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METHOD 18 - MEASUREMENT OF GASEOUS ORGANIC COMPOUND
EMISSIONS BY GAS CHROMATOGRAPHY

NOTE: This nmethod is not inclusive with respect to
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and analytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nethod should have a
t hor ough knowl edge of at | east the follow ng additional test
met hods: Method 1, Method 2, Method 3.

NOTE: This method should not be attenpted by persons
unfam liar wth the performance characteristics of gas
chromat ogr aphy, nor by those persons who are unfamliar with
source sanpling. Particular care should be exercised in the
area of safety concerning choice of equi pnment and operation
in potentially explosive atnospheres.

1.0 Scope and Application.

1.1 Analyte. Total gaseous organi c conpounds.

1.2 Applicability.

1.2.1 This nethod is designed to neasure gaseous
organics emtted froman industrial source. Wile designed
for ppm|evel sources, sone detectors are quite capable of
detecti ng conpounds at anbient levels, e.g., ECD, ELCD, and

heliumioni zati on detectors. Sonme other types of detectors
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are evolving such that the sensitivity and applicability may
well be in the ppb range in only a few years.

1.2.2 This nethod will not determ ne conpounds that
(1) are polyneric (high nolecular weight), (2) can
pol yneri ze before analysis, or (3) have very | ow vapor
pressures at stack or instrunent conditions.

1.3 Range. The lower range of this nethod is
determ ned by the sanpling system adsorbents nay be used to
concentrate the sanple, thus lowering the Ilimt of detection
below the 1 part per mllion (ppm typically achievable with
direct interface or bag sanpling. The upper limt is
governed by GC detector saturation or colum overl oadi ng;

t he upper range can be extended by dilution of sanple with
an inert gas or by using smaller volune gas sanpling | oops.
The upper limt can al so be governed by condensati on of

hi gher boiling conpounds.

1.4 Sensitivity. The sensitivity [imt for a
conpound is defined as the m ni num det ectabl e concentration
of that conpound, or the concentration that produces a
signal -to-noise ratio of three to one. The m ni mum
det ect abl e concentration is determ ned during the presurvey
calibration for each conpound.

2.0 Summary of Method.
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The maj or organi c conponents of a gas m xture are
separated by gas chromatography (GC) and individually
gquantified by flanme ionization, photoionization, electron
capture, or other appropriate detection principles. The
retention tinmes of each separated conponent are conpared
with those of known conpounds under identical conditions.
Therefore, the analyst confirns the identity and approxi nate
concentrations of the organic em ssion conponents
beforehand. Wth this information, the anal yst then
prepares or purchases commercially avail abl e standard
m xtures to calibrate the GC under conditions identical to
those of the sanples. The analyst al so determ nes the need
for sanple dilution to avoid detector saturation, gas stream
filtration to elimnate particulate matter, and prevention
of noi sture condensati on.
3.0 Definitions. [Reserved]
4.0 Interferences.

4.1 Resolution interferences that nay occur can be
el imnated by appropriate GC colum and detector choice or
by shifting the retention tinmes through changes in the
colum flow rate and the use of tenperature programm ng.

4.2 The analytical systemis denonstrated to be
essentially free fromcontam nants by periodically anal yzi ng

bl anks that consist of hydrocarbon-free air or nitrogen.
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4.3 Sanpl e cross-contam nation that occurs when
hi gh-1evel and | ow 1| evel sanples or standards are anal yzed
alternately is best dealt with by thorough purging of the GC
sanpl e | oop between sanpl es.

4.4 To assure consistent detector response,
calibration gases are contained in dry air. To adjust
gaseous organi c concentrati ons when water vapor is present
in the sanple, water vapor concentrations are determ ned for
t hose sanples, and a correction factor is applied.

4.5 The gas chromatograph run tine nust be sufficient
to clear all eluting peaks fromthe colum before proceedi ng
to the next run (in order to prevent sanple carryover).

5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nmethod. The anal yzer users
manual shoul d be consulted for specific precautions to be
taken with regard to the anal ytical procedure.

6.0 Equipment and Supplies.
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6.1 Equi prment needed for the presurvey sanpling
procedure can be found in Section 16.1. 1.

6.2 Equi prment needed for the integrated bag sanpling
and anal ysis procedure can be found in Section 8.2.1.1.1.

6.3 Equi prent needed for direct interface sanpling
and anal ysis can be found in Section 8.2.2.1.

6.4 Equi pnent needed for the dilution interface
sanpling and analysis can be found in Section 8.2.3.1.

6.5 Equi pnrent needed for adsorbent tube sanpling and
anal ysis can be found in Section 8.2.4.1.

7.0 Reagents and Standards.

7.1 Reagents needed for the presurvey sanpling
procedure can be found in Section 16.1. 2.

7.2 Quality Assurance Audit Sanples. Wen making
conpliance determ nations, and upon availability, an audit
sanpl e may be obtained fromthe appropriate EPA Regi onal
Ofice or fromthe responsi ble enforcenent authority.

NOTE: The responsi ble enforcenent autority should be
notified at |east 30 days prior to the test date to all ow
sufficient time for sanple delivery.

8.0 Sample Collection, Preservation, Storage, and
Transport.
8.2 Final Sanpling and Anal ysis Procedure.

Consi dering safety (flanme hazards) and the source
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condi tions, select an appropriate sanpling and anal ysi s
procedure (Section 8.2.1, 8.2.2, 8.2.3 0or 8.2.4). 1In
situations where a hydrogen flane is a hazard and no
intrinsically safe GCis suitable, use the flexible bag
coll ection technique or an adsorption technique.

8.2.1 Integrated Bag Sanpling and Anal ysis.

8.2.1.1 Evacuated Contai ner Sanpling Procedure. In
this procedure, the bags are filled by evacuating the rigid
air-tight container holding the bags. Use a field sanple
data sheet as shown in Figure 18-10. Collect triplicate
sanpl es from each sanple | ocation

8.2.1.1.1 Apparatus.

8.2.1.1.1.1 Probe. Stainless steel, Pyrex glass, or
Tefl on tubi ng probe, according to the duct tenperature, with
Tefl on tubing of sufficient Iength to connect to the sanple
bag. Use stainless steel or Teflon unions to connect probe
and sanpl e |line.

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

8.2.1.1.1.3 Needle Valve. To control gas flow

8.2.1.1.1.4 Punp. Leakless Teflon-coated
di aphragm type punp or equivalent. To deliver at least 1

liter/mn.
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8.2.1.1.1.5 Charcoal Adsorption Tube. Tube filled
with activated charcoal, with glass wol plugs at each end,
to adsorb organi c vapors.

8.2.1.1.1.6 Flowreter. O<to 500-m flow range; wth
manuf acturer's calibration curve.

8.2.1.1.2 Sanpling Procedure. To obtain a sanple,
assenbl e the sanple train as shown in Figure 18-9. Leak-
check both the bag and the container. Connect the vacuum
line fromthe needle valve to the Teflon sanple line from
the probe. Place the end of the probe at the centroid of
the stack or at a point no closer to the walls than 1 m and
start the punp. Set the flowrate so that the final vol une
of the sanple is approximtely 80 percent of the bag
capacity. After allowng sufficient time to purge the line
several tinmes, connect the vacuumline to the bag, and
evacuate until the rotaneter indicates no flow Then
position the sanple and vacuum |ines for sanpling, and begin
the actual sanpling, keeping the rate proportional to the
stack velocity. As a precaution, direct the gas exiting the
rotaneter away from sanpling personnel. At the end of the
sanpl e period, shut off the punp, disconnect the sanple |line
fromthe bag, and di sconnect the vacuumline fromthe bag
container. Record the source tenperature, baronetric
pressure, anbient tenperature, sanpling flow rate, and

initial and final sanpling tine on the data sheet shown in
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Figure 18-10. Protect the Tedlar bag and its container from
sunlight. Record the tine |apsed between sanple collection
and anal ysis, and then conduct the recovery procedure in
Section 8.4.2.

