METHOD 204F--VOLATILE ORGANIC COMPOUNDS CONTENT IN LIQUID
INPUT STREAM (DISTILLATION APPROACH)

1. INTRODUCTION

1.1 Applicability. This procedure is applicable for
determ ning the input of volatile organic conmpounds (VOC). It is
intended to be used as a segnent in the devel opnment of |iquid/gas
protocols for determ ning VOC capture efficiency (CE) for surface
coating and printing operations.

1.2 Principle. The anount of VOC introduced to the process
(L) is the sumof the products of the weight (W of each VOC
containing liquid (ink, paint, solvent, etc.) used, and its VOC
content (V), corrected for a response factor (RF).

1.3 Sampling Requirements. A CE test shall consist of at
| east three sanpling runs. Each run shall cover at |east one
conpl ete production cycle, but shall be at |east 3 hours |ong.
The sanpling tinme for each run need not exceed 8 hours, even if
t he production cycle has not been conpleted. Alternative
sanpling tines may be used with the approval of the
Adm ni strator.

2. SUMMARY OF METHOD

A sanpl e of each coating used is distilled to separate the
VOC fraction. The distillate is used to prepare a known standard
for analysis by an flame ionization analyzer (FIA), calibrated
agai nst propane, to determne its RF

3. SAFETY

Because this procedure is often applied in highly explosive



areas, caution and care should be exercised in choosing,
installing, and using the appropriate equi pnent.

4. EQUIPMENT AND SUPPLIES

Mention of trade names or conpany products does not
constitute endorsenment. All gas concentrations (percent, ppn
are by vol une, unl ess otherw se noted.

4.1 Liquid Weight.

4.1.1 Balances/Digital Scales. To weigh drunms of VOC
containing liquids to wthin 0.2 Ib or 1.0 percent of the total
wei ght of VOC |liquid used.

4.1.2 Volume Measurement Apparatus (Alternative). Vol une
meters, flow neters, density nmeasurenent equi pnent, etc., as
needed to achi eve the same accuracy as direct weight
nmeasur enment s.

4.2 Response Factor Determination (FIA Technique). The VOC
distillation system and Tedl ar gas bag generation system
appar atuses are shown in Figures 204F-1 and 204F-2, respectively.
The follow ng equi pnment is required:

4.2.1 Sample Collection Can. An appropriately-sized netal
can to be used to collect VOC containing materials. The can nust
be constructed in such a way that it can be grounded to the
coati ng cont ai ner.

4.2.2 Needle Valves. To control gas flow

4.2.3 Regulators. For calibration, dilution, and sweep gas

cyl i nders.



4.2.4 Tubing and Fittings. Teflon and stainless steel
tubing and fittings with dianeters, |engths, and sizes determ ned

by the connection requirenents of the equi pnment.

4.2.5 Thermometer. Capable of neasuring the tenperature of
the hot water and oil baths to wthin 1°C

4.2.6 Analytical Balance. To neasure =0.01 ny.

4.2.7 Microliter Syringe. 10-pl size.

4.2.8 Vacuum Gauge or Manometer. O0- to 760-mm (0- to
30-in.) Hg U Tube manoneter or vacuum gauge.

4.2.9 Hot Oil Bath, With Stirring Hot Plate. Capable of
heating and maintaining a distillation vessel at 110 + 3°C.

4.2.10 Ice Water Bath. To cool the distillation flask.

4.2.11 Vacuum/Water Aspirator. A device capable of draw ng
a vacuumto within 20 mm Hg from absol ute.

4.2.12 Rotary Evaporator System. Conplete wth fol ded
inner coil, vertical style condenser, rotary speed control, and
Tefl on sweep gas delivery tube with valved inlet. Buch
Rot avapor or equival ent.

4.2.13 Ethylene Glycol Cooling/Circulating Bath. Capable
of maintaining the condenser coil fluid at -10°C

4.2.14 Dry Gas Meter (DGM). Capable of neasuring the
dilution gas volunme within 2 percent, calibrated with a
spironeter or bubble neter, and equipped with a tenperature gauge

capabl e of neasuring tenperature within 3°C



4.2.15 Activated Charcoal/Mole Sieve Trap. To renobve any
trace |l evel of organics picked up fromthe DGV

4.2.16 Gas Coil Heater. Sufficient |ength of
0.125-inch stainless steel tubing to allow heating of the
dilution gas to near the water bath tenperature before entering
the vol atilization vessel.

