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TASK 1

MUNICIPAL SOLID WASTE COMBUSTION:

FUEL TESTING AND CHARACTERIZATION

OBJECTIVE

The objective of this study is to screen and characterize potential biomass fuels from waste streams. This
will be accomplished by determining the types of pollutants produced while burning selected municipal
waste, i.e., commercial mixed waste paper residential (curbside) mixed waste paper, and refuse derived fuel
(RDF). These materials will be fired alone and in combination with wood (Ponderosa Pine), equal parts by
weight. The data from these experiments could be utilized to size pollution control equipment required to
meet emission standards.

This document provides detailed descriptions of the testing rnethods and evaluation procedures used in the
combustion testing and characterization project. "The fuel samples will be examined thoroughly from the
raw form to the exhaust emissions produced during the combustion test of a densified sample. Figure 1
is an overall test schematic identifying tests that will be performed.

QUALITY ASSURANCE

Ali ASTM Standards referenced in this section can be found in Appendix A. To maintain the credibility of
this study, many steps will be taken to ensure quality results. These steps are to include:

Record Keeping. Records of samples, data, and test results will be duplicated and kept in secure locations.
Records will be kept up to date and In a consistent format.

Sample Custody and Handling. Samples will be under the control of Oregon State University at ali times.
Samples sent to a commercial carrier, in accordance with ASTM Standard E954-88, "Packaging and
Shipping of Laboratory Samples of Refuse Derived Fuel."

Sample Preparation. Samples will be prepared for analysis in accordance with ASTM Standard E829-88,
"Preparing RDF Laboratory Samples for Analysis."

Equipment: Cleaning and Handling. Equipment will be properly maintained in accordance with
manufacturer's specifications. Ali surfaces and components will be inspected before use for cleanliness and
operational function.

Standards and Calibration. Ali testing and equipment use will be performed in accordance with specific
standards. Calibration will be performed before use and at required intervals specified by manufacturer.

System Stability° During combustion testing, steady-state conditions will be achieved and maintained
before any data collection or sampling occurs. Steady state is achieved when temperatures measured at
the outer surface of the combustion change by less than 2% in a 10-minute time interval.

Data Comparison. Several of the tests will be duplicated throughout the stud_. Data will be compared
between duplicate tests for evaluation of repeatability.

Calculatlens. Calculations will be, performed according to specific standards and methodologies. RDF
calculations witl be performed in accordance with ASTM Standard E791-87, "Calculating RDF Analysis Data
from As-Determined to Different Bases."
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Technology Transfer. Terms and abbreviations usedfor presentationand publication will be in accordance
withASTM Standard E856-83, "Definitinnof Terms and AbbreviationsRelatingto Physical and Chemical
Characteristicsof RefuseDerivedFuel,"and ASTM StandardE1126-87,"StandardTerminologyRelatingto
BiomassFuels,"

SAMPLING APPROACH - METHODS AND PROCEDURES

Collection

BPA's Technical Support Services Contractor and the Washington State Energy Office Task Force
representativewill collect RDF and clean mixed waste paper samples from: Tacoma, Seattle,and Olympia,
Wash,, _ton; and Portland, Oregon. Benchmark wood fuel (PonderosaPine) will be supplied from Brownir:g
Cutstock in Julietta, Idaho. A minimum of 170 pounds of each sample will be collected and handled in
airtight containers. The containerswill be plastic 5-gallon buckets or the like. Approximately 20 pounds of
sample will be required for physical/chemlcal property analysis, and 150 pounds for combustion analysis.
Note that the testing requires 170 pounds of dry sample. The raw sample will be considered dry if it has
a wet basis moisture content of 15%or less. If the raw sample has a high moisture content (t.e.,wet basis
moisture content > 25%), it will be necessary to collect more sample to ensure 170pounds of dry sample.

Sample Type

This study will look at three types of fuels: refuse-derivedfuel, mixed waste paper, and mixed waste
paper/woody biomass. The followingis an overviewof the samples:

1. Mixed Waste Paper (commercial office)
2. Mixed Waste Paper (commercial office)
3. Mixed Waste Paper (curb-side)
4. Mixed Waste Paper (curb-side)

Mixed waste paper samples from a commercial office will be composed primarily of shreddeo 8_,_'' x 11"
sheets of paper of different types. Mixed waste paper samples from curb-side will be composed primarily
of magazines, newsprint, and journals.

5. Mixed Waste Paper/Woody Biomass (commercial office)
6. Mixed Waste Paper/Woody Biomass (commercial office)
7. Mixed Waste Paper/Woody Biomass (curb-side)
8. Mixed Waste Paper/Woody Biomass (curb-side)

The woody biomass will be pure Ponderosa Pine pel!ets produced from finished trimstock lumber. These
pellets will also serve as a benchmark for comparison.

9. Tacoma RDF
10. Tacoma RDF
11. Tacoma RDF
12. Tacoma RDF

RDF samples will be collected on a quarterly basis. Samples will undergo the full battery of tests to
determine if there isa distinguishabledifference in physical/chemical or combustion characteristics due to
seasonal variation.
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Sampling Methods

Presently,a nationallyrecognizedstandarddoes not exist for samplingwood biomassor municipalsolid
waste. For thisstudy,the useof a randomsamplingmethod is importantto obtaininformationthat willbe
statisticallyrelevant. The followingmethodsare to be usedfor sampling:

Uniform Fuel Pile. if the RDF samplescom fromlargeabandonedfuelpiles,theywill beobtained byfilling
containersfrom fiverandomlyselectedsiteson thefuelpile. Samplesareto betaken bothfromthe surface
and fromwithin the pile (12 to 18 inchesdeep.

NonuniformLandfill. If the samplecollectiontakes piace ina landfill,a rope 36 feet long witha knot every
4 feet will be laid across the r_'fusematerial. A 20-pound (approximately)sample will be obtainedfrom
beneatheach of the eightknots on the rope.

ConveyingSystem. Ifthe RDFsamplescome froma facilitythat isoperationalandcurrentlyusingtheRDF
asa fuel, sampleswill be takenfroma movingconveyorbelt,augursystem,or air separator.Thecontainers
will be filledat randomtimes as the materialmoveson the conveyingsystem.

Commercial Office Waste Stream. Samplescollectedfrom commercialofficerecyclebinswillbe collected
randomlyto ensurethe collectionof a uniformsample. The sample collectoris to collect a representative
portion of ali materialtypes presentin the bin.

Cur_Side Recycling Program. Samplescollected from residentialcurb-siderecycle bins willbe chosen
randomlyto ensurethe collectionof a uniforrnsample. The samplecollectoris to collecta representative
portionof ali materialtypes presentinthe bin.

Sample Identification

Each containerwill be marked withan identificationcode. The code consistsof letters, numbers,and
colors. Thiscode will be used throughoutthe entirestudyto ensurethat sampleswill beeasily identifiable
and not intermixed. The sample codingis as follows:

RDF refusederivedfuel
MWP clean mixed wastepaper
WPW clean mixed wastepaperwith wood samples

O0 - month
O0 - day
O0 - year

T - Tacoma, Washington
S - Seattle, Washington
0 - Olympia, Washington
C - commercial office waste stream
R - curb-side recycling program
i_ - sequential numbering for duplicate samples

example: MWP 06 26 90 SR2
_econd clean rnixed waste paper sample collected from a curb-side recycling program In
Seattle, Washington, on June 26, 1990.

4 MUNICIP/VL SOLID WASTE COMBUSTION: FUEL TESTING AND CHARACTERIZATION



SAMPLE HANDLING AND PREPARATION METHODS

Afterthe sampleshavebeencollected,the containerswillbeclosedand inspectedto ensureanairtightseal.
Therewillbe a comment sheetattachedto rho top of each containerfor useby samplecollectionpersonnel.
Anyrelevantinformationabouttha sample(e.g. excessivemoisture,piecestoo largeto be collected)should
be noted on thissheet.

Once the containersare sealed, they are to be shippedto:

Dr. Dwight Bushnell
Department of Mechanical Engineering
Oregon State University
Corvallis, OR 97331

Upon arrival, tile samples will be catalogued and inspected to ensure a proper sample is available for
testing. Within 48 hours of cataloguing and Inspection, Oregon State University will begin to analyze the
sample. Tests for moisture content, bulk density, and size distribution will be performed on the raw fuel
sample. The samples will then be dried, shredded (if necessary), and densified.

The pelletized fuel will be shipped back to Oregon State University for further study. Data collected from
testing of pelletized fuel will be used to determine the physical and chemical properties of the sample.
Oregon State Universitywill conduct bulk density, moisturecontent, higher heating value, fuel reactivity, and
pellet durability tests. Samples will be sent by Oregon State University to an analytical laboratory for
ultimate, proximate, ash fusion temperature, and elemental ash analysis. Figure 2 is a diagram of the tests
related to raw fuel and pelletized fuel.

COMBUSTION CHARACTERISTICS

To determine the combustion characteristics of the various fuels, a small-scale combustion test facility will
be used. A detailed diagram of the combustion u"lit is shown in Figure 3.

The combustion testing of the fuel sample will be conducted in three major sections. This will allow for
proper use of equipment and personnel. Below is an explanation of the individual sections including a list
of the equipment with exhaust emissions analyzed during the test runs.

Test One - Optimization

The first test isto determinethe optimumcombustionconditionforthe fuel. The levelsof excassair,under
fireair, and air temperature will be adjusted to several predetermined amounts d_.,ringthe running of the test.
After each new setting has achieved steady-state conditions, data will be collectr,,d. Upon completion of the
test, the data will be reduced to determine the optimum excess air percentage, under fire air percentage,
and air temperature for the combustion process. Thesevalueswill be based upon the combustion products
temperature and the chemical conversion of fuel to products.

Excess Air. The level of excess air will be set at four values. The levels will range from 50% to 200%
excess air. The expected levels for testing will be50%, 100%, 150%,and 200% excessair. The actual levels
used will be determined as testing occurs.

Under Fire Air. For each level of excess air, the und_,,rfire air level will be set at three values between 30%
and 60% of the total air flow. The expected levels for testing will be 30%, 45%, and 60% under fire air. The
actual levels used will be determined as testing occurs.
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Table 1 identifiesexpectedair-level combinatioL,,susedfor testing.

Table 1. Expected Alr-LevolCombinations

,' ! ,, :, " _ ,,, ,L', ,,L

Excess Air (%) Under Fire (%)
',',_ ', ""I i , I';"

30
50

45

6O
- _; _ :--_:i

, 30
100

45

60

30
150

45

60

30
200

45

60

Air Temperature. The temperatureof theair providedfor combustionwill be ambientfor the previous12
air-levelsettings. One additionaltest will be performed at a selected air-level setting with an under fire air
temperature elevated to 400°F.

The total number of anticipated optimization test runs for each fuel will b6 4 excess air levels times 3
different under fire air levels for a total of 12tests at ambient air temperature, plus 1 more test at an elevated
air temperature for a total number of 13 optimization test runs per fuel.

A schematic of the analysis performe_Jduring the optimization test is shown in Figure 4. During the test
runs, the following equipment will be used to monitor the combustion process and emissions:

Thermocouples -

- combustion product temperature

Enerac 2000 -

- sulfurdioxide (S02) -_
- carbon monoxide (CO)
- nitrogen oxides (NOx)
- oxygen (02)
- carbondioxide (CO2)
- methane(CH4) (percentages)
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Gas Chromatograph -

- nitrousoxide (N20)
- air
- carbon monoxide(CO)
- carbondioxide (C02)
- oxygen (02)
- nitrogen(N2)
- methane(CH4) (r_pm)

lt is expected that thisfirsttest will require 80 pounds of pelletized fuel. Thisamount will allow for.unit warm
up, the 13 combustion conditionsto achieve steady state, and data collection at steady-state conditions.

Test Two - Method 5 Sampling

The second test will examine the particulate,hydrofluoricacid and total heavy metals released from
combustionof the fuels_mple. This willbe performedby stacksamplingand bottom a_h sampling. The
combustiolt conditlortswilieitherbe the optimum for the individualsample, or a preselectedcombustion
conditionthat will be usedfor ali 12 fuelsamplesto allowdirect comparisonof ali samples. A schematic
of the analysisperformedduringthe secondtest is in Figure5.

The equipmentused_nd the exhaustemissionsanalyzedare summarizedbelow:

Method 5 Train -

- particulate
- total heavy metals (Cr, Cd. As, Hg, Ni, Ba, Ph, etc.)
- hydrochloric acid (HC|)

Enerac 2000 -

- sulfurdic'<ide(S02)
- carbon monoxide(CO)
- nitrogenoxides(NOx)
- oxygen (02)
- carbon d_oxtde(CO2)
- methane (CH4) (percentages)

Gas Chromatograph -

- nitrous oxide (N20)
- air
- carbon monoxide (CO)
- carbon d_oxtde(CO2)
- oxygen (02)
- nltrogen (N2)
- methane (CH4) (ppm)

Gas Sampling Detector -

- hydrofluoric acid (HF)
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Thermocouples

- combustionproducttemperature

lt is expectedthat this test will require35 pounds of pelletizedfuel. This will allow for unit warm up,
uncontaminatedbottomash sampling,and stacksamplingto be completed.

Test Three - Modified Method 5 Sampling

Thethirdtestwillexaminethe amountofdioxins/furans,semi-volatileorganics,particulate,and hydrochloric
acid presentIn the exhaustemissionsfrom combustionof the fuel sample. 'Thesewill be determinedby
stack ,sampling. The ,combustionconditionswill either be the optimumfor the individual sample, or a
preselectedcombustionconditionthatwill be usedfor ali 12fuelsamplesto allowdirect comparisonof ali
samples. A schematicof the analysisperformedduringthethirdtest tsshowninFigure6. The equipment
used and the exhaustemissionsanalyzedare summarizedbelow:

ModifiedMethod 5 Train -

- semi-volatileorganics
- dioxins,furans

PolycyclicAromaticHydrocarbons(PAH)

Enerac2000 -

- sulfurdioxide (SO2)
- carbon mc,noxide(CO)
- nitrogenoxides(NOx)
- oxygen (02)
- carbon dioxide(CO2)
- methane (CH4) (percentages)

Gas Chromatograph-

- nitrousoxide (N20)
.,air
- carbon monoxide (CO)
- carbon dioxide(CO2)
- oxygen (02)
- nitrogen(N2)
- methane (CH4) (pprn)

Bottom AshTrap -

..bottomash TCLP

Thermocouples-

- combustionproducttemperature

lt is expectedthat this test will require35 poundsof pelletizedfuel. Thiswill allow for steadystate, stack
sampling,and propersample collectionof dtoxinsand furans

12 MUNtCIPALSOLID WASTECOMBUSTION: FUEL TESTINGAND CHARACTERIZATION
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DATA COLLECTION

Data for temperature, and ali continuous monitoring of flue gases will be collected by use of a data
acquisition unit. An IBM-compatible computer in conjunction with Keithley 500 data acquisition
software/hardware will automatically collect and reduce the data from thermocouples and combustion
analyzgrs.

Data from the gas chromatograph will be collected by use of an integrator. Tile integrator will be calibrated
to Indicate the percentage of each chemical species scanned for in the exhaust gas sample.

Data from the stack sampling trains will be obtained with the assistance of technicians from the
Environmental Engineering Laboratory at OSU. The control unit for each train has temperature monitors
and flow meters that will be used to calculate the amount of stack sample collected.

Visual data collection wilt be performed by engineering students at OSU. This data will be used for
qualitative analyses.

CHARACTERIZATION AND TESTING - METHODS AND PROTOCOLS

Oregon State University has the lead responsibility for ali tests. Several tests involve extensive procedures
and will be performed by experienced personnel in commercial analytical laboratories.

The following is a list of tests that will be conducted during the study. They are grouped with respect to the
substance that is to be tested. Included is the method/protocol that will be used, and also a brief
explanation. Ali ASTM Standards referenced in this section are in Appendix B.

Raw Fuel

Moisture Content. This test will be conducted by OSU in accordance with ASTM Standard E790-87,
'ResidualMoistureina Refuse-DerivedFuelAnalysisSample."This methodcoversthe determinationoftotal
weight basis moisturein the analysissample of particulate wood fuel. lt is used for calculating other
analyticalresultsto a dry basis.

Bulk Density. This test will be conducted by OSU in accordance with ASTM E873-82, "Bulk Density of
Densified Particulate Biomass Fuels." The results will be used to determine the difference in bulk density
between the unpelietized and pelletizedfuel.

Size Distribution. This test will be conducted by OSU in accordance with ASTM Standard E828-81,
"Designating the Size of RDF-3from its SieveAnalysis." This test will look at the physical shape of the raw
fuel. The composition (i.e., plastlc, wood, etc.) will also be noted at this time.

Pelletized Fuel

Ultimate Analysis. This analysis will be performed by an analytical laboratory in accordance with ASTM
Standard E870-82,"StandardTest Methods for Analysis of Wood Fuels,"and relevant ASTM Standards. The
ultimateanalysis is the determination of carbon and hydrogen in the fuel, as found iri the gaseous products
of its complete combustion, the determination of sulfur, nitrogen, and ash in the fuel as a whole, and the
calculation of oxygen by difference.

ProximateAnalysis. This analysiswill be performed by an analytical laboratory in accordance with ASTM
Standard E870-82, "StandardTest Methods for Analysis of Wood Fuels,"and relevant ASTM Standards. The
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proximate analysis is an assay of the moisture, ash, volatile matter, and fixed carbon as determined by
prescribed test methods.

Ash Fusion Temperature. This test will be performed by an analytical laboratory inaccordance with ASTM
Standard E953-88,"Standard Test Method for Fusibility of Refuse-Derived Fuel (RDF) Ash." This method
covers the observation of the temperatures at which triangular pyramids (cones) prepared from RDF ash
attain and pass through certain stages of fusing and flow when heated at a specific rate in controlled, mildly
reducing, and oxidizing atmospheres.

Elemental Ash Analysis. This analysis will be performed by an analytical laboratory in accordance with
ASTM Standard D3682-87, "Major and Minor Elements in Coal and Coke Ash by Atomic Absorption." The
sample to be analyzed is ashed under standard conditions and ignited to constant weight. The ash is fused
with lithium tetraborate (LIzB4OT)followed by a final dissolution of the melt in dilute hydrochloric acid (HCI).
The solution is analyzed by atomic absorption/emission for silicon dioxide (SiO2),aluminum oxide (AI203),
iron oxide (Fe203), cal(,'iumoxide (CaO), magnesium oxide (MgO), sodium oxide (Na20), potassium oxide
(K20), titanium dioxide ('TiO2),and manganese dioxide (MnO2).

Moisture Content. This test will be performed by OSU in accordance with ASTM Standard E790-87,
"ResidualMoisture in a Refuse-DerivedFuel AnalysisSample." This method covers the determinatlon of total
wuight basis moisture in the analysis sample of particulate wood fuel. lt is used for calculating other
analytical results to a dry basis.

Higher Heating Value. This test will be performed by OSU in accordance with ASTM Standard E711-87,
"Gross Calorific Value of Refuse-Derived Fuel by tile Bomb Calorimeter," using a Parr Model 1261 Bomb
Calorimeter. Calorific value is determined in this method by burning a weighed analysis sample in an
oxygen bomb calorimeter under controlled conditions, the calorific value is computed from temperature
observations made before and after combustion, taking proper allowance for thermometer and
thermochemical corrections.

Fuel Reactivity. This test will be performed by OSU. Reactivity of fuel is defined as the time rate of mass
loss of the fuel for a given set of combustion conditions. This tast will be performed with induction furnace
balances where variables of temperature, composition, and mass loss can be controlled and measured
accurately.

Pellet Durability. This test will be performed by OSU in accordance with ASTM Standard E1288-89,"The
Durability of Biomass Pellets." Fuel pellet durability is a measure of a pellet's propensity to produce fines
while under physical agitation. Testing of pellets requires the use of a tumbler of specific design, weighing
apparatus accurate to 0.1 gram, and standard Tyler sieves.

Bulk Density. This test will be performed by OSU in accordance with ASTM Standard E873-82, "Bulk
Density of Densified Particulate Biomass Fuels." The results will be used to determine the difference in bulk
density between the unpelletized and pelletized fuel. Additionally, ASTM Standard E1037-84, "Measuring
Particle Size Distribution of RDF-5,"will be used to determine the size of the pelletized fuel.

Bottom Ash Trap

Bottom Ash TCLP. This test will be perforn|ed by an analytical laboratory in accordance with EPA Method
1311. Appendix C contains the appropriate EPA documents. The Toxicity Characteristic Leaching
Procedure (TCLP)is designed to determine the mobility of both organic and inorganic contaminants present
in liquid, solid, and multiphasic wastes. The leachate obtained from the TCLP is analyzed for the presence
of the 52 constituents at regulatory,levels.
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Combustion Unit

Combustion Temperature. This test will be performeruby Oregon State University. The temperature of the
combustion chamber and exhaust gases will be measured with ceramic insulated type-K and type-R
thermocouples..

Abrasive/Corrosive Properties. This test will be performed by OSU. Abrasive and corrosive properties
are to be visually determined by inspection of the grate and refractory surfaces after combustion. This will
be a qualitative analysis. Thickness of deposition and coloration will be noted.

Exhaust Gases

Method 5 (M5) Sampling Train

Total Metals. This test will be performed by OSU in conjunction with an analytical laboratory in accordance
with an EPA draft document, "Methodology for the Determination of Metals Emissions in Exhaust Gases from
Hazardous Waste Incineration and Similar Combustion Processes." Appendix D contains this draft
document and schematics of the preparation and analysis methods. This method is applicable for the
determination of total chromium (Cr), cadmium (Cd), arsenic (As), nickel (ni), manganese (Mn), beryllium
(Be), copper (Cu), zinc (Zn), lead (Pb), selenium (Se), phosphorous (P), thallium (1"1),silver (Ag), antimony
(Sh), barium (Ba), and mercury (Hg) emissions from hazardous waste incinerators and similar combustion
processes. This method also m_y be used for determination of particulate emissions following additional
procedures. The stack sample is withdrawn isokinetically from the source, with particulate emissions
collected in the probe and on a heated filter and gaseous emissions collected in a series of chilled impingers
containing a solution of dilute nitric acid in hydrogen peroxide in two impingers, and acidic potassium
permangante solution in two (or one) impingers. The concentration of metals present is performed by
Inductively Coupled Plasma (iCP) Spectroscopy or by Atomic Absorption Spectroscopy (AAS).

Particulate. This test will be performed by OSU in accordance with EPA Stack Sampling Methods.
Appendix E contains the appropriate EPA documents. The amount of particulate collected in the sampling
train will be determined by using EPA Method 5 calculations and procedures.

Hydrochlor,c Acid. This test will be performed by OSU simultaneously with EPA Method 23, in accordance
with EPA Method 26, "Determinatiol_ of Hydrogen Chloride Emissions from Stationary Sources." Appendix
G contains the appropriate EPA document. An exhaust gas sample is extracted by a MM5 stack sampling
train with impingers filled with dilute sulfuric acid. In the dilute acid, the HCI gas is dissolved and forms
chloride (CI') ions. The CI" is analyzed by ion chromatography.

Modified Method 5 (MM5) Sampling Train

Dioxins/Furans. This test will be performed by OSU in conjunction with an analytical laboratory, in
accordance with EPA Method 23, "Determination of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and
Polychlorinated Dibenzofurans (PCDFs) from Stationary Sources." Appendix F contains the appropriate EPA
document. A sample is withdrawn from the gas stream isokinetically and collected in the sample probe, on
a glass fiber filter, and on a packed column of adsorbent material. The PCDDs and PCDFs are extracted
from the sample, separated by high resolution gas chromatography, and measured by high resolution mass
spectrometry.

Gas Chromatograph

CH4, 02, CO, CO 2, N2, N20. This test will be performed by OSU. A sample will be withdrawn from the
stack with an automated sampling valve. The sample will be injected into a gas chromatograph and the
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concentration of oxygen, carbon dioxide, carbon monoxide, methane, nitrogen, and nitrous oxide will be
determined. This automated process will run continuously dllring a combustion test run.

Gas Sampling Detector

Hydrofluoric Acid. This test will be performed by OSU. A sample will be withdrawn from the stack with
a hand-operated bellows pump. A disposable detection tube inserted into the pump will determine the
concentration of hydrofluoric ac!d present in exhaust gases.

Continuous Monitoring

02, 002, CO, NOx, SO2, CH 4. This test will be performed by OSU. An exhaust emlssJon analyzer
(ENERAC 2000) will be used to contlnuously monitor the concentration of oxygen, carbon monoxide, carbon
dioxide, nitrogen oxides, sulfur dioxide, and unburned hydrocarbons present in exhaust gases.
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APPENDIX A

QUALITY CONTROL:

ASTM STANDARDS



i,. h ,, , i,,

StandardTest Method for
Calculating Refuse-Derived Fuel Analysis Data from
As-Determined to Different Bases1

This standard is issued under lhc fixed deslgnation E "/91: lhc number immedialel.,, following lhc desJgnallon indicates lhc vcar of
original adoption or, in the ca._ of re_]slon, the _,carof last revision. A number in parcnlhcsts indicates the year (ff lasl reappro_al. A

_upc'rscripl epsdon (t) indicates ._n editorial change since lhc lasl revision or rcappro,,al.