8.2.1.2 Direct Punp Sanpling Procedure. Follow
8.2.1.1, except place the punp and needl e val ve between the
probe and the bag. Use a punp and needl e val ve constructed
of inert material not affected by the stack gas. Leak-check
the system and then purge with stack gas before connecting
to the previously evacuated bag.

8.2.1.3 Explosion Ri sk Area Bag Sanpling Procedure.
Follow 8.2.1.1 except replace the punp w th anot her
evacuated can (see Figure 18-9a). Use this nethod whenever
there is a possibility of an expl osion due to punps, heated
probes, or other flanme produci ng equi pnent.

8.2.1.4 Oher Mdified Bag Sanpling Procedures. In
the event that condensation is observed in the bag while
collecting the sanple and a direct interface system cannot
be used, heat the bag during collection, and maintain it at
a suitably elevated tenperature during all subsequent
operations. (NOTE: Take care to | eak-check the system prior
to the dilutions so as not to create a potentially explosive
at nosphere.) As an alternative, collect the sanple gas, and

sinmultaneously dilute it in the Tedl ar bag.
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8.2.1.4.1 First Alternative Procedure. Heat the box
containing the sanple bag to 120 °C (x 5 °C). Then
transport the bag as rapidly as possible to the anal ytical
area while maintaining the heating, or cover the box with an
insul ating blanket. 1In the analytical area, keep the box
heated to 120 °C (5 °C) until analysis. Be sure that the
met hod of heating the box and the control for the heating
circuit are conpatible with the safety restrictions required
in each area.

8.2.1.4.2 Second Alternative Procedure. Prefill the
Tedl ar 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 10.1.2.2), but elimnate the
m dget i npinger section. Take the partly filled bag to the
source, and neter the source gas into the bag through heated
sanpling lines and a heated flownreter, or Teflon positive
di spl acenent punp. Verify the dilution factors before
sanpling each bag through dilution and anal ysis of gases of
known concentrati on.

8.2.1.5 Analysis of Bag Sanpl es.

8.2.1.5.1 Apparatus. Sane as Section 8.1. A m ninmm
of three gas standards are required.

8.2.1.5.2 Procedure.
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8.2.1.5.2.1 Establish proper GC operating conditions
as described in Section 10.2, and record all data listed in
Figure 18-7. Prepare the GC so that gas can be drawn
t hrough the sanple valve. Flush the sanple loop with
calibration gas m xture, and activate the valve (sanple
pressure at the inlet to the GC introduction valve should be
simlar during calibration as during actual sanple
analysis). Obtain at |east three chromatograns for the
m xture. The results are acceptabl e when the peak areas for
the three injections agree to within 5 percent of their
average. |If they do not agree, run additional sanples or
correct the analytical techniques until this requirenent is
met. Then anal yze the other two calibration mxtures in the
sane manner. Prepare a calibration curve as described in
Section 10. 2.

8.2.1.5.2.2 Analyze the two field audit sanples as
described in Section 9.2 by connecting each Tedl ar bag
containing an audit gas mxture to the sanpling val ve.
Cal cul ate the results; record and report the data to the
audi t supervisor.

8.2.1.5.2.3 Analyze the three source gas sanples by
connecting each bag to the sanpling valve with a piece of
Teflon tubing identified wiwth that bag. Analyze each bag
sanple three tinmes. Record the data in Figure 18-11. |If

certain itens do not apply, use the notation "N.A " |If the
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bag has been maintained at an el evated tenperature as
described in Section 8.2.1.4, determne the stack gas water
content by Method 4. After all sanples have been anal yzed,
repeat the analysis of the md-level calibration gas for
each conpound. Conpare the average response factor of the
pre- and post-test analysis for each conpound. If they
differ by > 5 percent, analyze the other calibration gas
| evel s for that conmpound, and prepare a calibration curve
using all the pre- and post-test calibration gas m xture
values. |If the two response factor averages (pre- and post-
test) differ by less than 5 percent fromtheir mean val ue,
the tester has the option of using only the pre-test
calibration curve to generate the concentration val ues.

8.2.1.6 Determ nation of Bag Water Vapor Content.
Measure the anbient tenperature and baronetric pressure near
the bag. Froma water saturation vapor pressure table,
determ ne and record the water vapor content of the bag as a
decimal figure. (Assune the relative humdity to be 100
percent unless a |lesser value is knowmn.) |If the bag has
been mai ntained at an el evated tenperature as described in
Section 8.2.1.4, determne the stack gas water content by
Met hod 4.

8.2.1.7 Audit Gas Analysis. Imediately prior to the
anal ysis of the stack gas sanples, performaudit anal yses as

described in Section 9. 2.
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8.2.1.8 Emssion Calculations. Fromthe calibration
curve described in Section 8.2.1.5, select the value of C
that corresponds to the peak area. Calculate the
concentration C, in ppm dry basis, of each organic in the
sanpl e using Equation 18-5 in Section 12.6.

8.2.2 Direct Interface Sanpling and Anal ysis
Procedure. The direct interface procedure can be used
provi ded that the noisture content of the gas does not
interfere with the anal ysis procedure, the physical
requi renents of the equi pnent can be net at the site, and
the source gas concentration falls within the |linear range
of the detector. Adhere to all safety requirenments with
t hi s nmet hod.

8.2.2.1 Apparatus.

8.2.2.1.1 Probe. Constructed of stainless steel,
Pyrex glass, or Teflon tubing as dictated by duct
tenperature and reactivity of target conpounds. A filter or
gl ass wool plug nmay be needed if particulate is present in
the stack gas. |If necessary, heat the probe with heating
tape or a special heating unit capable of maintaining a
tenperature greater than 110°C

8.2.2.1.2 Sanple Lines. 6.4-mm OD (or other dianeter
as needed) Teflon lines, heat-traced to prevent condensation

of material (greater than 110°C).
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8.2.2.1.3 Quick Connects. To connect sanple line to
gas sanpling valve on GC instrument and to punp unit used to
W t hdraw source gas. Use a quick connect or equival ent on
the cylinder or bag containing calibration gas to all ow
connection of the calibration gas to the gas sanpling val ve.

8.2.2.1.4 Thernocoupl e Readout Device. Potentioneter
or digital thernoneter, to neasure source tenperature and
probe tenperature.

8.2.2.1.5 Heated Gas Sanpling Valve. O
t wo- position, six-port design, to allow sanple |oop to be
purged with source gas or to direct source gas into the GC
i nstrunent.

8.2.2.1.6 Needle Valve. To control gas sanpling rate
fromthe source.

8.2.2.1.7 Punp. Leakless Teflon-coated
di aphragm type punp or equival ent, capable of at least 1
l[iter/mnute sanpling rate.

8.2.2.1.8 Flowreter. O suitable range to neasure
sanpling rate

8.2.2.1.9 Charcoal Adsorber. To adsorb organic vapor
vented fromthe source to prevent exposure of personnel to
source gas.

8.2.2.1.10 Gas Cylinders. Carrier gas, oxygen and

fuel as needed to run GC and detector.
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8.2.2.1.11 Gas Chromat ograph. Capable of being noved
into the field, with detector, heated gas sanpling val ve,
colum required to conplete separation of desired
conponents, and option for tenperature progranm ng.

