EMISSION MEASUREMENT TECHNICAL INFORMATION CENTER
CONDITIONAL TEST METHOD

Determination of Halogenated Organics
from Stationary Sources

1. INTRODUCTION

Performance of this method should not be attenpted by persons
unfamliar with the operation of a gas chromat ograph, nor by
those who are unfamliar wth source sanpling because know edge
beyond the scope of this presentation is required. Care nust be
exercised to prevent exposure of sanpling personnel to hazardous
em ssi ons.

2. APPLICABILITY AND PRINCIPLE

2.1 Applicability. This nmethod applies to the measurenent of
hal ogenat ed organi cs such as carbon tetrachl ori de, ethylene

di chl ori de, perchloroethylene, trichloroethyl ene, nethylene
chloride, 1,1,1-trichloroethylene, and trichlorotrifluoroethane
in stack gases fromsources as specified in the regulations. It
does not apply when the hal ogenated organics are contained in
particul ate matter

2.2 Principle. An integrated bag sanple of stack gas containing
one or nore hal ogenated organics is subjected to gas

chromat ographic (GC) analysis, using a flame ionization detector
(FID).

3. RANGE AND SENSITIVITY

The range of this nmethod is 0.1 to 200 ppm The upper limt may
be extended by extending the calibration range or by diluting the
sanpl e.

4. INTERFERENCES

The chromat ograph colum with the correspondi ng operating
paraneters herein described nornmally provides an adequate

resol ution of hal ogenated organics; however, resol ution
interferences may be encountered in sone sources. Therefore, the
chr omat ogr aph operator shall select the colum best suited to his
particul ar anal ysis problem subject to the approval of the

Adm nistrator. Approval is automatic provided that confirmng
data are produced through an adequate suppl enmental anal yti cal
technique, e.g. analysis with a different colum or GO mass
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spectroscopy. This confirm ng data nust be available for review
by the Adm nistrator.

5. APPARATUS

5.1 Sampling (see Figure 1). The sanpling train consist of the
fol |l ow ng conponents:

5.1.1 Probe. Stainless steel, Pyrex glass, or Teflon tubing (as
stack tenperature permts), each equi pped with a glass wool plug
to renove particulate matter. (Note: Mention of trade nanes or
speci fic products does not constitute endorsenent by the

Envi ronmental Protection Agency)

5.1.2 Sampling Line. Teflon, 6.4-nmm outside dianeter, of
sufficient length to connect probe to bag. Use a new unused

pi ece for each series of bag sanples that constitutes an em ssion
test, and discard upon conpletion of the test.

5.1.3 Quick Connects. Stainless steel male (2) and female (2),
with ball checks (one pair without), |located as shown in
Figure 1.

5.1.4 Tedlar or Aluminized Mylar Bags. 100-liter, to contain
sanpl e.

5.1.5 Bag Containers. R gid |eak-proof containers for sanple
bags, with covering to protect contents from sunlight.

5.1.6 Needle Valve. To adjust sanple flow rate.
5.1.7 Pump. Leak-free, with mninumof 2-liters/mn capacity.

5.1.8 Charcoal Tube. To prevent adm ssion of hal ogenated
organics to the atnosphere in the vicinity of sanplers.

5.1.9 Flow Meter. For observing sanple flow rate; capable of
measuring a flowrange fromO0.10 to 1.00 liter/ mn.

5.1.10 Connecting Tubing. Teflon 6.4-mm outside dianeter, to
assenbl e sanpling train (Figure 1).

5.2 Sample Recovery. Teflon tubing, 6.4-mmoutside dianeter, to




sanpl es that constitutes an em ssion test and discard upon
COUTICI Ubi UIlT Ul dallal ybi > Ul 1T1NUsc Uadys.

5.3 Analysis. The follow ng equi pnent is needed:
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5.3.1 Gas Chromatograph. Wth FID, potentionetric strip chart
recorder, and 1.0- to 2.0-m sanpling loop in automatic sanpl e
val ve. The chromat ographi c system shall be capabl e of producing
a response to 0.1 ppm of the hal ogenated organic conpound that is
at | east a great as the average noise level. (Response is
nmeasured fromthe average val ue of the baseline to the naxi mum of
the waveform while standard operating conditions are in use.)