NoTE_Significanc¢ and Use Section _a.s added editonally and lhc designation dale. was changed June I, 1990.

I. Scope to a theoretical ba_ of no moisture or asia associated with the

I. 1 This test method gives equations to enable analytical sample. Numerical values (air-dry loss, residual moisture
data from the application of RDF analyses procedures to be values, and ash content) are used tbr converting the as-
expressed on various different bases in common use. Such determined data to a moisture and ash-free basis.
bases are: as-received; dry; dry, ash-free; and others (see 2.1.7 dr)' basis_the experimental data calculated to a
2,1.12). theoretical base of no moisture associated with the _mple.

The numerical value (residual moisture value) is used for1.2 This standard may involve hazardous materials, oper-
ations, and equipmenr This standard does not purport to converting the as-determined data to a dry basis.
address ali of the sa./i,typroblems associated with its use. lt is 2.1.8 fixed carbon_the ash..fi'ee carbonous material that
the responsibility of the user of this standard to establish remains after volatile matter is driven off during the proxi.
appropriate safety and healttt practice_ and determine the, mate analysis of a dry .sample.

2.1.9 gross calorific" value (gross heat of combustion alapplicability of regulatory limitations prior to use.
constant volume) Q,, (gross)---the heat produced by cornbus-

2. Terminology lion of a unit quantity of solid fiJel, at constant volume, in an
oxygen bomb calorimeter under specified conditions such

2.1 Descriptions qf Terms Specific to This Standard: that ali water in the products remains in liquid form.
2.1.1 ash_inorganic residue remaining after ignition of

: combustible substances, determined by definite prescribed NorE l--The conditionsare: initial oxygenpressureof 20 to 40 atm
methods. Ash may not be identical, in composition or (2 to 4 MPa),initialand final temperaturesbetween68and 95"F(20 and
quantity, with the inorganic substances present in the 35"C).
material before ignition. Nor_: 2--The gross calorific value is closely related to the internal

2. l.2 as-determined basis_experimental data obtained energy of combustion for the same reaction at constant standard
temperatureandpressure(_t, comb.), lt is of oppositesignanddiffersby

from the analysis sample of RDF. These data represent the a small amount due to energy effects resulting from compression,
numerical values obtained for a particular moisture or ash temperaturedifferences,and solution effectsthat varywifh combustion
content, or both, in the sample at the time of rneasurement, conditions.Becauseofthe variation of conditions allowedin Note 1,the

2.1.3 air drying--a process of partial drying of RDF to definitionofgrosscalorificvalue does ,'_otlead to a uniquevaluefor any
bring its moisture content near to equilibrium with the givenfuel. However,the specifiedconditions limit the possiblevalue to
atmosphere in which further reduction, division, and charac- a narrow range for which approximate limits can be calculated for a
terization of the sample are to take place. In order to bring given fuel.

: about this equilibrium, the RDF is usually subjected to 2.1.10 higher heating value.-synonym for gross calorific
drying under controlled temperature conditions ranging value.

from 30 to 40"C. 2.1.11 proximate anal.vsis--the determination, by pre-
2.1.4 air dry loss_the decrease in mass presumed to be scribed methods, of moisture, volatile matter, fixed carbon

moisture of a sample due to air drying. (by difference), and ash. Unless otherwise specified, the term
2.1.5 as-received basis_expefimental data calculated to proximate analysis does not include determinations of chem-

the moisture condition of the sample as it arrived in the ical elements or any determinations other than those named.
laboratory and before any laboratory' processing or condi- 2.1.12 refitse-derivedfuels--solid forms of refiJse-derived
tioning. The total moisture value that is calculated from the fuels from which appropriate analytical samples may be
air dry loss and residual moisture value is used to convert prepared are defined as follows in ASTM STP 832'"
data from the dry basis to the as-received basis (see dry RDF-I--Wastes used as a fuel in as-discarded form with

ash-free basis), only bulky wastes removed.
2.1.6 dry ash-free basis_the experimental data calculated RDF-2--Wastes processed to coarse panicle size with or

without ferrous separation.
RDF-3---Combustible waste fraction reduced to panicle

i ]'his test method is under the jurisdiction of ASTM Committee 13-34 on

Resource Recovery and is the direr1 responsibility of Subcommittee D34.13 on
Waste 13_nvcd Fuels.

Current edition approved June I, 1990. Published August 1990. Onginally "-l'hesuurz_ on Re._ource Recovt'rv Term#noh_gy..4S1',_,I STP 832, ASTM,
published as E 791 -81. Last previous t',ditlon E 791 -87. 1983, p. 72.
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TABLE I Conversion Chart

NOTE-- TO convertanyof analysesvstuesfor the parameterslistedin 4.1 from one basisto another,muttip4ythe given value bythe vfilueshownin the apl_oprlate
ooiut_

To o0¢tvertfrom ConversionFactor
As-DetermicxEKI(ad) , As.Received(at) Dry (d) Dry. Ash.Free (daf)

Multiplyby

As<_e_ (sd) ... 2___::_!4= loo 1oo
_00 M_ 100 - M=a 100 - (M=a- Aid)

/ks-recewed(sr) 1O0 - M,_ 1O0 100
100 - Mw 100 - M=, 100 - (M=, - A,,)

100 100 ' ' ' 100 - A,_

_, ash._ee(_a_ loo- (M___z__L) loo- </=- A.) !OO.:__1OO 1OO 100 ' ' '

sizes,95 % passing 2 in. square screening. 2.2.1 The symbols used in this test method are as follows:
RDF-4--Combustible waste fraction processed into M = moisture, weight %,

powder form, 95 % passing 10-mesh mreening. M,,r = moisture as-received (total moisture), weight %,
RDF-5mCombustible waste fraction densified (com- M,,e = '_oisture as-determined (residual moisture,

pressed)into the form of pellets, slugs, cubettes, or bri- ,veight %,
quettes. ADL = air-dry loss, weight %,

2.1.13 residual moisture--the moisture content re- P = any analys;_ parameter listed in 4.1, weight %
maining in an RDF sample after it has been milled down to (except gross calorific value in Btu/Ib),
an analysis sample. Prior to milling, the RDF sample should H = hydroxygen, weight %,
havebeen subjected to either a total moisture determination O = oxygen, weight %, and
(single stage), or an air drying procedure. A = ash, weight %.

2.1.14 total moisture--the weight loss resulting from 2.2.2 Subscripts used in this test method are as follows:
drying a sample to constant weight in an oven usually _,_ = as-determined,
maintained between 103 and 107"C. ,_ = as-received,

2.1.15 ultimate analysis_the determination of the per- d = dry, and
centages of carbon, hydrogen, sulfur, nitrogen, chlorine, ash, ,),f = dry, ash-free (equivalent to moisture and ash-free,
and oxygen in a dry. sample. The percentage of oxygen may maf).
be obtained by calculating the difference between 100% and
the other determined elemental analyses.

2.1.16 Volatilematter--those products, exclusive ofmois- 3. Significance and Use

ture, given off by a material as gas or vapor, determined by 3.1 This test method is available to producers and users of
definite prescribed methods which may vary according to the RDF to use in converting laboratory data from one basis to
nature of the material, another.

2.2 Symbols:

TABLE 2 Procedures for Converting As-Determined Va|ues to Other Bases
*-...._.__

/ksReceived

Parameter As-Determir_d H=,and O=,include H H=,and O.,, donot includeH Dry Basis Dry, Ash-FreeBasis
and O in M=, and O in M=,

'°(a._.carbon, nocorrections(seestand- = (100-MjI_ ... = { 100 _ P,,=P,X
\ ,,J ( ,oo )rWtr°oen's_ur, ard method) O=, P= x \100 - M,_ Pa P_ x 100- M 'i00 - M=o- A,,d

ct_tne)

H (hydrogen) no corrections(see stand- I He 0.1 19 M_) H,,..f (H= 0.1119 M_)
aralmethod) H, = [(H_ - 0.1119 M_) H=q= (H4=o - 0.1119 M=_) ==(/'4,,1- 1 = -/,oo-,./ I ,oo=) ( ,ooX X X

(__oo____,._1 _oo-_,,,/ :Ioo-u _oo-_._-
×_,T-06--M..,/J

+ 0.1119 M=,

O (oxygen) O_ = 100 - (A_ + C_ O=,,=-,r(o..., - 0.8881 Mi<=) 0=, = (0_ - 0.8881 M=<a Oa = (O_ - 0.8881 M=,.,) O,_f = (0..., - 0.8881 M.,,_t (,%) ( ,oo:)+ H= + N=a+ S..., X \'100 - M.., ] x _-_-.-_- X

+Cl'a) (100 - M,t)] IO0-Maa-Ax 100 M,,a or
Oa= 100- (.40+C a +H n +

+ 0.8881 M=_ Na + So + Cia)



11_1_E791

TABLE 3 Standard Reporting Form Analyses Data of RDF

As.Received

Ha,and O=,Oonot Dry Bas_s Dry. Ash-FreeBasis
As.Determined Hw ar_l O=,includeH includeH and O in

and 0 insaml:_eM w sampleM w

Air dry loss, % 18.69 ............
Residualmoisture(M_). % 2.15 ......
Total rrosture (Ma,),% 20144 _2b144

% 20168 16.82 16.82 2i114 '
Volatilematter,% 62.29 50.65 50.65 6.3.56 _173
Fixedcarbon,% 14.88 12,09 12.09 15.20 19.27
Total,proximate 100.00 100.00 100.00 100.00 100.00
Total,moisture,% 20,44 ...
Ash,% 2o168 i8'.62 16.82 2i114
Carbon,% sgr 3Z25 32.25 40. 5i140
Hydrogen, % 5.12 6,25 3,97 4,99 6,32
Nitrogen, 40.60 0.60 0,49 0.49 0,61 0.78
Chlorine, % 0.30 0.24 0.24 0,31 0,39
Suffur, 40.15 0.15 0,12 0.12 0.15 0.19
Oxygen, % 33.49 43.83 25.68 32,28 40.93
Total, ultimate 100,00 100.00 100,00 100,00 100,00
Gross heating value,Btu/Ib 6868 5584 5584 7019 8900
Chloride, water so_ubte,% 0.19 0,15 0.15 0,19 0.25

4. Applicable Parameters 0.1 119 = ratio of the weight of hydrogen in water to the

4.1 The calculation procedures defined in 6.1.3, 6.2.2, molecular weight of water, and
and 6.3.2 are applicable to the following analysis parameters 0.8881 = ratio of the weight of oxygen in water to the
when expressed as a weight percent (except gross calorific molecular weight of water.
value as Btu/lb). 6.1.2.2 Hydrogen and oxygen reported do not include

4.1.1 Ash, hydrogen and oxygen in water:
4.1.2 Carbon, 100 - M_,
4.1.3 Chloride, water-soluble, Ha, = (Had - 0.1 119 M=a)x

1O0 -- Mad

4.1.4 Chlorine, total, 100 -4.1.5 Calorific value (gross), 0_, = (Oaa - 0.881 M,a) x
4.1.6 Fixed carbon, 100 - ,9/=t
4.1.7 Nitrogen, 6.1.30'her Parameters--The following equation is appli.
4.1.8 Sulfur, and cable to ali parameters, P, listed in 4. I'

4.1.9 Volatile matter. 100 - M,,
Par = Paa X

IO0- M=a
5. Sampling 6.2 Converting from the as.determined analysis sample

5.1 Sampling techniques are net directly applicable to this basis to the dry basis:
test method. However, sampling procedures are identified in 6.2. I Hydrogen and Oxygen."
the respective methods of analyses. 100

H d = (H. a - O. 1119 M,d) X --
100 -'Mad

6. Methods for Calculating Data i00

6.1 Converting from the as-determined analysis sample Od = (O_a- 0.881 Mad)x 100- M=,_
basis to the as-received basis: 6.2.2 Other Parameters--The following equation is appli-

6.1.1 Moisture." cable to ali parameters, P, listed in 4. l'

Mar = [M=a x (100 - ADL)/IO0] + ADL Pa = Pad X 100/(100 -._,tad )
6.1.2 Itydrogen and Oxygen--Inasmuch as hydrogen and

6.3 Converting from the as-determined analysis sampleoxygen values may be reported on the basis of containing or
not containing the hydrogen and oxygen in water (moisture) basis to the dry, ash-free basis (see Note 4).
associated with the sample, alternate conversion procedures 6.3. I Hydrogen and Oxygen:
are defined as follows: 100

6. !.2. ! Hydrogen and oxygen reported include hydrogen Ha=r= (H..,a- 0.1119 ,'via,t) x ! 00 - Mad - ,4ad
and oxygen in water: 100

I00 - Ma, Odaf = (Oad -- 0.8881 Al,d) ×
Hat = (Had "- 0.1119 ,$t=a) X _] + 0.119 Mar 100 - ,_4ad- A=,d

100 Maaj 6.3.2 Other Parameters_The following equation is appli-

100 - M.._ cable to ali parameters, P, listed in 4.1'
O=, = (O,d -- 0.8881 Mad) X "1 + 0.881 Mar

IO0 AtarJ IO0

where: Pa=r = Paa × IO0 - )'/=a - .4ad
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NOTE 3--it may not always be practical to report some parameters 8. Sample Calculations

on a dr3', ash-free basis due to oxidation of constitttents as well as some ' 8. l An example of analysis data tabulated for a hvpothet-
elements being retained in the ash. The data calculated are to a
theoretical base of no moisture or ash present in the sample, ical RDF on various bases is shown in Table 3.

9. Reporting of Results

7. Conversion Chart 9.1 Report the results of the proximaie and ultimate
7.1 To convert an.,,' of the analysis values for the parame- analysis based on the exarnple shown in Table 3.

ters listed in 4.1 from one basis to another, multiply the 9.2 To avoid ambiguity and to provide a means for
given value by the value shown in the appropriate column in conversion of data to other than the reported basis, it is
Table 1. essential that an appropriate moisture and ash content be

7.2 Hydrogen and oxygen on the as-determined basis given in the data report.
include hydrogen and oxygen in free water (moisture) 9.3 If hydrogen or oxygen data, or both, are reported on
associated with the analysis sample. However, hydrogen and an as-received basis (or any other moisture basis), a footnote
oxygen values reported on other moisture-containing bases or some other means shall be employed in the report to
may be reported either as containing or not containing the indicate whether the values reported do or do not include
hydrogen and oxygen in water (moisture) reported on that hydrogen and oxygen in the moisture assc;ciated with the
basis. Conversion procedures are shown in Table 2. sample.

Tt_eAmerican Society for Testingand Materials takes nopositionrespecting the validity of anypatent rights asserted in connection
with any item mentioned in this standard. Users Ofthis standard are express/y advised that determination of the vaJidityof any such
patent rights, and the risk of infringeme_t of such rights, areentirely their own responsibi/#y.

Thisstandard is subject to revision at any timeby the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Yourcommentsare invited either for revision of this,_landafdor foradditiona/standards
and should be addressed to ASTM Headquarters. Your commentswi// :eceive careful considerationat a meeting of "heresponsib/e
technical committee, which you ma), attend, lt you teel that your comments have not received a tait hearing you should make your
vtews known to the ASTM Committee on Standards,1916 Race St., Philadelphia, PA 19103.

_wpi,,,_1",....... tllr'_v"t_"'*_'_' ,p,,',,vp.._H,.. _11"","1lr ....tri" " lI_ltllllla."_rl..... r,rl, ,.q,,r,"Ill........ '" ,','' I_," _t_'rr'.... _ _'q................ '.........
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Standard Test Method for

Preparing RDF Laboratory Samples for Analysis1

Th_s S,Ltf_d4n;J_s_r_u_d under the fix,cd dcs_t,lion E S_9;. the numL'_.r immcd_ttdy fotlowirt| the dc_Snalion ind_c_lt¢_Lhc year of

_)r_tud adoption oi', =a the cJu_.o/_on, lhc )_=.r of Ltu_rcvmot_, A numbcw in pat_nth_¢_ indica_ lhc ycJcrof lasl r_pprovaJ. A
ll.upc=_,c:_p_¢p_,_n ft) irl<lK:at¢_ in od.ltond c_art_ _¢tc¢ lhc. Ltst rc.v)g(_n or rc_ppc0vtJ.

,. Scope 3.5 laborator,), _arnple--a representative portion ef the

!.1 This test method covers the preparation of RDF gross sample received by the laboratory for further analysis.
t_boratory ,samples for an;dysis, the laboratory samples 3.6 lot--a large designated quantity (gxeater than the
l_ving been previously obtained from representative RDF quantity of the final sample) of RDF that can be represented
samples, by a properly _lected gr os_ sample.

1.2 The test method given may also be us,cd for other 3.7 precision--a term u_fed to indicate the capability of a
RDFtypes but additional satnpte preparation steps may be pe t_,on, an instrument, or a method to obl_ain reproducible
_¢¢ssats, prior to the application of this method, results; specifically, a measure of the random error as

1.3 This standard rna}, inv¢rive hazardous materials, oper. expressed by the variance, _lhestandard error, or 0 multiple of
=tiort_,and equipment. This standard does not purport to the standard error.
addressali of the safety problems associaled with its use. lt is 3.8 refuse-derived fuel-..solid forms of refuse..deri red fuels
=k¢responsibility of the user of this standard to establish from which appropriate analytical samples may be prepared

appropriate safety and heahh practices and determine the defined as follows in A..VI"M STP 832:4
applicability of regulator}, limitations prior to use. Specific RDF-i--wastes used as a fuel in as.discarded I[brm with
hazardstatements are given in ,.c,_.rction7. only bulky wastes removed.

RDF-2_wastes proces_-'d to coarse pm,'ticte size with or
L Referenced Documents without ferrous metal separation.

2.1 ASTM Standards: l_DF-3--combustible waste fraction pr,:)c_ to particle
E 180 Practice for Determining the Precision Data of sizes, 95 % weight passing 2-in. 2 _ree;_ing.

AEI'M Methods for Analysis and Testing of Industrial RDF-4-.-combustible waste fraction processed into
C'hemicals _ powder form, 95 % weigJ_t passing lO-mesh screening.

E 790 Test Method for Residual Moisture in a Refu_. RDF.5---combustible waste fraction densified (com-
Derived Fuel Analysis Sample _ pressed) into the form of pellets, slug_.,, cubettes, or bri-

E 791 Method for C.alculating Refuse.D_:rived Fuel Areal. quettes.
ysL_Data from A_-Determined to Different Bases_ 3.9 representative sample_a sample collected in such a

manner that it has characteri_,ttt:_ equivalent _o the lot

]. DeHnitio,ns sample.

3.1 air.drying -a process of partially drying RDF to bring 3. !0 sample division--the process of extracting a smaller
_u moisture ce tent to n_ar equilibrium with the ambient sample from a sample so that the repre:;entative properties of
_tmospherein ._,hich further reduction, division, and charac- the larger sample are retained. During this process it is
terization of the sample are to take place. In order to bring assumed that no change in particle size or other characteris-
about this equilibrium, the RDF is usua31y subjected to tics occurs.

_ d.rying under controlled temperature conditions ranging 3.) 1 sample preparation_the process that includes
fr0.n_30 to .,t.O'C. drying, size reduction, division, and mixing of a lalyoratoD,

3.2 alnalysi_ sarnple--fina[ subs,ample prepared from the sample for the purpose of obtaining an unbiased analysis
_ir-dried laborat,ory sample but reduced by passing through a sample.

3.12 sample reduct_:on--the process wherel:)y sample par-millwith a 0.5..mm (O.02-i:t.) size or smaller final screen.
3.3 bias_a constant or systematic error in the tes't results, title size is reduced without change in _mple weight.

Tl_eerror is a persister=t posi,.ive or negative deviation from 3. t 3 significant loss-.-any loss tha_ introduces a bias in
the a,ccepted reference value, final results that is of appreciable importance to concerned

3.4 gross samp/e--a rample reprt_-,enting one lot and parties.
¢omp_>_d of a number of increments on which neither

reduction nor division has been performed. 4. Summary of Test Method

................. 4. [ Sample moisture is reduced by air-drying to allow the
'Th,_ tt_ method )_) unac'r tl_ jun:_d.)cti,o,n of ASTM Comm)t_t'¢ E.311 o,t_ mechanical reduction of the _ampte without significant

Kt'touter R_.o.very _nd i,r=the diretl r¢'%po.n_,_b,I)))' ¢),fSul:_ommlt|e¢ EM]OI o_
[,,_: change to the sample's fuel properties. The final sample is in

Cut,en! ed,i.l_o,nap_o_ed ]t_l_ .25. 1988 Pt,_b,h_'_ed Seplt'mt_r 19'g_ O,rl:g)n,al:l),

_'A_,_za_(Boo£ t).f.4ST._f St_datd_. Ye,l 1505 (7h¢'_at.tr-o'._ t._,n R¢'l.<'_rce R_'o)(',rl.' J'rrrr)tnolox' T. AS'f'I_I STP 832. ASIM.
_.'tnn=,al '.8ook _(..tST._'/ Sta,,_d,,_td_.Vol I I 0,4 195],.

-
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a form suitable for further analysis, mended hygiew,,ic oractices include use of gloves wl_
handling RDt:; wearing dust m_ks (NIOSH-approved ty_

5. Sil_nificance and Use especially while shredding RDF samples; conducting te_

5.1 Using this procedure a sample of RDF can be under a negative pressure hood when pomible; and washi_l
convened into a physical form suitable for laboratory fuel hands before eating or smoking.
analysis. 7.2 Laboratory .sample handling and reduction shall be

5.2 As indicated in Method E 791, air-dry moisture, performed by trained personnel. If ali precautions regardial
which is determined by this procedure, is essential to the sample preparations are not followed, the error in lk
calculation of other laboratory results on an as-received preparation may bias some or ali of the analyses perform_l
basis. The air-dry moisture value is used in conjunction with on the sample.
the results of the residual moisture determination in Test 7.2.1 Ali preparation steps shall be done rapidly and itlas
Method E 790 to calculate total .sample moisture, few operations as possible, since moisture loss depends 01

several factors other than total moisture content, such
6. Apparatus time required for milling, atmospheric temperature

6.1 Air-Drying: humidity, and the t)'Ix_ of laboratory sample reductira
6.1.1 Drying Oven_A large chamber mechanical draft equipment.

oven capable of maintaining a controlled temperature in the 7.2.2 At ali times RDF samples should be protected fro=
range from 25 to 40"C. Air changes should be at the rate of I moisture change due to exposure to rain, snow, and sun, 0t
to 4 changes per minute. Air flow should be baffled to contact with absorbent materials.
prevent samples from being blown out of.the sample 7.2.3 Samples should be transported to the laboratoryaad
containers, analyT.ed as soon ,as possible. If any sample-handling st_

6. !.2 Drying Panda noncorroding pan or mesh basket to involved an extended time period, the sample and coatai_
be used for holding the sample during air-drying operations, should be weighed before and after the process to determine

6.1.3 Balance (Laboratory Sample)--A balance of suffi- any weight gain or loss. This weight gain or loss shall b(
cient capacity to weigh the sample and container with a included in the calculation of moisture ,ontent.
.sensitivity of 0.5 g. 7.2.4 Force-feeding of the sample tt,ough the mill can

6.2 Sample Reduction: overload the motor. An overload can cause rapid heating 0(
6.2.1 MilI--.A mill operating on the principle of cutting or the rotor and mill chamber with possible loss of resid_

shearing action shall be used for sample panicle size reduc- moisture.
tion. It shall have the capability to regulate the particle size of

8. Sampling _the final product b)' means of either interchangeable screens
or mill adjustments. The mill shall be enclosed and should 8.1 RDF products are frequently nonhomogeneous. F0c
generate a minimum amount of heat during the milling this reason significant care should be exerci_d to obtain a
process to minimize the potential for loss of moisture. The representative ,sample from the RDF lot to be charactcri.za:L
final product shall pass through a 0.5-mm or smaller screen 8.2 The sampling method for this procedure should b¢
into a receiver integral with the mill. Access should be based on agreement between the involved parties.
provided so that the mill _n be quickly and easily cleaned 8.3 For this procedure the. laboratory sample size w/J]
between samples, normally not exceed 2 kg with some variation possibk

6.3 Analysis Sample Containers--Heavy, vapor imper- depending on the laboratory equipment available.
vious bags, properly sealed; or noncorroding cans, glass jars, 8.3. i Due to the heterogeneous nature of RDF, dividinga
or plastic bottles with airtight sealing covers may be used to laboratory sample to a very. small size analyses sample may
store RDF samples for analysis. Containers shall be checked result in nonrepresentative results. Since milling operatiom
for suitability by measuring weight less or gain of the sample mix the sample as well as reduce particle size, laboratory
and container stored for 1 week under ambient laboratory samples should not be. divided before the initial preparati00
conditions. The weight loss or gain should be less than 0.5 % steps have been completed.
of the sample weight stored in the container.

