measuring a flow range from 0.10 to 1.00 liter/min.
4,1,70 Connecting Tubing. Teflon, 6.4-mm outside
- diameter, to assemble sampling train (Figure 110-1).

4,2 Samp1e'Recovery. Teflon tubing, 6.4-mm outside
diameter, is required to connect bag to gas chromatograph
sample loop for sample recovery. Use a new unused piece
fqr each series of bag samples that constitutes an emission
test and discard upon conclusion of analysis of those bags.

4.3 Analysis. The following equipment is needed:

4,3.] Gas. Chromatograph. With FID: potentiometric

strip chart recorder, and 1.0~ to 2.0-ml sampling loop in
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Figure 110-1. Integrated-bag sampling train. {Mention of trade names
or specitic products does not constitute endorsement by the Environ-
mental Protection Agency.)
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automatic sample valve. The chromatographic system shall
be capable of producing a response to 0.1-ppm benzene
that is at least as great as the average noise level.
(Response is measured from the average value of the

base line to the maximum of the waveform, while standard
operating conditions are in use.)

4,3.2 Chromatographic Columns. Columns as listed
below. The analyst may use other columns provided that
the precision and accuracy of the analysis of benzene
standards are not impaired and he has available for review
information confirming that there is adequate resolution
of the benzene peak. (Adequate resolution is defined as
an area overlap of not more than 10 percent of the benzene
peak by an interferent peak. Calculation of area overlap
is explained in Appendix E, Supplement A: “Determination
of Adequate Chromatographic Peak Resolution.")

4.3.2.1 Column A: Benzene in the Presence of Aliphatics.
Stainless steel, 2.44 m by 3.2 mm, containing 10 percent
1,2,3-tris (2-cyanoethoxy) propane (TCEP) on 80/100
Chromasorb P AW.

4.3.2.2 Column B: Benzene with Separation of the
Isomers of Xylene. Stainless steel, 1.83 m by 3.2 mm, con-

taining 5 percent SP 1200/1.75 percent Bentone 34 on 100/120

Supelcoport.
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4.3.3 Flow Meters (2). Rotameter type, 100-ml/min
capacity.

4.3.4 Gas Regulators. For required gas cylinders.

4.3.5 Thermometer. Accurate to 1°C, to measure
temperature of heated sample Joop at time of sample injection.

4.3.6 Baromgter. Accuratg to 5 mm Hg, to measure
a;mospheric pressure around gas chromatograph during sample
analysis.

4.3.7 Pump. Leak-free, with minimum of 100-m1/min
capacity.

4.3.8 Recorder. Strip chart type, optionally equipped
with either disc or electronic 1ntegrator.

4.3.9 Planimeter. Optional, in place of disc or

electronic integrator, on recorder, to measure chromatograph

peak areas.
4.4 Calibration. Sections 4.4.2 through 4.4.5 are for
the optional procedure in Section 7.1.
-4.4.1 Tubing. Teflon, 6.4-mm outside diameter, separate
Pigces marked for each calibration concentration.
4.4.2 Tedlar or Aluminized Mylar Bags. 650-liter

Capacity, with valve; separate bag marked for each calibration

concentration.

4.4.3 Syringes. 1.0-ul and 10-ul, gas tight, individually

calibrated to dispense liquid benzene.
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4.4.4 Dry Gas Meter, with Temperature and Pressure
Gauges. Accurate to + 2 percent, to meter nitrogen in
preparation of standard gas mixtures, calibrated at the
flow rate used to prepare standards.

4.4.5 Midget Impinger/Hot Plate Assembly. To
vaporize benzene.

5. Reagents

Use only reagents that are of chromatographic grade.

5.1 Analysis. The following are needed for analysis:

5.1.1 Helium or Nitrogen. Zero grade, for chromatograph
carrier gas.

5.1.2 Hydrogen. Zero grade.

5.1.3 Oxygen or Air. Zero grade, as required by the
detector.

5.2 Calibration. Use one of the following options:
githgr 5.1.1 and 5.2.2, or 5.2.3.

5.2.1 Benzene, 99 Mol Percent Pure. Certified by the
manufacturer to contain a minimum of 99 Mol percent benzene;
for use in the preparation of standard gas mixtures as
described in Section 7.7.

5.2.2 Nitrogen. Zero grade, for preparation of standard
gas mixtures as described in Section 7.1.

5.2.3 Cylinder Standards (3). Gas mixture standards
{50-, 10-, and 5-ppm benzene in nitrogen cylinders). The tester

may use cylinder standards to directly prepare a chromatograph

110-7



calibration curve as described in Section 7.2.2, if the
following conditions are met: (a) The manufacturer certifies
the gas composition with an accuracy of + 3 percent or better
(see Section 5.2.3.1). (b) The manufacturer recommends a
maximum shelf life over which the gas concentration does not
change by greater than + 5 percent from the certified value.
(c) The manufacturer affixes the date of gas cylinder prepa-
ration, certified benzene concentration, and recommended
maximum shelf 1ife to the cylinder before shipment to the buyer.
5.2.3.1 Cylinder Standards Certification. The manufacturer
shall certify the concentration of benzene in nitrogen in each
cylinder by (a) directly analyzing each cylinder and (b) cali-
brating his analytical procedure on the day of cylinder analysis.
To calibrate his analytical procedure, the manufacturer shall
use, as a minimum, a three-point calibration curve. It is
recommended that the manufacturer maintain (1) a high-concen-
tration calibration standard (between 50 and 100 ppm) to prepare
his calibration curve by an appropriate dilution technique and
(2) a low-concentration calibration standard (between 5 and
10 ppm) to verify the dilution technique used. If the difference
between the apparent concentration read from the ca]ibration
curve and the true concentration assigned to the low-concen-
tration calibration standard exceeds 5 percent of the true
concentration, the manufacturer shall determine the source of

error and correct it, then repeat the three-point calibration.
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5.2.3.2 Verification of Manufacturer's Calibration
Standards. Before using, the manufacturer shall verify
each calibration standard by (a) comparing it to gas mixtures
prepared {with 99 Mol percent benzene) in accordance with
the procedure described in Section 7.1 or by (b) having it
analyzed by the National Bureau of Standards. The agreement
bg;wggn the initially determined concentration value and the
verification concentration value must be within + 5 percent.
Thg manufacturer must reverify all calibration standards on
a time interval consistent with the shelf life of the cylinder
standards sold.

5.2.4 Audit Cylinder Standards (2). Gas mixture
standards with concentrations known only to the person
supervising the analysis of samples. The audit cylinder
standards shall be identical]y prepared as those in |
Section 5.2.3 (benzene in nitrogen cylinders). The concen-
?rations of the audit cylinders should be: one 1ow-concen-
tration cylinder in the range of 5- to 20-ppm benzene, and
one high-concentration cy]indef in the range of 100- to 300-ppm
benzene. When available, the tester may obtain audit cylinders
by cqntacting: Environmental Protection Agency, Environmental
quitoring and Support Laboratory, Quality Assurance Branch

(MD-77), Research Triangle Park, North Carolina 27711.
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If audit cylinders are not available at the Environmental
Protection Agency, the tester must secure an alternative source.
6. P[ocedure

6.1 Sampling. Assemble the sample train as shown in
Figure 110-1. Perform a bag leak check according to
Section 7.3.2. Join the quick connects as illustrated, and
determine that all connections between the bag and the probe
are tight. Place the end of the probe at the centroid of the
stack and start the pump with the needle valve adjusted to
Yield a flow that will more than half i1l the bag in the
specified sample period. After allowing sufficient time to
purge the line several times, connect the vacuum line to the
bag and evacuate the bag until the rotameter indicates no
flow. Then reposition the sampling and vacuum lines and
begin the actual sampling, keeping the rate constant. At
all times, direct the gas exiting the rotameter away from
sampling personnel. At the end of the sample period, shut off
the pump, disconnect the sample line from the bag, and
disqonnect_the vacuum line from the bag container. Protect .
thg bag container from sunlight.

6.2 Sample Storage. Keep the sample bags out of direct
sunlight. Perform the analysis within 4 days of sample
collection. |

6.3 Sample Recovery. With a new piece of Teflon

tubing identified for that bag, connect a bag inlet valve
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.to the gas chromatograph sample valve. Switch the valve
to receive gas from the bag through the sample loop.
Arrange the equipment so the sample gas passes from the
samp]g valve to a 100-m1/min rotameter with flow control
valve followed by a charcoal tube and a 1-in. Ho0 pressure
gauge. The tester may maintain the sample flow either by
a vacuum pump or container pressurization if the collection
bag remains in the rigid container. After sample loop purging
is ceased, always allow the pressure gauge to return to zero
before activating the gas sampling valve.