5.3.2 Chromatographic Column. Stainless steel, 3.05 mby 3.2 mm
cont ai ning 20 percent SP-2100/0.1 percent Carbowax 1500 on

100/ 120 Supel coport. The anal yst may use other colums provi ded
that the precision and accuracy of the analysis of standards are
not inpaired and information confirmng that there is adequate
resol ution of the hal ogenated organi c conpound peak is avail abl e
for review Adequate resolution is defined as an area overlap of
not nore than 10 percent of the hal ogenated organi c conpound peak
by an interferent peak. Calculation of area overlap is expl ai ned
in Appendi x E, Supplenment A: "Determ nation of Adequate

Chr omat ogr aphi ¢ Peak Resol ution.”

5.3.3 Flow Meters (2). Rotaneter type, 0- to 100-m/mn
capacity.

5.3.4 Gas Regulators. For required gas cylinders.

5.3.5 Thermometer. Accurate to 1°C, to neasure tenperature of
heated sanple loop at tinme of sanple injection.

5.3.6 Barometer. Accurate to 5 mmHg, to neasure atnospheric
pressure around gas chromat ograph during sanpl e anal ysis.

5.3.7 Pump. Leak-free, with a mninumof 100-ml/m n capacity.

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

5.3.9 Planimeter. Optional, in place of disc or electronic
integrator (Section 5.3.8), to neasure chromatograph peak areas.
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optional procedure in Section 8.1

5.4.1 Tubing. Teflon, 6.4-nmm outside dianeter, separate pieces
mar ked for each calibration.

5.4.2 Tedlar or Aluminized Mylar Bags. 50-liter capacity, with
val ve; separate bag marked for each calibration concentration
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5.4.3 Syringes. One 25-puyl and one 50-ul, gas tight,
individually calibrated to dispense |iquid hal ogenated organic
sol vent .

5.4.4 Dry Gas Meter with Temperature and Pressure Gauges.
Accurate to +2 percent, to nmeter nitrogen in preparation of
standard gas m xtures, calibrated at the flowrate used to
prepare standards.

5.4.5 Midget Impinger/Hot Plate Assembly. To vaporize sol vent.
6. REAGENTS

It is necessary that all reagents be of chromatographi c grade.

6.1 Analysis. The followi ng are needed for anal ysis:

6.1.1 Helium Gas or Nitrogen Gas. Zero grade, for
chromat ographi c carrier gas.

6.1.2 Hydrogen Gas. Zero grade.

6.1.3 Oxygen Gas or Air. Zero grade, as required by the
det ect or.

6.2 Calibration. Use one of the follow ng options: either
Sections 6.2.1 and 6.2.2 or Section 6.2.3.

6.2.1 Halogenated Organic Compound, 99 Mol Percent Pure.
Certified by the manufacturer to contain a m ninum of 99 Mol
percent of the particul ar hal ogenated organi c conpound; for use
in the preparation of standard gas m xtures as described in
Section 8.1



m xtures as described in Section 8. 1.

6.2.3 Cylinder Standards (3). Gas m xture standards (200, 100,
and 50 ppm of the hal ogenated organi c conpound of interest, in
nitrogen). The tester may use these cylinder standards to
directly prepare a chromatograph calibration curve as descri bed
in Section 8.2.2, if the followng conditions are net: (a) The
manuf acturer certifies the gas conposition with an accuracy of
+3 percent or better (See Section 6.2.3.1). (b) the manufacturer
recommends a maxi num shelf |ife over which the gas concentration
does not change by greater than +5 percent fromthe certified
value. (c) The manufacturer affixes the date of gas cylinder
preparation, certified concentration of the hal ogenated organic
conmpound, and recommended maxi mum shelf life to the cylinder
before shipnment fromthe gas manufacturer to the buyer.
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6.2.3.1 Cylinder Standards Certification. The manufacturer
shall certify the concentration of the hal ogenated organic
conmpound in nitrogen in each cylinder by (a) directly anal yzing
each cylinder and (b) calibrating his anal ytical procedure on the
day of cylinder analysis. To calibrate his analytical procedure,
t he manufacturer shall use, as a mninmum a three-point
calibration curve. It is recomrended that the manufacturer

mai ntain (1) a high-concentration calibration standard (between
200 and 400 ppm) to prepare his calibration curve by an
appropriate dilution technique and (2) a | ow concentration
calibration standard (between 50 and 100 ppn) to verify the
dilution technique used. |If the difference between the apparent
concentration read fromthe calibration curve and the true
concentration assigned to the | owconcentration calibration
standard exceeds 5 percent of the true concentration, the

manuf acturer shall determ ne the source of error and correct it,
then repeat the three-point calibration.