6.4 Drying Oven--A drying oven ofeither the mechanical 9, Procedure
or natural circulation type which is capable of constant 9.t Weigh the entire laboratory sample into a tared
uniform temperature within the specimen chamber regulated air-drying pan. Sample depth in the drying part shall be a0
at 107 _ 3"C. greater than I(X) mm (4 in.) and any lumps ofsample should

6.5 Shredder_A laboratory shredder capable of shred- be broken up. Use more than one pan if necessary. If a very
ding or cutting larger pa:ticle sizes of solid waste. The final line mesh-type, drying pan is used, size the mesh such th_l
product shall pass through a 2-in. or smaller screen into a the sample will not be lost.
receiver integral with the shredder. 9.2 Air-dry the sample at 10 to 15"C above ambient, but

NotE. I_A garden.type shrubberyshredder equipl',e..dwith a _treen not greater than 40"C until th,e weight loss is less than 0.1 '_
and bag for collection of'shredded samples is satisfactory, of the _mple weight per hour. Samples can normally be

allowed to air--dr3.,for a ,set time period such as overnight or
7. ttazards

.............................

7.1 Due _o the origins of RDF in murlicipal waste, _AS1M Sutx'omrntttc¢E._,801,_,currt'ntlyJnthe ptoc_.5 of dc,,¢lolri_tl
common sense dictates thai s,ome precautions should be procedure for ,.',rnphng RI)I "[he cha,irman of 1!38.01 should be _:ontJctt'd la
observed when conducting tesls on the samples. Recom- _eu,ts

1f" _' r,,_l 'I' =_'ll!r"llr r_........ IIrm_llJII"' ,....... i_ , lr, ,,N_,_r r,,l_,rl,lr



(t_r_ E 829

2"h To speed the drying stage the sample may be carefully NOTE6_lfit is possible to nfll¢ the product, a small laboratory nfIlet. • canbe used to dividethe sample,if it is not possibleto riffle the sample,
stirredavoiding loss of sample, use some othervalid methodto divide the sample.

2--The airdischargeof the forceddraft air-dryingoven should
filteredpriorto discharge to minimize laboratorycontamination by 9.7 Keep the analysis sample in a labeled .sample con-

#.entrainedRDF dust. tainer having a moixture-tight seal.

9.3 Separate and weigh the millables and nonmillables for 9.8 Determine the residual moixture of the analysis
d_ificafion and urn, or analysis, if necessary. Calculate the sample as descrit_xt in Test Method E 790.
naillablcsand noni_',_.llables as described in 10.2.

9.4 Dry a representative portion of the air-dried millable
_ction at 107 + 3"C to constant weight as follows:: 10. C.alculation

9.4.1 lte.at a clean, empty drying pan at a minimum 10.1 Calculate the air.dry moisture as follows:

temperature of 107 + 3"C for at least 1 h. When cool, ADL = [(G- L)/G] x 100
transfer to a desiccator arid tare weigh to an accuracy of 0.5
el. where:

9.4.2 Place the laboratory sample of RDF in the drying ADL = air-dry loss, %,

parJ(s). A maximum sample depth of 50 to 100 mm is G = weight of the laboratory sample before air-drying,
recommended. Weigh the pan and sample to an accuracy of and
0.5g. More than one drying pan may be necessary. L = weight of the laboratory sample after air-drying.

Noa'_3--1fa mesh.typepan is used, piacea dean sheet ofaluminum 10.2 Calculate the millables and the nonmillables of the
uttderthe pan to check for any samplefail throu#_.If any occurs,a air-dried sample as follows:

tmaller-meshdryingpan is required. M = [WM/(|I/M + |VNM)] X |00

9.4.3 Place the pan and sample in the drying oven at 170 Where:
± YC for a minimum of 1 h. M = millables, %,

NOTE4-..Observe the sample periodicallyto make oertain that the _:M = weight of the millables in the air-dried sample,
_tmpledoes not decompose or ignite at this temperature. NM = nonmillables, %, and

9.4.4 After an appropriate drying time, remove the pan W_m = weight of the nonmillables in the air-dried sample.
andsample from the oven and piace in a desiccator to cool. 10.3 Calculate the moisture in the nonmilled millablefraction of the air-dried fraction of the laboratory sample as
Whencool, weigh the sample and pan to the nearest 0.5 g. follows:

9.,1.5 Place the sample and pan in the oven for an
additional 1 h at 107 4- 3"C. MAD = [(I_% - W,,d)/Wt_l X 100

9.4.6 Remove the sample and pan and piace in the
dc._ccatorto cool. When cool, weigh the sample and pan to where:
tM nearest 0.5 g. If the sample weight loss was less than MAD = moisture of nonmilled millable fraction of the
0.1%/h of the original sample weight, the determination is air.dried sample, %,
complete;if not, repeat 9.4.5 and 9.4.6. Wt_t -., weight of the nonmilled millable fraction of the

air-dried sample before drying at 107 4- 3"C, and
NOTe5_At this point the dried sample tan be used for further _,,d = weight of the nonmilled millable fraction of the

ttutlysisifdesired, air.dried =m01e after drying at 107 + 3"C.
9.4.7 Calculate the moisture of the nonmilled millable

NOTE7_Moisture lossor gain duringparticle-sizereduction(shred-
fractionof the laboratory sample as described irt 10.3. dingflmilling)can be determined by comparing the moistureof the

9.5 Reduce the air-dried sample to a smaller particle size nonmilled millabte fraction of the air.dried sample with the residual
by using a cutting- or sheafing-type shredder or mill. The moisture-content value and used atw..ordingly.
final prtxJuct should pass through a 0.5-mm or smaller NoTE8--Nonmillables usuallyare noncombustible and can be used
tureen. Depending on the specific RDF product, this step in contributing to the ash value or noncombustible-valueportion of the
may involve more than one stage or reduction, that is, sample.
passingthe sample through a shredder or mill with larger size
mo:ns first and then milling to pass the final screen. Even
tJ_ugh the .sample has been air dried, minimum atmospheric 11. Precision and Bias
ttposure is recommended and the milling process should be ii. l The standard deviations of the individual determina-
¢oMucted to avoid significant mt,!sture change. If necessary, tions, in percent absolute, are:
themi!led ,sample should be well m._,,.-dby either manual or TypicalAverageValue Within labora¢ory Between laboratories

mechanical means to ensure thorough intermix of heavy 16 I z _9
finesand milled fluff.

9.6 Tlle mixed, air-dried, finely ground laboratory sample 1I. 1.1 These precision estimates are based on an interlab-
can then be further suixlivided to an analysis.size sample oratory sttJdy conducted in accordance witlt Practice E 180.
tNote 6). Retain a minimum of 50 g as the analysis sample. 1i.2 Bias--Due to the variability in what is considered to
Any division method used shall ensure that the retained be "in equilibrium with ambient conditions" it is not

a_lysis sample is representative of the original laboratory I:Xgssibleto describe, any measure of bias regarding this test
'.ample. method.
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_t_ Designation: E 856 - 83 (Reapproved 1988)

StandardDefinitionsof Terms and AbbreviationsRelating to
• _lle

Physical and Chemical Characteristics of Refuse Derived
Fuel1

This standard is issued under the fixed designation E 856; the number immediately following the designation indicates the year of

ori_nal adoption oi', in the case of revision° lhc year of la.strevision. A number in parentheses indicates lhc year of last reapproval. A
superscript epsilon (,) indicates an editorial change since the last revision or reapproval.

accuracy---generally,a term usedto indicate the reliability of dry basis--the testdata calculated to a theoretical ba_ of,;0
a measurement,or an observation.Specifically,a measure moistureassociatedwith the sample.
of closenessof agreement between a test result and a duplicate analysis--paired determinations on the samesa_
recognized standard value. For example, the difference pie performed by one analyst at essentially the same time.
between the observed and a standard value for the sulfur gross calorific value--the energy released by combustion of
content of a sample of refuse-derived fuel. 'This difference a unit quantity of refuse-derived fuel at constant voluta¢
includes both random and systematic errors, or constant pressure in a suitable calorimeter under sped,

air-drying--a process of partial drying of refuse-derived fuel fled conditions such that ali water in the products is in the
(RDF) to bring its moisture content near to equilibrium liquid form. This is the measure of calorific value predom.

with the atmosphere in which further reduction, division, inantly used in the United States. Synonym: higher heating
and characterization of the sample are to take place. In value.
order to bring about thisequilibrium, the RDF is usually gross sample--a sample representing one lot, normally com.
subjected to drying under controlled temperature condi- posed of a number of increments, on which neither reduc.
lions ranging from 30 to 40"C. lion not" division has been performed.

air-dry loss--the decrease in sample mass due to air-drying, higher heating value (HHV)--.a synonym for gross calorific
This decrease is presumed to be moisture, value.

analysis samp|e_final subsample prepared from the air-dried increment--a portion of the lot collected by one individual
laboratory sample but reduced by passing through a mill manual or mechanical sampling operation and normally
with a 0.5-mm (0.02-in.) size or smaller final screen, combined with other increments from the lot to make a

as-determined basis_analytical data obtained from the anal- gross sample.
ysis _mple after conditioning and preparation in accord- laboratory sample---a representative portion ofthe gross _m.
ance with Method E 829. As-determined basis data repre- pie received by the laboratory fbr analysis.
sent the numerical values obtained at the particular tools- Iot--a designated quantity of refuse-derived fuel that can be
lure and ash level in the sample at the time of analysis, represented by a properly selected gross sample.

ash--the residue remaining after ignition of refuse-derived lower heating value (LHV)_a synonym for net calorific
fuel deten_ined by definite prescribed methods. The ash value.

may not be identical in composition or quantity with the milling---a reduction in particle size of refuse-derived fuel by
inorganic substances present in the refuse-derived fuel be.- shearing, cutting, or grinding to a suitable particle size for
fore ignition, analysis and characterization (see sample reduction).

as-received basis_the test data calculated to the moisture net calorific value_the energy released by combustion of a
condition of the sample as it arrived in the laboratory and unit quantity of refuse-derived fuel at constant volume or
before any laboratory processing or conditioning, constant pres._ure in a suitable calorimeter under specified

bias_a systematic error that is consistently negative or con- conditions such that ali water in the products remains in
sistently positive. The mean oferrorsresuitingfrom a series the gaseous form. The net calorific value is the lower
of observations which does not tend toward zero. heating value that can be calculated from the gross calorific

calorific value..-the energy of combustion of a unit quantity value by making a correction for the heat of vaporization
of refuse.-derived fuel. lt may be expressed in kilojoules per ofthe water. This is the measure ofcalorific value in Europe
kilogram (kJ/kg), British thermal units per pound (Btu/Ib), but is rarely used in the United States. Synonym: lower
or calories per gram (cal/g) (obsolete). heating value.

combustible--that portion of the refuse.-defived fuel sample noncombustible--that fraction of a macrosample remaining
which is consumed upon ignition exclusive ofthe moisture after moisture and combustibles are driven offby heat and
present in the sample, combustion, lt is composed of metallic and glass panicles

d-RDF--abbreviation for densified refuse-derived fuel. in addition lo the residue from the combustion of organic
dry, ash-free--the test data calculated to a theoretical base of substances.

no moisture or ash associated with the sample, precision_a term used to indicate the capability of a person,
......................... an instrument, or a method to obtain reproducible results;

' l hes¢ definitions are under the jun_iction of ASFM Committee E..],8 on specifically, a measure of tile random elTor as expressed by
Re'_urce Reco,ery and are the direct re_ponubility of Subcommittee E]iS.01 on
E_ergy the variance, the standard error, or a multiple of the stand-

Cunent edition approved Oct. 26, 1983. Published l.'k'cember 1983. ard elTor.
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_imate analysis....the determination, by prescribed rneth- of the larger sample are retained. During this proce_ it is
_ls, of _noisture,volatile matter, fixed carbon (by differ- assumedthat no change in particle size or other character-
cnCe),and ash. Unless otherwise specified, the term proxi- istics occurs.
mate analysis does not include determinations ofchemical sample preparation--the process that includes drying, size
elements or any determinations other than those named, reduction, dir_,ision, az,d mixing of a laboratory sample for

Muse-derived fuel (RDF-3)--refuse-derived fuel-3 (RDF-3) the purpose of obtaining an unbiased analysis sample.
isdefined as a shredded fuel derived from municipal solid sample recluctioa--the process whereby sample particle size
waste(MSW) which has been processed to remove metal, is reduced without change in sample weight (see milling).

glass,and other inorganic materials. This material has a standard deviationwthe square root of the variance.
particle size such that 95 weight % passes through a 2-in. systematic error--an error caused by undetected ftmdamen-
_uare mesh screen, tal flaws in the test equipment by inadequate understanding

Nol_ I--Other refuse-derived fuel may be classified as follows: of the theory underlying the measurement or by repetitious
RDF.I--Wastesused in as-discardedform. errors on the part of the analyst.
RDF.2--Waslesprocessed to coarse particle size with or without to_al moisture---the water contained in a sample. The deter-
farousmetalseparation, mination of the total moisture is made by drying a sample
RDF..4.-..-C.ombustiblewasteprocessedinto powderform, 95weight% under controlled conditions of temperature, time, and air
passinglO-meshscreening." flow. The determination may consist of a single-stage or a
RDF.5-.-Combustiblewaste densified(compressed)into the form of two-stage drying process.
pellets,slugs,cubettes, orbriquetes, ultimate analysis--the determination of the percentages of
gDF.4r.--Combustiblewaste processedinto liquid fuels.
RDF.7.-.AZombusliblewas.leprocessedinto gaseousfuel. carbon, hydrogen, sulfur, nitrogen, chlorine, ash, and oxy-

gen in a dry refuse-derived fuel sample. The percentage of
residual moisture_the moisture content remaining in an oxygen may be obtained by difl'erence between !00 % and

RDF sample after it has been air-dried and milled down to the sum of the other determined elemental analyses.
an analysis sample, variance--the mean square of deviations (or errors) of a set

_presentative sample--a sample collected in such a manner of observations; the sum of square deviations (or errors) of
that it has characteristics equivalent to the lot. individual obsetwations with respect to their arithmetic

_mple----a portion of material taken from a larger quantity mean divided by the number of observations less one
for the purpose of estimating properties or composition of (degrees of freedom); the square of the standard deviation
the larger quantity. See analysis sample, gross sample, (or standard error).
laboratory sample, and representative sample, volatile matter--those products, exclusive of moisture, given

sampledivision--the process of obtaining a smaller sample off by a material as gas or vapor, determined by definite
from a larger sample so that the representative properties prescribed methods.

This standard is s_bject to revision at any time by the respor, sible technical committee and must be reviewed every five yeazs and
ff not revised, either reapproved ot withdrawn. Your comments ate invited either for revisk)n of this standard or for addifional standards
and should be addressed lo ASTM Headquarters, Yo_r comments will receive careful consideration at a rrmeting of the responsible

technicel committee, which you may attend. If you teel that your comments have not received a fair hearing you should make your

views known to the ASTM Commillee on Standards. 1916 Race ST.. Philadelphia, PA 19103.



__ Designation: E 954- 88

Standard Test Method for
Packaging and Shipping of Laboratory Samples of Refuse-
Derived Fuel

This standard is issued ur.._.r the fixed designation E 954; lhc number immediately following the designation indi_tes the year of

origJnaJ adoption or, in the c/_¢ of rcw_ion, the _r of [ast revision, A number in parenthc_s indicates the year of last reapprovai. A
superscript epsilon (=) indicates an editorial change since the last revision or mapproval.

I. Scope 95 weight % passing a lO-mesh screen.
RDF-5--Combustible waste densified (compressed) intol.i This test method covers a procedure for packaging a

_fuse-derived fuel sample at its point of origin for shipping the form of pellets, slugs, subettes, and briquettes.
thissample to the laboratory for subsequent analyses? RDF-6--Combustible waste processed into liquid fuel.

1.2 "['his test method may b_ applicable to any waste RDF-7wCombustible waste processed into gaseous fuel.
material from which a laboratory analysis sample can be
prepared. 4. Summary of Test Method

1.3 This standard may involve hazardous materials, oper- 4. I A representative portion of a gross sample of RDF is
ations, and equipmet, t. This standard does not purport to packaged in such a manner that ali physical and c;lemical
addressali o.fthe safety problems associated with its use. lt is properties of the material are retained during shipment to the
the responsibility of the user of this standard to establish laboratory for analyses. Labeling and chain-of-custody pro-
appropriate safety and health practices and determine the cedures are also included in this test method.
applicability of regulatory limitations prior to use. Additional
hazardinformation is found in Section 7. 5. Significance and Use

5.1 The packaging of a laboratory sample as specified
2. Referenced Document herein is intended to ensure that the physical and chemical

2.1 ASTM Standard." characteristics of the sample as received in the laboratory are
E856 Definitions of Terms and Abbreviations Relating to not changed during shipment.

the Physical and Chemical Characteristics of Refuse-
Derived Fuel 3 6. Apparalus

6. ! Polyethylene Bags, 3 mL, having a capacity to hold 2
3. Definitions kg (! to 2 ft3) of RDF-3.

3. I gross sample_a sample representing one lot and com- 6.2 Polyethylene Bag Seal, twist tie or equivalent.
posedof a number of incremetats on which neither reduction 6.3 Box, corrugated.
nor division has been performed. 6.4 Box Seal strapping tape or equivalent.

3.2 laboratory sample--a representative portion of the
grosssample (or lot) received by the laboratory for analysis. 7. Itazards

3.3 /nina large designated quantity (greater than the quan- 7. I Due to the origins of RDF in municipal waste, com-
tity of the final sample) of RDF' which can be represented by mon sense dictates that some precautions should be observed
a properly selected gross sample, when handling samples. Recommended hygienic practices

3.4 forms ofrefitse.derivedj'ue/(RDF'): include use of gloves when handling RDF; wearing; wearing
RDF-1 Waste used as a fuel in as-discarded form. a dust mask (NIOStt_approved type), especially when shred-
RDF-2--Waste processed to coarse particle size with or ding samples; conducting tests under a negative pressure hood

without ferrous metal separation, when possible; and washing hands before eating and smoking.
RDF-3_shredded fuel derived from municipal solid waste 7.2 Sample handling shall be performed by trained person-

(MSW) which has been processed to remove metal, gJass, nel. Ali operations shall be done as rapidly as possible to
and other inorganics. 'This material has a particle size avoid sample moisture changes due to atmospheric exposure.
such thal 95 weight % passes through a 2-in. square mesh 7.3 At ali times, RDF samples should be protected from
screen, moisture, sun or contact with absorbent materials.

RDF-4_Combustible waste processed into powder form, 7.4 Packaging must be dol,e at the sampling site without
delay between samplint._ and bagging.

_This te_ method ts under the iun_ic_ion of ASTM Commitlee E-38 on

Retourc¢ Recovery and is the direct r_ponsibility of Subcommittee E38.01 on 8. Sampling
Energy.

Cunenl ed=l_on approved March 2_, 1988. Published May 19118. Orig, Jnally _.i Refuse-De'-ived Fuel products are frequently nonho-
P_bl,_ed_ as.E 954 - 83. t.a_t prevtous edition E 954 - 83. mogeneous. For _his reason, significant care should be exer-

Supporting data /'or this tesi method are available on loan f_om ASTM
iteadquatl¢_, 1916 Race St., Philadelphia, PA 19103. Request RR: E_IS. IO01. cised to obtain a repre_entative laboratory sample from lhc

_Anm,a/B_x_/, o/_ST.t; Sta,dards. Vol 11.04. RDF Inr lo l>e characlcrized.
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k:_tificatto_ ....

Date samph_ Datepac_oed we_'=t ofgross r,amp4e
we_htofr,amp_.bags,and_ asr_pped
We_hto4ba0sandseals
We_ o_sarn_ass_w_ ____
Weightof samplesas received

_re-
quested

Method of
shipment

Retk_luishedby Receivedby__ Date Time
Rer_quishedby ____ Receivedby Date _ T_e
Relinquishedby Receivedby Date T_e

Other Information_

Nob--Remove tag beforeweighing.

FIG. 1 Typical Chain-of-Custody Tag

8.2 The sampling method should be based on an agree- D =-C- (A + B)
ment between involved parties, where:

A = weight in grams of polyethylene bag including seal in
9. Packaging Package Marking 9.1,

9.1 Piace the sample as it is obtained into a preweighed 3- B = weight in grams of polyethylene bag including seal in
9.2,

mil polyethylene bag. Secure the bag with a seal to prevent C = weight in grams of sample, polyethylene bags, and seals
moisture loss. in 9.3, and

9.2 Place the polyethylene bag containing the sample in
D = weight in grams ofsample as shipped.

9.1 into a second preweighed 3-mil polyethylene bag. Secure 9.4 Place the double-bagged sample into a corrugated con.
the bag with a seal to prevent moisture loss. tainer, seal the container, and ship to the testing laboratory.

9.3 Weigh the double-bagged sample, and record the Any appropriate means of shipment may be used.
weight of the bags and sample on a chain-of-custody tag. 9.5 A chain-of-custody tag shall accompany the sample
Attach the tag to the outside of the sample bag (see Fig. 1). (see Fig. 1).

TheAmerican Society for Testingand Materials takes no position respecting the validity ol any patentrights assertedin connection
with any item mentioned In this standard. Usersof thisstandard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement oi such rights,are entirely their own responsibility.

This standardis subject to revision at any lime by the responsible technical committee and must be reviewed oven/five years and
ff not revised,either reappl'ovod or withdrswn. Your commentsare invited either for revision ot this stand,_d or foradditional standards
and should be addressed to ASTM Headquarters. Yourcommentswill receive careful consideration at a meeting of the responsible
technicalcommlllee, which you may arte.nd.If you feel that your comments have not received e fair hearing you should make your
views known to the ASTM Committee on Standards, 7916Race St., Philadelphia, PA 19103.



t_ Designation: E 1126 - 87

Standard Terminology Relating to
Biomass Fuels1

This _tandardis issuedunder theluted de_i&nationE 1126;the number immediately following the.designationindicatesthe year of
originaladoptionor, in thecaseoi"icv_on, the yearof laslrevision.A number in parenthesesindicatesthe yearof lasl rcapprovaJ.A
superscriptepsilon(_) indicatesan editorial change._ncc the last r_visionor re.approval.

_mass--any material, excluding fossil fuels, which is or for use as a fuel alone or as an addition to other fuels, such
wasa living organism that can be used as a fuel directly or as gasoline.

•der a conversion process., fuel ethanol--ethanol with impurities (including water but

Nor_--Wood, peanut hulls, agricultural waste, corn and other excluding denaturants).
pains, sugar, and bagasseare aliexamples of biomass. NOTEwFuelethanol producedby fermentation normally contains

_mass fuel--fuel derived from biomass, trace amounts of methanol and small quantities of higher alcohols.These.higheralcoholsarecollectivelycalled=fuseioils."
¢lejmturedfuel ethanolwfuel ethanol to which chemicals

(denaturants) have been added to make the ethanol unfit fuel ethanol manufacturing facility--a manufacturing facility
for human consumption in accordance with the regula- of any size designed to produce fuel ethanol by a fermen-
donsof the Bureau of Alcohol, Tobacco, and Firearms of ration process.hogged fuel--ground wood fuel that is usually a by-product
the U. S. Treasury Department. of a wood products manufacturing procx=_.

deasified particulate biomass fuels--a fuel made by mechan- particulate wood fuel--any wood fuel with a maximum
ical compression of biomass to increase the bulk density particle volume of 16.39 cm 3 (1 in. 3) such that the largest
and to press the fuel into a specific shape, such as pellets dimension is 7.62 cm (3 in.).
and briquettes. The fuel can have a maximum volume of
16.39 cm 3 (1 in. j) such that the largest dimension is 7.62 NOTEwThes¢fuelsinclude sanderdust,sawdust, pellets,green tree
cm (3 in.). chips, and hogged fuel.

dry basis moisture content---of biomass fuels, the ratio of the pelletized biomass fuel--see densified particulate biomass
weight of the water in a sample to the weight of the dry fuels.
material, lt is expressed as a percent, refuse derived fuel 3 (RDF-3)----as defined by Committee

E-38 on Resource Recovery, RDF-3 is a shredded fuel
fermentation fuel_a fuel produced by fermentation of derived from municipal solid waste (MSW) that has been

biomass, processed to remove metal, glass, and other inorganics.
NOTE_Ethyl alcohol is the most common form of fermentation The material has a particle size such that 95 % weight

fuel. passes through a 2 in. square mesh screen.

fuelalcohol--ethyl, methyl, or higher alcohols with impuri- total weight basis moisture content--of biomass fuels, the
ties (including water but excluding denature.ants) produced ratio of the weight of the water in a sample to the weight of

the wet material, lt is expressed as a percent (also called
wet basis moisture content).

J This terminology is under the. jurisdiction of ASTM Committee E-48 on wel basis moisture content_see total weight basis moisture
Biotechnology and is the direct responsibility of Subcommittee E48.05 on Biomass content.
Conv,m_oa Systems.

Current edition approved Feb. 27, 1987. Published April 1987. Originally wood fuel--fuel derived from biomass composed of woody
published as E 1126 - 86. Last previous edition E 1126 - 86. trees or shrubs.