4.2.17 Water Bath, With Stirring Hot Plate. Capable of
heati ng and maintaining a volatilization vessel and coil heater
at a tenperature of 100 = 5°C.

4.2.18 Volatilization Vessel. 50-m mdget inpinger fitted
with a septumtop and loosely filled with glass wool to increase
the volatilization surface.

4.2.19 Tedlar Gas Bag. Capable of holding 30 liters of
gas, flushed clean with zero air, |eak tested, and evacuat ed.

4.2.20 Organic Concentration Analyzer. An FIA with a span
value of 1.5 tines the expected concentration as propane;
however, other span values may be used if it can be denonstrated
that they would provide equally accurate neasurenents. The FIA
i nstrunment should be the sanme instrunment used in the gaseous
anal yses adjusted with the same fuel, conbustion air, and sanple
back-pressure (flow rate) settings. The system shall be capable
of neeting or exceeding the foll ow ng specifications:

4.2.20.1 Zero Drift. Less than 3.0 percent of the span
val ue.

4.2.20.2 Calibration Drift. Less than £3.0 percent of the



span val ue.

4.2.20.3 Calibration Error. Less than £3.0 percent of the
calibration gas val ue.

4.2.21 Integrator/Data Acquisition System. An anal og or
digital device or conmputerized data acquisition systemused to
integrate the FIA response or conpute the average response and
record neasurenent data. The m nimum data sanpling frequency for
conputing average or integrated value is one neasurenent val ue
every 5 seconds. The device shall be capable of recording
average val ues at | east once per m nute.

4_.2.22 Chart Recorder (Optional). A chart recorder or
simlar device is recormmended to provide a continuous anal og
di splay of the nmeasurenent results during the liquid sanple
anal ysi s.

5. REAGENTS AND STANDARDS

5.1 Zero Air. High purity air with less than 1 ppm of
organic material (as propane) or less than 0.1 percent of the
span val ue, whichever is greater. Used to supply dilution air
for maki ng the Tedl ar bag gas sanpl es.

5.2 THC Free N,. High purity N, with less than 1 ppm THC.
Used as sweep gas in the rotary evaporator system

5.3 Calibration and Other Gases. Gases used for
calibration, fuel, and conbustion air (if required) are contained
in conpressed gas cylinders. All calibration gases shall be

traceable to National Institute of Standards and Technol ogy



standards and shall be certified by the manufacturer to

+1 percent of the tag value. Additionally, the manufacturer of
the cylinder should provide a recommended shelf life for each
calibration gas cylinder over which the concentration does not
change nore than 2 percent fromthe certified value. For

cali bration gas values not generally available, dilution systens
cal i brated using Method 205 nmay be used. Alternative nethods for
preparing calibration gas mxtures nmay be used with the approval

of the Adm ni strator.

5.3.1 Fuel. The FIA manufacturer's recomended fuel should
be used. A 40 percent H,/ 60 percent He, or
40 percent H,/ 60 percent N, mxture is reconmended to avoid fuels
w th oxygen to avoid an oxygen synergismeffect that reportedly
occurs when oxygen concentration varies significantly froma nean
value. Oher m xtures may be used provided the tester can
denonstrate to the Adm nistrator that there is no oxygen
synergi smeffect.

5.3.2 Combustion Air. Hgh purity air with less than 1 ppm
of organic material (as propane) or less than 0.1 percent of the
span val ue, whichever is greater

5.3.3 FIA Linearity Calibration Gases. Low, md-, and
hi gh-range gas m xture standards with nom nal propane
concentration of 20-30, 45-55, and 70-80 percent of the span

value in air, respectively. Oher calibration values and ot her



span values may be used if it can be shown that equally accurate
measur enents woul d be achi eved.

5.3.4 System Calibration Gas. Gas m xture standard
cont ai ning propane in air, approximting the VOC concentration
expected for the Tedl ar gas bag sanpl es.