8.2.2.1.12 Recorder/Integrator. To record results.

8.2.2.2 Procedure. Calibrate the GC using the
procedures in Section 8.2.1.5.2.1. To obtain a stack gas
sanpl e, assenble the sanpling systemas shown in Figure
18-12. Make sure all connections are tight. Turn on the
probe and sanple line heaters. As the tenperature of the
probe and heated |ine approaches the target tenperature as
i ndi cated on the thernocoupl e readout device, control the
heating to maintain a tenperature greater than 110°C
Conduct a 3-point calibration of the GC by anal yzi ng each
gas mxture in triplicate. GCenerate a calibration curve.
Place the inlet of the probe at the centroid of the duct, or
at a point no closer to the walls than 1 m and draw source
gas into the probe, heated |ine, and sanple | oop. After
t horough flushing, analyze the stack gas sanple using the
sanme conditions as for the calibration gas m xture. For
each run, sanple, analyze, and record five consecutive
sanples. A test consists of three runs (five sanples per
run times three runs, for a total of fifteen sanples).
After all sanples have been anal yzed, repeat the analysis of

the md-level calibration gas for each conpound. For each
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cali bration standard, conpare the pre- and post-test average
response factors (RF) for each conmpound. If the two
calibration RF values (pre and post-analysis) differ by nore
than 5 percent fromtheir nean value, then analyze the other
calibration gas |levels for that conpound and determ ne the
stack gas sanpl e concentrations by conparison to both
calibration curves (this is done by preparing a calibration
curve using all the pre and post-test calibration gas
m xture values). If the two calibration RF values differ by
|l ess than 5 percent fromtheir nean value, the tester has
the option of using only the pre-test calibration curve to
generate the concentration values. 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 sanples, calibration
m xtures, and audits through the sanple | oop at the sane
pressure.)

8.2.2.3 Determnation of Stack Gas Mi sture Content.
Use Method 4 to neasure the stack gas noisture content.

8.2.2.4 (Quality Assurance. Sane as Section 8.2.1.7.
I ntroduce the audit gases in the sanple line i mediately
foll ow ng the probe.

8.2.2.5 Emssion Calculations. Sanme as Section

8.2.1.8.
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8.2.3 Dilution Interface Sanpling and Anal ysis
Procedure. Source sanples 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 sane as that described in the Section 8.2.2, except a
dilution systemis added between the heated sanple |ine and
the gas sanpling valve. The apparatus is arranged so that
either a 10:1 or 100:1 dilution of the source gas can be
directed to the chromat ograph. A punp of |arger capacity is
al so required, and this punp nust be heated and placed in
the system between the sanple line and the dilution
appar at us.

8.2.3.1 Apparatus. The equipnment required in
addition to that specified for the direct interface system
is as foll ows:

8.2.3.1.1 Sanple Punp. Leakless Tefl on-coated
di aphragmtype that can w thstand being heated to 120°C and
deliver 1.5 liters/mnute.

8.2.3.1.2 Dilution Punps. Two Mdel A-150 Komhyr
Tefl on positive displacenent type delivering 150 cc/ m nute,
or equivalent. As an option, calibrated fl oweters can be
used in conjunction with Tefl on-coat ed di aphragm punps.

8.2.3.1.3 Valves. Two Teflon three-way val ves,

suitable for connecting to Teflon tubing.
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8.2.3.1.4 Flowreters. Two, for measurenent of
di | uent gas.

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

8.2.3.1.6 Heated Box. Suitable for being heated to
120°C, to contain the three punps, three-way val ves, and
associ ated connections. The box should be equi pped with
qui ck connect fittings to facilitate connection of: (1) the
heated sanple line fromthe probe, (2) the gas sanpling
valve, (3) the calibration gas m xtures, and (4) diluent gas
lines. A schematic diagram of the conponents and
connections is shown in Figure 18-13. 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
heat ed box contains the controls for the probe heaters, or,
if the box is placed against the duct being sanpled, it may
be possible to elimnate the probe heaters. In either case,
a heated Teflon line is used to connect the heated box to
the gas sanpling val ve on the chromat ograph.

NOTE: Care nmust be taken to | eak-check the system
prior to the dilutions so as not to create a potentially

expl osi ve at nosphere.
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8.2.3.2 Procedure.

8.2.3.2.1 Assenble the apparatus by connecting the
heat ed box, shown in Figure 18-13, between the heated sanple
line fromthe probe and the gas sanpling valve on the
chromat ograph. Vent the source gas fromthe gas sanpling
valve directly to the charcoal filter, elimnating the punp
and rotaneter. Heat the sanple probe, sanple lIine, and
heat ed box. |Insert the probe and source thernocouple at the
centroid of the duct, or to a point no closer to the walls
than 1 m Measure the source tenperature, and adjust al
heating units to a tenperature 0 to 3°C above this
tenperature. |If this tenperature is above the safe
operating tenperature of the Teflon conponents, adjust the
heating to maintain a tenperature high enough to prevent
condensati on of water and organi c conpounds (greater than
110°C). Calibrate the GC through the dilution system by
follow ng the procedures in Section 8.2.1.5.2.1. Determ ne
the concentration of the diluted calibration gas using the
dilution factor and the certified concentration of the
calibration gas. Record the pertinent data on the data
sheet shown in Figure 18-11.

8.2.3.2.2 Once the dilution system and GC operations
are satisfactory, proceed wth the analysis of source gas,
mai ntai ning the sane dilution settings as used for the

st andar ds.
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8.2.3.2.3 Analyze the audit sanples using either the
dilution system or directly connect to the gas sanpling
val ve as required. Record all data and report the results
to the audit supervisor.

8.2.3.3 Determnation of Stack Gas Mi sture Content.
Same as Section 8.2.2.3.

8.2.3.4 (Quality Assurance. Sane as Section 8.2.2.4.

8.2.3.5 Emssion Calculations. Same as section
8.2.2.5, with the dilution factor appli ed.

8.2.4 Adsorption Tube Procedure. Any comrercially
avai |l abl e adsorbent is allowed for the purposes of this
met hod, as long as the recovery study criteria in Section
8.4.3 are net. Help in choosing the adsorbent may be found
by calling the distributor, or the tester may refer to
National Institute for Cccupational Safety and Health
(NIOSH) nethods for the particular organics to be sanpl ed.
For some adsorbents, the principal interferent will be water
vapor. |If water vapor is thought to be a problem the
tester may place a mdget inpinger in an ice bath before the
adsorbent tubes. |If this option is chosen, the water catch
in the mdget inpinger shall be analyzed for the target
conpounds. Also, the spike for the recovery study (in
Section 8.4.3) shall be conducted in both the m dget
i npi nger and the adsorbent tubes. The conbined recovery

(add the recovered anount in the inpinger and the adsorbent
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tubes to calculate R) shall then neet the criteria in
Section 8.4.3. NOTE: Post-test |eak-checks are not all owed
for this technique since this can result in sanple
contam nati on

8.2.4.1 Additional Apparatus. The following itens
(or equival ent) are suggested.

8.2.4.1.1 Probe. Borosilicate glass or stainless
steel, approximately 6-mm I D, with a heating systemif water
condensation is a problem and a filter (either in-stack or
out - of -stack, heated to stack tenperature) to renove
particulate matter. |In nost instances, a plug of glass wool
is a satisfactory filter.

8.2.4.1.2 Flexible Tubing. To connect probe to
adsorption tubes. Use a material that exhibits m ninal
sanpl e adsor pti on.

8.2.4.1.3 Leakless Sanple Punp. Flow controlled,
constant rate punp, with a set of limting (sonic) orifices.

8.2.4.1.4 Bubbl e-Tube Flowreter. Vol unme accuracy
within 1 percent, to calibrate punp.

8.2.4.1.5 Stopwatch. To tine sanpling and punp rate
cal i bration.

8.2.4.1.6 Adsorption Tubes. Precleaned adsorbent,
with mass of adsorbent to be determ ned by cal cul ating

br eakt hr ough vol unme and expected concentration in the stack.
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8.2.4.1.7 Baroneter. Accurate to 5 nmHg, to neasure
at nospheric pressure during sanpling and punp calibration.

8.2.4.1.8 Rotaneter. O<to 100 cc/mn, to detect
changes in flow rate during sanpling.

8.2.4.2 Sanpling and Anal ysi s.

8.2.4.2.1 Calibrate the punp and limting orifice
flow rate through adsorption tubes with the bubbl e tube
fl owmreter before sanpling. The sanple system can be
operated as a "recirculating | oop” for this operation.
Record the anbient tenperature and barometric pressure.
Then, during sanpling, use the rotaneter to verify that the
punp and orifice sanpling rate renmai ns constant.