Thisstandard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
ii not revised, eitherreapproved or withdrawn. Your commentsare Invited either for revision of this standardor for additional standards
end should be addressed to ASTM Headquarters. Your commentswill receive careful corksiderationat a meeting of the responsible
technical committee, which you may ailend. If you feel thai your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916Race Sf., Philadelphia, PA 19103.



APPENDIX B

CHARACTERIZATION AND TESTING:

ASTM STANDARDS



_l_l N Designation: D 1102- 84 ModlfEal_.'_Tecnrucal A,%ooallc_ Of Purp and Paper Ir_lustry
Standard Method r 211 OMJ30

Standard Test Method for
Ash in Wood

This slandard is issued under the fi,_1 dc,,tgnallon D 114)2: the number immediatel.,, l'olk)v, ing lhc deslgnauon mdlcates lhc year of

original ad_)ptlon or. in lhc ¢a_ ,._( rc_.iston, th,_ '.c'_r ,}f lasl revlston. A number in parenth,..'_:% indicates lhc _,caf 4_I'lasl reapprmal. -_

',ul._rscnpt epsilon (,)[f|dicatcs .lfl editorial change since the la.,_l r¢',IsJon or reapproval.

I. Scope in the muffle at 600°C. cool in a desiccator, and weigh to the
l.l This test method covers [he determination of ash. nearest O.I rag. Place the 2-g tesi specimen in the crucible.

expressed as the percentage of residue remaining after dry determine the weight of crucible plus specimen, and piace in
= oxidation (oxidation at 580 to 000=C'L of _vood or _,.ood the drying oven at 100 to 105"C with the crucible co_er

products, removed. After 1 h. replace dm cover on the crucible, cool irt
1.2 Ftlt.s _'tamtardmar involve Iuzzard, ms materials. ,,oer- a desiccator, and ,,,,eigh. Repeat the dq,'ing and weighing

(tt/on._'. atld eqtdpmcm. Tlti,_"_'tandard d,.)e_ m)t 2ro'port to until the ',,,eight is constant tc) within 0.1 rng. During the
addre_s u/I oi'the .s'a/'etyproblems ass,_ciatcd t_tth its use. lt is cooling and weighing periods, keep the crucible covered to
/he responsibility c_fwhoever tt,ses ths ._tamtard toconsu/t and prevent absorptior| of moisture from the air. Record the
estahlistl appropriate _ah,ty m_d health practices and deter, weight (crucible plus specimen minus ,.,,'eight of crucible) as
mine the applicability oJ'regldatory limitatiuns prior to ltse. the weight of the oven-dry test specimen.

5.2 Place the crucible and contents, with the cover re-

2. Signilicance and Use moved, in the murfle furnace and ignite until ali the carbon2.1 The ash content is an approximate measure of the is eliminated. Heat slowly at the start to avoid ['laming and
- mineral content and other inorganic matter in wood. protect the crucible from strong drafts at ali times to avoid

mechanical loss of test specimen. The recommended temper-

3. Apparatus ature of final ignition is 580 to 600"C. Avoid heating above

3. I Crucibles, with tightl'v fitting lids. having a capacity of this maximurn.• " 5.3 Remove the crucible with its contents to a desiccator,

: 30 mL or more, shall be used. Platinum crucibles are pre- replace the cover loosely, cool, and weigh accurately. Repeat
letted, but silica or porcelain crucibles rnay be used. the heating for 30-rain periods until the weight after cooling

3.2 MuJfle Furnace_An electric furnace is recommended is constant to within 0.2 rag.for igniting the wood sample. A furnace fitted with an indi-
cating pyrometer, so that the desired temperature can be 6. Calculations and Report

- maintained, is preferable. 6.1 Calculate the percentage of ash, based on the weight of
3.3 Analytical Balance, sensitive to 0. I rag. the moisture-free wood, as follows:
3.4 Drying Oven, with temperature controlled between

100 and 105"C. Ash,%= (n',/w,) x 100
where:

4. Test Specimen W, = weight of ash, and

4.1 The test specimen shall consist of approximately 2 g of H,'., = weight of oven-dry sample.
wood that has been ground to pass a No. 40 (425-t.tm) sieve. ?3.2 Report the results to two decimal places.

Care shall be taken to ensure that it is representative of the 7. Precision and Bias 2

entire lot of material being tested. 7.1 Data obtained by testing 60 wood samples in one
- 5. Procedure laboratory gives a repeatability as ash content of 0.03 % and

as a percentage of ash content of 6.6 %. The range of ash
- 5. I Ignite the empty crucible and cover over a burner or content was from 0.16 % to 0.84 %.

"_ 7.2 Reproducibility and comparability data are not avail-
:-- able.
_ _ This It_t method _s currently under lhc jurisdiction of ASTM Committee D-7

- on W_._)d and is the direct responsibility of Subcommittee D07.01 on Funda-

mental Tc.st Methods and Properties.

Current edition approved April 27, 1984. Published June 1'484. Originally : Data in this section was obta,ned from the Techntcal Assoc|alion of'lhc I_ul_

puhln, hed as D 1102 - 50. Lasl previous editior| D 1102 - 56 (1978), and Paper Induslr:', P.O. Bo_ 10.51 I]. Atlanta, GA .10348.
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__ Designation: D 3682 - 87

Standard Test Method for

Major and Minor Elements in Coal and Coke Ash by
Atomic Absorption1

This standardIs i_sucdunder the fixed designation D 3682; the number immediately following the designation indicatesthe yearof
original adoption or, in thecaseof revision, the year of laslrevision. A number in pantnthesesindicateslhc year of lasl reapproval. A
superscript epsilon 0) indJcale_an edilonal change sincelhc lasl revision or reapproval.

1. Scope zation of the ash by-products of coal combustion sometimes

1.1 This test method covers lhc analysis of the commonly depends on the chemical composition of the ash,
detcn'nined major and minor elements in coal ash and coke 4.2 lt should be noted that lhc chemical composition of
ash. laboratory-prepared coal ash may not exactly represent the

composition of mineral matter in the 'oal or the composi-
NOTEI--Test MethodsD 1757is useclfor determinationofsulfur, lion of fly ash and slag resulting from commercial-scale
i.2 The values stated in Sl units are to be regarded'ms the burning of the coal.

standard,
1.3 This standard ma.), involve hazardous materials, oper- 5. Apparatus

ations, and equipment. This standard does not purport to 5.1 Ashing Furnace, with an adequate air circulation and
address ali of the safety problems associated with its use. lt is capable of having its temperature regulated between 700 and
the responsibility of the user of this standard to establish 750"C.
appropriate safety and health practices and determine the 5,2 Fusion Furnace, with an operating temperature of
applicability of regulatory limitations prior to use. 1000"C.

5.3 Platinum Dish, 35 to 85-mL capacity.
2. Referenced Documents 5.4 Stirring Hotplate and Bars, operating temperature of

2.1 ASTM Standards; 200"C. .
D346 Method of Collection and Preparation of Coke 5.5 Atomic Absorption Spectrometer_Any dual-channel

Samples for Laboratory Analysis 2 instrument using a deuterium (D,) arc background corrector
D 1193 Specification for Reagent Water 3 or other comparable simultaneous background correction
D 1757 Test Methods for Sulfur in Ash from Coal and system.

Coke 2 5.6 Visible-Range Spectrophotorneter and Absorption

D 2013 Method of Preparing Coal Samples for Analysis 2 Cells.

D 3174 Test Method for Ash in the Analysis Sample of 6. ReagentsCoal and Coke from Coal 2

D 3180 Method for Calculating Coal and Coke Analyses 6. ! Purity of Reagents_Reagent grade chemicals shall be
from As-Determined to Different Bases2 used in ali tests, lt is intended that ali reagents shall conform

to the specifications of the Committee on Analytical Re-
3. Summary of Method agents of the American Chemical Society, where such

3.1 The coal or coke to be analyzed is ashed under specifications are available. 4 Other grades may be used,
standard conditions and ignited to constant weight. The ash provided it is first ascertained that the reagent is of suffi-

ciently high purity to permit its use without lessening theis fused with lithium tetraborate (Li2B4OT) followed by a
final dissolution of the melt in dilute hydrochloric acid accuracy of the determination. The lithium tetraborate and
(FICI). The solution is analyzed by atomic absorption/ lanthanum chloride reagents in particular should be exam-
emission for ali elements, ined for alkali and alkaline earth contamination.

6.2 Purity of Water--Unless otherwise indicated, refer-

4. Signilicance and Use ences to water shall be understood to mean Type 1I reagent

4.1 A compositional analysis of the ash in coal is often water as defined in Specification D 1193.
6.3 Aluminum Stock Solution (1000 ppm Al).useful in the total description of the quality of the coal.

Knowledge ofash composition is also useful in predicting the 6.4 Calcium Stock Solution (1000 ppm Ca).
behavior of ashes and slags in combustion chambers. Utili- 6.5 Hydrochloric Acid (5+95)--Dilute 50 nal of concen-

trated hydrochloric acid (HCI, sp gr 1.19) to 1000 mL.
6.6 Iron Stock Solution (1000 ppm Fe).

This test method is under the jurisdiction of ASTM Committee D-5 on Coal
at_d Coke. and is the direct _nsibility of Subcommitte_ D 05.29 o_ Major
Elements in Ash and Trace Elements in Coal. 4 "Reagent Chcmical_ American Chemical Society Specifications," Am. ( ?hem.

Current edition approved Jan. 30, 1987. i_Jblished March 1987, Originally icat Soc., Washington, DC. For suggestions on the testing of reagents not lisa.xi by
Published as D 3682 - 78, La_ previous edition D 3682 - 78 (1983). the American Chemical Society, _ "Reagent Chemicals and Standards," by

2Annuad Book of ASTM Standards, Vol 05.05. Joseph Rosin, D. Van Nostrand Co., Inc., New York, NY, and the "United States
Annual Book of ASTM Standard.s, Vol I 1.01. Pharmacopei&"
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6.7 Lanthanum Chloride Solution (175 g/L LaCls or where:
equivalent 10 % La). C = percent in air,tried coal,

6.8 Lithium Tetraborate (Li2B4OT), powder. A = percent in ash, and
6.9 Magnesium Stock Solution (1000 ppm Mg). B = percent ash as prepared in 7. I.

6.10 Manganese Stock Solution (I000 ppm Mn), See Method D 3180 for procedures to convert values to other
6. I I Potassium Stock Solution (1000 ppm K). bases.
6.12 Silicon Stock Solution (200 ppm Si) (Note 2).
6.13 Sodium Stock Solution (lO00ppm Na). 8.2 To minimize the potential of contamination, the
6.14 Titanium Stock Solution (1000 ppm TO. platinumware must be prepared by boiling in dilute HCI

(5 + 95) and rinsing thoroughly with reagent-grade water.
NOTE3--Commercial siliconstandards prepared from sodium sili- After this initial cleaning, the platinumware must be handled

cate have not proved satisfactory.A standard stock solution can be with clean tongs and protected from further contamination
prepared by fusing 0.1070 g of reignited spectrographic grade silica
(SiO2) with I g of lithium tetraborate, dissolvingin HCi (5+95), and from table tops, etc, Ali glassware used in analyses must be
diluting to 250 mL as describedforsamplepreparation (8.3.1and 8.3.2). equally clean and equally protected.
This solulion is 200 ppm Si. Preferablestandard preparations for silica 8.3 Sample Fusion and Solution;
are made by fusion and dilution ofash sample(s)ofknown composition 8.3.1 Weigh 0. ! + 0.0002 g of the sample as prepared in
according to 8.3.1 and 8.3.2. The standard sample(s) should have a 7.1 into a platinum dish (5.3) (Note 4) and add 0.5 g of
composition(s)similar to the unknown. Li2B40 7. Mix the ash and lithium tetraborate weil, then add

an additional 0.5 g of Li2B407 to cover the mixture. Place
7. Prep_aration of Coal Ash and Coke Ash the dish in a clean silica or refractory tray and place in a

7.1 Prepare the ash from a thoroughly mixed representa- muffle preheated to 1000°C; 15 min at 1000*C is sufficient to
rive sample of air-dried coal or coke which has been ground fuse the mixture completely. Remove the tray and dish and
to pass a No. 60 (250-tam) sieve. Spread the coal or coke in a cool to room temperature. Carefully rinse the bottom and
layer not over ,/4 in. (6 mm) in depth in a fireclay or outside of the platinum dish to remove possible contamina-
porcelain roasting dish. Piace in a cold muffle furnace and tion; then place it in a clean 250 (or 400)-mL beaker. Piace a
heat gradually so that the temperature reaches 500*C in 1 h clean TFE-fluorocarbon-coated stirring magnet inside the
and 750°C in 2 h. Ignite at 750"C until ali carbonaceous dish, add 150 mL of HCl (5+95) (6.5) to the beaker and dish,
matter is removed. Allow the ash to cool, transfer to an agate and place immediately on the stirring hotplate. Heat the
mortar, and grind to pass a No. 200 (74-I.tm) sieve. Reignite solution to just below boiling temperature and maintain for
the ash at 750"C for 1 h, cool rapidly, and immediately weigh not more than 30 min with constant stirring. This time and
portions for analysis. If samples are stored, reignite the ash temperature are sufficient to completely dissolve the melt. If
before weighing or determine loss on ignition at 750°C on a stirring is not maintained constantly, some of the ash
separate sample weighed out at the same time as the analysis constituents are apt to precipitate and the analysis must be
sample and make the necessary corrections. Thoroughly mix repeated.
each sample before weighing,

NOTE4---The use of graphite cruciblesand subsequentdissolution of
8. Procedure fused beads from them was not investigated;however, their successful

use in similar methods has been reported,5
8.1 The solutions and proportions described below are for

typical ash samples as represented by American coals of 8,3.2 Remove the beaker from the hotplate and permit to
bituminous rank. Therefore, stronger or weaker dilutions cool to room temperature. Quantitatively transfer the solu-
may be required ,o establish suitable concentrations for those tion to a 200-mL volumetric flask, wash the platinum dish
elements of varying percentages outside the range of the and beaker with small amounts of HCI (5+95) and dilute to
typical sample. Each analyst must determine the sensitivity the 200-mL mark with the HCI. This solution is 500 ppm

and linear range of calibration of his own equipment and with respect to the total ,sample and contains 5 g/L of
choose concentration ranges for standards compatible with Li2B40 7 solution.

: the samples and instrument specific to his own work. 8.3.3 Solution /---Pipet 20 mL of the sample solution
8.1.1 Calculations used in subsequent sections are devel- (8.3.2) into a 50-mL volumetric flask and dilute to volume

oped fi'om the following general formula for percent concen- wi_h HC! (5+95). This solution is 200 ppm with respect to
- tration in moisture-free coal ash. the :otal sample and contains 2 g/L of Li2B407 solution.

Percent element oxide in ash 8.3.4 Solution 2_Pipet 10 mL of the sample solution
= [(C-B)/(A- B)] x (N/M)× F× 100 (8.3.2) into a 100-mL volumetric flask, add 10 naL of

where: lanthanum solution (6.7), and dilute to volume with HCI

A = abs_,rbance of standard, (5 + 95) (Note 5). This solution is 50 ppm with respect to the
B = absorbance of blank, total sample and contains 0.5 g/L of Li2B407 solution.

C = absorbance of sample solution, Norr 5_Lanthanum was included in the solutionas a releaseagent
N = element in standard, ppm, , in those deten'ninations that may require it (for example, calcium).
M = sample of solution, ppm, and
F = conversion from element to oxide.=

NOTE3_Concentrations in the ash may be convened to the _Muter.R. B.and Nice,L. L.. "Majorand MinorConstituentsinSiliceousMaterialsby AtomicAbsorptionSpectroscopy."Advancesin ChemistrySeri_
air-dried whole coal basisusing the followingexpression: 141,TraceElementsin Fuels,AmericanChemicalSociety,Washington,136'.,

C = (AB/lO0) 1975.pp.57.-.65.
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Alternativemeasures,suchas useof nitrousoxideflame,are petrols: tiorl'_ ,;_3_atainingfrom 2 tO 10 ppm Fe and 10 mL of
_ible. lant!_,_:,lumsolution per 100 mL. Dilute with blank solution

9. Silicon Dioxide (Sid2) (11.2).11,2 Blank Solution--Prepare a solution of HCI (50
9.1 Preparation of Standards--Prepare a series of stand- mL/L concentrated HCI) containing 0.5 gdL Li2B40.7 solu-

ardsby combining the following volumes of the silicon stock don and 100 mL/L of lanthanum solution.
solution (6,12)with I mL oi'the aluminum stock solution 11.3 Sample Solution--Use Solution 2 as prepared in
(6.3) and diluting to 100 mL with the blank solution (9.2). 8.3.4.
Only those standards need be prepared which bracket the 11.4 Atomic Absorption Operating Conditions_Use an
expected Sid2 concentrations in the samples, iron hollow-cathode lamp and set the monochromator at

Silicon. mL Stock 248.3 nm. Use an air-acetylene flame of stoichiometric
Solution(6.12) Silicon,ppm Equivaleni%,SiO., composition. Adjust other instrumen_ parameters to op-

2s s0 53.5 timum for the particular equipment used.
20 40 42.8 11.5 Determination--Read the absorbance values for the15 30 32.I
10 20 21.4 blank solution, the standard solutions, and the sample

9.2 Blank Solution--Prepare a solution of 2 gdL of solution.
Li2B407 solution in HCI (5+95). Fe,O._,% =/tC - B)/(A - B)] x N x 2.86

9.3 Sample Solution--Use the 200-ppm sample solution where:
as prepared in 8.3,3. A = absorbance of standard nearest C,

9.4 Atomic Absorption Operating Conditions--Use a sil- B = absorbance of blank,
icon hollow-c.athode lamp and set the monochromator at C = absorbance of sample, and
251.6 nra. Use a nitrous oxide/acetylene flame. Adjust other N - Fe in standard, ppm.
instrument parameters to optimum for the particular equip-
ment used.

9.5 Determination--Read out absorbance values ibr the 12. Calcium Oxide (Cad)

blank solution, standard solutions, and sample solution. In 12.1 Preparation of Standards--Prepare standard so--
this and all subsequent determinations, those instruments so lutions containing 1 to 10 ppm Ca and 10 mL of lanthanum
equipped may be calibrated to read out "percent concentra- solution per 100 mL. Dilute with the blank solution as
tion7 directly, described in !1.2.

12.2 Blank Solution_Use blank solution as described in
Sid2] % /tC - B)/(A -. B)] x N x 1.07 11.2.

where: 12.3 Sample Solution_Use Solution 2 as described in
A = absorbance of standard nearest C, 8.3.4.

B = absorbance of blank, 12.4 Atomic Absorption Operating Conditions_Use a
C = absorbance of sample, and calcium hallow-cathode lamp and set the monochromator at
N = Si in standard, ppm. 422.7 nm. Use an air-acetylene flame. Adjust other instru-

ment parameters to optimum for the particular equipment
10. Aluminum Oxide (AI203) used

10.1 Preparation of Standards_Prepare standard solu- 12.5 Determination--Read the absorbance values for the
'fions containing from 10 to 30 ppm Al and dilute with blank blank solution, the standard solutions, and the sample
solution 9.2. solution.

10.2 Blank Solution--Use the blank a.s prepared in 9.2.
10.3 Sample Solution--Use Solution 1 as prepared in Cad. '_;= /tC - B)/(A - B)] × N x 2.80

8.3.3. where:

10.4 Atomic Absorption Operating Condmon._--Use an .4 = absorbance of standard nearest C,
aluminum hollow-cathode lamp and .set the monochromator B = absorbance of blank,
at 309.2 nm. Use a nitrous oxide-acetylene flame. Adjusl C = absorbance of sample, and
other ins-trument parameters to optimum for the particular N = Ca in standard, ppm.
equipment used.

10.5 Determination--Read out absorbance values for the 13. Magnesium Oxide (MgO)
blank solution, standard solutions, and sample solution.

13.1 Preparation of Standard.s_Prepare standard so-
Al:Oa, % = /tC - B)/(A -- B)I x A'x 0.9,_ lutions containing 0.5 to 2 ppm Mg and 10 ml. of

where: lanthanum solution per 100 mL Dilute wi_h blank solution
.4 = absorbance of standard nearest C, as described in il.2.
B = absorbanee of blank, 13.2 Blank Solution_Use blank solution as described in
(" = absorbance of sample, and 11.2.
N = AI in standard, ppm. 13.3 Sample Solution.--L1se Solution 2 as described in

8.3.4

13.4 Atomic Absorption Operating C'ond_tions_U._ a
11. Iron Oxide (Fe_O.O magnesium t_ollow-cathode lamp and sz'l the mono-

11.1 Preparation of Standards_Preparc standard solu- chromator a_ 285.1 nra. LJ_' an atr-acetylene flame of
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stoichiometric composition..-\djust other instrument param- K:O. % = [(C - B)/(.4 - 8)] x N × 2.41
eters to optimum for the particular equipment used. where:

iY.5 .Determination--Read the absorbance values for the .4 = absorbance of standard nearest C,
blank solution, the standard solutions, and the sample B = absorbance of blank,
solution. C = absorbance of sample, and

MgO. % = [(C - 8)/(,4 - O)Jx N x 3.32 .V = K in standard, ppm.

where: NOTE7--Alternatively, potassium may be determined by flame
.4 = absorbance of standard nearest C, emission.

NOTE8--It may be found convenient to, ombine the standards for
B = absorbance of blank, iron, calcium, magnesium, sodium, and potassium in one solution.
C = absorbance of sample, and

N = Mg in standard, ppm. 16. Titanium Dioxide (TiOz)

16.1 Standard Preparation--Prepare a standard solution

14. Sodium Oxide (NazO) containing 3 ppm Ti and 5 g/L of Li, B407 solution
dissolved in HCI (5+95) (6.6). If required, successive dilu-

14.1 Preparation of Standards--Prepare standard so- tions may be made with the blank solution (16.2).
lutions containing 0.5 to 2 ppm Na and 10 mL of 16.2 Blank Solution--Prepare a solution containing 5 g./k
lanthanum _'solution per 100 mL. Dilute vdth blank solution of Li,B,_O7 solution dissolved in HCI (5+95) (6.5).
as described in 11.2. 16.3 Sam[,& Solution--Use the original sample solution14.2 Blank Solution--.Use blank solution as described in
li.2. as prepared in 8.3.2.

16.4 Atomic Absorption Operating Conditions--Use a
14.3 Sample Solution_Use Solution 2 ,as described in titanium hollow-cathode lamp and set the monochromator

8.3.4. at 364.3 nra. Use a nitrous oxide-acetylene flame. Adjust
14.4 Atomic Absorption Operating Conditions---Use a other instrument parameters to optimum for the" particular

sodium hoilow.-cathode lamp and set the monochromator at equipment used.
589.0 nm. Use an air-acetylene flame. Adjust other instru- 16.5 Determination--Read the absorbance for the blank
merit parameters to optimum for the particular equipment solution, the standard solution and the sample solution.used.

14.5 Deterrnination_Read the absorbance values for the TiO2, % = [(C- B)/(A - B)] x 1.00
blank solution, the staz_dard solutions, and the sample where:
solution. A = absorbance of standard,

Na20, % = [(C- B)/(A - B)] x N x 2.70 B = absorbance of blank, and
where: C = absorbance of sample.

A = absorbance of standard nearest C,
B = absorbance of blank, 17. Mangsnese Dioxide (MnO2)
C = absorbance of sample, and 17. i Standard Preparation--Prepare a standard solution
N = Na in standard, ppm. containing 0.5 ppm Mn and 5 g/L of Li2B407 solution in

HCI (5+95) (6.5). If required, successive dilutions may beNOTE6_Alternatively, sodium may be determined by flame emis-
sion. made with the blank solution (16.2).

17.2 Blank Solution--.Use the blank solution (16.2).
17.3 Sample Solution_Use the original sample solution

15. Potassium Oxide (KzO) (8.3.2).
15.1 Standard Preparation_Prepare standard solutions 17.4 Atomic Absorption Operating Conditions_Use a

containing 0.5 to 2 ppm K and 10 mL of lanthanum 6 manganese hollow-cathode lamp and set the mono-
solution per 100 mL. Dilute with blank solution ,asdescribed chromator at 279.5 nm. Use an air-acetylene flame. Adjust
in 11.2. other instrument parameters to optimum for the particulac

15.2 Blank Solution_Use blank solution as described in equipment used.
11.2. 17.5 Determination_Read the absorbance values for the

15.3 Sample Solution_Use Solution 2 as described in blank solution, the standard solution, and the sample solu-
8.3.4. tion.