6. QUALITY CONTROL

6.1 Required instrunment quality control paraneters are
found in the foll ow ng sections:

6.1.1 The FIA system nust be calibrated as specified in
section 7.1.

6.1.2 The systemdrift check must be perfornmed as specified
in section 7. 2.

6.2 Precision Control. A mninmum of one sanple in each
batch nmust be distilled and anal yzed in duplicate as a precision
control. If the results of the two anal yses differ by nore than
+10 percent of the mean, then the system nust be reeval uated and
the entire batch nust be redistilled and anal yzed.

6.3 Audits.

6.3.1 Audit Procedure. Concurrently, analyze the audit
sanpl e and a set of conpliance sanples in the sanme manner to
eval uate the technique of the anal yst and the standards
preparation. The sane anal yst, anal ytical reagents, and
anal ytical system shall be used both for conpliance sanples and
the EPA audit sanmple. |If this condition is nmet, auditing of

subsequent conpliance anal yses for the sane enforcenent agency



within 30 days is not required. An audit sanple set may not be
used to validate different sets of conpliance sanpl es under the
jurisdiction of different enforcenent agencies, unless prior
arrangenents are made with both enforcenent agenci es.

6.3.2 Audit Samples. Audit Sanple Availability. Audit
sanples will be supplied only to enforcenent agencies for
conpliance tests. The availability of audit sanples may be
obt ai ned by writing:

Source Test Audit Coordinator (STAC) (NMD-77B)

Qual ity Assurance Division

At nrospheri c Research and Exposure Assessnent Laboratory

U.S. Environnental Protection Agency

Research Triangle Park, NC 27711
or by calling the STAC at (919) 541-7834. The request for the
audit sanple nust be nmade at | east 30 days prior to the schedul ed
conpl i ance sanpl e anal ysi s.

6.3.3 Audit Results. Calculate the audit sanple
concentration according to the cal cul ati on procedure described in
the audit instructions included with the audit sanmple. Fill in
the audit sanple concentration and the analyst's nanme on the
audit response formincluded with the audit instructions. Send
one copy to the EPA Regional Ofice or the appropriate
enf orcenent agency, and a second copy to the STAC. The EPA
Regi onal O fice or the appropriate enforcenent agency wll report
the results of the audit to the | aboratory being audited.

I nclude this response with the results of the conpliance sanpl es

inrelevant reports to the EPA Regional Ofice or the appropriate



enf orcement agency.

7. CALIBRATION AND STANDARDIZATION

7.1 FIA Calibration and Linearity Check. Mke necessary
adjustnments to the air and fuel supplies for the FIA and ignite
the burner. Allowthe FIAto warmup for the period recomended
by the manufacturer. |Inject a calibration gas into the
measur enent system and adj ust the back-pressure regulator to the
val ue required to achieve the flow rates specified by the
manuf acturer. Inject the zero- and the high-range calibration
gases and adj ust the anal yzer calibration to provide the proper
responses. Inject the low and m d-range gases and record the
responses of the neasurenent system The calibration and
linearity of the systemare acceptable if the responses for al
four gases are within 5 percent of the respective gas values. |If
the performance of the systemis not acceptable, repair or adjust
the system and repeat the linearity check. Conduct a calibration
and linearity check after assenbling the anal ysis system and
after a major change is nmade to the system A calibration curve
consi sting of zero gas and two
calibration | evels nust be perfornmed at the begi nning and end of
each batch of sanpl es.

7.2 Systems Drift Checks. After each sanple, repeat the
system cal i bration checks in section 7.1 before any adjustnents
to the FIA or neasurenent systemare nmade. |If the zero or

calibration drift exceeds 3 percent of the span value, discard



the result and repeat the analysis. Alternatively, recalibrate
the FIA as in section 7.1 and report the results using both sets
of calibration data (i.e., data determned prior to the test
period and data determned following the test period). The data
that results in the | owest CE val ue shall be reported as the
results for the test run.

8. PROCEDURES

8.1 Determination of Liquid Input Weight

8.1.1 Weight Difference. Determ ne the amount of materi al
introduced to the process as the weight difference of the feed
mat eri al before and after each sanpling run. 1In determning the
total VOC containing liquid usage, account for: (a) the initial
(begi nning) VOC containing liquid mxture; (b) any sol vent added
during the test run; (c) any coating added during the test run;
and (d) any residual VOC containing liquid m xture renai ning at
the end of the sanple run.