8.2.4.2.2 Use a sanple probe, if required, to obtain
the sanple at the centroid of the duct, or at a point no
closer to the walls than 1 m Mnimze the | ength of
fl exi ble tubing between the probe and adsorption tubes.
Several adsorption tubes can be connected in series, if the
extra adsorptive capacity is needed. Adsorption tubes
shoul d be maintained vertically during the test in order to
prevent channeling. Provide the gas sanple to the sanple
systemat a pressure sufficient for the limting orifice to
function as a sonic orifice. Record the total tinme and
sanple flow rate (or the nunber of punp strokes), the
baronetric pressure, and anbient tenperature. Obtain a

total sanple volunme comensurate with the expected
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concentration(s) of the volatile organic(s) present, and
recommended sanpl e | oading factors (wei ght sanple per weight
adsorption nedia). Laboratory tests prior to actual
sanpling may be necessary to predetermne this volune. |If
wat er vapor is present in the sanple at concentrations above
2 to 3 percent, the adsorptive capacity nmay be severely
reduced. Operate the gas chromatograph according to the
manufacturer's instructions. After establishing optinum
conditions, verify and docunent these conditions during al
operations. Calibrate the instrunment. Analyze the audit
sanples (see Section 16.1.4.3), then the em ssion sanpl es.

8.2.4.3 Standards and Calibration. |If using thernmal
desorption, obtain calibration gases using the procedures in
Section 10.1. If using solvent extraction, prepare |liquid
standards in the desorption solvent. Use a mninmumof three
di fferent standards; select the concentrations to bracket
t he expected average sanple concentration. Performthe
calibration before and after each day's sanpl e anal yses
using the procedures in Section 8.2.1.5.2.1.

8.2.4.4 (Quality Assurance.

8.2.4.4.1 Determne the recovery efficiency of the
pollutants of interest according to Section 8.4.3.

8.2.4.4.2 Determnation of Sanple Collection
Efficiency (Optional). |If sanple breakthrough is thought to

be a problem a routine procedure for determ ning
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breakt hrough is to analyze the primary and backup portions
of the adsorption tubes separately. |If the backup portion
exceeds 10 percent of the total amount (primary and
back-up), it is usually a sign of sanple breakthrough. For
t he purposes of this nmethod, only the recovery efficiency
value (Section 8.4.3) is used to determ ne the
appropri ateness of the sanpling and anal ytical procedure.

8.2.4.4.3 Volune Flow Rate Checks. Performthis
check imedi ately after sanpling with all sanpling train
conponents in place. Use the bubble-tube flowreter to
measure the punp volune flowrate with the orifice used in
the test sanpling, and record the result. |If it has changed
by nore than 5 but | ess than 20 percent, cal culate an
average flowrate for the test. |If the flow rate has
changed by nore than 20 percent, recalibrate the punp and
repeat the sanpling.

8.2.4.4.4 Calculations. Correct all sanple vol unes
to standard conditions. |If a sanple dilution system has been
used, multiply the results by the appropriate dilution
ratio. Correct all results according to the applicable
procedure in Section 8.4.3. Report results as ppm by
vol unme, dry basis.

8.3 Reporting of Results. At the conpletion of the

field analysis portion of the study, ensure that the data
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sheets shown in Figure 18-11 have been conpleted. Sunmarize
this data on the data sheets shown in Figure 18-15.

8.4 Recovery Study. After conducting the presurvey
and identifying all of the pollutants of interest, conduct
the appropriate recovery study during the test based on the
sanpling system chosen for the conpounds of interest.

8.4.1 Recovery Study for Direct Interface or Dilution
Interface Sanpling. |If the procedures in Section 8.2.2 or
8.2.3 are to be used to anal yze the stack gas, conduct the
calibration procedure as stated in Section 8.2.2.2 or
8.2.3.2, as appropriate. Upon successful conpletion of the
appropriate calibration procedure, attach the md-1|evel
calibration gas for at |east one target conpound to the
inlet of the probe or as close as possible to the inlet of
the probe, but before the filter. Repeat the calibration
procedure by sanpling and anal yzing the m d-1evel
calibration gas through the entire sanpling and anal yti cal
systemin triplicate. The nean of the calibration gas
response sanpl ed through the probe shall be within 10
percent of the analyzer response. |If the difference in the
two neans is greater than 10 percent, check for |eaks
t hroughout the sanpling system and repeat the anal ysis of
the standard through the sanmpling systemuntil this
criterion is mnet.

8.4.2 Recovery Study for Bag Sanpling.
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8.4.2.1 Follow the procedures for the bag sanpling
and analysis in Section 8.2.1. After analyzing all three
bag sanpl es, choose one of the bag sanples and tag this bag
as the spi ked bag. Spike the chosen bag sanple with a known
m xture (gaseous or liquid) of all of the target pollutants.
The theoretical concentration, in ppm of each spiked
conpound in the bag shall be 40 to 60 percent of the average
concentration neasured in the three bag sanples. If a
target conpound was not detected in the bag sanples, the
concentration of that conmpound to be spiked shall be 5 tines
the limt of detection for that conmpound. Store the spiked
bag for the sanme period of tinme as the bag sanples collected
inthe field. After the appropriate storage tinme has
passed, analyze the spiked bag three tinmes. Calculate the
average fraction recovered (R) of each spiked target
conpound with the equation in Section 12.7.

8.4.2.2 For the bag sanpling technique to be
considered valid for a conpound, 0.70 < R< 1.30. |If the R
val ue does not neet this criterion for a target conpound,
the sanpling technique is not acceptable for that conpound,
and t herefore another sanpling techni que shall be eval uated
for acceptance (by repeating the recovery study w th anot her
sanpling technique). Report the Rvalue in the test report

and correct all field measurenents with the cal culated R
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val ue for that conpound by using the equation in Section
12. 8.

8.4.3 Recovery Study for Adsorption Tube Sanpling.
If follow ng the adsorption tube procedure in Section 8.2.4,
conduct a recovery study of the conpounds of interest during
the actual field test. Set up two identical sanpling
trains. Collocate the two sanpling probes in the stack.
The probes shall be placed in the sane horizontal plane,
where the first probe tipis 2.5 cmfromthe outside edge of
the other. One of the sanpling trains shall be designated
the spiked train and the other the unspiked train. Spike
all of the conpounds of interest (in gaseous or liquid form
onto the adsorbent tube(s) in the spiked train before
sanpling. The mass of each spi ked conpound shall be 40 to
60 percent of the mass expected to be collected with the
unspi ked train. Sanple the stack gas into the two trains
si mul taneously. Analyze the adsorbents fromthe two trains
utilizing identical analytical procedures and
instrunmentation. Determne the fraction of spiked conpound
recovered (R) using the equations in Section 12.9.

8.4.3.1 Repeat the procedure in Section 8.4.3 tw ce
nore, for a total of three runs. |In order for the adsorbent
tube sanpling and anal ytical procedure to be acceptable for
a conpound, 0.70<R<1.30 (Rin this case is the average of

three runs). |If the average R value does not neet this
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criterion for a target conpound, the sanpling technique is
not acceptable for that conpound, and therefore another
sanpling techni que shall be evaluated for acceptance (by
repeating the recovery study with another sanpling
technique). Report the Rvalue in the test report and
correct all field nmeasurenents with the cal cul ated R val ue
for that conpound by using the equation in Section 12. 8.
9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures

Section Quality Control Ef f ect
Measur e
8.4.1 Recovery study for Ensure that there are no

direct interface or significant |eaks in the
dilution interface sanpling system

sanpl i ng.
8.4.2 Recovery study for Denonstrate that proper
bag sanpli ng. sanpl i ng/ anal ysi s procedures
wer e sel ect ed.
8.4.3 Recovery study for Denonstrate that proper
adsor ption tube sanpl i ng/ anal ysi s procedures
sanpl i ng. wer e sel ect ed.