15.4 Atomic Absorption Operating Conditions_Use a
potassium hollow-cathode lamp and set the monochromator MnO2' % = [(C - B)/(A - B)] x 0.16
at 766.5 nra. Use an air-acetylene flame. Adjust other where:
instrument parameters to optimum for the particular equip- A = absorbance of standard,
merit used. B = absorbance of blank, and

15.5 Determination--Read the absorbance values for the C = absorbance of sample.
blank solution, the standard solution, and the sample solu-

tion. 18. Precision and Bias

18.1 Repeatability altd reproducibility for the elementS

*Supponin$data are availableon loan at AffrM Hc-adq_ Request determined by this test r_aethod are as described in Table I.
RR:D05-t000. 18.2 Bias:
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TAJ_JE 1 IR_l_Olt_l_ ond R_ Rmnq_mm

E_t P_t _ _tree _

_u¢_, Range _x_x:=_y RB'_e
S,O_ 2 10 to _) 4 10 to 60
NtO> I 5 to 30 3 5 to 30
FexO,_ 1.0 5 to 50 2 5 Xo50

1.0 ' z:2 1.0 >2
CoO 0.25 <2 0.5 <2

0._ 0.3 to I0 0.6 z2
_o 0,2 <2
_0 0.5 >5 0,7 z5
N_zO 0,1 <5 0,? <.5
KaO 0,1 0.3 to 3 0.2 0.3 to 3
M_O_ 0.02 <02 0,07 <0.2
T_z 0.2 0.5 to 2 0.4 0.5 to 2

TABLE 2 _mratlve Re=uJtJ for tn Elmtem lhd Wemtem U,S, Coal Ash

Pwcont¢_ Mo_ture-_ee Ash
.,

Oxides c:,stecnU.S. CoW_ WesternU.S. Coat
Rspro<kcibtlityc

A.$TM-1A ASTM.2A X-RF• ASTM-1_ ASTM-2* X-RF • (horn Table 1)

SiO_ 51.56 51.45 52.16 37.61 36.72 37,12 4
A_Oj 32.60 31.65" 32,89 17,01 15.94 17,42 3
Fe._O= 7.49 6.52 8.50 10.87 12.09 11.3¢J 2
MgO 0.99 1.08 1.?.4 3.21 3.65 4.00 0.2 _ 0.6

1.37 1.3_ 1.59 '11.t_6 11.00 12.74 0.5 and 1
K_O 2.44 2.18 2.31 0.55 0.47 0.47 0.2
I_M_O 0.99 0.82 -- 0.16 0.18 -- 0.2
TR)= 1.42 1,28 1.47 0,67 0.68 0,66 0.4

A Me_mcddufdicatedetermir_bonsf_o_ _:)omto_ 1 of'2 usingTest Method D 3682.
• k4e_ O( dUpk_te X.n_y_ detorrninl=lZJon_.
c _ to _ bet'wee_Te_,tMethod D 3682 valuesonly.

TABLE 3 Re_J_ of An_lym of USGS Standard Rock _ml>)es

L,tb-1_ LJI_2 '= R_. Lat>_c RM. Lab.3C Ref. L._.3c Ref.
AVG-1 AVG.1 Value Vstue Value Value

AVG.I_ B,_'O- 1 MA_I OLO-1BHVO-1o MAG-1o OLO_-I

Si,O,_r 5,8.79 60.10 59,00 48.20 49 8 49.81 4974 62.44 65.15
A_,O_ 16.70 17.66 17.25 13.,39 14.0 16.41 16 4_ 15.88 16.12
F_O= 6 97 6.5,4 _>.76 12.23 11.95 7.05 6.70 4.34 4.42
M_ 1 _ 1.33. 1.53 6.72 7.2 2.77 2.98 0.94 0.94
C4_ 4.97 5.11 4.cJK) 11.6al 11.3 1 36 1.SO 3.24 317
KzO 2._6 2.97 2.89 0.49 0.62 3.46 3.6 3.25 3.49
hL%.O 4.21 4.32 4,26 2.33 2.2 3.87 3,9 7.82 4.07
T_ 0 r85 069 I .0'4 3.18 26 0.80 070 0.65 0.63
MnO ...... 0097 0,15 0.16 0.80 0.10 0,083 0.097

khe_Bnof CkJ¢_C_,t_0etzw'rrw_tO'ts_Om L,Obor_tO_y1 Or 2 _Sa'_ Test MetJ'tCX_D 3682
• Vli_J_ torU.S _ SoP_.yAvG,-I _e I1JitretatOrock retm'ereen'_tenl¢ Pi_-.,ctt&l_tK)n. Ju_y1¢JI76.from lr'.j. Fta.rt_gan.US Gecio_zll Survey.Resto_. Vm

C I_ _ _ te __ _n f_l:x_'_tt_y3 _ Test Mer'<x_D 3682
o V_es forU.$ _ Su,v_ _,tanOar_ro_ 14u'_ B_VO-I (l,_.atl) MAG.I [mannemud), Im<JQL,O-I (quit2:) 10trtewere taken trornU.S C_:::k3gK:_Survey

Prolle_aor_l P_'_' 840 "_ I¢'K1_ of Eight New USG,$Roc_ S_" (1976) pa0es 34-3_, 3_5.e_'xi91 res_ecbve_y,con_=<J _n(:le_te0 Dy F J

18.2, l Comparison ofthe analytical results obtained using established tokemnces and agree well with the independently
Te._',tMethod D 3682 with tho,_ obtained for the same obtained X-my fluorescence values.
samp,_esanalyzed by an independent method _ one mrasure 18.2.3 In Table 3, values from Test Method D 3682 are
of bias. Another ts the comparison of published values for compared with pub!ished values for various U.S, G-eological
s_.an,dard reference materiats with values obtained by Test Survey rock standard samples. These were used as compare.
Method D 3,682. tire reference materials for Te_;t Method D 3682 because no

18,2.2 Table 2 gives examples where differences between coal ash standard reference material was available.

means of dup, lieate tietcrrminations carried out by different 18.2.4 Both tables indicate a suitable degree oi'bi,as for the
I,abom_ori_ using Tes,t Method D 3682 fall within the method.

-=
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Standard Test Method for
Gross Calorific Value of Refuse-Derived Fuel by the Bomb
Calorimeter 1

This standardisir_suedunder the fired designationE 711; the number immediately followinglhc¢_c_=gnationindicates theyear of
original adoption or, in thecaw of t'tvtsion, the yearof last revision.A numberin parenthesesindicatesthe year of lastreapproval.A
superscript epsilon (_) indicates an editorial change sinct the last revision or re.approval,

I. Scope 3.1.2 gross calorific value--the heat produced by combus-

I.! This test method covers the determination ofthe gross tion of a unit quantity ofsolid fuel, at constant volume, in an
calorificvalue of a prepared analysis sample ofsolid-forms of oxygen bomb calorimeter under specified conditions such
rrfuse-derivedfuel (RDF') by the bomb calorimeter method, that ali water in the products remains in liquid form.3.1.3 net calorific value--a lower value calculated from

1.2 This standard may involve hazardous materials, oper- the gross calorific value, lt is equivalent to the heat produced
ations,and equipment. This standard does not purport to by combustion of a unit quantity of solid fuel at a constant
addressali of the safety problems associated with its use. lt is pressure of one atmosphere, under the assumption that ali
theresponsibility of rite user of this standard to establish water in the products remains in the form of vapor.
appropriatesafety and heahh practices and determine the 3.2 Descriptions of Terms Specific to This Method:
applicability of regulatory limitations prior to use. For 3.2.1 calorimeter---describes the bomb, the vessel with
tat'title cautionary and precautionary statements see 6.10 stirrer, and the water in which the bomb is immersed.
andSection 8. 3.2.2 energy equivalent--the energy required to raise the

temperature (Note 2) of the calorimeter system I'C (or I'F)
l. ReferencedDocuments per gram ofsample. This is the number that is multiplied by

2.1 ASTM Standards." the corrected temperature rise in degrees and divided by the
D !193 Specification for Reagent Water 2 sample weight in grams to give the gross calorific value after
D3177 Test Method for Total Sulfur in the Analysis thermochemical corrections have been applied.

Sample of Coal and Coke 3 NOTE 2--Temperature change is measured in thermal units. Tern-

E ! Specification for ASTM Thermometers" perature changes may also be recorded in electromotive force, ohms, or

E 180 Practice for Determining the Precision Data of other units when other types ofternperature sensors are used. Cons[stemunits must be. used in both the standardization and actual calorific

ASTM Methods for Analysis and Testing of Industrial determination. Time is expressed in minutes. Weights are measured irt
Chemicals _ grams.

E775 Test Methods for Total Sulfur in the Analysis 3.2.3 refi_se.derived filels--solid forms of refuse-derivedSample of Refuse-Derived Fuel 6
E 790 Test Method for Residual Moisture in a Refuse- fuels from which appropriate analytical samples may be

prepared are defined as follows in ASTM STP 832. '_
Derived Fuel Analysis Sample 6 RDF-I--Wastes used as a fuel in as-discarded form with

E 829 Method of Preparing RDF-3 Laboratory Samples only bulky wastes removed.
forAnalysis 6 RDF-2.--Wastes processed to coarse particle size with or

3. "terminology without ferrous metal separation.

3.1 Definitions: RDF-3--Combustible waste ft'action processed to paniclesizes, 95 % passing 2.in. square screening.
3.1.1 calori/Tc valt,,--the heat of combustion of a unit RDF-4--Combustible waste fraction processed into

quantityof a substancc. I_ may be expressed in joules per powder form, 95 % passing lO-mesh ._reening.
gram (J/g), British thermal units per pound (Btu/lbL or RDF-5--Combustiblc waste fraction densified (com-
caloriesper gram (cal/g)when required, pressed) into the form of _xllets, slugs, cubettes, or

_:o_'e I_The unit equivalents are as follows: briquettes.
I Btu (International Tabh") = 1055.06 absolute joules

I Calorie (International "labtc) = 4.1868 absolute joules 4. Summary of Test MethcM
I Btu/lb = 2.326 J/g
I.SBtu/Ib= I0 cal/g 4.1 Calorific value is determined in this method by

burning a weighed analysis sample in at, oxygen bomb
---------- ..... calorimeter under controlled conditions. The calorific value

'this le_l method ts under the jurisdict,)r_ of ASTM Commiltee E-J8 on iScomputed front ternperature observations made before and
|'r_fre Rccover,yand ts the d_rect resf_)nstbdtty of Subcommittee E 38.01 on after combustion, taking proper allowance for thermometer
J"'_ and thernaochemical corrections. Either is_thermal or adia-

!u,rrm tdmon aFpro,ed &ug 2g. 1987 Puhhshed (k-tober JY87 batic calorimeter jackets naa), be used, tamLulO,k,t, of._SFM ._'ldttdtHd_, VPI I I0 I
tn_"d Br._,_of .4S l _l Stdmlatd_, Vpi (150s
{_ouullh_,d,.!__"I-.IISram/.rd_.V,_l14Ol
I'*_al l_f_,t, of 4._ [ Sl .'_t_2_tla_d_. Vo_ I _ 0 _. _ 7 Ih'_al_rt_ _,_ 1_'_,_o, ,' H,'_ o_'_'t_ I_'r_u_h,i_t'_' .4S/._,[ 51 t' ,_. ¢2. A.K I _,_

tntJtttil it,_:)t of .|SI _I _'ltJlighJld_. V¢'_I II 04 1983. p 72

_
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5. Significance and Use eter ! 15°C, ;ts prescribed in S[x:cification E 1. Each of these

5.1 q'he calorific value, or heat of combustion, is a thermometers shall t._ tested for accuracy against a know_
measure of the energy available from a fuel. Knowledge of standard at intervals no larger than i'C over the entire
this value is essential in assessing the commercial worth of graduated scale. The maximum difference between any two
the fuel and to provide the basis of contract between test points shall not be more than 0.02"C.
producer and user. 6..5.3 Calorimetric.Type Platinum Resistance 7"hermo_

eter. 25-, tested for accuracy against a known standard.

6. Apparatus 6.5.4 O/her Thermometers--A high precision electronic
thermometer employing balanced thermistors or a quartz6.1 Test Room--The apparatus should be operated in a
thermometer may be used, provided the temperature rise

room or area free of drafts that can be kept at a reasonably indication is accurate within ±0.003'C pcr I'C ri_.
uniform temperature and humidity for the time rec;uire.dfor 6.6 Thermometer Accessories---A magnifier is required
the determination. The apparatus should be shielded from for reading mercury-in-glass thermometers to one tenth o1'direct sunlight and radiation from other sources. Controlled

the smallest scaledivision, This shall have a lens and holder
room temperature and humidity are desirable, designed so as to introduce no significant errors due to

6.2 Oxygen Bomb, constructed of materials that are not parallax. A Wheatstone bridge and galvanometer capable of
affected by, the combustion process or products sufficiently measuring resistance to 0.0001 ft are necessary for use with
to introduce measurable heat input or alteration of end resistance thermometers.
products. If the bomb is lined with platinum or gold, ali
openings shall be sealed to prevent combustion products 6.7 Sample ttolder_Samples shall be burned in an open

crucible of platinum, quartz, or acceptable base-metal alloy.
from reaching the base mmtal. The bomb shall be designed so Base.metal alloy crucibles are acceptable if after a few
that ali liquid combustion products can be completely preliminary firings the weight does not change significantly
recovered by washing the inner surfaces. There shall be no between tasks.
gas leakage during a test. The bomb shall be capable of
withstanding a hydrostatic pressure test to 21 MPa (3000 6.8 Firing Wire shall be 100 nam of No. 34 B & S

nickel-chromium alloy wire or 100 mm of No. 34 B & S ir0Q
psig) at room temperature without stressing any part beyond wire. Equivalent platinum or palladium wire may be ut_
its elastic limit, provided constant ignition energy is supplied, or measured,

6.3 Calorimeter, made of metal (preferably copper or and appropriate corrections made.brass) with a tarnish-resistant coating and with ali outer
surfaces highly polished. Its size shall be such that the bomb 6.9 Firing Circzdt--A 6 to 16-V alternating or direct

current is required for ignition purposes with an ammeter of
will be comptetely immersed in water when the calorimeter pilot light in the circuit to indicate when current is flowing. Ais awsembled, lt shall have a device tbr stirring the water
thoroughly and at a uniform rate, but with minimum heat stepd_wn transformer connected to an alternating currer_t
input. Continuous stirring for 10 rain shall not raise the lighti_g circuit or batteries may be used.
calorimeter temperature more than 0.01'_C (0.02"F) starting 6.10 CAUTION: T'he ignition circuit switch shall be of

momentary double-contact type, normally open, except
with identical temperatures in the calorimeter, room, and when held closed by the operator. The switch should Ixjacket. The immersed portion of the stirrer shall be coupled
to the outside through a material of low heat conductivity, depressed only long enough to fire the bomb.

6.4 Jacket_The calorimeter shall be completely enclosed
within a stirred water jacket and supported so that its _ides, 7. Reagents

top, and bottom are approximately 10 mm from the jacket 7. ! Purity of Reagems--Reagent grade chemicals shall Ix
walls. The jacket may be arranged so as to remain at constant used in ali tests. Unless otherwise indicated, it is intended
temperature or with provisions for rapidly adjusting the that ali reagents shall conform to the specifications of
jacket temperature to equal that of the calorimeter for Committee on Analytical Reagents of the American Chem-
adiabatic operation, lt shall be constructed so that any water ical Society, where Such specifications are available. 8 Oth_
evaporaling from the jacket will not condense on the grades may be used, provided it is first ascertained that
calorimeter, reagent is of sufficiently high purity to permit its use withoul

6.5 "[Twrmometer_'len'_peratures in the calorimeter and lessening the accuracy of the determination.
jacket shall be measured with lhc following thermometers or '7.2 Purity tf Water--.Unless otherwise indicated_ refer.
combinations thereof: ences lo water shall be understood to mean reagent water,

6.5. I Mer_,_trv.tn..Glass 17wrmometers, conforming to the Type I11,conforming to Specification D 1193.
requirements for "lherrnc::meters 116"C or 117"C (56"F or 7.3 Ben:.oic Acid. Standard (Ce,ltfl'.'OOtt)_Use National
57"F) as prescribed in Specification E 1. Other thermometers Bureau of Standards SRM (Standard Reference Materi_
of equal or better accuracy are satisfactory. These thermorn- benzoic acid. The crystals shall be pelletized before ust.
eters shall be tested for accuracy against a known standard Commercially prepared t>cllets may be used provided thf'?.
(preferably by the National Bureau of Standards) at intervals are made from National Bureau of Standards benzoic a_
no greater that_ 2.0"C (3ft'F) over the entire graduated _'ale.
The maximum difference in cotrection between any two _est
points shall not _ more than 0.02°C' (0.04"F). ' "ReagentC'hem_cals.t_rnt'_acan(hem,cal ,_XlCly S.i'_clfications."Am ('1¢¢

6.5 ") /]t't"_ltl(lrl/I Dl/h'/'t'/Hltt/ /"]l_'l'/tlOIHCl_'r, having a ical .r-,ot'.. \Va_dungton. IX" For sul,'_,.'st_ons oll the testing of reagents n,_t hslt'dt"
"" " the Amt,.l"wan ('ht'n'lical ._K'IcI_.. _¢-t' "Rcagctl! Cl_¢rn_cals and Stamt: _rd_,"I"

range of appro×_matcly 6"(" tn 0.0 I"(" sutxJivisions reading Jo_,phRo._,n.D VanNn,,Irand('o Itlc.No,,,York.NY.andthe "UrlilOd Stitl_
up'ward and conforming to the rcqtzircments Ibr "lhermom- Pharma¢olx'ta""

=

-
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Tt_ value of heat of combustion of benzoic acid, for use in 9.2 The sampling method for this procedure should ht'
thecalibra'lion calculations, shall be in accordance with ttle based on agreement between the involved parties.
_,sluelisted in the National Bureau of Standards certificate 9.3 The laboratory sample rnust be air.dried and particle
issuedwith the standard, size reduced to pass a 0.5-mm screen as described in Method

7.4 Metlzfi Orange, Methyl Red, or Methyl Purph' lndi- E 829.

,.ator may be used to titrate the acid formed in the
combustion. The indicator selected shall be used consistently 10. Standardi_ation
in both calibrations and calorific determinations.

7.50xj,gen, free ofcombustible matter. Oxygen manufac- 10. ! Determine the energy equivalent of the calorirnetcr

lured from liquid air, guaranteed to be greater than 99..5 % as the average of a series of ten individual runs, made over aperiod of not less than 3 days or more than 5 days. "I'o be
pure, will meet this requirement. Oxygen made by the
dectrolytic process may contain a small amount ofhydrogen acceptable, the standard deviation of the series shall be 6.9
rendering it unfit without purification, kJ/"C (6.5 Btu/'C) or less (see Appendix X I, Table X 1). For

7.6 Sodium Carbonate, Standard Solution (0.34 N)--One this purpose, any individual run may be discarded only if
millilitreof this solution should be equivalent to 20.0 J in the there is evidence indicating incomplete combustion. If this
nitric acid (HNOa)titration. Dissolve 18.02 g of anhydrous limit is not met, repeat the entire series until a series is
sodium carbonate (Na2CO.+) in water and dilute to I L. The obtained with a standard deviation below the acceptable
Na2CO_should be previously dried for 24 h at 105"C. The limit.
buret used for the HNOj titration shall be of such accuracy 10.2 The weights of the pellets of benzoic acid in each
that estimations to 0.1 mL can be made. A more dilute series should be regulated to yield the same temperature riseas that obtained with the various samples tested in the
standard solution may be used for higher sensitivity. • individual laboratories. The usual range of weight is 0.9 to

S. Precautions 1.3 g. Make each determination in accordance with the
procedure described in Section I!, and compute the cor-

8.1 Due to the origins of RDF in municipal waste, rected temperature rise, T, as described in 12.1. Determine
common sense dictates that some precautions should be the corrections for t-INO 3 and firing wire as described in 12.2
observed when conducting tests on the samples. Recom- and substitute into the following equation:
mended hygienic practices include use of gloves when E = [(!!) (g) + e, + e_ + e,] x t
handling RDF and washing hands before eating or smoking.

8.2 The following precautions are recommended for safe where:
calorimeter operation: E = energy equivalent, J/'C,

8.2.1 The weight of solid fuel sample and the pressure of tt = heat of combustion of benzoic acid, as stated in the
theoxygen admitted to tile bornb must not exceed the bomb National Bureau of Standards certificate, J/g,
manufacturer's recommendations, g = weight of benzoic acid, g,

8.2.2 Bomb parts should be inspected carefully after each t = corrected temperature rise, °C,
use. Threads on tile main closure should be checked frc- e_ = titration correction, J,
quently for wear. The bomb should be returned to the e3 = fuse wire correction, J, and
manufacturer occasionally for inspection and possibly proof e4 = correction for ignition energy if measured and cor-
0f firing, rected for. J.

8.2.3 The oxygen supply cylinder should be equipped 10.3 Standardization tests should be repeated after
with an approved type. of safety device, such as a reducing changing any part of the calorimeter and occasionally as a
valve, in additio,a to the needle valve and pressure gage used check on both calorimeter and operating technique.
in regulating the oxygen feed to the bomb. Valves, gages, and

gaskets must meet industry safety codes. Suitable reducing I I. Procedure
valves and adaptors for 2 to 3.5-MPa (300 to 500-psig)

!1.1 lt"eight of Sample--Thoroughly mix the analysisdischarge pressure are obtainable from commercial sources
of compressed gas equipment. The pressure gage shall be sample of solid fuel in tile sample bottle, taking care that the
checked periodically for accuracy, heavies and lip._ts (fluff) are distributed in the sample (Note

8.2.4 During ignition of a sample, the operator shall not 3). Carefully weigh approximately I g of the sample directly
permit any porlion of his body to extend over tile calorim- into the crucible in which it is to be burned or into a tared
clef. weighing scoop from which tile sample is transferred to the

crucible. Weigh the sample to tile nearest O. 1 trig. Some tbrm

9. Sampling `+ of compaction may be necessary, to ensure satisfactory

9.1 RDF products are frequently nonhomogeneous, t-'or ignition and complete combustion.
this reason significant :are should be exercised to obtain a Nor+: 3--lh the event seg,regation of the heavies and lights cannot Ix:,

representative la.boratot_, sample for the RDF lot to be avoided, attempt to remove sample from _he bottle in such a way that a
Characterized. representative sample is trac_sfcrred.

NOTt: 4_Perform the residual mois't_re determination of the +,_fllplt,

simultaneously rising ]esr N'Icth(_:l t- 79(i).

• -_,hlM S_lb,:,.)mn_lttcc 13_(11 is curTenll,:, Jn the process of developing il.2 lt'al(,r 111Bom/J---Add 1.0 I1"11_.of wat(?r to lhc bomb

I_Ocedur¢,+l,_l _mpling Rt)I"-3 _nd II',c plcpa_atJon of an analys_s s.']mpl¢. The bv a pipet. Before adding this water, rinsc the t)Olllb, allddmsrm.+n_l t ;.":til shi_uld be ¢o#lt;Ittt'd for details
drain tile excess water, and leave undricd.
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11.3 Firing WirekConnect a measured leng,th of filing until the same temperature is observed in three succe_si_
wi_,eto the ignition terminals with enough slack to allow the readings. Record this as the final temperature. Do not reco_
firing wire to maintain contact with the sample, time intervals since they are not critic.al in the adiaba_

11.4 Oxygen--Charge the bomb with oxygen to a consis- method.
tent pressure between 20 and 30 atm (2.03 and 3.04 MPa). 1 1.8 Analysis of Bomb Contents--Remove the bomb a_
This pressure must remain the same for each calibration and release the pressure at a uniform rate, in such a way that
for each calorific determination. If, by accident, the oxygen operation will require not less than I rain. Examine
introduced into the bomb should exceed the specified bomb interior and discard the test if unburned sample or
pressure, do not proceed with the combustion. Detach the sooty deposits are found. Carefully wash the interior of the
filling connection and exhaust the bomb in the usual bomb including the capsule with distilled or deionized watn
manner. Discard this sample, containing the titration indicator until the washings are fr_

!1.5 Calorimeter Water--lt is recommended that calo- of acid. Collect the washings in a beaker and titrate
rimeter water temperature be adjusted before weighing as washings with standard carbonate solution. Remove a_
follows: measure or weigh the combined pieces of unburned firint

!1.5.1 Isothermal Jacket Method, 1.6 to 2.0"C (3.0 to wire, and subtract from the original length or weight to
3.5"F) below jacket temperature (Note 4). determine the wire consumed in firing. Determine the sulfur

1!.5.2 Adiabatic Jacket Method, 1.0 to i.4"C (_.0 to content of the sample by any of the procedures described
2.5"F) below room temperature. Test Methods E 775.