6.2.3.2 VerifTication of Manufacturer®s Calibration Standards.
Bef ore using, the manufacturer shall verify each calibration
standard by (a) conparing it to gas m xtures prepared (with

99 Mol percent of the hal ogenated organi ¢ conpounds) in
accordance wth the procedure described in Section 7.1 or by

(b) having it analyzed by the National Institute of Standards and
Technol ogy, if such analysis is available. The agreenent between
the initially determ ned concentration value and verification
concentration value nust be within 5 percent. The manufacturer
must reverify all calibration standards on a tinme interval
consistent with the shelf life of the cylinder standards sol d.
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concentrations known only to the person supervising the analysis
Sdllpl es. e audl vt Cylrrnaer stdlddlr ds STidl T De T deltrcally
prepared as those in Section 6.2.3 (the hal ogenated organic
conmpounds of interest, in nitrogen). The concentrations of the
audit cylinders should be : one | owconcentration cylinder in the
range of 25 to 50 ppm and one hi gh-concentration cylinder in the
range of 200 to 300 ppm \When avail able, audit cylinders nay be
obtain by contacting: Source Test Audit Coordi nator (MD 77B)

Qual ity Assurance Division, Atnospheric Research and Exposure
Assessnent Laboratory, U. S. Environnental Protection Agency,
Research Triangle Park, North Carolina 27711. The request for
the audit cylinders nust be nade at | east 30 days prior to the
schedul ed conpl i ance sanpl e anal ysi s.
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7. PROCEDURE
7.1 Sampling.

7.1.1 Assenble the sanpling train as shown in Figure 1. Perform
a bag | eak check according to Section 8.3.2. Join the quick
connects as illustrated, and determ ne that all connections

bet ween the bag and the probe are tight. Place the end of the
probe at the centroid of the stack and start the punp with the
needl e valve adjusted to yield a flow that will nore than half
fill the bag in the specified sanple period. After allow ng
sufficient time to purge the line several tinmes, connect the
vacuum line to the bag and evacuate the bag until the rotaneter
indicates no flow At the tinme, direct the gas exiting the
rotanmeter away from sanpling personnel

7.1.2 Then reposition the sanple and vacuum lines and begin the
actual sanpling, keeping the rate constant. At the end of the
sanpl e period, shut off the punp, disconnect the sanple line from
t he bag, and di sconnect the vacuumline fromthe bag container.
Protect bag container from sunlight.

7.2 Sample Storage. Keep the sanple bags out of direct sunlight
and protect fromheat. Performthe analysis within 1 day of
sanple collection for nmethylene chloride, ethylene dichloride,
and trichlorotrifluoroethane, and within 2 days for
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carbon tretrachl ori de.

7.3 Sample Recovery. Wth a new piece of Teflon tubing
identified for that bag, connect a bag inlet valve to the gas
chromat ograph sanple valve. Switch the valve to receive gas from
t he bag through the sanple | oop. Arrange the equipnent so the
sanpl e gas passes fromthe sanple valve to a 0- to 100-m/mn
rotaneter with flow control valve followed by a charcoal tube and
a0- 1-in. HO pressure gauge. The tester nay maintain the
sanple flow either by a vacuum punp or container pressurization
if the collection bag remains in the rigid container. After
sanple | oop purging is ceased, allow the pressure gauge to return
to zero before activating the gas sanpling val ve.