6.4 Analysis. Set the cojumn temperature to 80°C for
column A or 75fC for column B, and the detector temperature
to 225#c. When optimum hydrogen and oxygen flow rates have
been determined, verify and maintain these flow rates during
al] chromatograph operations. Using zero helium or nitrogen
as the carrier gas, establish a flow rate in the range
consistent with the manufacturer's requirements for satisfactory
detector operdiion. A flow rate of approximately 20 ml/min
should produce adequate separations. Observe the base line
periodically and determine that the noise level has stabilized
and that base-line drift has ceased. Purge the sample loop
for 30 sec at the rate 100 m]/min, then activate the sample
valve. Record the injection time (the position of the pen
on the chart at the time of sample injection), the sample

number, the sample loop temperature, the column temperature,
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carrier gas flow rate, chart speed, and the attenuator
setting. Record the barometric pressure. From the chart,
note the peak having the retention time corresponding to
benzene, as determined in Section 7.2.1. Measure the

benzene peak area, Am’ by use of a disc integrator, electronic
integrator, or a planimeter. Record Am and the retention
time.‘ Repeat the injection at least two times or until two
consecutive values for the total area of the benzene peak

dQ not vary more than 5 percent. Use the average value for
these two total areas to compute the bag concentration.

6.5 Determination of Bag Water Vapor Content. Measure
thg ambient temperature and barometric¢ pressure near the bag.
From a water saturation vapor pressure table, determine and
record the water vapor content of the bag as a decimal figure.
(Assume the relative humidity to be 100 percent unless a lesser
value is known.) |

7. Preparation of Standard Gas Mixtures, Calibration, and

Quality Assurance

7.1 Preparation of Benzene Standard Gas Mixtures.
(Optional Procedure--delete if cylinder standards are used.)
Assemble the apparatus shown in Figure 110-2. Evacuate a
50-1it¢r Tedlar or aluminized Mylar bag that has passed a
leak check (described in Section 7.3.2) and meter in about

50 Jiters of nitrogen. Measure the barometric pressure,
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Figure 110-2. Preparation of standards (optional).
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the relative pressure at the dry gas meter, and the temperature
at the dry gas meter. While the bag is filling use the 10-ul
syringe to inject 10 ul of 99+ percent benzene through the
sepfum on top of the impinger. This gives a concentration
of approximately 50 ppm of benzene. In a like manner, use
;hg othef syringe to prepare dilutions having approximately
10- and 5-ppm benzene concentrations. To calculate the
spgcific concentra;iqns, refer to Section 8.1. These gas
mixture standards may be used for 7 days from the date of
preparation, after which time prepare new gas mixtures.
(Caution: If ;he new gas mixture standard is a lower concen-
tration than the previous gas mixture standard, contamination
f-ﬁay be a problem when a bag is reused.)

7.2 Calibration.

7.2.1 Determination of Benzene Retention Time. (This
sgc;ion can be performed simultaneously with Section 7.2.2.)
Establish chromatograph conditions identical with those in

| Section 6.4 above. Determine proper attenuator position.
Flush the sampling loop with zero helium or nitrogen and
activate the sample valve. Record the injection time, the
sample Joop temperature, the column temperature, the carrier
gas flow rate, the chart speed, and the attenuator setting.
Record peaks and detector responses that occur in the absence
of benzgne. Maintain conditions, with the equipment plumbing

arranged identically to Section 6.3, and flush the sample loop
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for 30 sec at the rate of 100 ml/min with one of the benzene
calibration mixtures. Then activate the sample valve. Record
the injection time. Select the peak that corresponds to
benzene. Measure the distance on the chart from the injection
time to the time at which the peak maximum occurs. This
distance divided by the chart speed, is defined as the benzene
peak retention time. Since it is quite likely that there will
bg other organics present in the sample, it is very important
that positive identification of the benzene peak be made.
7.2.2 Preparation of Chromatograph Calibration Curve.
Make a gas chromatographic measurement of each standard gas
mixturg (described in Section 5.2.3 or 7.1) using conditions
identical with those listed in Sections 6.3 and 6.4. Flush the
samp]ing loop 30 sec at the rate of 100 m1/min with one of the
standard gas mixtures and activate the sample valve. Record
Cc. the concentration of benzene injected, the attenuator
setting, chart speed, peak area, sample loop temperature,
column temperature, carrier gas flow rate, and retention time.
Record the barometric pressure. Calculate Aos the peak area
mu]tipligd by the attenuator setting. Repeat until two con-
secutive injection areas are within 5 percent, then plot the
average of those two values versus Cc‘ When the other standard
gas mixtures have been similarly analyzed and plotted, draw a

straight line through the points derived by the Teast squares
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method. Perform calibration daily, or before and after each
set of bag samples, whichever is more frequent.

7.3 Quality Assurance.

7.3.1 Analysis Audit. Immediately after the preparation
of the calibration curve and before the sample analyses, perform
thg analysis audit described in Appendix E, Supplement B:
fProcedure for Field Auditing GC Analysis."

7.3.2 Bag Leak Checks. While performance of this section
is required after bag use, it is also advised that it be per-
formed before bag use. After each use, make sure a bag did not
dgve]op leaks by connecting a water manometer and pressurizing
?he bag to 5 to 10 cm H20 (2 to 4 in. H20). Allow to stand
for 10 min. Any displacement in the water manometer indicates
a ]gak. Also, check the rigid container for leaks in this
manner. (the: An alternative Jeak check method is to
prgssurizg the bag to 5 to 10 cm H,0 (2 to 4 in. HZO) and
a]lqw to stand overnight. A deflated bag indicates a leak.)
For each sample bag in its rigid container, place a rotameter
in 1ine between thg bag and the pump inlet. Evacuate the bag.
Failure df the rotameter to register zero flow when the bag
appears to be empty indicates a leak.

8. Calculations

8.1 Optional Benzene Standards Concentrations. Calculate
each benzene standard concentration (Cc in ppm) prepared in

accqrdancg with Section 7.1 as follows:
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¢ = B(0.2706)(10%)

m
= 701.9 ——Vm_B‘T' fgm Eq. 110-1
Where:
B = Volume benzene injected, ul.
Vm = Gas volume measured by dry gas meter, liters,
Y = Dry gas meter calibration factor, dimensionless.
P = Absolute pressure of the dry gas meter, mm Hg.
Tm = Absolute temperature of the dry gas meter, °K.
O.ZZQS = Jdeal gas volume of benzene at 293°K and
760 mm Hg Iiterﬁ/m1.
103 = Conversion factor [{ppm)(m1)]/ul.

8.2 Benzene Sample Concentrations. From the calibration
curve described in Section 7.2.2 above, select the value of
Cc that corresponds to Ac' Calculate the concentration of

benzene in the sample (C, in ppm) as follows:

¢ = i Eq. 110-2

P ST
s PI r wa
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Where:

C. = Concentration of benzene indicated by the gas

chromatograph, ppm.

Pr = Reference pressure, the barometric pressure
recorded during calibration, mm Hg.
Ti = Sample Toop temperature at the time of analysis, °K.

Py = Barometric pressure at time of analysis, mm Hg.

-l
"

r Reference temperature, the sample loop temperature
recorded during calibration, fK;
Sep = Water vapor content of the bag sample, volume
fraction, |
9.\‘Bib]iogrééhz
7. Feairhe]]er, W.R.» AM, Kemmer, B.J. Warner, and
D.Q. Douglas. iMeasurement of Gaseous Organic Compound Emissions
by Gas Chromatography., EPA Contract No. 68-02-1404, Task 33
- and 68-02-2818, Work Asstgnment 3. January 1978. Revised by
EPA August 1978, |
2. Knoll, Jdoseph E,, Wade H. Penny, M. Rodney Midgett.
The Use of Tedjar Bags to Contain Gaseous Benzene Samples at
Source-Leye] Concentrations. Enyironmental Monitoring Series,
EPA-QOO/4-ZB~Q$Z. u,s, Enyironmenta1 Protection Agency,
Research Trianéle Park, North Carolina. October 1978.
3. Supelco, Inc., Separation of Hydrocarbons.

Bulletins 743A, 740C, and 740D, ~Bellefonte, Pennsylvania.
1074,

110-18



4. Carle Instruments, Inc. Current Peaks. 10:(1).
Fullerton, California. 1977.

5. Communication from Joseph E. Knoll. Chromatographic
Columns for Benzene Analysis. October 18, 1977.

6. Communication from Joseph E. Knoll. Gas
Chromatographic Columns for Separating Benzene from Other

Organics in Cumene and Maleic Anhydr1de Process Effluents.
November 10, 1977. |

110-19



40 CFR Part 61, Appendix C
Final, Promulgated 9/7/82
47 FR 39168

APPENDIX C - QUALITY ASSURANCE PROCEDURES

PROCEDURE 1--DETERMINATION OF ADEQUATE CHROMATOGRAPHIC PEAK RESOLUTION

In this method of dealing with resolution, the extent to which
one chromatographic peak overlaps another is determined.