Note 5--'l'his initial adjustment will ensure a final temperature
slightly above that of the jacket for calorimeters having an energy 12. Calculations
equivalent of approximately 10 200 J/K (2450 cal/"C).Some operators 12. ! Temperature Rise in Isothermal Jacket Calorime.
prefera lowerinitial temperature sothat the final temperature is slightly ter--Using data obtained as prescribed in I 1.6, compute the
below that of the jacket. This procedureisacceptable, provided it isused
in ali tests, including standardization. Use the same amount (±0.5 g) of temperature rise, 7, in an isothermal jacket calorimeter as
water in the calorimeter ve_.zelfor each test and for calibration. The follows:
amount of water (2000 g is usual)can be most satisfactorilydetermined T = T,. - 7_ - rl(b - a) - r_(c - b)
byweighingthe calorimeterve_,seland water together on a balance. The
water may be measured volumetrically if it is always measured at the where:
same temperature. Tap water may be satisfactory for use in calorimeter T = corrected temperature rise,
bucket, a = time of firing,

11.6 Observations, Isothermal Jacket Method--Assemble b = time (to nearest 0.1 rain) when the temperature rise
the calorimeter in the jacket and start the stirrer. Allow 5 reaches 60 % of total,
min for attainment of equilibrium; then record the calorim- c = time at beginning of period in which the rate of
eter temperatures (Note 6) at l-rain intervals for 5 rain. Fire temperature change with time has _:come constant
the charge at the start of the sixth minute and record the time (after combustion),
and temperature, 7"". Add to this temperature 60 % of the 7", = temperature at time of firing, corrected for thermom.
expected temperature rise, and record the time at which the eter error (Note 7),
60 % point is reached (Note 5). After the rapid-rise period Tc = temperature at time c, corrected for thermometer
(about 4 to 5 min), record temperatures at l-rain intervals on error (Note 7),
the minute until the difference between successive readings r t = rate (temperature units l_r mim,tc) at which temper-
has been constant for 5 min. ature was rising during 5-min period before firing,

and
NOTE6--Use a magnifier and estimate ali readings (except those.

duringthe rapid ri_eperiod)¢.othe nearest 0.002"C(O.O05"F)whenusing r_ = rate (temperature units per minute) at which temper-
ASTM Bomb Calorimeter Thermometer 56C (56F). Estimate ature was rising during the 5-rain period after timec.
Beckmann thermometer readingsto the nearest0.001"C.Tap mercurial If the temperature is falling, r2 is negative and the
thermometers with a penciljust beforereading to avoid errors causedby quantity r2 (c - b) is positive.
mercury sticking to the wallsof the capillary. 12.2 Temperature Rise in Adiabiatic Jacket Calorime.

NOTE7--When the approximate expectedrise is unknown, the time ter--Using data obtained as prescribed in I 1.7 compute the
at which the temperature reaches60 % of the total can be determined by corrected temperature rise, T, as follows:
recording temperatures at 45, 60, 75, 90, and 105 s after firingand
interpolating. T= 7}- l,,

11.7 Observations, Adiabatic Jacket Method--Assemble where:
the calorimeter in the jacket and start the stirrer. Adjust the T = corrected temperature rise, "C or "F,
jacket temperature to be equal to or slightly lower than the 7""o = initial temperature when charge was fired, corrected
calorimeter, and run for 5 rain to obtain equilibrium. Adjust for thermometer error (Note 8), and
the jacket temperature to match the calorimeter with T/- = final temperature corrected Ibr thermometer error.
±0.01°C (0.02"F) and hold for 3 min. Record the initial NOTE8---Wilh ali mercury-in-glassthermometers, it is necessaryto
temperature (Note 6) and fire the charge. Adjust the jacket make the followingcorrections if the total heat value isaltered by 12J/B
temperature to match that of the calorimeter during the or more. This repre_nts a change of0.001"C (0.O02"F)in a calorimeterusing approximately 2000 g of water. The corrections include the
period of rise, keeping the two temperatures as nearly equal calibration correction as stated on thecalibration cerlificate, the .,,,:tting
as possible during the rapid rise, and adjusting to within COtTeclionfbr Beckman thermometers according to the direction_
+_0.0 I°C (0 02"F) when approaching the final equilibrium furnished by the calibration authority, and the correction for emergent
temperature. Take calorimeter readings at l-rain intervals stem. Directions Ibr thesecorrectionsaregivenin Appendix X2
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12.3 Therrnochemical Corrections(AppendixX3)--Com- 12.4.2 Calculate the net calorific value (net heat of

pulethe following for each test: combustion) as follows:
_., correction for the heat of formation of HNO_, J. Each H, = H, - 23.96 (H × 9)

¢1 millilitre of standard alkali is equivalent to 20.0 J. where:

= correction for heat _f formation of H2SO4, J Hi = net calorific value (net heat of combustion), J/g,
r2 = 55.2 × percent of sulfur in sample x weight of H, = gross calorific value (gross heat of combustion), J/g,

sample, g. and

= correction for heat of combustion of firing wire, J 1t = total hydrogen, %.
r_ (Note 10)

==9.6 J/cre or 5980 J/g for No. 34 B & S gage Chromel
C 13. Precision and Bias _°

= 11.3 J/cm or 7330 J/g for No. 34 B & S iron wire. 13. ! PrecisionmThe standard deviations of individual

t, = correction for ignition energy of platinum or palla- determinations, in Btu/lb, are:
dium if measured and corrected for. Within- Between-

IqOTE9--There is no correction for platinum or palladium wire, Average laboratory laboratories

providedthe _,nidonenergyis constant, iIHV-I:
6400 27.1 135.5

12.4 Calorific Value:. 5200 48.8 239.6

12.4.1 Calculate the gross calorific value (gross heat of HHV-2:
combustion) as follows: 7900 323 t ls.o7400 38. I 227.8

H='= [(T)(E) - e t - e2 - e3 - e4]/g HHV.3:

WhCI¢: 9700 i11.3 290.49500 99.2 249.2

H== gross calorific value, J/g, 9300 40.3 67.6
T = corrected temperature rise as calculated in 12.1 or 13.2 These precision estimates are based on an interlabo-

12.2, "C or "F, consistent with the water equivalent ratory study conducted in accordance with Practice E 180.
value,

£ = energy equivalent (see Section 10),
e I, e 2, e3, e4 = corrections as prescribed in 12.3, and J°Supporting data are available on loan from ASTM Headquarters. Request

g = weight of sample, g. RR:E38-1000.

APPENDIXES

(Nonmandatory Information)

XI. CALCULATION OF STANDARD DEVIATIONS FOR CALORIMETER STANDARDIZATION

XI.! The example given in Table Xi.I illustrates the standardizations.
method of calculating standard deviations for calorimeter

TABLE X1.1 Standard Deviation= for Calorimeter
Standardization A

CokJmnA Column B
Water Code to ColumnC

Standardizali_ Equivak_nt, 4400 (Col_'=nNumber
(Btu/lb) x (Column B)2

(9/_C) ^-44OO)
1 4412 12 144
2 4497 7 49
3 4415 15 225
4 4408 8 64
5 4404 4 16
6 4406 6 36
7 4409 9 81
8 4410 10 100
9 4412 12 144
10 4409 9 81
Sum 92 940

Average ,==,t_ ==x/t0 = (92/10) + 4400 = 4409
Variar,,c,e= s2 = ColumnC - (Column B)21nln- 1 ,=940 - (92)2/10/9 ,=-104
Standard deviatKx_,s ,=Var_lnce = 10.4 = 3.22

: '_In this exarnl_,ethe values of water equivalentare typ_catfor a caloru'neter
cahbratedsuchthat the water equivalentmultipliedby the temperaturense=n*C/g
oi sample w_llgwe the calo_ficvalue ot the sample onBtu/lb.

=
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X2. THERMOMETER CORRECTIONS

X2.1 lt is necessary to make the follokving corrections in NOTEX2.1:Example--Suppose fLhepoint/., to which the thermom.
eterwas immersedwas 16"C;its initialreading,t,, was 24.127"C,itsfinalthe event they result in an equivalent change of 0.001"C or
reading,tc, was27.8760C,the mean temperatureof the emergentstem,

more. T, was26"C,

X2.1.1 Calibration Correction shall be made in accord- then:
ance with the calibration certificate furnished by the calibra- Differential stem correction

tion authority. = +0.00016 (28 - 24)(28 +24 -16 - 26)
X2.1.2 Setting Correction is necessary for the Beckmann = + 0.0060C

thermometer, lt shall be made in accordance with the (b) Thermometers Calibrated and Used irl Partial lmmer.
directions furnished by the calibration authority, sion but at a Different Temperature than the Calibration

X2.1.3 Differential Emergent Stem Correction--The cal- Temperature--This emergent stem correction is made as
culation depends upon the way the thermometer was call- follows:
brated and how it is used. The following two conditions are Correction = K (t_.- t,) (tr -- t')
possible: where:

(a) Thermometers Calibrated in Total Immersion and K = 0.00016 for thermometers calibrated in °C,
Used in Partial Immersion--This emergent stem correction 0.00009 for thermometers calibrated in "F,
is made as follows: t, = initial temperature reading,

Correction = K(I, - t,) (tc + t, - L - T) tc = final temperature reading,
where: ta = observed stem temperature, and

t" = stem temperature at which the thermometer was call.
K = 0.00016 for thermometers calibrated in *C, brated.

0.00009 for thermometers calibrated in *F, NOTEX2.2: Example--Suppose the initial reading, t,, was 80'F, the
L = scale reading to which the thermometer was immersed, final reading, t_,was 86"F,and that the observed stem temperature, tr,
T = mean temperature of emergent stem, was 82"F,and thecalibration temperature, t', was72"F;then:
ta = initial temperature reading, and Differential stem correction
tc = final temperature reading. = 0.00009 (86 - 90)(82 - 72)

= 0.005°F

X3. THERMOCHEMICAL CORRECTIONS

X3.1 Iteat of Formation of Nitric Acid--A correction (e t, kcal/mol of sulfur was applied in the e t correction, so the
in i 2.3) of 20 J is applied for each 1 mL of standard Na2CO3 additional correction necessary is 70.5 - (2 x 14.1) = 42.3
solution used in the acid titration. The standard solution kcal/mol or 5520 J ofsulfur in the sample (55.2 J × weight of'

(0.34 N) contains 18.02 g of Na2CO3/L, This correction is sample in grams x % sulfur in sample).
based on assumption that ali the acid titrated is HNO 3 X3.2.1 The value of 5520 J/g of sulfur is based on a coal
formed by the following reaction: t/2 N2 (g + 5/402 (g) + t/2 containing about 5 % sulfur and about 5 % hydrogen. The
H20 (l) = HNO3 (in 500 tool H20 ), and (2) the energy of assumption is also made that the H_SO4 is dissolved entirely
formation of I tool of HNO3 is approximately 500 mol of in water condensed during combustion of the sample, t2 If a

. l-g sample of such a fuel is burned, the resulting H2SO 4
water under bomb conditions is 14.1 kcal/mol. 6 When condensed with water formed on the walls ofthe bomb will

H2SO 4 is also present part of the correction for H2SO 4 is have a ratio of about i 5 mol of water to ! tool of H2SO4. For
contained in the et correction and the remainder in the e, this concentration the energy of the reaction.
correction.

X3.2 tteat of Formation ofSu_tric Acid_By definition SO_(g)+ thO2 (g)+ H20 (I)= H:SO4 (in 15mol H20)
the gross calorific value is obtained when the product of the under the conditions of the bomb process is -70.5 kcai/mol.
combustion of sulfur in the sample is SO 2 (g). However, in X3.2.2 Basing the calculation upon a sample of compara-
actual bomb combustion processes, the sulfur is found as tively large sulfur content reduces the overall possible errors,

H2SO4 in the bomb washings. A correction (e2 in 12.4.1) of because for smaller percentages of sulfur the correction issmaller.
55.2 J is applied for each percent ofsulfur in the I-g sample, X3.3 Fuse Wire--Calculate the heat in Sl units contrib-
that is converted to H2SO 4. This correction is ba_d upon the uted by burning the fuse wire in accordance with the
energy of fornmtion of H2SO,_ in solutions such as will be directions furnished by the supplier of the wire. For example,
present in the bomb at the end of a combustion. This energy the heat ofcombustion of No. 34 B & S gage Chromel C wire
is taken as -70.5 kcal/mol, tt A correction, of 2 × 14.1

t2Mott,R.A..andParker.C.."StudiesmBombC'alortmetryIX-Formationof
_lCalculatedfromdatainNationalBurr.auofStandardsCircular500. SulfuricAcid."f'uel.Vo137.1958,p. 371.
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italuivalent .to_9.6 J/cre or 5980 J/g and that of No. 34 B & is no correction for platinum or palladium wire provided the
5ltagctron wtre is equivalent to i 1.3 ,l/cre or 7330 J/g, There ignition energy is constant.

X4. REPORTING RESULTS IN OTHER UNITS

X4,I Reporting Results in BritiSh Thermal Units (Btu) per' in Table X4. I and the water equivalent expressed in (Btu/lb)
l,ound---The gross calorific value can be expressed in British x (g/*C).
_rmal units by using the thermochemical correction factors

TABLE X4,1 Thermochemical Con'ection Factors (Units in BTU)

Muhipli. Multiply byConeclion cation Factor

e, (HNO)) I0.0 mL of 0.394 N Na2CO_ solution
e2(H2SO4) 23.7 % o£ sulfur in sample times weight of

sample in grams
ej (fusewire) 4.1 or cm of No. 34 B & S gage Chromel C

win:
2570 weight (g) of Chromel C wire

es (fuse wire) 4.9 or em of No. 34 B & S gage iron wire
3150 weight (g) of iron wire

TheAmerican Societyfor Testing and Materials takes noposition respecting the validity oi any patti rights asserted in connect/on
with any item mentioned In this standard. Users of this standard are expressly advL,_edthat determtnat)onof the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

Thisstandard Is subject to revision ot any time _y the eesponslbletechnical committee and must be reviewed every five years and
if notrevised, either reapproved o_withdrawn. Youroommentsarehwited either for revision of this standardor for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting ot theresponsible
technical committee, which you may attend, ff you feet that your commenfs have not received a fair hearingyo_ should make you[
views known to the ASTM Committee on StamJards, 1916 Race St., Philadelphia, PA 19103.

--.,.=
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Standard Test Methods for
Total Sulfur in the Analysis Sample of Refuse-Derived Fuel 1

This standardis issuedunder the fixed designationE 775; the number";mmcdiatclyfollowing thedesignationindicatesthe yearof
originaladoptionor, in thecaseof revision,the year of last revision,A number in parenthesesindicates the yearof last reapproval,A
superscriptepsilon(_) indicatesan editorial changesincethe last rtvision or re.approval.

1. Scope RDF-2--Wastes processed to coarse particle size with 0¢

1.1 These test methods cover two alternative procedures without ferrous metal separation.

for the determination of total sulfur in prepared analysis RDF-3--.Combustible waste fraction processed to particle
samples of solid forms of refuse-derived fuel (RDF). Sulfur is sizes, 95 % passing 2-in. square screening.
included in the ultimate analysis of RDF.

1.2 The test methods appear in the following order: RDF-4--Combustible waste fraction processed into
Tat _-'tions powder form, 95 % passing 10-mesh screening.

RDF-5--Combustible waste fraction densified (con_.
Eschka Method 8 to li pressed) into the form of pellets, slugs, cubettes, or
Bomb Washing Method !2 _oI3 briquettes.

1.3 These test methods may be applicable to any waste
material from which a laboratory analysis sample can be

prepared. 4. Summary of Methods
1.4 The values stated in inch-pound units are to be

regarded as standard. The values given in parentheses are for 4. I_Eschka MethodmA weighed sample and Eschka mix.
ture are ignited together and the sulfur is precipitated frominformation only.

1.5 This standard may involve hazardous materials, oper- the resulting solution as barium sulfate (BaSO4). The precip
ations, and equipment. This standard does not purport to itate is filtered, ashed, and weighed.
address all of the safety problems associated with its use. lt is 4.2 Bomb Washing Method--Sulfur is precipitated as
the responsibility of the user of this standard to establish BaSO4 from the oxygen-bomb calorimeter washings and the
appropriate safety and health practices and determine the precipitate is filtered, ashed, and weighed.
opp/icabi/ity of regulatory limitations prior to use. For

specific precautionary statements see Section 6. 5. Significance and Use

2. Referenced Documents 5.1 The standards are available to producers and users of
RDF for determining the total sulfur content of the fuel.

2.1 ASTM Standards:

D ! 193 Specification for Reagent Water _
E 180 Practice for Determining the Precision Data of 6, Precautions

ASTM Methods for Analysis and Testing of Industrial 6.1 Due to the origins of RDF in municipal waste,
Chemicals _ common sense dictates that some precautions should b¢

E 711 Test Method for Gross Calorific Value of Refuse- observed when conducting tests on the samples. Recora-
Derived Fuel by the Bomb Calorimeter 4 mended hygienic practices include use of gloves when

E 829 Method of Preparing RDF-3 Laboratory Samples handling RDF; wearing dust masks (NIOSH-approved typeg
for Analysis 4 especially while milling RDF samples; conducting tests

under negative pressure hood when possible; and washing
3. Description of Term Specific to This Standard hands before eating or smoking.

3.1 rt_tse-derived fiiels--solid forms of refuse-derived
fuels from which appropriate analytical samples may be
prepared are defined as follows in ASTM STP 832: _ 7. Sampling

RDF-I--Wastes used as a fuel in as-discarded form with 7.1 RDF products are frequently nonhomogeneous. For
only bulky wastes removed, this reason significant care should be exercised to obtain

representative laboratory sample from the RDF lot to Ix
........................... characterized.

i These test methods are under the jurisdiction of AStM Corrimlttee E-38 on 7.2 The sampling method for this procedure should be

Resource Recovery and are the direct responsibility of Subcommittee E38.01 on based on agreement between the involved panics.
Energy.

Current edition approved Aug. 28, 1987. Published October 1987. Originally 7.3 "l"he laboratory sample must be air-dried and particle
published a._E 775 - 81. Lasl previous edition E 775 - 81. size reduced to pass a 0.5-mm screen as described in methods

_.4nnualBookof,.ISTMStandord_,Vol II.01. E829. This procedure must be performed carefully to
3.4n,mall]c_,k of.qSTMStandard_, Vol1.5.05. preserve the sample's representative characteristics (other
' ..Imaual Book of ASTM Standard._, Vol I1.04.
_"l'hcJa,,u._ ,,n Redo,roe R,'co,'erv Terminology. AS1",_f ST/' 8.12, ASTM, than particle size) while preparing the analysis .sample to b¢

1983. p.72 used in the procedures.
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TEST METilOD A--ILSCiiKA METitOD sample and 3 g of Eschka mixture on glazed paper. Mix
thoroughly. The amount of sample to be taken will depend

8. APParatus on the amount of BaCi 2 solution required (see 10.3.5 and
8.1 Gas (Note 1) or Electric Muffle Furnace or Burners, Note 2).

['origniting the sample with Eschka mixture and for igniting 10.1,1 Quantitatively transfer the mixture to a porcelain
thebarium sulfate (BaSO4). capsule or porcelain crucible or platinum crucible, and cover

NO'rE I--Gas may contain sulfur compounds in sufficient quantities with about I g of Eschka mixture.
t0affocttheresults. 10.2 lgnition--Heat the crucible over a gas flame as

8.2 Crucibles or Capsules--Porcelain capsules, 7/s in. (22 described in 10.2.1, or in a gas- or electrically heated mufflefurnace as described in 10.2.2. The use of artificial gas for
mm) in depth and i 3/4in. (44 mm) in diameter, or porcelain heating the sample and Eschka mixture is permissible only
crucibles of 30-mL capacity, high or low-form, or platinum when the crucibles are heated in a muffle (see Note 2).
crucibles of similar size shall be used for igniting the sample 10.2.1 Heat the crucible, placed in a slanting position
with the Eschka mixture. Porcelain, platinum, Alundum, or
silicacrucibles of I0 to 15-mL capacity shall be used for the partially covered on a triangle, over a very low flame. Thisprevents rapid expulsion of the volatile matter and affbrds
final ignition step (see 10.3.8). more complete oxidation of the sulfur. After 30 min of low

9. Reagents flame heating, gradually increase the temperature and occa-

9.1 PuriO, of Beagents--Reagent grade chemicais shall be sionally stir the mixture until ali black particles havedisappeared, which is an indication of complete combustion.
used in ali tests. Unless otherwise indicated, it is intended 10.2.2 Place the crucible in a cold muffle furnace and

that ali reagents shall conform to the specifications of the gradually raise the temperature to 800 + 25"C in about 1 h.
American Chemical Society, where such specifications are Maintain this maximum temperature until upon stirring ali
available. Other grades 6 may be used, provided it is first black particles have disappeared (about 1_/2h).
ascertained that the reagent is of sufficiently high purity to 10.3 Subsequent Treatment."
permit its use without lessening the accuracy ofthe determi- 10.3. I Remove the crucible, cool, and empty the contents
nation, quantitatively into a 200-mL beaker. Digest with 100 mL of

9.2 Purity of Water--Unless otherwise indicated, refer- hot water for V2to ¥4 h with occasional stirring.
ences to water shall be understood to mean reagent water, 10.3.2 Decant the supernatant liquid through a filter into
Type III conforming to Specification D 1193. a 600-mL beaker. Wash the insoluble matter with hot water

9.3 Barium Chloride Solution (100 g/L)_Dissoive 100 g several times using 25 mL ofwater at each washing and filter
of barium chloride (BaCI2.2H20) and dilute to 1 L with the washings through .the filter paper into the 600-mL
water, beaker. After washing, transfer the insoluble matter to the

9.4 Bromine Water (saturated)_Add an excess of bro- filter and wash five times with hot water, keeping the mixture
mine to 1 L ofwater, well agitated, collecting the wash waters in the 600-mL

9.5 Eschka Mixture--Thoroughly mix 2 parts by weight beaker.
of light calcined magnesium oxide (MgO) with 1 part of 10.3.3 Treat the filtrate with 10 to 20 mL of saturated

anhydrous sodium carbonate (Na2CO3). Both materials bromine water. Make slightly acid with HCI and boil to expel
should be as free as possible from sulfur, the liberated bromine.

9.6 Hydrochloric Acid (1 + l)_Mix equal volumes of 10.3.4 Neutralize using methyl orange indicator with
concentrated HCI (sp gr 1.19) and water. NaOH or Na2CO3 solution; then add I mL of HCI solution

9.7 Hydrochloric Acid (1 + 9)_Mix 1 volume of concen-
trated HCI (sp gr 1.19) with 9 volumes of water. (I + 9).

9.8 Methyl Orange Indicator Solution (0.2 g/L)--Dissolve 10.3.5 Boil again and theta, while stirring constantly, add
0.2 g of methyl orange in I000 mL of hot water and filter, slowly from a pipet I0 nal or more of BaCI2 solution.

9.9 Sodium Carbonate (saturated solution)_Dissolve ai>- NOTE 2_Barium chloride solution must be added in exce_s, if more

proximately 60 g of crystallized sodium carbonate than I0 mLofBaCI 2 solution is required, reduce the weighz ofsample 1o

(Na2CO 3. 10H20) or 20 g of anhydrous sodium carbonate about 0.5 g and repeat the ignition and digestion.
(Na2CO 3) in 100 mL. of water, using a sufficient excess of 10.3.6 Continue boiling for 15 rain and allow to stand for
Na2CO3 to ensure a saturated solution, at least 2 h, or preferrably overnight, at a temperature just

9.10 Sodium ttydroxide Solution (100 g/L)_Dissolve beiow boiling.
100 g of sodium hydroxide (NaOtt) in 1 L of water. ]'his
solution may be used in place of NazCO_ solution. NOTE 3_When standing overnight at a tempe.rature slightly less than

• boiling, cover the flask with a watchglass to prevent the solution from

10. Procedure evaporating to dryness and to protect it from external contamination.

I0.1 Preparation ofSalnple attd Eschka Mixture_Weigh 10.3.7 Filter the solution and the precipitate of barium
to the nearest 0.1 nag about 1 g of mixed air-dried analysis sulfate (BaSO4) through an ashless paper and wash the

BaSO4 residue with hot water until 1 drop of silver nitrate
.......................... (AgNO._) solution produces no more than a slight opales-

_"RragentChemicals,AmericanChemicalSociety S[n:cificatlon," ..(merwutl cence when added to 8 to 10 mL of filtrate.
Cheom'al Soewtr. Washington. IX'. For suggestions on testing of reagents not i0.3.8 Piace the wet filter containing the precipitate of
listed by the American Chemical Society, see Reagent Chemieul,$ and Standard._
(1967 revised edition)by Joseph Rosin, D. Van Nostrand Co.. Inc. Ne_ York and barium sulfate (BaSO4) in a preweighed platinum, porcelain,
lhc t'nil,'dState_ t't_,_r,,lacopeia silica, or Alundum crucible, allowing a free access of air by
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folding the paper over the precipitate loosely to prevent 12.6 Sodium Carbonate Solution--Dissolve 18.02 g of
spattering, anhydrous sodium carbonate (Na2CO3) in water and dilut_

10.3.9 Smoke the paper off gradually over a gas burner or to I L. 'The Na2CO3 should be previously dried for 24 h
in a gas or electrically heated muffle furnace. At no time 105"C.
allow it to burn with a flame (see Note 4). After charring of NOT_6----Otherconcentrations ofsodium carbonate solution mayk
the paper, raise the temperature to approximately 925"C and used.

heat to constant weight. 12.7 Wash Solution--Dilute 1 ml.. of a saturated soluti0u
NOTE4--Partially covering the crucible while smoking and stool- of methyl orange to I L of water.

deringwillaid in the preventionof the flaming of the paper.