9.2 Quality Assurance for Laboratory Procedures.
| medi ately after the preparation of the calibration curves,
the anal ysis audit described in 40 CFR Part 61, Appendi x C,
Procedure 2: "Procedure for Field Auditing GC Anal ysis,"
shoul d be perforned if audit materials are available. The
information required to docunent the analysis of the audit
sanpl es has been included on the exanpl e data sheets shown

in Figures 18-3 and 18-7. The audit anal yses shoul d agree
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with the certified audit concentrations wthin 10 percent.
Audit sanple results shall be submtted according to
directions provided wwth the audit sanples.
10.0 Calibration and Standardization.

10.1 Calibration Standards. Obtain calibration gas
standards for each target conpound to be anal yzed.
Comrerci al cylinder gases certified by the manufacturer to
be accurate to within 1 percent of the certified | abel val ue
are preferable, although cylinder gases certified by the
manuf acturer to 2 percent accuracy are allowed. Another
option allowed by this nethod is for the tester to obtain
hi gh concentration certified cylinder gases and then use a
di lution system neeting the requirenments of Test Mt hod 205,
40 CFR Part 51, Appendix Mto make nulti-level calibration
gas standards. Prepare or obtain enough calibration
standards so that there are three different concentrations
of each organi c conpound expected to be neasured in the
source sanple. For each organic conpound, select those
concentrations that bracket the concentrations expected in
the source sanples. A calibration standard may contain nore
t han one organi c conmpound. |If sanples are collected in
adsor bent tubes and extracted using solvent extraction,

prepare or obtain standards in the sane solvent used for the
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sanpl e extraction procedure. Verify the stability of al
standards for the tine periods they are used.

10.2 Preparation of Calibration Curves.

10.2.1 Establish proper GC conditions, then flush the
sanpling |l oop for 30 seconds. Allow the sanple | oop
pressure to equilibrate to atnospheric pressure, and
activate the injection valve. Record the standard
concentration, attenuator factor, injection time, chart
speed, retention tine, peak area, sanple |oop tenperature,
columm tenperature, and carrier gas flowrate. Analyze each
standard in triplicate.

10.2.2 Repeat this procedure for each standard.
Prepare a graphical plot of concentration (C) versus the
calibration area values. Performa regression analysis, and
draw t he | east square |ine.

11.0 Analytical Procedures.

11.1 Anal ysis Devel opnent .

11.1.1 Selection of GC Paraneters.

11.1.1.1 Colum Choice. Based on the initial contact
with plant personnel concerning the plant process and the
antici pated em ssions, choose a colum that provides good
resolution and rapid analysis tinme. The choice of an

appropriate colum can be aided by a literature search
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contact with manufacturers of GC columms, and di scussion
Wi th personnel at the em ssion source.

NOTE: Most columm nmanufacturers keep excell ent
records on their products. Their technical service
departnents may be able to recommend appropriate colums and
detector type for separating the anticipated conpounds, and
they may be able to provide information on interferences,
opti mum operating conditions, and colum limtations.
Plants with anal ytical |aboratories nay be able to provide
information on their anal ytical procedures.

11.1.1.2 Prelimnary GC Adjustnent. Using the
standards and columm obtained in Section 11.1.1.1, perform
initial tests to determ ne appropriate GC conditions that
provi de good resolution and mnimum analysis time for the
conpounds of interest.

11.1.1.3 Preparation of Presurvey Sanples. |If the
sanpl es were collected on an adsorbent, extract the sanple
as recommended by the manufacturer for renoval of the
conpounds with a solvent suitable to the type of GC
anal ysis. Prepare other sanples in an appropriate manner.

11.1.1.4 Presurvey Sanple Anal ysis.

11.1.1.4.1 Before analysis, heat the presurvey sanple
to the duct tenperature to vaporize any condensed nateri al .

Anal yze the sanples by the GC procedure, and conpare the
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retention tinmes against those of the calibration sanples
that contain the conponents expected to be in the stream
| f any conpounds cannot be identified with certainty by this
procedure, identify them by other neans such as GC/ nass
spectroscopy (GO MsS) or GC/infrared techni ques. A GC/ M5
systemis recomended.

11.1.1.4.2 Use the GC conditions determ ned by the
procedure of Section 11.1.1.2 for the first injection. Vary
the GC paraneters during subsequent injections to determ ne
the opti num settings. Once the optinmum settings have been
determ ned, performrepeat injections of the sanple to
determne the retention tine of each conpound. To inject a
sanpl e, draw sanple through the |loop at a constant rate (100
mM/mn for 30 seconds). Be careful not to pressurize the
gas in the loop. Turn off the punp and allow the gas in the
sanple | oop to cone to anbi ent pressure. Activate the
sanpl e valve, and record injection tinme, |oop tenperature,
colum tenperature, carrier flowrate, chart speed, and
attenuator setting. Calculate the retention tine of each
peak using the distance frominjection to the peak maxi num
di vided by the chart speed. Retention tinmes should be
repeatable within O 5 seconds.

11.1.1.4.3 If the concentrations are too high for
appropriate detector response, a snaller sanple |oop or

dilutions nmay be used for gas sanples, and, for liquid
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sanples, dilution with solvent is appropriate. Use the
standard curves (Section 10.2) to obtain an estimate of the
concentrations.

11.1.1.4.4 ldentify all peaks by conparing the known
retention tinmes of conpounds expected to be in the retention
times of peaks in the sanple. ldentify any renaining
uni dentified peaks which have areas | arger than 5 percent of
the total using a GC/MS, or estinmation of possible conpounds
by their retention tinmes conpared to known conpounds, with
confirmation by further GC anal ysis.
12.0 Data Analysis and Calculations.

12.1 Nonencl ature.

B, = Water vapor content of the bag sanple or stack

gas, proportion by vol une.
(0% = Concentration of the organic fromthe

calibration curve, ppm

G = Gas volune or organic conpound injected, nl.

L, = Liquid volunme of organic injected, ul.

M = Mol ecul ar weight of organic, g/g-nole.

m = Total mass of conmpound neasured on adsorbent
with spiked train (ug).

m, = Total mass of conmpound neasured on adsorbent

wi th unspiked train (ug).



dc
qcl

qc2

OF

Qa1
Qa2

1080
Mass per vol unme of spi ked conmpound neasured
(nalL).
Baronetric or absolute sanple | oop pressure at
time of sanple anal ysis, nmm Hg.
Absol ute pressure of dry gas neter, nmm Hg.
Ref erence pressure, the barometric pressure or
absol ute sanple | oop pressure recorded during
calibration, mm Hg.
Absol ute pressure of syringe before injection,
mm Hg.
Flow rate of the calibration gas to be dil uted.
Flow rate of the calibration gas to be diluted
in stage 1.
Flow rate of the calibration gas to be diluted
in stage 2.
Dl uent gas flow rate.
Flow rate of diluent gas in stage 1
Flow rate of diluent gas in stage 2.
Theoretical concentration (ppm of spiked target
conpound in the bag.
Theoretical mass of conpound spi ked onto
adsorbent in spiked train (ug).
Measured average concentration (ppm of target
conpound and source sanple (analysis results

subsequent to bag spi ki ng)



ul =

24. 055

1000 =
10° =
12. 2

the foll ow
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Sanple | oop tenperature at the tinme of sanple
anal ysis, °K
Absol ute tenperature of dry gas neter, °K
Absol ute tenperature of syringe before
i njection, °K
Source sanpl e average concentration (ppm of
target conmpound in the bag (analysis results
bef ore bag spi ki ng).
Gas volune indicated by dry gas neter, liters.
vol ume of stack gas sanpled with spiked train
(L).
vol ume of stack gas sanpled with unspiked train
(L).
Mol e or volune fraction of the organic in the
calibration gas to be dil uted.
Dry gas neter calibration factor, dinensionless.
Liquid organic density as determ ned, g/m.
| deal gas nol ar volunme at 293 °K and 760 nm Hg,
liters/g-nole.
Conversion factor, m/liter.
Conversion to ppm
Cal cul ate the concentration, C;,, in ppmusing

ng equati on:
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10° (X q,)
. - - Eg. 18-1
qc + qd