For convenience, consider the range of the elution curve of each
compound as running from -2¢ to +2¢. This range is used in other
resolution criteria, and it contains 95.45 percent of the area of a
normal curve. If two peaks are separated by a known distance, b, one
can determine the fraction of the area of one curve that lies within
the range of the other. The extent to which the elution curve of a
contaminant compound overlaps the curve of a compound that is under
analysis is found by integrating the contaminant curve over the limits
b-Zos to b+ch, where g, is the standard deviation of the sample
curve,

This calculation can be simplified in several ways. Overlap can
be determined for curves of unit area; then actual areas can be
introduced. Desired integration can be resolved into two integrals
of the normal distribution function for which there are convenient
calculation programs and tables. An example would be Program 15 in
Texas Instruments Program Manual ST1, 1975, Texas Instruments, Inc.,

Dallas, Texas 75222.
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b+20 ® ®

S, 42
(L) <_) <_>
1 e\%% /gt = = Fe\ 2 Jax - L Yo\ 2 Jux

7o, VA VA

b-ZcS b-ZoS b+20S

The following calculation steps are required:*

1. Zos = ts//2 In 2

2. o= tC/ZJZ 1n 2
3. Xy = (b-ch)/cC
4, X, = (b+205)/ac

| (&xz )
1 2
5. Uxy) =—— }Je dx
1 Jzﬁ‘s“'
X

1

(%)

1 2

6. Qx9) =—— Je dx

Co mf |
X2

7.1, = Qxy) - Qxg)

8. A, IoAc/As

9. Percentage overlap = Ao x 100 ,

where:
As = Area of the sample peak of interest determined by electronic inte-
gration or by the formula As = hsts.
Ac = Area of the contaminant peak, determined in the same manner as As'
b = Distance on the chromatographic chart that separates the maxima of
the two peaks.
HS = Peak height of the sample compound of interest, measured from the

average value of the baseline to the maximum of the curve.

*In most instances, Q(x,) is very small and may be neglected.
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t, = Width of sample peak of interest at 1/2 peak height.

t. = Width of the contaminant peak at 1/2 of peak height.

o, = Standard deviation of the sample compound of interest elution

curve.

0. = Standard deviation of the contaminant elution curve.
Q(xq) = Integra} of the normal distribution function from x; to infinity.
Q(x2) = Integral of the normal distribution function from x, to infinity.

Io = Qverlap integral.

A0 = Area overlap fraction.

In judging the sujtability of alternate GC columns or the effects of
altering chromatographic conditions, one can employ the area overlap as the
resolution parameter with a specific maximum permissible value.

The use of Gaussian functions to describe chromatographic elution curves
is widespread. However, some elution curves are highly asymmetric. In cases
where the sample peak is followed by a contaminant that has a leading edge
that rises sharply but the curve then tails off, it may be possible to define
an effective width for tc as "twice the distance from the leading edge to a
perpendicular line through the maxim of the contaminant curve, measured along

a perpendicular bisection of that line."
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Procedure 1--Determination of Adequate
Chromatographic Peak Resolution

In this method of dealing with resolution,
the extent to which one chromatographic
peak overlaps another is determined.

For convenience. consider the range of the
elution curve of each compound as running
from —20 to +20. This range is used in
other resolution criteria, and it contains 95.45
percent of the ares of a normal curve. If two
peaks are separated by @ known distance. b.
one can determine the fraction of the area of
one curve that lies within the range of the
other. The extent to which the elution curve
of a contaminant compound overlaps the - -
curve of a compound that'is under analysis is
found by integrating the contaminant curve
over the limits b— 2o, to b+ 20, where o, is
the standard deviation of the sample curve.

This calculation can be simplified in
several ways. Overlap can be determined for
curves of unit area: then actual aress can be
introduced. Desired integration can be
resolved into two integrails of the normal
distribution function for which there are
convenient calculation programs and tables.

Texas Instruments, Inc., Dallas, Texas 75222 »
SILLING COOE 0900-80-M -
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te -x2
1 J‘ e<23: )dt = -]'—J'e(T )dx -3
Ja
b-Zc!s ' b-2crs

A
b+20 s

%

The following calculation steﬁs are required:*

1. 20. =t /T Tn2

2
3. x, = (b-20.)/a
4

. T, = Q%) = Uxe)

8. A= IoAc/As.

9. Percentage overlap = A, x 100 ,

‘where:

3N
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In judging the suitability of alternate GC
columns or the effects of altering
chromatographic conditions, one can employ
the area overlap as the resolution parameter
with a specific maximum permissible value.

The use of Gaussian functions to describe
chromatographic elution curves is
widespread. However, some elution curves
are highly asymmetric. In cases where the
sample peak is followed by a contaminant
that has a leading edge that rises sharply but
the curve then tails off, it may be possible to
define an effective width for ¢, as “twice the
distance from the leading edge to a
perpendicular line through the maxim of the
contaminant curve, measured along a'
perpendicular bisection of that line.”

A_ = Area of the sample peak of interest determined by electronic inte-
gration or by the formula As = h,t,' )

Ac = Area of the contaminant pul;. def.en‘imd in the same manner as A‘.
. :

b = Distance on the chromatographic chart that separates the maxima of

the two peaks.

Hs = Peak height of the sample compound of interest, measured from the

average value of the baseline to the maximum of the curve.
t, = width of sample peak of interest at 1/2 peak height.
t. = Width of the contaainant peak at 1/2 of peak height.

o
s curve.

%

Q(xy)
Q(xz)

I, = Overlap integral.

A, = Area overlap fraction.

*In most instances, Q(xz) is very small and may be negiected.

WILLING CODE $680-50-C

Standard dev{ation of the sample compound of interest elution

Standard deviation of the contaminant elution curve.
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PRCCEDURE 2--PROCEDURE FOR FIELD AUDITING GC ANALYSIS

Responsibilities of audit supervisor and analyst at the source
Sampling site include the following:

A. The audit supervisor verifies that audit cylinders are stored
in a safe location both before and after the audit to prevent vandalism.
B. At the beginning and conclusion of the audit, the analyst
records each cylinder number and pressure. An audit cylinder is never

analyzed when the pressure drops below 200 psi.

C. During the audit, the analyst performs a minimum of two
consecutive analyses of each audit cylinder gas. The audit must be
conducted to coincide with the analysis of source test samples, normally
immediately after GC calibration and prior to sample analyses.

D. At the end of audit analyses, the audit supervisor requests
the calculated concentrations from the analyst and compares the results
with the actual audit concentrations. If each measured concentration
agrees with the respective actual concentration within +10 percent, he
directs the analyst to begin analyzing source samples. Audit
supervisor judgment and/or supervisaory policy determine action when
agreement is not within +10 percent. When a consistent bias in excess
of 10 percent is found, it may be possible to proceed with the sample
analysis, with a corrective factor to be applied to the results at a
later time. However, every attempt should be made to locate the cause
of the discrepancy, as it may be misleading. The audit supervisor
records each cylinder number, cylinder pressure (at the end of the

audit), and all calculated concentrations. The individual being audited
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must not under any circumstance be told actual audit concentrations
until calculated concentrations have been submitted to the audit

supervisor.
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PART A

FIELD AUDIT REPORT

To be filled out by organization supplying audit cylinders

Organization supplying audit sample(s) and shipping address

Audit supervisor, organization, and phone number

Shipping instructions: Name, Address, Attention

Guaranteed arrival date for cylinders

Planned shipping date for cylinders

Details on audit cylinders from last analysis
Low Conc. Higthonc.
a. Date of last analysis
b. Cylinder number
c. Cylinder pressure, psi
d. Audit gas(es)/balance gas
e. Audit gas(es), ppm

f. Cylinder construction
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PART B To be filled out by audit supervisor

1. Process sampled

2. Audit location

3. Name of individual audit
4., Audit date

5. Audit results

Low Conc. High Conc.
Cy1jnder Cylinder

a. Cylinder number

b. Cylinder pressure before
audit, psf

¢. Cylinder pressure after
audit, psi

d. Measured concentration, ppm
Injection #1*
Injection #2*
Average

e. Actual audit concentration, ppm
(Part A, 6e)

f. Audit accuracy*
Low Conc. Cylinder
High Conc. Cylinder

Measured Conc. - Actual Conc.
Actual Conc.

*Percent accuracy = x 100

g. Problems detected (if any

Results of two consecutive injections that meet the sample analysis
criteria of the test method.
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Procedure 2—Procedure for Field Auditing
GC Analysis

Responsibilities of audit supervisor and
analyst at the source sampling site include
the following:

A. The audit supervisor verifies that audit
cylinders are stored in a safe location both
before and after the audit to prevent
vandalism.

B. At the beginning and conclusion of the
audit. the analyst records each cylinder
number and pressure. An audit cylinder is
never analyzed when the pressure drops
below 200 psi.

C. During the audit, the analyst performs a
minimum of two consecutive analyses of
each audit cylinder gas. The audit must be
conducted to coincide with the analysis of
source test samples, normally immediately
after GC calibration and prior to sample
analyses.