8.1.1.1 ldentify all points where VOC containing |iquids
are introduced to the process. To obtain an accurate neasurenent
of VOC containing liquids, start wwth an enpty fountain (if
applicable). After conpleting the run, drain the liquid in the
fountain back into the liquid drum (if possible), and weigh the
drum again. Wigh the VOC containing liquids to 0.5 percent of
the total weight (full) or x1.0 percent of the total weight of
VOC containing liquid used during the sanple run, whichever is

less. If the residual liquid cannot be returned to the drum



drain the fountain into a prewei ghed enpty drumto determ ne the
final weight of the Iiquid.

8.1.1.2 If it is not possible to neasure a single
representative m xture, then weigh the various conponents
separately (e.qg., if solvent is added during the sanpling run,
wei gh the solvent before it is added to the mxture). |If a fresh
drum of VOC containing liquid is needed during the run, then
wei gh both the enpty drum and fresh drum

8.1.2 Volume Measurement (Alternative). If direct weight
measurenents are not feasible, the tester may use volune neters
and flow rate neters (and density neasurenents) to determ ne the
wei ght of liquids used if it can be denonstrated that the
techni que produces results equivalent to the direct weight
measurenents. |If a single representative m xture cannot be
measur ed, neasure the conponents separately.

8.2 Determination of VOC Content in Input Liquids 8.2.1

Collection of Liquid Samples.

8.2.1.1 Collect a 1-pint or larger sanple of the VOC
containing liquid mxture at each application |location at the
begi nning and end of each test run. A separate sanple should be
taken of each VOC containing liquid added to the application
m xture during the test run. |If a fresh drumis needed during
the sanpling run, then obtain a sanple fromthe fresh drum

8.2.1.2 Wen collecting the sanple, ground the sanple

container to the coating drum Fill the sanple container as



close to the rimas possible to mnimze the amount of headspace.
8.2.1.3 After the sanple is collected, seal the container
so the sanple cannot | eak out or evaporate.
8.2.1.4 Label the container to identify clearly the
cont ent s.
8.2.2 Distillation of VOC.
8.2.2.1 Assenble the rotary evaporator as shown in
Fi gure 204F-1.
8.2.2.2 Leak check the rotary evaporation system by
aspirating a vacuum of approximtely 20 nm Hg from absol ute.
Cl ose up the system and nonitor the vacuum for approxi mately
1 mnute. If the vacuumfalls nore than 25 mmHg in
1 mnute, repair |l eaks and repeat. Turn off the aspirator and
vent vacuum
8.2.2.3 Deposit approximately 20 ml of sanple (inks,
paints, etc.) into the rotary evaporation distillation flask.
8.2.2.4 Install the distillation flask on the rotary
evapor at or .
8.2.2.5 Imrerse the distillate collection flask into the
i ce water bath.
8.2.2.6 Start rotating the distillation flask at a speed of
approximately 30 rpm
8.2.2.7 Begin heating the vessel at a rate of 2 to 3°C per
m nut e.

8.2.2.8 After the hot oil bath has reached a tenperature of



50°C or pressure is evident on the nmercury manoneter, turn on the
aspirator and gradually apply a vacuumto the evaporator to
within 20 mm Hg of absolute. Care should be taken to prevent
mat erial burping fromthe distillation flask.

8.2.2.9 Continue heating until a tenperature of 110°Cis
achieved and maintain this tenperature for at |east
2 mnutes, or until the sanple has dried in the distillation
fl ask.

8.2.2.10 Slowy introduce the N, sweep gas through the
purge tube and into the distillation flask, taking care to
mai ntai n a vacuum of approxi mately 400-mm Hg from absol ute.

8.2.2.11 Continue sweeping the remaining solvent VOC from
the distillation flask and condenser assenbly for
2 mnutes, or until all traces of condensed sol vent are gone from
the vessel. Sone distillate may remain in the still head. This
w Il not affect solvent recovery ratios.

8.2.2.12 Rel ease the vacuum disassenble the apparatus and
transfer the distillate to a | abel ed, sealed vial.

8.2.3 Preparation of VOC standard bag sample.

8.2.3.1 Assenble the bag sanpl e generation system as shown
in Figure 204F-2 and bring the water bath up to near boiling
t enper at ur e.