12.3 Calcul ate the concentration, C,, in ppmof the
organic in the final gas m xture using the follow ng

equat i on:
Eq. 18-2

e, on ) (e
qcl * qdl qc2 * qd2

S

12.4 Cal cul ate each organic standard concentration,

in ppmusing the follow ng equation:

CS!
293
G x 106 &=2=2_ s
y T. 760
c, - .
vy 233 Tm 1000
m T 760 Eq. 18-3
P T
GV x 103 _S _m
_ TS Pm
VY

12.5 Calcul ate each organic standard concentration,

C,, in ppmusing the follow ng equati on:
L, DT,
Eq. 18-4

L
:7%0(24.055x10%
=6.24x104 vV _ ™M
MV _YP_

C, -
293 P,

VA Biad 1000
m T 760
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12.6 Calculate the concentration, C, in ppm dry
basi s, of each organic is the sanple using the foll ow ng

equat i on:

CP.TF

C _ s r _
¢~ PT(1-B,) Eq. 18-5

12.7 Calculate the average fraction recovered (R) of

each spi ked target conpound using the follow ng equati on:

R- - Eq. 18-6

12.8 Correct all field neasurenents with the
cal cul ated R value for that conpound using the foll ow ng

equat i on:

Measur ed Concentration (ppn

Reported Result = =

Eq. 18-7

12.9 Determ ne the mass per vol une of spiked conpound

measured using the foll ow ng equati on:

m =
\%

m
o Eq. 18-8
VS VU

12.10 Calculate the fraction of spiked conpound

recovered, R using the follow ng equation:

m X Vv
R= —<— Eq. 18-9



1084
13.0 Method Performance.

13.1 Since a potential sanple may contain a variety
of conpounds from vari ous sources, a specific precision
limt for the analysis of field sanples is inpractical.
Precision in the range of 5 to 10 percent rel ative standard
deviation (RSD) is typical for gas chromatographic
techni ques, but an experienced GC operator with a reliable
instrunment can readily achieve 5 percent RSD. For this
met hod, the foll ow ng conbi ned GC/ operator val ues are
required.

(a) Precision. Triplicate anal yses of calibration
standards fall wthin 5 percent of their nean val ue.

(b) Accuracy. Analysis results of prepared audit
sanples are within 10 percent of preparation val ues.

(c) Recovery. After devel oping an appropriate
sanpling and anal ytical systemfor the pollutants of
i nterest, conduct the procedure in Section 8.4. Conduct the
appropriate recovery study in Section 8.4 at each sanpling
poi nt where the nethod is being applied. Submt the data
and results of the recovery procedure with the reporting of
results under Section 8. 3.

14.0 Pollution Prevention. [ Reserved]
15.0 Waste Management. [Reserved]

16.0 Alternative Procedures.
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16.1 Optional Presurvey and Presurvey Sanpling.

NOTE: Presurvey screening is optional. Presurvey
sanpling should be conducted for sources where the target
pol lutants are not known from previous tests and/or process
know edge.

Perform a presurvey for each source to be tested.
Refer to Figure 18-1. Sonme of the information can be
collected fromliterature surveys and source personnel.
Col | ect gas sanples that can be analyzed to confirmthe
identities and approxi mate concentrations of the organic
em ssi ons.

16.1.1 Apparatus. This apparatus list also applies to
Sections 8.2 and 11.

16.1.1.1 Teflon Tubing. (Mention of trade nanmes or
specific products does not constitute endorsenent by the
U.S. Environnental Protection Agency.) D aneter and | ength
determ ned by connection requirenents of cylinder regulators
and the GC. Additional tubing is necessary to connect the
GC sanple | oop to the sanple.

16.1.1.2 Gas Chromatograph. GC with suitable
detector, columms, tenperature-controlled sanple | oop and
val ve assenbly, and tenperature programuabl e oven, if
necessary. The GC shall achieve sensitivity requirenents

for the conmpounds under study.
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16.1.1.3 Punp. Capable of punping 100 mM/mn. For
fl ushi ng sanpl e | oop.

16.1.1.4 Flow Meter. To neasure flow rates.

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

16.1.1.6 Recorder. Recorder with linear strip chart
i's mninmm acceptable. Integrator (optional) is recomended.

16.1.1.7 Syringes. 0.5-m, 1.0 and 10-mcroliter
size, calibrated, maxi mum accuracy (gas tight) for preparing
calibration standards. Qher appropriate sizes can be used.

16.1.1.8 Tubing Fittings. To plunb GC and gas
cyl i nders.

16.1.1.9 Septa. For syringe injections.

16.1.1.10 dass Jars. |If necessary, clean, colored
glass jars wwth Teflon-lined Iids for condensate sanple
collection. Size depends on volune of condensate.

16.1.1.11 Soap FilmFl owreter. To determ ne flow
rates.

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

16.1.1.13 Dry Gas Meter wth Tenperature and Pressure
Gauges. Accurate to £ 2 percent, for preparation of gas
st andar ds.

16.1.1.14 Mdget |npinger/Hot Plate Assenbly. For

preparation of gas standards.
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16.1.1.15 Sanple Flasks. For presurvey sanpl es, nust
have gas-tight seals.

16.1.1.16 Adsorption Tubes. |f necessary, blank
tubes filled wth necessary adsorbent (charcoal, Tenax,
XAD- 2, etc.) for presurvey sanples.

16.1.1.17 Personnel Sanpling Punp. Calibrated, for
col l ecting adsorbent tube presurvey sanples.

16.1.1.18 Dilution System Calibrated, the dilution
systemis to be constructed follow ng the specifications of
an accept abl e net hod.

16.1.1.19 Sanple Probes. Pyrex or stainless steel,
of sufficient length to reach centroid of stack, or a point
no closer to the walls than 1 m

16.1.1.20 Baroneter. To neasure baronetric pressure.

16.1. 2 Reagents.

16.1.2.1 Water. Deionized distilled.

16.1.2.2 Methylene chloride.

16.1.2.3 Calibration Gases. A series of standards
prepared for every conpound of interest.

16.1.2.4 Oganic Conpound Sol utions. Pure (99.9
percent), or as pure as can reasonably be obtained, liquid
sanples of all the organic conpounds needed to prepare
cal i bration standards.

16.1.2.5 Extraction Solvents. For extraction of

adsor bent tube sanples in preparation for analysis.
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16.1.2.6 Fuel. As reconmmended by the manufacturer
for operation of the GC

16.1.2.7 Carrier Gas. Hydrocarbon free, as
recommended by the manufacturer for operation of the
detector and conpatibility with the col um.

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

16.1.3 Sanpling.

16.1.3.1 Collection of Sanples with d ass Sanpling
Fl asks. Presurvey sanples nmay be collected in precl eaned
250-m doubl e-ended gl ass sanpling flasks. Teflon stopcocks,
w t hout grease, are preferred. Flasks should be cl eaned as
follows: Renove the stopcocks fromboth ends of the fl asks,
and wi pe the parts to renove any grease. Cean the
stopcocks, barrels, and receivers with nethylene chloride
(or other non-target pollutant solvent, or heat and
humdified air). Cean 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 500°C. Maintain at this tenperature for 1 hours.
After this tinme period, shut off and open the furnace to
allow the flask to cool. Return the stopcocks to the flask
receivers. Purge the assenbly with high-purity nitrogen for

2 to 5 mnutes. Cose off the stopcocks after purging to
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mai ntain a slight positive nitrogen pressure. Secure the
stopcocks with tape. Presurvey sanples can be obtained
either by draw ng the gases into the previously evacuated
flask or by drawing the gases into and purging the flask
wi th a rubber suction bulb.