D. At the end of audit analyses, the andit
supervisar requests the calculated
concentrations from the analyst and
compares the results with the actual audit
concentrations. If each measured .
concentration agrees with the respective
actual concentration within £10 percent, he
directs the analyst to begin analyzing source
samples. Audit supervisor judgment and/or
supervisory policy determine action when
agreement is not within =10 percent. When a
consistent bias in excess of 10 percent is
found, it may be possible to proceed with the
sample analysis. with a corrective factor to
be applied to the results at a later time.
However, every attempt should be made to
jocate the cause of the discrepancy, as it may
be misleading. The audit supervisor records
each cylinder number, cylinder pressure (at
the end of the audit), and all calculated
concentrations. The individual being audited
must not under any circumstance be told
actual audit concentrations until calculated
concentrations have been submitted to the

audit supervisor.
Field Andil}cpat -

Part A.—To be filled out by organization
supplying audit cylinders. .

1. Organization supplying audit sample(s)
and shipping address

2. Audit supervisor, organization. and
phone number

3. Shipping instructions: Name, Address,
Attention

4. Guaranteed arrival date for
cylinders———

S. Planned shipping date for
cylinders——

6. Details on audit cylinders from last
analysis ‘

T

| Low conc. | High conc.

a Date of isst analysis.
b. Cylina b

¢. Cylinder pr psi

d. Audit gas(es)/bak gas
. Auiit gas(es), pom
{. Cyinder uction

Part B—To be filled out by audit
supervisor.
1. Process sampled—————

2. Audit locatione———————

3. Name of individual audit
4. Audit date——————e
5. Audit results:

Low conc.
Cytinder

§§

‘Rasuits of two consecutive injections that mest the
sample snelysia criteria of the test method. R

{FR Doc. 83-24351 Filed 9-3-82 2:48 am]
BILLING COOE $580-50-M
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qsm Designation: D 1475 - 60 (Reapproved 1980)"

Standard Test Method For_

DENSITY OF PAINT, VARNISH, LACQUER, AND RELATED

PRODUCTS®

Ths standard is issued under the fixed designation D) 1475, 1he number immedisiciy foliowing the designation indicates 1he

car of onginal adoption o1. in the vase of revison, the year of last revision. A number in

ecapproval.

Thyy methud has beem aparoved for use by agencies of the Departmeny
\fernnd Siandard No. 1414 and jor listing in ke Do Index of Specifi

parentheses indicates the year of lan

Defense 10 replace Method 4184.1 of Federal Test
ions and Stundardz.

¥

" Nag—Eduonal changes wers made throughout in October 19%0.

1. Scope

1.1 This method covers the measurement of
Jeasity of paints, varnishes, lacyuers. and ccm-
ronents thereof, other than pigments, when in
Judd form. It is panicularly applicabic where
:he fluid has wo high & viscosity or where 2
-untponent is tco volatile for a specific gravity
.slance determination. )

Nott 1--The method provides for the maximum
~-suracy required for hiding power determinations.
i equaily well suited for work in which less accu-
tacs 15 required. by ignoring the directiuns for recal-
nation and considerauon of temperature difteren-
i.ais by using the container 2> a “wsight-per-gaolion”™

A X
T

2. Definition

2.1 density-~1he mass (weight in vacuo; of 2
-nit volume of the liquid at any given temper-
dure. In this method. it is expressed as the

~eight in grams per cubic millilitre. or zs the

sighl i poutds asoirdupois. of one U. S.
silon measure of 1he liquid at the specified

nperaiute: in the absence of other tempera-
+rz speaificauion, 25°C 1s assumed.

i Summan of Method -

L1 The acesrately known absolute density
: Jisulled waier at various temperatures (Ta-
“re 11as used 1o calibrate the volume of a
“atainer. The weight of the paint liquid con-
v f the samie contatner 4t 3 stancard iem-

©aeture (257 CH 00 gt an agreed-upon en.per-

-3

aros chen derermuncc, and density o) the”

siends caloated o trrmy of grams per mil-

lilitre, or pounds per gallon at the specified
temperature,

4. Apparatus

4.1 Pycnometer—Any type, or weight-per-
galfon cup. having a capacity of from 20 10 (00
mL may be used, provided that it may be fifled
readily with a viscous liquid. adjusted to exact
volume, and covered 10 exclude loss of volatile
matter.

4.2 Thermometers, graduated in 0.1°C, such
as are supplied with glass pyconometers.

4.3 Constant-Temperature Bath. held at 25
= 0.1°C is desirable.

4.4 Laboratory Analytical Balance.

NoTe 2—The usual weight-per-gaiion cup and
vimilar specialized pvcnometers may have filled
weights which exceed the capacity of ‘the usual lab-
oratory analytical balance. In such cases, use of a
hanging pan, triple-bcam halance, with scales grad-
uated 10 0.01 g has been found to provide results the

mean of which was consistent with the overall pre-
cision and accuracy of the method.

4.5 Desiccaror and Desiccated Balance, or a
room of reasonably constant temperature and
humidity are desirable.

5. Calibration of Pycnometer or Cup

5.1 Determine the volume of the container
at the specified iemperature by employing the
fallowing steps:

' Ty method s undet the gunsdictina of ASTM Com.
miuitee D-i ot Paintand Related Coatings and Matenals.

Curient eiion approved Sept {9, 190 Onginaily ssued
3T Repraces D347 39T
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5.1.1 Clean and dry the container and bring
it to constant weight. Chromic acid (see 5.1.1.1)
cleaner and nonresidual solvents may be used
with glass containers, and solvents with metal
containers. For maximum accuracy, rinsing,
drying, and weighing must be continued until
the difference between two successive weigh-
ings does not exceed 0.001 % of the weight of
the container. Fingerprints on the container
will change the weight and must be avoided.
Record the weight, M, in grams.

-5.1.1.1 Chroric acid cleaning solution is

corrosive to skin, eyes and mucous membranes
- and can cause severe burns. Avoid contact with
_eyes, skin or clothing. In making dilute solu-
tion, always add acid to water with care. In
case of .contact, flush skin with water, using a
shower if exposure is severe. Flush eyes for 1§
minutes with copious amounts of water. lm-
mediately call a physician. Remove clothing
immediately and wash before reuse. Chromic
acid cleaning solution is a strong oxidizer.

Avoid contact with organic or reducing sub- -

“ances as a fire could results. See Supplier’s
Material Safety Data’Sheet for further infor-
mation. :

5.1.2 Fill the container with freshly builed
distilled water at a \emperature somewhat be-
low that specified. Cap the container, leaving
the overflow orifice open. Immediately remove
excess overflowed water or water held in de-
pressions by wiping dry with absorbent mate-

rial. Avoid occluding air bubbles in the con-.

tainer. :

5.1.3 Bring the container and contents to
specified temperature. Use the constant-tem-
perature bath or room if necessary. This will
cause funther slight flow of water from the
overflow orifice due 1o the expansion of the
water with the rise of the temperature.

5.1.4 Remove the excess overflow by wiping

* carefully with absorbent matesial. avoiding
wicking of water out of orifice. and immedi-
ately cap the overflow tube where such has
been provided. Dry the outside of the con-
tainer. if necessary. by wiping with absorbent
material. Do not remove overfiow which occurs
subsequent to the first wiping after attainment
of the desired temperaturc (Note 3). Immedi-
ately weigh the filled container 10 the nearest
6001 % of its weight (Note 4). Record this
weight. V. in grams.

D1475-2
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Notr ?—Handling the container with bare hands
will increase the temperature and cause more over
flow from the overflow orifice, and will also leav
fingerprinis; hence, handling only with tongs and
with bands protecied by clean, dry, absorbent mate-
rial is recommended.

NOTE 4—Iimmediate and rapid weighing of the
filled containes is recommended here to minimize
loss of weight due 10 evaporation of the water through
orifices, and from overflow subsequent 1o the first
wiping after atiinmen: of temperature where 1bis
overflow is not retained within a capped enclosure.

5.1.5 Calculate the container volume as fol-

lows: :
ve (N-M/q
where: :
v = volume of contsiner, mL.
~ = weight of container and water, g (5.1.4).
M = weight of dry container, g (S.1.1), and
q = absolute density of water at specified tem-
perature, g/mbL (see Table 1).

5.1.6 Obtain the mean of at least three de-
lerminations of » 10 provide the value of ¥
required in 6.2. o

6. Procedure ’ -
6.1 Repeat the steps in Section S, substitut
ing the sample for the distilled water and 2
suitatle nonresidual solveat for the acetone of
alcohol (see 5.1.2 and Note 5). Record the
weight of the filled .container, W, and the
weight of the empty container, w, in grams.

Note 5—Trapping of paint liquids in groupd
glass or metal joints is likely to resuit in high values
of density which appear to increase with the viscosity
and density of the material; such errors should bt
minimized by firm seating of the joints.

- 6.2 Calculaie the density in grams per mil-
hilitre as follows:
. Do = (W= wy/V
where:
Do = density, g/mL. -

6.3 Calculate the density in pounds per gal-
lon as follows:

Dw(lW-wk,/V
where:
D = density. Ib/gal.
K = 83455 (Note 6). anc
V' = volaume of container. mL (see 5.1.6).