8.2.3.2 Inflate the Tedl ar bag and performa | eak check on
t he bag.

8.2.3.3 Evacuate the bag and cl ose the bag inlet val ve.



8.2.3.4 Record the current baronetric pressure.

8.2.3.5 Record the starting reading on the dry gas neter,
open the bag inlet valve, and start the dilution zero air flow ng
into the Tedl ar bag at approximately 2 liters per m nute.

8.2.3.6 The bag sanple VOC concentration should be simlar
to the gaseous VOC concentration neasured in the gas streans.
The anount of |iquid VOC required can be approxi mated using
equations in section 9.2. Using
Equati on 204F-4, calculate C by assuming RFis 1.0 and
selecting the desired gas concentration in ternms of propane, Cs.
Assuming B, is 20 liters, M, the approxinate anount of
liquid to be used to prepare the bag gas sanple, can be
cal cul at ed usi ng Equati on 204F- 2.

8.2.3.7 Qickly withdraw an aliquot of the approximte
amount calculated in section 8.2.3.6 fromthe distillate vial
with the mcroliter syringe and record its weight fromthe
anal ytical balance to the nearest 0.01 ng.

8.2.3.8 Inject the contents of the syringe through the
septum of the volatilization vessel into the glass wool inside
t he vessel

8.2.3.9 Reweigh and record the tare wei ght of the now enpty
syringe.

8.2.3.10 Record the pressure and tenperature of the
dilution gas as it is passed through the dry gas neter.

8.2.3.11 After approximately 20 liters of dilution gas have



passed into the Tedl ar bag, close the valve to the dilution air
source and record the exact final reading on the dry gas neter.

8.2.3.12 The gas bag is then anal yzed by FIA within
1 hour of bag preparation in accordance with the procedure in
section 8.2. 4.

8.2.4 Determination of VOC response factor.

8.2.4.1 Start up the FIA instrunent using the same settings
as used for the gaseous VOC neasurenents.

8.2.4.2 Performthe FIA analyzer calibration and linearity
checks according to the procedure in section 7.1. Record the
responses to each of the calibration gases and the back-pressure
setting of the FIA

8.2.4.3 Connect the Tedlar bag sanple to the FI A sanple
inlet and record the bag concentration in terns of propane.
Conti nue the anal yses until a steady reading is obtained for at
| east 30 seconds. Record the final reading and cal cul ate the RF

8.2.5 Determination of coating VOC content as VOC (V,;)-

8.2.5.1 Determne the VOC content of the coatings used in
t he process using EPA Method 24 or 24A as applicable.

9. DATA ANALYSIS AND CALCULATIONS

9.1. Nomenclature

B, = Volune of bag sanple volune, liters
Cs = Concentration of bag sanple as propane, ng/liter.

Cic = Concentration of bag sanple as VOC, ng/liter.

A
I

0. 00183 ng propane/ (liter-ppm propane)



I:)STD

W,

W,

W

Total VOC content of |iquid input, kg propane.
Mass of VOC liquid injected into the bag, ny.
Vol unme of gas neasured by DGV liters.

Absol ute DGM gas pressure, nmm Hg.

St andard absol ute pressure, 760 mm Hg.

FI A reading for bag gas sanple, ppm propane.

Response factor for VOC in |iquid,
wei ght VOC/ wei ght pr opane.

Response factor for VOC in liquid J,
wei ght VOC/ wei ght pr opane.

DGM t enperature, °K

St andard absol ute tenperature, 293°K

Initial VOC weight fraction of VOC liquid J.
Fi nal VOC weight fraction of VOC |iquid J.

VOC wei ght fraction of VOC liquid J added during
t he run.

Wei ght of VOC containing liquid J at begi nning of
run, Kkg.

Wei ght of VOC containing liquid J at end of run,
kg.

Wei ght of VOC containing liquid J added during the
run, Kkg.

9.2 Calculations

9.2.1

9.2.2

Bag sample volume.

M, To P
—— " Eq. 204F-1

\Y
TM I:)STD

Bag sample VOC concentration.



=

Cyoc =— Eq. 204F-2
BV
9.2.3 Bag sample VOC concentration as propane.
Ce, = Re, K Eq. 204F-3
9.2.4 Response Factor.
C
RF = —= Eq. 204F-4
Cc

9.2.5 Total VOC Content of the Input VOC Containing Liquid.

. . n - - n . .
-y a3y A4 Eq. 204F-5

10. DIAGRAMS
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