10.3.10 Transfer the crucibles to a desiccator and weigh 13. Procedure

when cooled to room temperature. 13.1 Ignition---Sulfur is determined in the washings froth
10.4 Blanks and Correctionsmln ali cases a correction the oxygen-bomb calorimeter following calorimetric deter.

must be applied. Either a reagent blank may be run exactly mination in accordance with Test Method E 711. The typ_
as described above, using the same amount of ali reagents ofbomb, amount ofwater in the bomb, oxygen pressure, and
that were employed in the routine determination, or a more amount of sample taken shall be the same as specified under
accurate correction may be made by analyzing a weighed the calorimetric determination. The bomb shall stand in
portion of a standard sulfate using the prescribed reagents calorimeter water for not less than 5 min after firing.
and operations. '! 3.2 Subsequent Treatment:

No'ra 5--if the latter procedure is carried out once a week, or 13.2.1 Remove the bomb from the calorimeter water and
whenever a new supply of a reagent is used for a series of solutions open the valve carefully so as to allow the gases to escape al
coveringthe approximaterange ofsull'ur concentrations in the samples, an approximately even rate so the pressure is reduced to
it is only necessary to add or subtract from the we;ght of BaSO4 atmospheric in not less than 1 min. Bombs equipped with
determined for the sample the deficiency or excess found by the
appropriate"check" determination. This procedure is more accurate valves other than needle valves, such as compression valv_
than the simple reagent blank because, for the amounts of sulfur in shall be provided with a de_ice so the valve can be controlled
question and condition of precipitation prescribed,the solubility error tO permit a slow and uniform release of the gases.
for _,= is probably the largest one considered. Barium sulfate is 13.2.2 Open the bomb and examine the inside for tra_
soluble in acids7 and in pure water, and the solubility limit is reached of unburned material or sooty deposit. If these are found,
almost immediately on contact with the solvent. Hence, if very discard the determination. Wash carefidly ali parts of the
high-purityreagentsare used or extra precaution isexercised,there may
be no sulfaleapparent in the"blank." In other words, the solubilitylimit interior of the bomb, including the capsule with a fine jet 0t'
for BaSO, has not been reached or at any rate not exceeded;conse- water containing methyl orange (12.7) until no acid reaction
quently, some sulfate in the sample may remain in solution or has is observed, lt is essential to wash through the valve opening
redissolved, in the case of bombs equipped with compression valves, or

other types of valves with large openings, as considerable
11. Calculations spray may collect in such valve openings.

11.1 Calculate the sulfurcontent as follows: 13.2.3 Collect the washings in a 250-mL beaker and
titrate with standard sodium carbonate solution (12.6)to

Sulfur, % = (A - B) x 13.738/W obtain the acid correction for the heating value, as specified
where: in the calorimetric determination of Test Method E 711.
A = grams of BaSO,, precipitated, 13.2.4 Adjust the pH to between 5.5 and 7.0 with dilute
B = grams of BaSO4 correction, NH4OH and heat the solution to boiling.
W = grams of sample used, and 13.2.5 Filter through a qualitative filter paper and wash
13.738 = percentage of sulfur in BaSO4. the residue and paper thoroughly five or six times with hot

TE.b--_METHOD B_BOMB WASHING METItOD s water collecting the filtrate and washings.
13.2.6 To the filtrate and washings add 1 mL of saturated

12. Reagents bromine water (12.4) and sufficient HCi (12.5) to make il
slightly acid. Boil the solution to expel the excess bromine.

12.1 Purity of Reagents--see 9.1. 13.2.7 Adjust the acidity, precipitate and determine the
12.2 Purity of Water--see 9.2. sulfur as described in 10.3.4 through I1. i inclusive.
12.3 Ammonium Hydroxide (SP gr 0.90)--Concentrated

ammonium hydroxide (NH4OH). 14. Precision and Bias 9
12.4 Bromine Water (saturated)_see 9.4.
12.5 Hydrochloric Acid (1 + I)_see 9.6. 14.! Precision."

14.1.1 The standard deviation of individual deterrnina"
tions in percent absolute, are as follows:

7 Allen, E. T,, and Johnston, John, "The Exact Determination of Sulfur in "l')_ical average value 0.35 9;
Soluble Sulfates," Journal of the American Chemical Society, Vol 32, No, 5, 1910, Within..laboratory 0.03 %
pp. 588-617; and Johnston, John, and Adams, L, H., "The Phenomenon of Between-laboratory 0.06 %
Acclusion in Precipitates of Barium Sulfate, and its Relation to the Exacl
Determination of Sulfate," Journal of the American Chemical Societ)', Vol 33, No.
6, 191 I, pp. 829-845.

s S¢lvie, W. A. and Fleldner, A. C., "Check Determination_ of Sulfir in Coal _ Data from preliminary te_ting and round-robin tests are on file in AS'I'_,I
and Coke by the Eschka, Bomb Washing and Sodium Peroxide Fusion Methods," Research Report RR.E38.1000. A copy of the reporl is available on loan ff0m
lndu._lria/and Engineering Chemistry, Vol 29, 1927, pp. 729-733. ASTM Iteadquarters, 1916 Race St., Philadelphia, PA 19103.

I
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14.1.2"l_h.e above precision estimates are based on an 14.2 BiasmThe bias of this test method has not been
interlaboratorystudy conducted in accordance with Practice determined because of the lack of a recognized standard
E 180'9 reference material.

TheAmerican Society tor Testing and Materials takes no position respectingthe validity oi any patent rights asserted in connection
with any item mentioned in this standard. Usen;oi this standard are expresslyadvised that determination of the validity of any such
patent rights, and the risk of infringementoi such rights, _e entirely their own responsibility.

Thisstandard ts subject to revision at any time by the responsible technical oommitteeand must be reviewed every five years
if not revised, either reapp_ovedor withdrawn. Your commentsare invitedeither for revision ot this standard or for additional standards
and should be addressed to ASTM Headquarters. Yourcomments will receive careful considerstion at a meeting oi the responsible
technical colvnittee, which you may atlend, ff you feet that your comments have nc_received a fair he_tng you should make your
views known to the ASTM Committee on Standards, I916 Race St., Philadelphia,PA 19103.
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Standard Test Method for
Carbon and Hydrogen in the Analysis Sample of Refuse-
Derived Fuel 1

This standardis issuedunder the fixed designationE 777; the number immediately following thedesignationindicatesthe yearof
original _uoptionor, in the caseof revision,the yearof lastrevision.A number in parenthesesindicat_ theyear of lasl reapproval,A
Sulxrscrip[epsilon(_) indicatesan editorial changesince the lastrevisionor reapproval,

1. Scope E 829 Method of Preparing RDF-3 Laboratory Sample,

1.1 This test method covers the determination of total for Analysis 4

carbon and hydrogen in a sample of refuse-derived fuel
3. Description of Term Specific to This Standard

(RDF). Both carbon and hydrogen are determined in one
operation. This test method yields the total percentages of 3.1 refuse-derived fuels--solid forms of refuse-derivd
carbon and hydrogen in RDF as analyzed and the results fuels from which appropriate analytical samples may be
include not only the carbon and hydrogen in the organic prepared are defined as follows in ASTM STP 832: s
matter, but also the carbon present in mineral carbonates RDF-I-- Wastes used as a fuel in as-discarded form wi$
and the hydrogen present in the free moisture accompanying only bulky wastes removed.
the analysis sample as well as hydrogen present as water of RDF-2mWastes processed to coarse particle size with
hydration, without ferrous metal separation.

RDF-3--Combustible waste fraction processed to part_
NOTE l--lt is recognized that certain technical applications of the SiZes, 95 % passing 2-inch square screening.

data derived from this test procedure may justify additional corrections. RDF-4--Combustible waste fraction processed into
These corrections could involve compensation for the carbon present as powder form, 95 % passing 10-mesh screening.
carbonates, the hydrogen of free moisture accompanying the analysis RDF-5---Combustible waste fraction densified (com.
sample, and the calculated hydrogen present as water of hydration, pressed) into the form of pellets, slugs, cubettes, of

1.2 This test method may be applicable to any waste briquettes.
material from which a laboratory analysis sample can be
prepared. 4. Summary of Test Method

1.3 This standard may involve hazardous materials, oper- 4.1 The determination is made by burning the sample to
ations, and equipment. This standard does not purport to convert ali of the carbon to carbon dioxide and ali of the
address' ali of the safety problems associaled with its use. It is hydrogen to water. The com bt_,'on is carried out by high
the responsibility of the user of this standard to establish purity oxygen that has been pa_*a:l through a purifying train.
appropriate safety and health practices and determine the The carbon dioxide and water' are recovered in an absorption
applicability of regulator), limitations prior to use. For train. The combustion tube packing is used to remove any
specific precautionary statements see Section 8. interfering substances. This test method gives the total

percentages of carbon and hydrogen in the RDF as analyzed,
including the carbon in carbonates and the hydrogen in an},

2. Referenced Documents fbrm of water.

2. i ASTM Standards: 5. Significance and lose

D1193 Specification for Reagent Water 2 5.1 The standard sample is available to producers and
E 180 Practice for Determining the Precision Data of users of RDF as a method of determining the weight percent

ASTM Methods tbr Analysis and Testing of Industrial of carbon and hydrogen in the analysis sample.
Chemicals 3 5.2 Carbon and hydrogen are part of the ultimate analy_

E 790 Test Method for Residual Moisture in Refuse- of a fuel and can be used for calculations of combustio_
Derived Fuel Analysis Sample 4 parameters.

E 791 Method for Calculating Refuse-Derived Fuel Anal-
ysis Data From As-Determined to Different Bases 4 6. Apparatus

_.I Ox),gen-Purifying Train--The high-purity oxygen is
passed through water and carbon dioxide absorbers prior to

J This test method is under the jurisdiction of ASTM Committee E-38 on Use for combustion. The oxygen-purifying train consists dResource Recovery and is the direct responsibility of Subcommittee E38.01 ota
Energy, the following three units in order of passage of oxygen (_

Current edition approved Aug. 28, 1987. Published October 1987. Originally Fig. I):
published as E 777 - 81, Last previous editioo E 777 - 81.

"_Annual Book of ASTit Standards, Vol I 1,01,

Annual Book of AST3t Standard.L Vol 15,05. _ Thesauru_ on Resource Recovery Terminolog;,, ASTM STP 832, A._Tld"
Annual Book of,4STM Standards, Vol I 1.04, 1983, p, 72.
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E F G

E,F,G,H,t= oombustk_un_(6.3)
A = fiowmeter(62). E - furnace section1 (6.3.1)

B, C, D ,,, oxygenpudlyingtrain (6.1) F - furnacesection2 (6.3.2)
B = firstwater _ (6,1.1) G - _#nace section3 (6.3,3)
C = carbon dioxideabsorber (6.12) H - combustiontube (6.3.4)
D = secondwater absorber.(6.1.3) I = combustionboa_(6.3.5)

J, K, L = absocptiontrain (6.4)
J = first water absorber(6.4.1)
K = carbon d_xtde absorber(6.4.2)
L = guard tube (6,4.3)

NOTE_C and K can substitute a Vanier bulb if liquid absort_lt is used,FIG, 1 Set-Up of Apparatus

6.1.1 First Water Absorber--A container constructed so inspection of the combustion tube. The three furnace sec-
lbat the oxygen must pass through a column Of reagent. The tions shall be as follows (see _g. 1):
container shall have a capacity for at least 45 cm 3 of solid 6.3.1 Furnace Section/--Furnace section 1 is nearest the
reagent, and the minimum gas travel' through the reagent Oxygen inlet end ofthe combustion tube, approximately 130
shall be at" least 80 mm. A container of large volume and ' mm long and used to heat the inlet end of the combustion
long path of oxygen travel through the _:eagent will be found tube and the sample, lt shall be capable of rapidly attaining
to be advantageous where many carbon and hydrogen an operating temperature of 875 4-25_C.
determinations are made. No_. 2---Combustion tube temperature shall be measured by means

6.1.2 Carbon Dioxide Absorber--lf solid reagents are used of a thermocouple placed immediately adjacent to the tube near the

for carbon dioxide absorption, the container shall be as center of the appropriatetube section.
described in 6.1.1. If a solution is used, the container shall be 6.3.2 Furnace Section 2--Furnace section 2 shall be
a Vanier bulb. lt shall provide a column of reagent adequate approximately 330 mm in length and used to heat that
to remove the carbon dioxide completely, portion of the tube filled with cupric oxide. The operating

6.1.3 Second Water Absorber--Same as specified in 6.1.1. temperature shall be 850 4- 20°C (see Note 2).
6.2 Flowmeter, used to permit volumetric measurement 6.3.3 Furnace Section 3--Furnace ,section 3 shall be

of the rate of flow of oxygen during the determination, lt approximately 230 mm long, and used to heat that portion
shall be suitable for measuring flow rates within the range of the tube filled with lead chromate or silver. The operating
from 50 to 100 mL/rain (standard temperature and pres- temperature shall be 500 4- 50"C.

sure). The use of a double-stage pressure-reducing regulator 6.3.4 Combustion Tube, made of fused quartz, or high-
with gage and needle valve is recommended to permit easy silica glass and having a nominal inside diameter which may
and accurate adjustment to the rate of flow. vax7 _thin the limits of 19 to 22 mm and a minimum total

6.3 Combustion Unit, consisting of three "electrically length of 970 mm. The exit end shall be tapered down to
heated furnace sections, individually controlled, which may provide a tubulated section for connection to the absorption
be mounted on rails for easy movement. The upper part of train. The tubulated section shall have a length of 20 to 25
each furnace may be hinged so that it can be opened for mm, an internal diameter of not less than 3 mm, and an

f_ .... q i.............. -I ......... -I
I _uR_ct I I I I
J s_crlo_ I J I fURNACESF.C'TIOH2 I F_Ct SEt."rl_ _ I

.L i L -1-_'t"
I_.z2. F'-"-T I ^ - I I II I

Ti----1 I II il II I
I I t II _I __II I
/ ' 1 l...................... I I_o_1

Zt,O =,,=" ._iO0 ,=,/ / _ I 1__20 u,m _q

I000 =,,= __

A = dear fused quartz section (optional when a translucent qt_lz tube Is used)

B = cuw tc oxide fitting
C = lead chromate of silver gauze filling

P_, P2, Pa = oxidized copper gauze plugs

NOTE--When lurnace sectioos longer than those spectf_w:l in 6.3 are to be used, changes in the above dimensions shall be in accordance with wovisio<ts of Note 5.
FIG. 2 Arrangement of Tube Filling for Combustion Tube
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external diameter of approxmmately 7 mm, The total length NOTE4_Acexplable carbon dioxide absorbing reagenls using
oi'the#educed end shall not exceed 60 mm. lfa translucent dium or potassium hydroxide are sold under the wadenames: Asca_

fused quartz tube is used, a transparent _=ction 190 mm long, Caroxite, and Mikohbite,.Ifsoda lime is used in admixture with any W
the foregoing, it should not exceed 30 weight % of the total reagent. Ii

located 250 mm from the oxygen inlet end of the tube, will using Astarte it may be necessary to add a few drops of water to
be found convenient (see Fig. 2). reagent to assure torr, oleic absorption of carbon dioxide.

6.3.5 Combustion Boat, made of glazed porcelain, fused
silica, or platinum. Boats with internal dimensions of ap- 8. Precautions

proximately 70 by 8 by 8 mm have been found convenient. 8.1 Due to the origins of RDF" in municipal wa._
6.4 Absorption Train, identical to the oxygen absorption common sense dictates that ,some precautions should

train indicated in 5.1 to obtain system equilibrium. There- observed when conducting tests on the samples. Reco_
fore, the absorption train shall consist of the following units mended hygienic practices include use of gloves wlk,,tarranged as listed in the order of passage of oxygen (see Fig.
l): handling RDF; wearing dus't masks (NIOSH-approved typt),

especially while milling RDF. samples; conducting tR6.4.1 First Water Absorber, as described in 5. !. I.
under a negative pressure hood when possible; and washi_6.4.2 Carbon Dio_ide Absorber, as described in 5. !.2.
hands before eating or smoking.6.4.3 Second Water Absorber, as described in 6.1.3. The

second water absorber is also known as a guard tube. 9, Preparation of Apparatus

7, Reagents 9.1 Combustion Tube Packing_To ensure: complete 0xi.
dation of combustion prcxtucts and comple'te removal

7.1 Purity of Reagent_--Reagent grade chemicals shall be interfering substances such as oxides of sulfur, the combus.
used in ali tests. Unless otherwise indicated, ii is intended finn tube shall be. packed with cupric oxide and 1_
that ali reagents shall conform to the specifications of the chromate or :;liver gauze, The arrangement and lengths Of
American Chemical Society, where such specifications are the tube fillings and separating plugs shall be _ shown in F'_,
available. 6 Other grades may be used, provided ii is first 2 (see Note 5). It is recommended that the tube be placed i_
aseertained that the reagent is of sufficiently high purity to a vertical position (constricted end downward) for packi_
permit its use without lessening the accuracy of the determi- When filling _he tube with lead chromate, any resid_
nation, reagent adhering to the walls ofthe empty portion ofthe tubt

7.2 Purity of Water.--Unless otherwi_ indic.ated, refer- must be removed. When silver gauze is used as a tube Idling
ences to water shall be understood to mean reagent water, the required length of filling may be prepared conveniently
Type III, conforming to Specification D 1193. from three or four strips 150 to 200 mm iri length, by rolfitg

7.3 Oxygen, with minimum acceptable purity 99.5 %. each strip into a cylindrical plug and inserting the strips

NOTE 3--lr the blank tests for flow (set 9.3.2) indicate interfering end-to-end in the tube.

impurities in the o_ygen supply by consistent wcightdgain in the NOTE 5--Longer furnaces with appropriate lengths of tube packizll

absorber_ eliminate these impurities by u_ing a pt_heater lrumac_ and will be satisfactory.
tube, filled with cupric oxide. Operate this preheater at 850 ± 20"C and

insert in series lxtween the supply tank of oxygen and the purification 9.2 Purification and Absorption Trains."
train. 9.2.1 Water Absorbers--Fill a container, describedi_

7.4 Combustion T, be Reagents: 6.1.1, with a permissible solid desiccant, as described in
7.4.1 Cupric Oxide (CuO), wire form, dust-free. 7.5.1, by adding the r_equired amount in small portions and
7.4.2 Fused Lead Chromate (PbCrO4), approximately settling each portioa by gently tapping between additi0=

2.38 to 0.84 rnm in size. Place a glass wool plug between the reagent and absorber

7.4.3 Sih,er Gauze, 99.9 % silver minimum purity, 0.84 outlet to prevent loss of reagent dust.
mm, made from approximately No. 27 B&S gage wire. 9.2.2 Carbon Dto;tide Absorbers--Tf a solid reagent i5

7.4.4 Copper Gauze. 99.0 % copper minimum purity, used for the retention of carbon dioxide, 7.5.2, fill
0.84 turn, made from approximately No. 26 B&S gage wire. absorber, 6.1.2, as described in 9.2.1. Piace a layer or cap of

7.5 Purification and Absorption Train Reagents: desiccant in the outlet section of the container; it shall be tix
7.5. i Water Absorbent--Anhydrous magnesium perchlor- same as that used in the water absorber. This layer shall ha_

ate (Mg(CIO4),) approximately 2.38 to 0.35 nam in size. _ a bulk volume not less than one fourth nor more than 0t_
7.5.2 Carbon D:oxide Absorbent--If a- solid reagent is third of the combined volume of both reagents.

used, it shall be .so<Jium or potassium hydroxide (NaOH or 9.2.2.1 Ifa liquid absorbent is used, fill the inner tubed
KOH) impregnated ,n an inert carrier approximately 2.38 to the Vanier bulb with the same desiccant used in the water
0.84 mm in size. U:,e of soda lime in place ofthe above or in absorber, lfa solid absorbent is used, place a glass wool plug
admixture with them is permissible (Note 4). If a solution is in the outlet section of the container to prevent loss of
used. it shall be 30 weight % potassium hydroxide (KOtt). reagent dust.

9.2.3 Guard 7'ube--Pack a container, as described in
...................... 5. !. 1, with equal volumes of the water :absorbent and a solid

* "Re_gent Chemicals kmenczn ("herrt_c_ ._lety S_r,ficaliort._." Am. ¢,."hcm- carbon dioxide absorbent.
'tC_JSoc., Wil,hlngton. rxj f'or _.t_g_e_ttons on the ,e_tmg of'reagctaU not kt;ted by 9.2.4 Connections_'Fo ensure a closed system from tlx
the Amen_car_Cl",em_calSt_:'_e:__ R,,a._,,,,t Ctw,,uralsand Standards(1967 .supply tank of oxygen to the guard tube at tile end oftl_
the Umted Sta;e_ P_a,macop¢_a .............. absot-plto.rl train, lt tS recommended that ali connectio,s _

_ T_rer_am_ of Ih,_ rca_m are Ar_'_dr,._e or l.X-h_dntc glass-t_glass or glass-to-quartz butt joints with short lengtl_
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of flexible, tubing as seals. The connection tx:tween lhc imrform the following olx._rations in rapid succession in thc
purification train and the combustion tube may be made by order listed:
means of a rubber stopper or other suitable device. Ali 11.4.1 Ira conventional tyfm of sample heating furnace is
c,.mnections shall be gas tight. No lubricant shall be used for used for heating furnace section I, place it so thal its
making tubing connections in the absorption train, left-hand edge is about !00 nam from tile oxygen inlet end oi

9.3 Conditioning of Apparatus. the combustion tube.
9.3.1 Newl.v Packed Combustion Tube--Burn a sample of il.4.2 Attach the weighed absorption train to tile com-

RDF as described in 11.4 except that the products of bustion tube.
combustion need not be fixed in a weighed absorption train. I i.4.3 Push the sample boat containing the weighed

9.3.2 Used Combustion Tube--After any extended shul sample into the combustion tube to a lx_int within approxi-
down (one day or more) test the combustion train under mately 20 mm from plug P_ (see Fig. 2),
procedure conditions, but without burning a sample, for 40 11.4.4 Close. the tube. and adjust the oxygen flow to a rate
rain with weighed absorbers connected. A variation of not of 50 to I00 mL/min (standard temperature and pressure).
more than 0.5 mg of both water and carbon dioxide being the same as used in blanking (see 9.3.2).
absorbers shall be considered satisfactory (see Note 3). !.1.4.5 Apply flail heat to heating section 1 to bring it to an

9.3.3 Absorption Train--Condition freshly packed ab- operating temperature of 850 to 900'C as rapidly as possible.
sorbers and guard tubes by burning a sample of RDF, as Move the heater slowly toward the boat so that it completely
described in 11.4 except that the absorber weights need not' covers the boat and is brought into contact wilh furnace
be determined, section 2 over a period of 10 to 20 min (Note 7). Allow it to

9.3.4 Make standard checks frequently, particularly when
intermittent use of the combustion train is common or when remain in this position for an additional 5 to 10 rain, and
any changes have been made in the system. Burn a standard then shut off the heat and return the sample heater to it._
substance of certified analysis, such as benzoic acid or original position. Continue the flow of oxygen through the
sucrose as furnished by the National Bureau of Standards, as system for 10 rain (Note 9), close the absorbers under a
described in Section 11. A variation from the theoretical of positive pressure of oxygen and detach them from the train.
not more than 0.07 % for hydrogen nor more than 0.30 % Remove the absorbers to the vicinity of the balance, allow
for carbon shall be considered satisfactory, them to cool to room temperature for 15 to 20 rain, vent

momentarily to the atmosphere, wipe them with a chamoi.,

10. Sampling or lint-free cloth in the areas handled, and finally weigh there
to the nearest 0.1 nag. While the absorbers are cooling, it i.'

10.1 RDF products are frequently nonhomogeneous. For recommended thai the ash remaining in the combustiorthis reason significant care should be exercised to obtain a boat be examined for tracers of unburned carbon which, i_
representative laboratory sample from the RDF lot to be
characterized, present, will nullify the determination.

10.2 The sampling method for this procedure should be NoTE 7--Some variation in operating technique and heater manip
based on agreement between the involved panics, ulation may be permitted at the discretion of the analyst, provided tha

10.3 The laboratory sample must be air.dried and particle it is conducive to a gradual and controlled release of volatile matter

size reduced to pass a 0.5-mm screen as described in Method Conditions that lead to visible burning (flame combustion) of the
E829. This procedure must be |:mrformed carefully to sample shali be avoided.
preserve the sample's representative characteristics (other Nor_: 8--Since water may condense in the cooler otttlet end of tr,

than particle size) while preparing the analysis sample to be combustion tube or in the inlet arm of the water absorber, the use ota1

used in the procedures, external or internal heat-conducting device (a metal heat bridge) i
recommended lo prevent such condensation or promote reevaporatio|

1 I. Procedure during this flushing pericxl.

!1.1 After the combustion tube an,:! absorbers have been
conditioned as prescribed in Section 9, conduct the tesl as 12. Calculations

follows: 12.1 Calculate the percentage of carbon in the analysi
11.2 Absorption 7"rain--Bring the water and carbon di- sample as follows:

oxide absorbers to room temperature near the balance for 15
to 20 rain, vent momentarily to _.laeatmosphere, wipe with a Cart._m % = A
chamois or lint-free cloth in the areas where handled, and ,,, -/-_x 27.289
weighthe water and carbon dioxide absorbers to the nearest where:
0.i rag. A --=increase in weight of C02 at:mort.mr, g,
11.3Sample--After thoroughly mixing the RDF analysis B = grams of._tmple used, and

Sample to provide the Ix:st pos.'dble mix of heavy fines with 27.289 = percentage of carbon in CO2.
milled fluff, weigh appro×imatelv 0.2 g to the nearest 0.1 mg 12.2 ("alculate the percentage of hydrogen in the analys.
of sample imo a c¢._mbustion boat. sample as follov,s (see Note 7).