Nott &--The factor K, 8.3455, is calculated from
volume-w cight relatonrhip as follows:



q m Designation: D 2369 - 81

Standard Test Method for

VOLATILE CONTENT OF COATINGS'

This standard is 1ssucd under the fixed designation D 236Y: the number immediatelv following the designation indicates ¥
year of original adoption or. in the case of revision, the vear of the last revision. A number in parentheses indicates the Y%
of last reapproval. A superscript epsilon (¢) indicates an editonial change since the last revision or reaperovai.

This method has heen approved for use by agencies of the Department of Defense 1o repiace Method 30411 of Federdl Tes
Method Standurd No. 1314 und for listing in the DoD Index of Specifications and Standards. ’

1. Scope

1.1 This method describes two procedures
for the determination of the weight percent
volatile content of solvent reducible and water
reducible coatings. Test specimens are heated
at 110°C £ 5°C for 60 min, or optionally for
20 min. Although the technique used is the
same, residence times in the oven differ. The
two procedures are designated as follows:

1.1.1 Procedure A-—Volatile Content of
Coatings Determined for 20 min at 110°C =
5°C. ,

1.1.2 Procedure B (Preferred)--Volatile
Content of Coatings Determined for 60 min at
110°C = 5°C.

1.1.2.1 Choice of and preference tor 60 min
at 110°C % 5°C as a general purpose method
is based on the precision data presented in these
methods that was obtained on both solvent
reducible and water reducible coatings (see Sec-
tion 7). These coatings (single package. heat
cured) are commonly applied in factories to
automobiles, metal containers. flat (coil) metal
and large appliances and many other metal
parts. Procedure B is presumed applicable. sub-
ject to further precision studies. to most kinds
of paints and related coatings intended for
either ambient or baking film formation. except
where substantial amounts of volatiles may be
consumed or produced in chemical reactions
during film formation. If an oven residence
time of 20 min at 110°C = 5°C is used the
analyst must recognize that poorer precision
was obtained using Procedure A (see Section
7.

NoTE |—Testing at 110°C £ 5°C for 20 min was
utilized for the establishment of the original method

D2369-1

in 1965. Precision data are not available and may 2
have been properly generated at the time. The W*
paints tested then were all solvent reducible. The<
conditions, 20 min at 110°C % 5°C, are no long?
satisfactory for the determination of volatile conie®
of many coatings currently being listed in 1980. W7
ter reducible and solvent reducible coatings ¢*
tested in the development of the present method
110°C = 5°C for 60 min and 20 min for ¥
precision data have been generated.

1.2 This method does not cover multi-pack’
age coalings wherein one or more parts may. &
ambient conditions, contain liquid coreactast
that are volatile until a chemical reaction I
occurred with another component of the multr
package coating.

1.3 This method may not be applicable 1Y
all types of coatings such as printing inks. and
other procedures may be substituted with m¥
wal agreement of the producer and user. See
Note 5.

2. Applicable Documents

2.1 ASTM Standards:

D 343 Specification for 2-Ethoxyethyl A
tate’

D 362 Specification for [ndustrial Grade ToF
uene’

D 1193 Specification for Reagent Water'

E 145 Specification for Gravity Convectios

" These methods are under the jurisdicuon of AST™
Committce D- 1 on Paint and Related Coatings and Matens?
and are the dircut responsibility of Subcommittee DOLIT®
Chemical Analvsis of Paint and Paint Materials.

Current edition approved June 26. 1981. Published S
tember 1981, Onginaily published as D 2369 65T L&
previous ediion D 2369 x0.

* Annual Book of ASTM Standards. Pan 29.

" Annual Book of ASTM Standards. Panis 20, 21, 12 %
29,300 3L 3730, and 43
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and Forced-Ventilation Ovens*
£ 180 Recommended Practice for Develop-
ing Precision Data on ASTM Methods for
Analysis and Testing of Industnial Chem-
. 3

icals

i Apparatus

3.1 Forced Draft Oven, Type 1A or Type
{IB s specified in Specification E 145.

3.2 Syringe. 5 mL. capable of dispensing the
coating under test at sufficient rate that the
specimen can be dissolved in the solvent (see
523)_'3 Weighing or Dropping Bottle.

3.4 Test Tube., with new cork stopper.

3.5 Aluminum Foil Dish, 58 mm in diameter

18 mm high with a smooth bottom surface.
precondition the dishes for 30 min in an oven
a1 110°C £ 5°C and store in 2 desiccator prior

0 use.

4 Resgents
4\ Purity of Reagenis—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated. it is intended that all re-
ts shall conform to the specifications of the
Committee on Analytical Reagents of the
American Chemical Society. where such spec-
ifications are available.” Other grades may be
used. provided it is ascertained that the reagent
is of sufficiently high purity to permit its use
without lessening the accuracy of the determi-

4.2 Purity of Water—Unless otherwise indi-
cated. references to water shall be understood
to mean Type 1l reagent grade water conform-
ing to Specification D 1193.

43 Toluene, technical grade. Specification
D362

4.4 2-Ethoxyethyl Acetase, technical grade,
Specification D 343.

Nat¥ 2—The solvents and samples used in these
methods may. under some conditoas, be hazardous.
Refer 0 the manufacturers Material Safety Daun
Sheet for specific handling and safety precautions.

Safe laboratory handling procedures and all appli-
cable U.S. Occupational Safety and Health Act reg-
ulations are 10 be followed in the handling uf samples

and solvents.

&, Procedure
5.1 Mix the sample, preferably on a mechan-
ical shaker or roller. until homogeneous. If air
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bubbles become entrapped. stir by hand until
the air has been removed.

5.2 Using an appropriate weighing container
(4.2, 4.3, or 4.4, with the syringe preferred for
highest precision), weigh to | mg, by difference,
a specimen of 0.30 = 0.10 g for coatings be-
lieved to have a volatile content less than 40

.weight % or a specimen of 0.50 = 0.10 g for

coatings believed to have a volatile content
greater than 40 weight %, into a tared alumi-
.num foil dish (4.5) into which has been added
3 + | mL of suitable solvent (3.1, 3.2 or 3.3).
Add the specimen dropwise, shaking (swirling)
the dish to disperse the specimen completely in
the solvent. If the matenal forms a lump that
cannot be dispersed, discard the specimen and
preparc a new one. Similarly prepare a dupli-
cate.

Note 3—If the specimen cannot be dispersed in
the solvents listed (3.1. 3.2 or 3.3) a compatible

solvent may be substituted provided it is no less
volatile than 2-ethoxyethyi acetate (3.3).

3.3 Procedure A—Heat the aluminum foil
dishes containing the dispersed specimens in
the forced draft oven (4.1) for 20 min at 110°C
= 5°C.

5.3.1 Caution—Provide adequate ventila-
tion. consistent with accepted laboralory prac-
tice, to prevent solvent vapors from accumulat-
ing to a dangerous level.

5.4 Procedure B—Heat the aluminum foil
dishes containing the dispersed specimens in
the forced draft oven (4.1) for 60 min at 110°C
+ 5°C. Caution: See Section 5.3.1.

5.5 Remove the dishes from the oven, place
immediately in a desiccator, cool to ambient
temperature and weigh to | mg.

NoOTE 5—If unusual decomposition or degrada-
tion of the specimen occurs during heating. the actual
time and temperature used 0 cure the coaling in
practice may be substituted for the time and temper-

_ature specified in this method. subject to mutual
agreement of producer and user.

6. Caiculations
6.1 Calculate the percent volatile matter in

* Annual Book of ASTM Standards. Parts 39 and 41.

* dnmual Book of ASTM Siandards, Part 30.

* “Ru&em Chemicals. American Chemical Society Spec-
ifications.” Am. Chemical Soc.. Washingion. D. C. For sug-
gestions on the testing of reagents at listed by the American
Chemical Society, see “Reagent Chemicals and Standards.”
by Juseph Rosin. D. Van Nostrand Co.. Inc., New York, N.
Y. and the “United States Pharmacopeia.”™
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the liquid coating as follows:

Volatile matter, % = 100 - [((W. — W,)/S) x 100}
where:
W| =
Wg =

weight of dish.
weight of dish plus specimen after heat-
ing, and
S = weight of specimen.

6.2 The percent of nonvolatile matter in the
coating may be calculated by difference as
follows: :

Nonvolatile matter = 100 — volatile matter

7. Precision

7.1 Procedure A (20 min at 110°C £ 5°C);

7.1.1 The precision estimates are based on
an interlaboratory study’ in which one operator
in each of 15 laboratories analyzed in duplicate
on two different days seven samples of water-
based paints and eight samples of solvent-based
paints containing between 35 % and 72 % vol-
atile material. The paints were commerciaily
supplied. The results were analyzed statistically
in accordance with Recommended Practice
E 180, and the within-laboratories coefficient
of variation was found to be 1.} % relative at
193 degrees of freedom and the between-labo-
ratories coefTicient of variation was 2.5 % rela-
tive at 178 degrees of freedom. Based on these
coefficients the following criteria should be
used for judging the acceptability of resuits at
the 95% confidence level.