16.1.3.1.1 Evacuated Flask Procedure. Use a
hi gh- vacuum punp to evacuate the flask to the capacity of
the punp; then close off the stopcock |eading to the punp.
Attach a 6-mm outside dianeter (OD) glass tee to the fl ask
infet wth a short piece of Teflon tubing. Select a 6-nm OD
borosilicate sanpling probe, enlarged at one end to a 12-mm
OD and of sufficient length to reach the centroid of the
duct to be sanpled. Insert a glass wool plug in the
enl arged end of the probe to renove particul ate matter.
Attach the other end of the probe to the tee with a short
pi ece 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 conpletely purged
and filled with duct gases, open the stopcock to the grab
flask until the pressure in the flask reaches duct pressure.
Cl ose off the stopcock, and renove the probe fromthe duct.
Renmove the tee fromthe flask and tape the stopcocks to
prevent |eaks during shipnent. Measure and record the duct

tenperature and pressure.
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16.1.3.1.2 Purged Fl ask Procedure. Attach one end of
the sanpling flask to a rubber suction bulb. Attach the
other end to a 6-nm OD gl ass probe as described in Section
8.3.3.1.1. Place the filter end of the probe at the
centroid of the duct, or at a point no closer to the walls
than 1 m and apply suction with the bulb to conpletely
purge the probe and flask. After the flask has been purged,
cl ose off the stopcock near the suction bulb, and then cl ose
of f the stopcock near the probe. Renove the probe fromthe
duct, and di sconnect both the probe and suction bulb. Tape
the stopcocks to prevent |eakage during shipnent. Measure
and record the duct tenperature and pressure.

16.1.3.2 Flexible Bag Procedure. Tedlar or
al um ni zed Myl ar bags can al so be used to obtain the
presurvey sanple. Use new bags, and | eak-check them before
field use. 1In addition, check the bag before use for
contam nation by filling it with nitrogen or air, and
anal yzing the gas by GC at high sensitivity. Experience
indicates that it is desirable to allowthe inert gas to
remain in the bag about 24 hours or |onger to check for
desorption of organics fromthe bag. Follow the |eak-check
and sanpl e collection procedures given in Section 8.2.1.

16.1.3.3 Determnation of Misture Content. For
conbustion or water- controlled processes, obtain the

noi sture content from plant personnel or by measurenent
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during the presurvey. |If the source is below 59°C, neasure
the wet bulb and dry bul b tenperatures, and cal cul ate the
noi sture content using a psychronetric chart. At higher
tenperatures, use Method 4 to determ ne the noisture
cont ent.

16.1.4 Determnation of Static Pressure. btain the
static pressure fromthe plant personnel or neasurenent. |If
a type S pitot tube and an inclined manoneter are used, take
care to align the pitot tube 90° fromthe direction of the
flow. D sconnect one of the tubes to the nmanoneter, and
read the static pressure; note whether the reading is
positive or negative.

16.1.5 Collection of Presurvey Sanples with
Adsorption Tube. Follow Section 8.2.4 for presurvey
sanpl i ng.
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1095
23. Zwerg, G CRC Handbook of Chronmatography,
Volunmes | and Il. Sherma, Joseph (ed.). CRC Press.
Cl evel and. 1972.

18.0 Tables, D agrans, Flowcharts, and Validation Dat a.
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Name of conpany Dat e
Addr ess

Cont act s Phone
Process to be sanpl ed

Duct or vent to be sanpl ed

Process description

Raw mat eri al

Pr oduct s

Operating cycle
Check: Batch Cont i nuous Cyclic

Timng of batch or cycle

Best tine to test

Figure 18-1. Preliminary survey data sheet.
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I11. Sanpling site
A.  Description
Site description
Duct shape and size

Mat eri al

Wal | thickness i nches
Upstream distance i nches di anet er
Downst r eam di st ance i nches di amret er

Si ze of port
Si ze of access area

Hazar ds Anbient temp. °F
B. Properties of gas stream
Tenperat ure °C °F, Date source
Vel ocity , Data source
Static pressure i nches H,O, Data source
Mbi st ure cont ent % Data source
Particul ate content , Data source
Gaseous conponents
N oo % Hydrocarbons ppm
o %
co %
co %
s %
Hydr ocar bon conponents
ppm
ppm
ppm
ppm
ppm
ppm

Figure 18-1 (continued). Preliminary survey data sheet.
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D. Site diagrans. (Attach additional
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Sanpl i ng consi derations
Location to set up GC

Speci al hazards to be considered

Power avail abl e at duct

Power avail able for GC

Pl ant safety requirenents

Vehicle traffic rules

Plant entry requirenments

Security agreenents

Potenti al problens

sheets if

required).

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



Conponents_to _be anal yzed
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Expect ed _concentration

Suggest ed chromat ogr aphi ¢ col um

Colum flowrate m/mn Head pressure mm Hg
Col um t enperat ure:

| sot her mal °C

Progranmed from °Cto ‘Cat °C/mn
I njection port/sanple |oop tenperature °C
Detector tenperature °C
Detector flow rates: Hydrogen m/mn

head pressure mm Hg
Air/Oxygen m/mn
head pressure mm Hg
Chart speed i nches/ m nute
Conmpound dat a:
Conmpound Retention_tinme At t enuati on

Figure 18-2.

Chromatographic conditions data sheet.
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Figure 18-3. Preparation of Standards in Tedlar Bags and
Calibration Curve.

St andar ds
M xt ure M xt ure M Xt ure
St andards Preparation Dat a: #1 #2 #3

Organi c:

Bag nunber or identification

Dry gas neter calibration factor

Final neter reading (liters)

Initial nmeter reading (liters)

Metered volune (liters)

Aver age neter tenperature(°K)

Average nmeter pressure, gauge

(nm Ho)

Aver age at nospheric pressure

(nm Ho)

Average neter pressure, absolute

(nm Ho)

Syringe tenperature (°K)
(see Section 10.1.2.1)

Syringe pressure, absolute

(mm Hg) _
(see Section 10.1.2.1)

Vol ume of gas in syringe (nl)
(Section 10.1.2.1)

Density of liquid organic (g/m)
(Section 10.1.2.2)

Vol unme of liquid in syringe (m)
(Section 10.1.2.2)

GC Operating Conditions:

Sanpl e | oop volune (m)

Sanpl e | oop tenperature (°C
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Carrier gas flowrate (m/mn)

Col um tenperature

Initial (°C

Rat e change (°C/ m n)

Final (°C

Organic Peak ldentification and Cal cul ated Concentrations:

Injection time (24 hour clock)

Di stance to peak (cm

Chart speed (cnmmn)

Organic retention time (mn)

Attenuati on factor

Peak hei ght (nm

Peak area (nmm)

Peak area * attenuation factor
()

Cal cul at ed concentration (ppm
(Equation 18-3 or 18-4)

Pl ot peak area * attenuation factor against cal cul ated
concentration to obtain calibration curve.

Figure 18-3 (continued). Standards prepared in Tedlar bags and
calibration curve.
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Figure 18-4. Flowmeter Calibration.

FI owet er nunber or identification

Fl owret er Type

Met hod: Bubble nmeter Spironeter Wet test neter
Readi ngs at | aboratory conditions:
Laboratory tenperature (T ») _ °K
Laboratory baronetric pressure (P ,») nmm Hg
Fl ow dat a:
Fl owret er
readi ng (as marked) tenp. (°K) pressure (absol ute)

Cali bration device

Time (mn) Gas Vol une? Fl ow Rat eP

aol . of gas may be neasured in mlliliters, liters or cubic

feet.
bConvert to standard conditions (20°C and 760 nm Hg) .