7.4 Analysis. Set the columm tenperature to 100°C and the
detector tenperature to 225°C. When optimum hydrogen and oxygen
flow rates have been determ ned, verify and maintain these flow
rates during all chromatograph operations. Using zero helium or
nitrogen as the carrier gas, establish a flowrate in the range
consistent with the manufacturer's requirenents for satisfactory
detector operation. A flow rate of approximately 20 m/mn
shoul d produce adequate separations. Cbserve the base |ine
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periodically and determ ne the noise | evel has stabilized and
that base-line drift has ceased. Purge the sanple |oop for

30 seconds at the rate of 100 mM/mn, then activate the sanple
valve. Record the injection tinme (the position of the pen on the
chart at the tinme of sanple injection), the sanple nunber, the
sanple | oop tenperature, the colum tenperature, carriers gas
flowrate, chart speed, and the attenuator setting. Record the
baronmetric pressure. Fromthe chart, note the peak having the
retention time corresponding to the hal ogenated organi ¢ conpound,
as determned in Section 8.2.1. Measure the hal ogenated organic
conpound peak area, A, by use of a disc integrator, electronic
integrator, or a planineter. Record A, and the retention tine.
Repeat the injection at least towtinmes or until two consecutive
values for the total area of the peak do not vary nore than

5 percent. Use the average value for these two total areas to
conpute the bag concentration

7.5 Determination of Bag Water Vapor Content. Measure the

anbi ent tenperature and baronetric pressure near the bag. Froma
wat er saturation vapor pressure table, determ ne and record the
wat er vapor content of the bag as a decimal figure. (Assune the
relative humdity to be 100 percent unless a | esser value is
known. )
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QUALITY ASSURANCE.

8.1 Preparation of Standard Gas Mixtures. (Optional procedure -
delete if cylinder standards are used.) Assenble the apparatus
shown in Figure 23-2. Check that all fittings are tight.
Evacuate a 50-liter Tedlar or alum nized Mylar Bag that has
passed a | eak check (described in Section 7.3.2) and neter in
about 50 liters of nitrogen. Measure the baronetric pressure,
the relative pressure at the dry gas neter, and the tenperature
at the dry gas neter. Refer to Table 1. Wile the bag is
filling, use the 50-pul syringe to inject through the septum on
top of the inpinger, the quantity required to yield a
concentration of 200 ppm In a |like manner, use the 25-p
syringe to prepare bags having approxi mately 100- and 50-ppm
concentrations. To calculate the specific concentrations, refer
to Section 9.1 (Tedlar bag gas m xture standards or nethyl ene
chloride, ethylene dichloride, and trichlorotrifluoroethane may
be used for 1 day, trichloroethylene and 1,1, 1-trichl oroethane
for 2 days, and perchl oroet hyl ene and carbon tetrachl oride for
10 days fromthe date of preparation. (Caution: |If the new gas
m xture standard is a | ower concentration than the previ ous gas
m xture standard, contam nation may be a problemwhen a bag is
reused.)
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8.2 Calibration.

8.2.1 Determination of Halogenated Organic Compound Retention
Time. (This section can be performed simnmultaneously with
Section 8.2.2.) Establish chromatograph conditions identical
with those in Section 7.4 above. Determ ne proper attenuator
position. Flush the sanpling loop with zero heliumor nitrogen
and activate the sanple valve. Record the injection tinme, the
sanple | oop tenperature, the colum tenperature, the carrier gas
flowrate, the chart speed, and the attenuator setting. Record
peaks and detector responses that occur in the absence of the
hal ogenated organic. Maintain conditions (with the equipnent

pl unbi ng arranged identically to Section 7.3), flush the sanple
| oop for 30 seconds at the rate of 100 mM/mn with one of the
hal ogenat ed organi ¢ conpound cal i bration m xtures, and activate
the sanple valve. Record the injection tinme. Select the peak
that corresponds to the hal ogenated organi c conpound. Measure
the distance on the chart fromthe injection time to the tine at
whi ch the peak maxi mum occurs. This distance divided by the
chart speed is defined as the hal ogenated organi c conpound peak
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organics present in the sanple, it is very inportant that

poOSTtTve Taentiircatl o or the hatogenated. orgart ¢ conpound. pear

be made.