7.1.1.1 Repeatability—Two results each the
mean of duplicate determinations, obtained by
the same operator on differeat days, should be
considered suspect if they differ by more than
2.9% relative.

D 2369

7.1.1.2 Reproducibility—Two results. ¢
the mean of duplicate determinations. obtained
by operators in different laboratories should b¢
considered suspect if they ditfer by more that
7.1% relative.

7.2 Procedure B (60 min at 110°C + 5°C).

7.2.1 The precision estimated for tests at &
min at 110°C + 5°C are based on an interlad
oratory study’ in which one operator in each of
15 laboratories analyzed in duplicate on (w0
different days seven samples of water-based
paints and cight samples of solvent-based
paints containing between 35 % and 72 % vok
atile material. The paints were commercially
supplied. The results were analyzed statistically
in accordance with Recommended Practice
E 180, and the within-laboratories coefficies!
of variation was found to be 0.5 % relative &
213 degrees of freedom and the between-labo-
ratories coefficient of variation was 1.7 % reia-
tive at 198 degrees of freedom. Based on these
coefficients, the following criteria should b
used for judging the acceptability of resuits 3
the 95 % confidence level.

7.2.1.1 Repeatability—Two results, each the
mean of duplicate determinations, obtained by
the same operator on different days should b
considered suspect if they differ by more thas
1.5 % relative.

7.2.1.2 Reproducibility—Two results. each
the mean of duplicate determinations, obtained.
by operators in different laboratories should b
considered suspect if they differ by more than
4.7 % relative.

? Supporting data are available on loan from ASTM

Hadckumen. 1916 Race St Phiiadelphia, Pa. 19103. Re-
quest RR:DO1 - 1026.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asseried R

connection with any item d in this

dard. Users of this standard are expressiy advised that determination of the validy

of any such patent righis, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject 1o revision a1 any time by the responsible technical committee and must be reviewed every [ive yeo's
and if not revised, cither reapproved or withdrawn. Your comments are invited cither for revision of this standard or for additionsl

standards and should be addressed 10 ASTM Headquarters. Your comments will receive careful ¢

deration at a ing of the

responsible technical committee, which you may attend. If you feel that your comments kave not received a fair hearing you should
make your views known to the ASTM Committee on Siandards. 1916 Race Si., Philadelphia, Pa. 19103, which will schedule s
further hearing regarding your comments. Failing satisfaction there, you may appeal 1o the ASTM Board of Directors

D2369-3



qgﬂ’ Designation: D 3792 - 79*'

Standard Test Method for

An American Nanonl Stanis: -

WATER CONTENT OF WATER-REDUCIBLE PAINTS BY
DIRECT INJECTION INTO A GAS CHROMATOGRAPH'

This standard is issued under the fixed designation D 3792; the aumber immediate
year of original sdoption or. in the case of revision. the vear of last revision. A aum

reapproval

ty {ollowirg 1he designation indicatss the
ber in parentheses indicates the year of last

* NoTe—Section 4.).1 was editorially changed iz October 1983,

1. Scope

1.1 This method is for the determination of
total water content of water-reducible paints.
It has been evaluated for emuision sys-
tems (styrene-butadiene, poly(vinylacetate)-
acrylic, acrylic). It has not yet been evaluated
for other water-reducible paints but is believed
to be applicable. The established working range
of this method is from 40 to 55 % water. There
is no reason to believe that it will not work
outside of this range.

2. Applicable Documents

21 ASTM Standards:

D 1193 Specification for Reagent Water?

D 1364 Test for Water in Volatile Solvents?

E 180 Recommended Practice for Develop-
ing Precision Data on ASTM Methods for
Amlxsis and Testing of Industrial Chem-
B

E 260 Recommended Practice for General
Gas Chromatographic Procedures®

3. Summary of Method

3.1 A suitable aliquot of whole paiat is in-
ternally standardized with anhydrous 2-pro-
panol, diluted with dimethylformamide, and
then injected onto 2 gas chromatographic col-
umn containing a porous polvmer packing that
separates water from other volatile cuompo-
nents. The water content is determined from
area calculations of the matenals producing
peaks on the chromatogram.

4. Apparstus

4.1 Gas Chromarograph— Any instrument
equipped with a thermal conductivity detector

may be used. Temperature programmiog ca-
pability is preferable, but isothermal operaticas
may be adequate. See Table 1.

4.2 Recorder—A . 1-10-mV recorder with a
full-scale response time of 2 s or Jess and a
maximum noise of x 0.03 % of full scale.

4.3 Column—The column shouid be 1.22 m .
long by 3.2-mm outside diameter stainless stee!. -
or other suitable material, packed with 60/80
mesh (180 10 250 um) porous polymer packing
material.‘ A replaceable glass sleeve. glass wool
plug. cr other suitable material may be placed
on the entrance end of the column to retain
any nonvolalile materials. This will minimize
sludge build-up in the column.

4.3.1 Column Conditioning Procedure—The
packed column is installed in the gas chro-
matographic unit leaving the exit end discon-
nected from the detector. This will prevent any
contamination of the detector with the column
bleed. Sct the helium or nitrogen flow rate at
20 to 30 mi/min if a %in. (3.2-mm) outside
diameter column is nsed. Purge the column 5
or 10 min before healing. Heat the column
from rcom temperature to 200°C at S°C/min
and hold this temperature for at least 12 h

' This methud » under the jurisdicton of ASTM Com-
minee D-1 on Puint and Relaied Coatings and 15 the direct
1 ihility of Subcommutice D1.21 on Chemical Analyss
of Paint and Paint Materiais.

Current edinon apnraved May 215_1979. Published Jols
1979. -

* Anmual 8ook of ASTM Sicadards, Pant 29.

* Annual Book of ASTM Standards. Part 42.

‘ Porapsk Q® 15 @ trademark of Waters Aswaciates. Iac..
Milford, Mass. and hus been found satisfacrory. Porapak QF
is assilable from Waters Azsociates and most gas chromatos
graphic supplies distributons. such a2 Aaspec Ca.. P. Q. B
4. Ann Arhor. Mich . or Supeles Inc.. Bellefonte. Pa.

D3792-1
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{overaight). At the ead of this period of time,
heat the column to 230°C (the maximum tem-
perature for this packing) at a 5°C/min rate
and bold at this temperature for several hours.
Cool the column to rvom temperature and
connect the column detecior. Reheut the col-
umn to 250°C at 5°C/min t0 observe il there
is column bleed. Optimum conditioricg of this
column may take several cycles of the heating
program before a good recorder baseline is
achieved.

5. Reagents and Materials

5.1 Purity of Reagents—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all re-
agents shall conform 1o the specifications of the
Commitiee on Anatytical Reagents of the
American Chemical Society. where such spec-
ificaons are available.® Other grades may be
used.pmndeduxsﬁmuccnamedthnxhe
reagem is of sufficiently high purity to permit
its use without lessening the accuracy of the
determination.

52 Purity of Water—Unless otherwise indi-
cated, reference to water shall be uaderstood to
mean Type I reagent water conforming to

Specification D 1193.

* 53 Carrier Gas—Helium of 99.995 % or
higher purity. High-purity nitrogen may also
be used.

5.4 Dimethylformamide (DMF) (Ankydrous)
gas chromatography, spectrophotometric qual-
ity (See Note 1).

5.5 Liguid Charging Devices, such as micro-
svringes of 10 or 25-ul capacity.

5.6 2-Propanol (Arhydrous)—See Note 1.

5.7 Seprum Sample Vials. 10-ml capacity
with fluorocarbon-faced septa are preferred.

NoUTE 1~-The waier conten: of the 2-propanol and
Jimethyl formamide shuuld be dotermined by Karl
Ficher Turation (Methad D136 orior 1o use. An-

arvdsous -propanol must be used. U water is fouad

% kaﬂFuhamuuon.he:yopmd must be
replaced o1 dried prior 1o use.

6. Sufety Precaution

6.1 Dimethylformamide is harmful il inhaled

or absorbed through skin. Use only with ade-
quate- ventilation. Avoid conuact with skia,
eves. aad clothing. In case of contact. immedi-
ately flush skin or eyss with pleaty of water for
at least 15 min. If eyes are affected. call a
physician. Remove and wash clothing before
reusc.

D3792-2
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6.2 2-Propanal is flammabie. Its vapor is
harmful especially to the eyes. Use with ade-
quate veatilation. Avoid contact with skin and
eyes. In case of contact with liquid, wash skin
with soap and water. For eye contact with high
concentration of vapor or liquid, flush eyes for
15 min and see a physician immediately. Re-
move contaminated clothing immediately.

7. Calibration

7.1 Before cach aalibration and series of de-
terminations (or daily) condition the column at
200°C for | b with cartier gas flow.

7.2 Determination of Relative Response Fac-
tors—Anhydrous 2-propanol is used as ag in-
ternal standard. The respoanse factor to water
relative to the standard is determined by means
of the following procedure. See Fig. 1 for 2
typical chromatogram. It is good practice to
determine the response factor daily or with
each series of determinations.