Pl ot flowneter reading against flow rate (standard conditions),
and draw a snooth curve. |[If the flowreter being calibrated is a

rotanmeter or other flow device that is viscosity dependent,

it

may be necessary to generate a "famly" of calibration curves
t hat cover the operating pressure and tenperature ranges of the

fl owret er.
While the follow ng techni que should be verified before

application, it nmay be possible to calculate flow rate reading

for rotaneters at standard conditions Q.4 as foll ows:
760 x T

1/ 2
q [0 T
Qstd_Qab[ Plab x 293]
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Fl ow rate Fl ow rate
(1 aboratory conditions) (STD_condi tions)

Figure 18-4 (continued). Flowmeter calibration.
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Valve
Component H "T" Connector
Gas
Cylinder 4|_| p |
I
Component Rotameters
With Flow Control
Valves
Valve j
Tedlar Bag
Diluent
Gas
Cylinder 4|_|

Figure 18-5. Single-Stage Calibration Gas Dilution System.
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High
Concentration
Waste

-«— Needle Valves

Low

Rotameters g

XD

\/
) )
Pressure Pressure
“*— Regulator Regulator —™

Diluent Air Diluent Air

><]

Pure Substance or
Pure Substance/Nitrogen Mixture

Figure 18-6. Two-Stage Dilution Apparatus.
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Preparation of Standards by Dilution of Cylinder Standard

Cyl i nder Standard: Organic Certified
Concentration ___ ppm
St andards Preparation Dat a: Dat e:

Stage 1 M xture Mxture 2 | Mxture 3

St andard gas fl owneter
r eadi ng

Di | uent gas fl owreter reading

Laboratory tenperature (°K)

Baronetric pressure (nmm Hg)

Fl ownet er gage pressure (nmm

Hg)

Flow rate cylinder gas at
standard conditions (m/mn)

Flow rate diluent gas at
standard conditions (m/mn)

Cal cul at ed concentrati on

(ppmM
Stage 2 (if used)

St andard gas fl owneter
r eadi ng

Di | uent gas flowreter reading

Flow rate Stage 1 gas at
standard conditions (m/mn)

Flow rate diluent gas at
standard conditions

Cal cul at ed concentrati on

(ppm

GC Operating Conditions:

Sanpl e | oop volune (M)
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Sanpl e | oop tenperature
("9

Carrier gas flowrate
(mM/mn)

Col um t enperat ure:
Initial (°C
Programrate (°C/ mn)
Final (°C

Organic Peak ldentification
and Cal cul at ed
Concentrati ons:

I njection time (24-hour
cl ock)

Di stance to peak (cm

Chart speed (cnmimn)

Retention tinme (mn)

Attenuation factor
Peak area (mt)

Peak area * attenuation
f act or

Pl ot peak area * attenuation factor against cal cul ated

concentration to obtain calibration curve.
|

Figure 18-7. Standards prepared by dilution of
cylinder standard.
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T Syringe

Nitrogen
Cylinder

d‘l<—$eptum

Midget

Boiling Impinger

Water
Bath

Hot Plate

Tedlar Bag
Capacity
50 Liters

Figure 18-8.

Apparatus for

Preparation of Liquid Materials.
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Stack
Wall

Filter
(Glass Wool)

Flowmeter

Teflon®
Sample Line

‘ Vacuum Line

!

Male Quick
Connectors

Reverse
(3" Type
Pitot Tube

Charcoal
Tube

Needle
Valve

Air-Tight
Pump

Pitot
Manometer

Rigid Leak-Proof
Container

Vent

T

L

Figure 18-9.

Integrated Bag Sampling Train.
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5' Teflon®Tubing PVC Tubing
Probe n l l
1}
Directional
/ Needle Valve
. Flowmeter —
Pinch Clamp Quick Disconnectors
Grommet — ¢~ || >} C | E
L O—F O—F
™\
/N \
s \ Evacuated Steel
Air Tight Steel Drum —— g | / v Drum
N I\
(I A\

\\Sample Bag\\

\ A Y
RNV

\\’N//

Figure 18-9a. Explosion Risk Gas Sampling Method.
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Pl ant Dat e
Site

Sanmple 1 Sanmple 2 Sanpl e_3
Source tenperature (°C)
Baronetric pressure (nmm Hg)
Anbi ent tenperature (°C
Sanple flow rate (appr.)
Bag nunber
Start tinme
Finish tine

Figure 18-10. Field sample data sheet - Tedlar bag
collection method.
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Pl ant Dat e

Locati on

1. Ceneral information
Source tenperature (°C)

Probe tenperature (°C)

Anbi ent tenperature (°C

At nospheri c pressure (mm

Source pressure ("Hg)

Absol ute source pressure (M

Sanpling rate (liter/ mn)

Sanpl e | oop volunme (m)

Sanpl e | oop tenperature (°C

Col umar tenperature:
Initial (°C) tinme (mn)

Programrate (°C/ mn)

Final (°Q/time (mn)

Carrier gas flowrate (m/mn)

Det ector tenperature (°C)

Injection tinme (24-hour basis)

Chart speed (nmm mn)

Dilution gas flowrate (m/mn)

Dilution gas used (synbol)

Dilution ratio

Figure 18-11. Field analysis data sheets.
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Field Analysis Data - Calibration Gas
Run No. Ti me
Conponent s Area Attenuation A x_A Factor Conc. _(ppm

Run No. Ti me
Conponent s Area Attenuation A x_A Factor Conc. _(ppm

Run No. Ti me
Conponent s Area Attenuation A x_A Factor Conc. _(ppm

Figure 18-11 (continued). Field analysis data sheets.
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Stack
Wall

TC
Readout

T C Readout
or
Controller

Ys-in. SS Tubing

;

Tubing

]

i Heated Teflon®
Insulation Line

Glass
Wool

Temperature
Controller

|
Heated Gas
Sampling Valve
inGC

Optional Pump

L Carrier In

Pump

— ToGC
Instrument

Vent

Flowmeter

L1

Charcoal
Absorber

Figure 18-12.

Direct Interface Sampling System.
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Vent to Charcoal Adsorbers

Heated Box at 120°C or Source Temperature

10:1 100:1
—0 o—
\ Quick Connects
™ To Gas Sample
Valve
Heated Line
From Probe
all= D
Quick
Connect
Source 150 cc/Min 150 cc/Min
Gas Pump Pump Pump
1.5 L/Min
[ ] [ ] Flowmeters
< A (on Outside
of Box)
_Dq 3-Way Valves _Dq
In 100:1
Position
O O CheckValve
Quick Connects
\—) For Calibration Flow Rate
1350 cc/Min

Figure 18-13.
for Dilution

Schematic Diagram of the Heated
of Sample Gas.

Box Required
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Gaseous Organi c Sanpling and Anal ysis Check Li st
(Respond with initials or nunber as appropriate)
1. Presurvey data _Date_

A. G ab sanple collected | |

B. Gab sanple anal yzed for conposition |
Met hod GC | |

GC/ VB | |

Q her | |

C. GC-FID anal ysis perforned | |
2. Laboratory calibration data

A.  Calibration curves prepared | |

Nurmber of conponents | __|

Nurmber of concentrations/ | |
conponent (3 required)
B. Audit sanples (optional)

Anal ysi s conpl et ed | |

Verified for concentration | |

OK obtained for field work | |
3. Sanpling procedures
A, Met hod

Bag sanpl e | __|
Direct interface | |
Dilution interface | |

B. Nunber of sanples collected | |
4. Field Analysis

A. Total hydrocarbon anal ysis perforned | |

B. Calibration curve prepared 0

Nunber of conponents | |

Nunber of concentrations per | |
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conponent (3 required)
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Gaseous Organic Sanpling and Anal ysis Data
Pl ant
Dat e
Locati on

Sour ce Sour ce Sour ce
sanple 1 sanple 2 sanple_3
1. Ceneral information
Source tenperature (°C)
Probe tenperature (°C)
Anbi ent tenperature (°C)
At nospheri c pressure (mm Hg)
Source pressure (nmm Hg)
Sanpling rate (m/mn)
Sanpl e | oop volunme (m)
Sanpl e | oop tenperature (°C
Sanple collection tinme
(24-hr basis)
Col umm tenperature
Initial (°C
Programrate (°C/ mn)
Final (°C
Carrier gas flowrate (m/mn)
Det ector tenperature (°C)
Chart speed (cm mn)
Dilution gas flow rate
(m/mn)
Di | uent gas used (synbol)
Dilution ratio
Performed by:
(signature): Dat e:

Figure 18-14_. Sampling and analysis sheet.