8.2.2 Preparation of Chromatograph Calibration Curve. Mke a
gas chromat ogr aphi ¢ neasurenent of each standard gas m xture
(described in Section 6.2.3 or 8.1) using conditions identical
wth those listed in Sections 7.3 and 7.4. Flush the sanpling

| oop for 30 second at the rate of 100 mM/mn wth one of the
standard gas m xtures and activate the sanple valve. Record C,

t he concentration of hal ogenated organic injected, the attenuator
setting, chart speed, peak area, sanple | oop tenperature, colum
tenperature, carrier gas flowrate, and retention tinme. Record
the | aboratory pressure. Calculate A, the peak area nultiplied
by the attenuator setting. Repeat until two consecutive
injection areas are within 5 percent, then plot the average of
those two val ues versus C,. Wen the other standard gas m xtures
have been simlarly analyzed and plotted, draw a straight |ine

t hrough the points derived by the | east squares nethod. Perform
calibration daily, or before and after each set of bag sanpl es,
whi chever is nore frequent.

8.3 Quality Assurance.

8.3.1 Analysis Audit. Immediately after the preparation of the
calibration curve and prior to the sanple anal yses, performthe
anal ysis audit described in Appendi x E, Supplenent B: "Procedure
for Field Auditing GC Anal ysis."
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8.3.2 Bag Leak Checks. Wile performance of this section is
requi red subsequent to bag use, it is also advised that it be
performed prior to bag use. After each use, nmake sure a bag did
not devel op | eaks by connecting a water nmanoneter and
pressurizing the bag to 5to 10 cmHO (2 to 4 in. HO. Allow
to stand for 10 mn. Any displacenent in the water nmnanoneter
indicates a |leak. Also, check the rigid container for leaks in
this manner. (Note: An alternative |eak check nethod is to
pressurize the bag to 5 to 10 cmHO 2 to 4 in.HO and allow to
stand overnight. A deflated bag indicates a |leak.) For each
sanple bag in its rigid container, place a rotaneter in |line

bet ween the bag and the punp inlet. Evacuate the bag. Failure
of the rotaneter to register zero flow when the bag appears to be
enpty indicates a | eak.

9. CALCULATIONS



er;lch hal ogenat ed organi ¢ standard concentration (é:C in ppm

prepared 11 accoraance Wt Section 8. L as 1011 0ns.

24. 055 x 103 %
C -
© oy y 293 Py = 4
n Y T 760

m

wher e:
B = Vol une of hal ogenated organic injected, pl.
D = Density of conmpound at 293°K, g/m .
M = Mol ecul ar wei ght of conpound, g/g-nole.
V, = Gas vol une neasured by dry gas matter, liters.
Y = Dry gas neter calibration factor, dinensionless
P, = Absol ute pressure of dry gas neter, nmm Hg.

T, = Absolute tenperature of dry gas neter, °K

24.055 = ldeal nolal volunme at 293°K and 760 nmm Hg,
liter/g-nole.
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10%® = Conversion factor, (ppm(m)/ul.

9.2 Sample Concentrations. Fromthe calibration curve described
in Section 8.2.2 above, select the value of C, that corresponds
to A.. Calculate C, the concentration of hal ogenated organic in
the sanple (in ppn), as follows:

C = CcPrTi
s P T.(1-S,) Eq. 2




wher e:

10.

C. = Concentration of the hal ogenated organic indicated by
t he gas chromat ograph, ppm

P, = Reference pressure, the |aboratory pressure recorded
during calibration, mm Hg.

T, = Sanple |oop tenperature at the tine of analysis, °K
P, = Laboratory pressure at tinme of analysis, nmm Hg.

T, = Reference tenperature, the sanple | oop tenperature
recorded during calibration, °K

S, = Water vapor content of the bag sanmple, fraction.
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Injection Values for Preparation of Standards

(Optional, See Section 8.1)

Table 1.

Molecular
Weight
Compound g/g-mole
Perchloroethylene C,CI, 165.85
Trichloroethylene C,HCI, 131.40
1,1,1-trichloroethane C,H,CI, 133.42
Methylene Chloride CH,CI, 84.94
Trichlorotrifluoroethane C,CI;F; 187.38
Carbon Tetrachloride CCI, 153.84
Ethylene Dichloride CH,CI, 98.96

Density at

293°K

1

1

g/ml

.6230

.4649

.4384

.3255

.5790

-5940

.2569

nl/50 liters of N,
required for approximate

concentration of:
200 ppm 100 ppm 50 ppm

42.5 21.2 10.6
37.3 18.6 9.3
38.6 19.3 9.6
26.6 13.3 6.7
49.3 24.7 12.3
40.1 20.1 10.0
32.7 16.4 8.2