72.1 Weigh about 0.2 g o{ water and 02 g
of 2-propancl to the nearest 0.1 mg intc 2
septum sampie vial. If it has been determined
that 2 correction for the water content .is nec-

‘essary, weigh 2 ml of dimethyl formamide into

the vial. If the dimethylformamide is anhy-
drous, simply add 2 mi of it as weighing is not

7.22 Inject a | al aliquot of the above solu-
tion onto the column and record the chromat-
ogram. The retention order and approximate
retention times after the air peak are (/) water,
about 0.7 min; (2) -propanol. about 2.3 min,
and (3) DMF, about 7 min.

7.2.3 The preferred procedure to obtain lhe
water content of the DMF is by Karl Fischer
titration (Note 1). If this has been done, caicu-
late the response factor for water by meaas of
the following equation:

W.dno

RS e
(Wno + PW, A,

where:

R = response fa2ctor,

W, = weight of 2-propanol.
Wy = weight of water added,

e s E——

* “Reagent Chemicals. American Chemical Soinry Spec-
ifications.” Amencan Chemical Soaety, Washmgton. D. C,
For suggesiion: on the tesung of reagents noi listed by the
Amencan Chem:cai Saciety. see “Reagen: Chemucals and
Standards™ M Jimcph Remin. D Vaa Nowrard Co, inc.,
New Yori. N Y. sad the “United States Pharmavopena.”
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weight of dimethyl formamide.
area of water peak,
area of 2-propanol peak, and
weight % water in DMF
100

7.24 If Karl Fischer titration is not avail-
-able, the following procedure may be used to
obtain a reasonable estimate of the response
factor: _ ,

7.2.4.1 Inject the same size aliquot of DMF
and 2-propanol mixture, but without added
water, as a biank. Note the area of ths water
peak in the blank.

7.2.42 The response factor for water is cal-

P -

culated by means of the following equation:
R W.(Anpo - B)
W",DAQ
where:
R = response factor,
W, = weight of 2-propanol,
Wy, = weight of the water,
A4; = area of 2-propanol peak,
Awo = area of the water peak. and
B8 = area of the water peak the blank.
8. Procedure

8.1 Weigh 10 the nearest 0.1 mg 0.6 g of
water-reducible paint (sec Note 2) and 0.2 g of
2-propanol into a septum vial. Add 2-ml of
dimethylformamide into the vial. Seal the vial.
Prepare a blank containing the 2-propanol and
dimethylformamide but no paint. .

NoTE 2—Check each paint system to be analyzed
for interfering peaks. Coalescing agents do not inter-
fere with this determination.

8.2 Shake the vials on a wrist action shaker
or other suitable device for 15 min. To facilitate
seutling of solids allow the samples to stand for
5 min just prior to injection into the chro-
matograph. Low speed centrifugation may also
be used.

" 8.3 Inject a | pul sample of the supernatant
from the prepared solutions onto the chromat-
ographic column. Record the chromategrams
asing the conditions described in Table 1.1.

9, Calculations

9.1 Measure the area of the water pezk and
the 2-propanol internal standard peak and mul-
liply each area by the appropriate attenuation
factor to express the peak arcas on a common

D 3792

basis. LUse of an elecironic integrator is recom-
mended 10 obtain the best accuracy and preci-
sion. Howen er, triangulation, planimeter. paper
cut out, or ball and disk integrator may be
used.

9.2 Determine the water conceatration in
the paint by means of the following equation:

Awg X W, % 100

HO. & =— W, Xk
where: ~.
Awo = area of water peak,
i = area of 2-propanol peak,
W; = weight of 2-propanol added,
W, = weight of paint, and
R = response factor determined in 7.2,

9.3 Correction for Water Content of Solvent.

9.3.1 If the blank indicates the presence of
a detcciable peak for water in the dimethyifor-
mamide used as solvent. make a correction in
the calculation.

9.3.2 To make the correction, the water ccn-
tent of the dimethyl formamide is determined
either by chromatography (7.2.4) or, preferably.
by Karl Fischer titration (7.2). Calculate the
water content due (o the solvent by using the
following equatiou:

H.0(S). % -m
WD
where: :
W. = weight of dimethylformamide.
W, = weight of paint, and
P = weight % water in DMF
10C.

9.3.3 The water content of the paint ia this
case is the difference between the total percent
determincd in 9.2 and the correction for the
solvent water coctent as determined in 93.2.

10. Precision®

10.1 The precision esumates are based o8 an
interlaboratory study in which nine different
laboraturies analyzed in duplicate. on two dif-
ferent Gavs four samples of water bused emui-
sion paints containing (rom 40 o 5§ % H:Q
(theoretical). The results obmined were ana-
lyzed statistically in accordance with Recom-
mended Practice E 120, The within laboratary
coeflicient of variation was found to be 1.0 %

' Data supparting the precision siatements are availanie
from tac Amencan Saciety for Testing and Materals, 1914
Race St.. Plladelphia, Pa 19103 as RR. Dut- 1022,

D3792-3
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relative at 34 degrees of freedom and the be-
tween laboratory coeflicient of vanation was
26 % relative at 30 degrees of freedom. Based
"on these coefficients, the followirg criteria
should be used for judging the accepuability of
results at the 95 % confidence {evel:
10.1.1 Repeatabiliy—Two results, each the
mean of duplicate determinations, obtained by

D 3792

the same operator on different days, shouid be
considered suspec: if they differ by more than
2.9 % relative. ,

10.12 Reproducibility—~Two results, each
the mean of duplicate determinations, obtained -
by operators in different laboratories, shouid
be considered suspect if they differ by more
than 7.5 % relative.

TABLE t lustrument Parameters (Typical Conditioas*

Detactor
Column

Tempersiures:
Sampie inlet

gl

ae
jer Gas
™me

i

:

thermal conductivity

122 m by 12-mm outside di-
ameser packed with 60 to 80
gle:hporwpolywpub
ing

200°C

200°C

0nC

170°C

30°C/mia

helium or sirogen

S0 ml /min

150 mA

1

* For issthesmal aperation st the column tempersiure at
140°C. Afer the 3-propancl bas cieared the colums adjust
the \emperatuse 10 170°C uatil DMF clears the columa.
Reset the wemperature 10 140°C for subsequent ryns.

D3792-4
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FIG. 1 Typical Chrometogram.

The American Seciety for Testing and Maierials takes no position the validity of any petent righus asserted in

connecsion with any item ioned in this standerd Umofﬂunﬂdaﬂmuprdydmdlhﬂdnm:fﬁ:nw»
of eny such patens rights, and the risk of infringement of suck rights, are entirely their own resporabdity.

mwuubpdnma-ylhnbythmxpuubkl«hwdmmumlwbemdmfm veors
and if not revised, cither reapproved or withdrewn. Your comments are inviced citker for revision of this standard or for additionsl
standards end should be addressed 10 ASTM !Headquarters. Your comments will receive coreful consideration at @ meeting of the
respongibie 1echnical commitiee, which you may etiend. If vou feel that yeur comments Aave not rereived u fair b you shouls
make your views known 10 the ASTM Commisiee on Siandords. 1916 Race Si., Phiiadeiphia. Pa. 19103, which will schecule a
Jurther hearing regarding your comments. Failing satisfaction there, you moy appeal to 1he ASTM 3oard of Direciors.
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qm}’ Designation: D 4017 - 81

Standard Test Method for

WATER IN PAINTS AND PAINT MATERIALS BY KARL

FISCHER METHOD'

js standard is issued under the fixed designation D 4017: the number immediatcly (ollowing the designation indicates the
ﬂofonguul adoption or. in the case of revision. the year of last revision. A number in parcntheses indicates the year of last
lﬂ’""d' A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This method is applicable to all paints
and paint materials, including resins, mono-
mness, and solvents, with the exception of alde-
bydes and certain active metals, metal oxides
ad metal hydroxides. While the evaluation
was limited to pigmented products containing
amounts of water in the 30 to 70 % range, there
is reason to believe that higher and lower con-
centrations can be determined by this method.

L Applicable Documents

21 ASTM Siandards.

D 1193 Specification for Reagent Water®

E 180 Recommeanded Practice For Devel-
oping Precision Data on ASTM Methods
for Analysis and Testing of Industrial
Chemicals®

E 203 Test for Water Using Karl Fischer
Reagent’ .

22 Other Document:.

Archer, E. E. and Jeeter, H. W, Analyst, Vol.

90, 1965, p- 357.

1. Summary of Method

3.1 The material is dissolved in pyridine, or
asother appropriate solvent, and titrated di-
rectly with standardized Karl Fischer Reagent,
1 an electrometric end point. The sluggish
resction with water in pyridine is accelerated
with a chemical catalyst, 1-ethylpiperidine.

3.2 Pyridine is used as a solvent to minimize
ipterference problems caused by ketones. It is
150 used because the more commen solvent,
methanol, will not dissolve many common
rsins and because methanol reacts with some
resins to produce water.

4. Apparatus

4.1 Kart Fischer Apparatus, manual or auto-
matic, encompassed by the description in
Method E 203. Apparatus should be equipped
with a 25-mL buret, Class A, or equivalent.

4.2 Syringe, 100-nL capacity, with needle.

4.3 Syringes, l-mL and 10-mL capacity,
without needle, but equipped with caps.

S. Reagents

5.1 Purity of Reagents—Reagent grade
chemicals shall be used in all tests. Unless
otherwise indicated, it is intended that all re-
agents shall conform to the specifications of the
Committee on Analytical Reagents of the
American Chemical Society. where such spec-
ifications are available.* Other grades may be
used, provided it is ascertained that the reagent
is of sufficiently high purity to permit its use
without lessening the accuracy of the determi-
nation.

5.2 Purity of Water— Unless otherwise indi-
cated, references to water shall be understood
to mean Type I reagent grade water conform-

! This method is under the jurisdiction of ASTM Com-
mittee D-1 on Paint and Related Coatings and Materials and
is the direct responsibilityof Subcommitice DO1.21 on Chem-
ical Analysis of Paint and Paint Materials.

Current cdition approved June 26, 1981. Published Sep-
tember 1981,

* Anmual Book of ASTM Standards. Parts 20. 21, 22, 26,
29. 31. 40. and 43.

* Annual Book of ASTM Standards. Part 30.

¢ “Reagent Chemicals. American Chemical Society Spec-
ifications,” Am. Chemical Soc., Washington, D. C. For sug-
gestions on the testing of reagents not listed by the American
Chemical Society, see “Reagent Chemicals and Standards.”
by Joseph Rosin. D. Van Nostrand Co.. Inc.. New York, N.
Y. and the ~United States Pharmacopeia.”

D4017-1



ing to Specification D 1193.
5.3 Karl Fischer Reagent.®
5.4 Pyridine, reagent §radc."
5.5 I1-Ethylpiperidine.

6. Safety Precautions

6.1 Karl Fischer reagent contains four toxic
compounds, namely iodine, sulfur dioxide, pyr-
idine, and methanol or glycol ether. The re-
agent should be prepared and dispensed in a
hood. Care must be exercised (0 avoid inhala-
tion or skin contact. Following accidental con-
tact or spillage, wash with large quantities of
water.

6.2 Pyridine and methanol solvents should
be treated with the same care as Karl Fischer
reagent.

6.3 l-ethylpiperidine is of unknown toxicity
and, therefore, should be handied with the
same care as the above materials.

6.4 Many paint materials are highly ftam-
mable and should be transferred in a well-
ventilated area free from sources of ignition.

7. Procedure

- 7.1 Standardization of Karl Fischer Reagent.

7.1.1 Add enough fresh pyridine to cover the
electrode tip. plus | mL of 1-ethylpiperidine
catalyst per 20 mL of pyridine. Catalyst per-
forms best at a concentration of about 5 % of
the volume present.

7.1.2 Fill the 100-p.L syringe to about half
full with distilled water and weigh to the nearest
0.1 mg.

7.1.3 Pretitrate the pyridine to the endpoint
indicated by the equipment manufacturer, by
adding just enough Karl Fischer Reagent [
(hercafter referred to as KFR) to cause the end
poiat to hold for at least 30s.

7.1.3.1 The use of the catalyst greatly in-
creases the reaction rate between water and
Karl Fischer reagent. To obtain reliable results,
increase the electrode sensitivity and reduce
titration rate to a minimum. Most instruments
have controls for these functions. Consult in-
structional manual for information on these
controls.

7.1.4 Empty the contents of the syringe into
the ttrator vessel. Immediately replace the
stopper of the sample port and titrate with
KFR 1o the endpoint as described in 7.1.3.

7.1.5 Repeat standardization until replicate
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values of F agree within | %. Determia¢ the
mean of at least two such determinations. (3
out calculations retaining at least one ¢x
decimal figure beyond that of the at.‘q“_l“d
data. Round off figures after final calculatioss
7.1.6 Calculation: :

F=J/pP

where:

F = KFR titre,

J = water added. g, and

P = KFR used. mL.

The value for F should be recorded 1o the v
significant digits and should be the mean of
least two determinations. Typical values a1 ®
the range of 0.004000 to 0.006000 g/mL.

7.2 Analysis of Samples With More Thet
0.5 % Water.

7.2.1 The titration vessel should already %
tain pretitrated pyridine and catalyst, 3
scribed in steps 7.1.1 and 7.1.3 in the stand
ization procedure. Best results are obtained
with fresh solvent. that is, contain no previous”
titrated specimen in the vessel.

7.2.2 With a 1-mL or 10-mL syringe. 412
the amount of material indicated in Table I

7.2.2.1 Remove the syringe from the gmpk
pull the plunger out 2 little further, wipe
excess material off the syringe. and place 3 &
on the syringe tip. Weigh the filled syringe
the nearest 0.1 mg. .

7.2.3 Remove the cap. and empty the synagé
contents into the pretitrated pyridine V¢
Pull the plunger out and replace the cap. Tir®
the specimen with KFR to the endpomnt de
scribed in 7.1.3.

7.2.4 Reweigh the emptied syringe. and at
culate the specimen weight by difference.

7.2.5 Calculation:

% water = (millilitres KFR used
X F X 100)/(grams samp*’

7.3 Analvsis of Materials With Less Thet
0.5 % Water. .

7.3.1 For 0.1 to 0.5 %, follow procedure @
7.2 (1-g specimen). except substitute 3 1-mt
microburet for the 25-mL buret in the K
Fischer apparatus. )

7.3.2 For less than 0.1 %, use a 1-mL mic™®

*Fischer Scientific Co. So-K-3 or equivalest has o
found suitabie. .
* Availabie from most suppliers of laboratory chemicab
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puret and increase specimen size as much as
peeded. up to 10 g. It should be possible to
measure moisture levels down to | ppm
(0.0001 %) by this approach (see Note).

NoTe—Specimens with less than 0.1 % water may
require special handling techniques to prevent pickup
of aumospheric moisture. The precision of this test
was determined with specimens containing higher
water levels.

§ Maintenance

8.1 Cleanup—Clean the titration vessel by
rinsing with fresh pyridine. Do not use metha-
pol or other solvents. .

8.2 Dryness—Check frequently to be sure
that all drying tubes are in good condition and
tghtly connected. Replace dessicant when in-
dicator color changes through half of the tube.

8.3 Electrode Performance—If electrode re-
sponse is sluggish or otherwise off standard,
ke the following steps, in turn, to correct the

blem. Test the electrode with a titration
after each step, to determine if the next step is
required.

8.3.1 Wipe the clectrode tip with a clean

per towel, .

8.3.2 Wash the electrode by dipping in con-
centrated hydrochioric acid for at least 1 min.
Rinse first with distilled water, then with meth-
anol.

8.3.3 Follow manufacturer’s instructions on
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resetting endpoint meter.

8.3.4 Replace power source. See manual for
replacement procedure.

8.3.5 Replace the electrode.

9. Precision

9.1 The precision estimates are based on an
interlaboratory study in which one operator in
cach of seven different laboratories analyzed in
duplicate, on two different days, seven samples
of water-based paints of various types contain-
ing between 25 to 75 % water. The results were
analyzed statistically in accordance with Rec-
ommended Practice E 180. The within-labora-
tories’ coefTicient of variation was found to be
1.7 % relative at 98 degrees of freedom, and the
between-laboratories’ coefficient of variation
was 5.3 % relative, at 42 degrees of freedom.
Based on these coefficients, the following cri-
teria should be used for judging the acceptabil-
ity of results at the 95 % confidence level.

9.1.1 Repeatability—Two results, each the
mean of duplicate determinations, obtained by
the same operator on different days should be
considered suspect if they differ by more than
4.7 % relative.

9.1.2 Reproducibility— Two results, each the
mean of duplicate determinations, obtained by
operators in different laboratories should be
considered suspect if they differ by more than
15.0 % relative.

TABLE 1| Specimen Guidelines

Approximate Ti-

Approximate
Ex d walter, . trant Yolume at
P“l; Specimen Weight. my/mL utre,
& mL
0.5- 1.0 5 510
t3 25 10 20
310 12 10 20
10-30 0410 20 25
30-70 0.1-04 15 25
>70 0.1 20

The American Society for Testing and Materials iakes no position respecting the validity of any putent rights asserted in

connection witk any item d in this st

furd. Users of this standard are expressly advised thut determination of the validity

of any such palen:s rights, and the risk of infringement of such rights, are entirely their vwn responsibility.

This siandard is subject to revision ar any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will recetve careful consideration at a meeting of the

il ;
resp technical c

. which you may atend. if vou feel that your commenis have not received a fair searing vou should

make your views known (o the ASTM Committee on Standards. 1916 Race St.. Philudeiphia. Pa. 19103, which will schedule a
further hearing regarding your comments. Failing satisfaction there. you may appeal tv the ASTM Board of Directors.
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