Nol_:6--The final milling stage may p_×tuce a suitably mixed (
analysis_mph: wilh,_t;l further mixing lt is imlamant that no llydrogcn,% := _ × 11.19
unwanted_gregalion ot partJt:lesiZeslakeplace lrue representation of
lhcanal,,'sls_rnple rl'JuMI'x' t'_H'JlalFit'_]irl the 2(RJulg u,_d l'or the where:

analysm C :- increase in _eighl _)f water absort_r, g.
-- 11,4 SOml_/t, ..lll¢2/VSI,s ..... \\'tlh ltlfnacc sections 2 and 3 ai, /) = ,......... ,,c, ....... ,I,, ,,,:,,d :,,M

SlX"citJcd tcn_pezaturcs atm l)(F_ilicw_cd :tS shown tta [:ig. 2, 11.19 = Ix'rcet_tage of'hydrogen in water.
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NOTE 9--The water absorbed in the water absorber includ_ not only 14. Precision and Bias z

wate_rfonnc<las a product oi'combustion, but also free water (moisture) 14. ! Precision:

in the sample and water of hydration of materials that may be c_ntained i 4. i01 The standard deviations of individual dctermin_
in RDF. lions, in percent absolute, arc as follows:

Typi_ A_ Within.Labors- Bclwccn.Labo-
VLlu¢,% tory,% ratorics,%

13. Report cut, n:40 0.5 1.6
Hydrogen:

13. i The results of the carbon and hydrogen analysis may 5.4 o.2 0.5
be reported on any of a number of ba,_s, diffcring from each

14. i.2 These precision estimates arc based on an intcrla_
other in the manner by which moisture is treated. oratory study conducted in accordance with Practice E 180.

13.2 The numerical moisturc value established by Test 14.2 Bias--The bias of this test method has not 1:_¢_
Method E 790 shall be used for converting carbon and determined because of the lack of a recognized standard
hydrogcn data on the as-determined basis to the dry basis as reference material,
in Test Mcthod E 791.

sSupportingdatarrc awailablcon loanfrom ASTM H_dquartcr_.Rcqu¢=
RR:E38-1000.

TheAmericanSocietytor TestingandMmt_ takesnopos/tlonrespectingthevalidityoianypatentHg_s assertedincomm_lon
wffhanyRemmentk>fmd/11tht=$ttutdard.Use_of th_sstlmcquff=re extxe_ edvL_4_dIhat¢letetmitmtiortofEhev_Mttyof anysuch
patentrights,andthe riskof infringeme_oi tuchr_glX=,are entirelytheirown rc_ponslb_.

Thisstandardfssubhct to revtsk)nlt any tkneby tt_ responsiblet_ c_mmlffeeandmustbereviewedeveryfiveyearsand
t_notrevt_ed,eitherred.toyed orw_hdrewn,goutcomments_reJhvltedoltharforreWskmof th_standardorforedd/tton#sit.lards
andsh<cddbeeddrossedtoASTMI.leadcWe_ors.YourcocrcnotWswill_ caretutconsk:tec_lonM a meeetngof therc_oonsible
technk'.a/committee,whichyoumayattend.If youfeelt/u_tyourcommentshavenotreceived= fairhead_ youshouldmakeyour
v/ew=_.to theASTMC,otrs'n_eeot_S_arKfnrd&Ig16Pace_., Phi/_, PA19103.



Oes,gnatioo:E,,8--8,
Standard Test Methods for
Nitrogen in the Analysis Sample of Refuse-Derived Fuel 1

This standardis issuedunder the fixed dc_gnation E 778; the number immediatelyfollowing lhc designationindicates the year of
original adoptionor, in thecaseof revision,the yearof instrevision.A number in I_rcnthcsesi_dicalcslhcyear of lasl rcapproval.A
superscriptepsilon (t) ir_Jicatcsan editorial change_noc theLastrcvifion or reapprov=l.

I. Scope from which appropriate analytical samples may be prepared
I. ! These test methods cover the determination of total are defined as follows in ASTM STP 832. _

Kjeldahl nitrogen in (prepared analysis) samples of (solid RDF-I--Wastes used as a fuel in as-discarded form with
font:s) of refuse-derived fuel (RDF). The proc,edures measure only bulky wastes removed.
free ammonia or ammonia formed from the conversion of RDF..2--Wastes processed to coarse particle size with or
organic nitrogenous compounds such as amino acids and without ferrous metal separation.
proteins. However, the procedures may not convert the RDF-3--Combustible waste fraction processed to panicle
nitrogenous compounds of some wastes t6 ammonia. Exam-. sizes, 95 % passing 2-in. square screening.

pies of such compounds that may not be measured are nitro RDF-4wCombustible waste fraction processed into
compounds, hydrozones, oxines, nitrates, semicarbazones, powder form, 95 % passing 10-mesh screening.
pyridines, and some refractory tertiary amines. RDF-5---Combustible waste fraction densified (com-

1.2 Two alternatives are described for the final determina- pressed) into the form of pellets, slugs, cubettes, or bri-
tion of the ammonia, the Kjeldahl-Gunning Test Method quettes.
and the Acid-Titration Test Method.

1.3 The analytical data from these test methods are to be 4, Summary of Test Methods
reported as part of the ultimate analysis where ultimate 4.1 The determination of nitrogen is made by either the
analysis is requested. Kjeldahl-Gunning Test Method (Section 11) or the Acid-

1.4 The_ test methods may be applicable to any waste Titration Test Method (Section 12). In both these methods
material from which a laboratory analysis sample can be the nitrogen in the sample is converted into ammonium salts
prepared, by destructive digestion of the sample with a hot, cataly-zed

1.5 This standard may involve hazardous materials, oper- mixture of concentrated sulfuric acid and potassium sulfate.
ations, and equipment. This standard does not purport to The salts are subsequently decomposed in a hot alkaline
address ali of the safety problems associated with its use. lt is solution from which the ammonia is recovered by distilla-
the responsibility of the user of this r,tandard to establish tion, and finally deten"nined by alkalimetric or acidimetric
appropriate safety and health practices and determine the titration.
applicability of regulatory limitations prior to u.re. For
specific,precautionary statements see 7.4.1 and Section 8. 5. Significance and Use

5.1 The standard sample is available to producers and
2, Referenced Documents users of RDF as a method tor determining the weight percent

2.1 ASTM Standards: of nitrogen in the analysis sample.5.2 Nitrogen is part of the ultimate analysis and can be
D1193 Specification for Reagent Water 2 used for calculation of combustion parameters.
E 200 Practice. for Preparation, Standardization, and

Storage of Standard Solutions for Chemical Analysis _ 6. Apparatus
E 790 Test Method for Residual Moisture in Refuse-

Derived Fuel Analysis Sample 4 6.1 Digestiot_ Unit--An electrical heater ofapproximately
E 79I Test Method for Calculating Refuse-Derived Fuel 500-W minimum rating or a gas burner of comparable

Analysis Data From As-Determined to Different Bases4 capacity. Either type of heater shall be provided with
E 829 Method of Preparing RDF..3 Laboratory Samples adequate means of control to maintain digestion rates asdescribed in 11.1 (Note 1). Commercially made, multiple-

for Analysis 4 unit digestion racks provided with fume exhaust ducts may
be used.

3. Description of Term Specific to This Standard

3.1 refuse.derivedfi_el--solid forms of refuse-derived fuels No'ft I--If commercially made electrical heaters are used, auxiliary
voltage control equipment, such as an autotransforrner, ma)' be needed
to maintain the specified rates of digestion and distillation.

! The_ test methods are under the juri_iction of ASTM Committee E-38 on 6.2 Distillation Unit (Fig. 1)_An electrical heater or gas
Re_ouree Recovery and ate the direct responsibility of SubcommitteeE38.01on burner as described in 6.1. Either type shall be provided with

Current edition approved Aug. 28. 1987.PublishedOctober1987.Originally adequate means of control to maintain _ tes as described in
_l_h_ed as E 778 - 81. L_t previou_ edition E 778 - 81.

Annual Book of RSTM Standard_, Vpi I 1.01.
_Amjunl R_,I, ¢_fA.VTM Rtandards. Vpi |5.05. _ Thesaurus on _e._ource Recover), Terminology. ASI-M ST/' 832, AS|'M.
dAnnual Book of ASTM Standards, Vpi I1.04. 1983, p. J2.
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strongly acid cation resin in the hydrogen form.

i 7.3 Potassium Sulfate (K2SO4), crystals.
c NOTE 2--O_her satisfactory and permissible catalysts for the digt_

lion, together with the quantities of K2SO4 required in their use, art

[ °, follows:

(a) Five grams of a mixture containing 32 parts by weight of KzSO,

! 5 parts by weight of mercuric sulfate (HgSO,I), and I part by weight

selenium,

(b) Three-tenths gram of mercuric selenite (HgSeO 3) with 7 to 10 gt_

K2SO4.
(c) Three-t_nths gram of cupric selenite dihydrate (CuSeO=.2H_

with 7 to 10 g of K_O4. When this mixture is used, the addition otl
sulfide to the alkali solution is not necessary.

7.4 Mercury, metal (see Note 2).

7.4. I PrecautionnAppropriate safety precautions should
be used when handling and disposing of mercury and
selenium compounds. '

__ --- 7.5 Sulfuric Acid (sp gr 1.84)---Concentrated sulfuric acid
A - electric heater (H2SO,,).
B ,., Kjetd_ dq_stion flask 7.6 Potassium Permanganate (KMnO4), crystals.
c = _ o0naect_ t_ 7.7 Zinc, mossy or granular. :
O - o0naenset
E - _ tube 7.8 Alkali Solution--Di_olve 8.0 g of potassium sul"fi_
F - receivingflask (K2S) and 500 g of sodium hydroxide (NaOH) in water aad

dilute to 1 L. The use of appropriate amounts of sodium
FIG. 1 Kjeldahl OistillaUon Apparatus sulfide (Na2S) or potassium hydroxide (KOH) may

substituted for the above, if desired (Note 2 (c)).
i !.2. Commercially made, multiple-unit distillation racks 7.9 Ethyl Alcohol (95 %)--Ethyl alcohol conforming to
provided with water-cooled glass or block tin condensers Formula No. 30 or 2A of the U.S. Bureau of Internal
may be used. Revenue. Methyl alcohol may be.substituted.

6.3 Condenser, glass, water-cooled, having a minimum 7.10 Sucrose--National Bureau of Standards prim_
jacket length of 500 mm. standard grade.

6.4 Kjeldahl Digestion Flask, of heat-resistant glass, 7.11 Reagents Required for Kjeldahl-Gunning Tea
having a capacity of 500 or 800 mL. Borosilicate glass has Method:
been found satisfactory for this purpose. '7.11. I Methyl Red Indicator Sohaion (0.4 to 1 g/L)---

6.5 Kjeldahl Connecting Bulb, cylindrical type, 45 mm in Dissolve 0.04 to 0. I g of methyl red in 50 mL of 95 % ethyl
diameter by 100 mm long, or larger, with curved inlet and alcohol or methyl alcohol and add 50 mL of wa_.
outlet tubes. Bromcresol green indicator solution'of equal concentrati0a

6.6 Receiving Flasks--Erlenmeyer flask having a capacity may be used.
of 250 or 300 mL. 7. i !.2 Sodium ttydroxide, Standard Solution (0.1 to 02

6.7 Connecting Tube--Glass tubing approximately 10 N)--Prepare and standardize a 0.1 to 0.2 N sodium by-
mm in outside diameter by 200 mm in length, droxide (NaOH) solution against a primary standard, as

6.8 Pure Gum Rubber Tubing. described in Practice E 200.
7.11.3 Sulfuric Acid, Standard Solution (0.2 N)_Pr_

7. Reagents and standardize a 0.2 N sulfuric acid (H2SO4) solution =

7. I Purity of Reagents--Reagent grade chemicals shall be described in Practice E 200.
used in ali tests. Unle_ otherwise indicated, it is intended 7.12 Reagents Required Only for Acid-Titration Ta
that ali reagents shall conform to the specifications of the Method:
Committee on Analytical Reagents of the Arnerican Chem. 7.12.1 Boric Acid Solution (50 g/L)--Dissolve 5 g ofbo&
ical Society, where such specifications are available. 6 Other acid (H3BO_) in 100 mL of boiling water. Allow to cool to
grades may be used, provided it is first ascertained that the room temperature before use.
reagent is of sufficiently high purity to permit its use without 7.12.2 Mixed Indicator Solution--Prepare a solution con-
lessening the accuracy of the determination, taining 0.125 % methyl red and 0.083 % methylene blue i_

7.2 Purity of Water--Unless otherwise indicated, refer- 95 % ethyl alcohol or in methyl alcohol. Prepare fi'_
ence to water shall be understood to mean reagent water, solution at bimonthly intervals.
Type 11, conforming to Specification D !193, prepared by 7.12.3 Sulfuric Acid, Standard Solution (0,1 to 0.2
the passage through an ion-exchange column containing a N)--Prepare and standardize a 0.1 to 0.2 N sulfuric add

(H2SO4) solution. Hydrochloric acid (HCI) of similar con-
centration, as described in Practice E 200, may be substi-

_'"Reagent Chem,cals, American Chemical Society Specifications," Am. Chem- luted.
ical Soc., Washington. DC. For suggestions on the te_ting of reagents not listed by
the American Chemical Society, see Reagent Chemtcals and Slandards. by Jo',,eph 8. Precautions
n-.:- r'_ tr.. u._,....._ ¢",.. I,.,,. I,,d,,._ Y,',,,g" hiv "-n,d lh," l/¢¢il_'d .¢;tnt_,¢ ..,

= Pharmacoooe,a 8.1 Due to the origins of RDF in muntcipai wa_,..
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corntnon sense dictates that precautions should be observed more than halfway up the neck of the flask (see Note I),
when c°n_ducling tests on the samples. Recommended hy- Continue the digestion until ali sample particles are oxidized,

gienicpractices include use of gloves when handling RDF; as evidenced by a nearly colorless solution, or for at least 2 h
_,earingdust masks (NIOSH-approved type), especially while after the solution has reached a straw color. The total time oi
milling RDF samples; conducting tests under a negative digestion will require 3 to 6 h.
pressure hood when p,_ssible; and washing hands before !1.1.6 When the digestion is completed and the solution
eatingor smoking, has cooled., a few crystals of KMnO4 may be added to ensure

8.2 The hot acidic and basic solutions in this procedure complete oxidation; further heating may be necesary to

pose a significant potential hazard. Proper laboratory safety destroy the excess permanganate and decoiorize the solution.
practices and equipment should tx employed throughout 11.2 Distillation of Digestate (see Fig. 1).
this procedure. 11.2.1 Dilute the cooled digestion mixture to about 300

mL with water and remove any heat of dilution by cooling

9. Sampling the flask under running water or by allowing it to stand until

9.1 RDF products are frequently nonhomogeneous. For cool.
this reason significant care should be exercised to obtain a 11.2.2 Accurately pipet 20.0 nal., of 0.2 N H2SO4 into a
representative laboratory sample from the RDF lot to be 250 or 300-mL Erlenmeyer flask. Add 6 drops of methyl red
characterized, or bromcresol green indicator solution.

9.2 The sampling method for this procedure should be il.2.3 Attach the glass connecting tube to the discharge
based on agreement between the involved parties, end of the condenser, using a short piece of rubber tubing as

9.3 The lal_ratory sample must be air-dried and particle a seal.
size reduced to pass a 0.5-mm screen as described in Method 11,2.4 Incline the Erlenmeyer flask at a suitable angle and

--- E829. This procedure must be performed carefully to insert this tube so that the end is immersed well below the

preserve the sample's representative characteristics, other surface of the acid solution (see Fig. 1).
than particle size, while preparing the analysis sample to be 11.2.5 Add i to 2 g of granular zinc to the digestion
used in the procedures, mixture in the Kjeldahl flask (two or three small pieces, if

mossy zinc is used), and slowly add 100 mL ofalkali solution
10. Interferences and Limitations so that it forms a distinct layer under the acid solution.. This

10.1 Because of the nature of RDF, nitrogenous com- may be accomplished by inclining the flask at an angle of 45

pounds may be present which will not readily be converted to 60" and pouring the alkali solution slowly down the neck
to ammonia by this test method (1.1). Modifications to the of the flask. Failure to maintain discrete layers during the
digestion of the waste may enhance the conversion of these operation may lead to a fairly fast exothermic reaction and
nitrogenous compounds to the ammonium sa]ts. 7 loss of ammonia.

!i.2.6 Quickly connect the flask to the distilling con-

11. Procedure for Kjeldahl-Gunning Test Method denser through the Kjeldahl connecting bulb and swirl the

11.1 Digesti,m _Sample. contents to promote thorough mixing.
!1.1.1 Afte_ thoroughly mixing the RDF analysis sample NOTE4_AII connections must be,air-tight so no loss of ammonia

tOprovide the best possible mix of heavy fines with milled will be experienced.

fluff,weigh approximately 1 g to the nearest I mg ofsample
into a weighing scoop. 11.2.7 Bring the contents of the Kjeldahl flask to a boil

1!. 1.2 Carefully transfer the sample into a 500 or 800-mL carefully in order to avoid bumping or foaming, or both, and
: Kjeldahl flask containing 7 to 10 g of K2SO4 and 0.6 to0.8 g distill the ammonia over into the acid solution in the

of mercury (see Note 3). Erlenmeyer flask..

11.1.3 Add 30 mL of lt:SO4 (sp gr 1.84) to the mixture by 11.2.8 Continue the distillation at a maximum rate of
pouting it down the neck ofthe flask while rotating the flask approximately 350 mL/h until I00 to 150 ml. of distillate
to wash any _mple adhering to the walls into the mixture, have been collected.
Swirl the contents of the flask several limes to ensure 11.2.9 Discontinue the boiling, and remove the glass
thorough mixing and wetting of the sample, connecting tube from the condenser and Erlenmcyer flask.

11.1.4 Incline the flask at an angle of 45 to 60" on the Rinse the tube with water, collecting the washings in the
digestion heater in a fume hood (Note 3). Heat the contents Erlenmeyer flask.
gradually. If frothing or foaming occurs, or both, lower the 1!.2.10 "l"itrate the excess acid in the Erlenmeyer flask to a
heat and digest at a lower temperature until the frothing or methyl red or bromcresol green end point, using 0. I to 0.2 N
foaming ceases. NaOH solution as the titrant.

11.3 Blank Determination_Run a blank determination
NOTE 3---When fume exhaust ducts or hoods are not available in the same manner as described in 11 I and 11 2, using

another method must be used to exhaust fumes from the flask, such as " "
_iration. approximately 1 g of sucrose (weighed to the nearest I nag) as

the sample material.
11.1.5 Heat the contents to boiling, controlling the heat

input in such a rnanner thai the H_SO,, vapors condense no Norr.. 5_A blank determination must be made with every series _1
analyses performed. [he blank determination serves two principal

............................... functions:

_Kohho[l I M. and Slenger. V A,, i'olumetetc .4mffvst._ II. Interr.ciences (l) Since lhc principle of the mel|l(_ is ascertaining the an_ount oi
"Dubhshers.Inc, New York, NY. pp. 173-176 standardized acid being consumed in a reaction and a back-ti_rati_m Js

±
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necessary, the blank is a check on the concentration of the standard g (weighed to the nearest I mg) of sucrose as the sanlN
solutions, material (Note 5 (2)).

(2) The blank servesas a correction for nitrogen fromsources other
than the sample.

14. Calculation

14.1 Calculate the percent of nitrogen in the analy_
12. Calculation sample as follows:

12. I Calculate the percentage of nitrogen in the analysis Nitrogen, % = (A - B) NC x 0.014 x 100
sample as follows:

Nitrogen, % (B - A) N x 0.014 where:= C x 100 A = millilitres of I-1:SO4 required for titration of
sample,

where: B = millilitres of HzSO4 required for titration of theI_
A = millilitres of NaOH solution required for titration N = normality of H2SO4,

• of the sample, C = grams of sample used, and
B = millilitres of NaOH solution required for titration 0.014 = milliequivalent weight of nitrogen.

of the blank,

N = normality of the NaOH solution, 15. Report
C = grams of sample used, and
0.0 !4 = milliequivalent weight of nitrogen. 15.1 The results of the nitrogen analysis may be reported

on any number of bases, differing from each other in
manner by which moisture is treated.

13. Procedure for Acid-Titration Test Method 15.2 The numerical moisture value established by Tea
Method E 790, shall be used for converting nitrogen dna

13.1 Digestion ofSamf'o., from the as-determined basis to the dry basis as in Tesi
13.1.1 Digest the samp _:as described in 11.1. Method E 791.
13.2 Distillation of Di_,_,state (see _g. 1).
13.2.1 D:,lute the cooled digestion mixture to about 300 16. Precision and Bias a

mL with water and remove any heat of dilution by cooling
the flask under running water or by allowing it to stand until 16.1 Precision:
cool. 16.1.1 The standard deviations oi" individual determina.

13.2.2 Add 20 mL of H3BOa solution into a 250 or tions, in percent absolute, are as follows:
300-mL Erlenmeyer flask and add 6 drops of mixed indi- TypicalAverase
cator solution, v=au,..% Within-Laboratory, % Between-Laboratod_

0.6 0.04 0.05
13.2.3 Set up the distillation apparatus and distill as

described in 11.2.3 thorugh 11.2.9. 16.1.2 These precision estimates are based on an interlab-
13.2.4 Titrate the ammonia collected in the Erlenmeyer oratory study conducted in accordance with Practice E 180.

flask containing the H3BO 3 to the mixed indicator end point 16.2 BiasmThe bias of this test method can not I_
using 0.2 N HzSO4 as the titrant, determined due to the lack of a recognized standard refer-

13.3 Blank_Run a blank determination in the same enea material°

manner as described in 1I. 1 and 1 1.2, using approximately 1

=Supporting data are available on loan from ASTM Headquarters. Requal
RR:E38-1000.

TheAmerican Society for Testingand Materials takes no position respecting the validity of anypatent rights asserted in connection
with any/tem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the rtsk of infringement oi such rights, are entirely the# own responsibility.

Thisstandard is subject to revision at any time by the responsible technical committeeand must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your commentsare invited either for revisionof i'hisstandard or foreKkJittonaJstandards
and should be aKldressedto ASTM Headquarters. Yourcomments will receive careful consideration at a nmeting of the responsible
technical committee, which you may affond. If you feel thai your comments have not received a fair hearing you should make your
views known to the ASTM Committee on S_andards, 1916 Race _., Philadelphia, PA 19103



_ Designation: E 790 - 87

Standard Test Method for

Residual Moisture in a Refuse-Derived Fuel Analysis Sample1

This standard is issuedunder the fixeddesignation E 790; the number immediately followingthe designationindicates the year of
ori_na] adoption or, in lhc caseof revision, theyearof last revision.A number in parenthesesindicates theyear of la.streapproval.A
superscriptepsilon (,) indicatesan editorial change_nc¢ the last revisionor reapproval.

I. Scope through a mill with a 0.5-mm (0.02-in.) size or smaller final

l.I This test method covers the measurement of the screen.
residual moisture in an analysis sample of RDF. lt is used to 3.3 biaswa systematic error that is consistently negative

or consistently positive. The mean of errors resuhing from acalculate to the dry basis other determinations performed on
_¢ analysis sample, lt is used with the air-dry moisture series of observations that does not tend towards zero.
results to calculate total moisture (Note I). The total 3.4 gross sample--a sample representing one lot and
moisture is used to calculate as-received values or other composed of a number of increments on which neither
analyses performed on the sample, reduction nor division has been performed.

3.5 laboratory sample--a representative portion of the
NOTE I--la some instances RDF moisture may change during the gross sample received by the laboratory for analysis.

_r.¢,.reductionstepsof the analysissample preparation procedure.This 3.6 lot--a large designated quantity (great_r than themoisturechange, unless suitable corrections are made, will affect the
=oeu.,'-,_yof the total moisture value as calculated from the alr-dry and quantity of the final sample) of RDF which can be repre-
residualmoisture results, sented by a properly selected gross _mple.

3.7 precision--a term used to indicate the capability of a
1.2 The values stated in acceptable metric units are to be person, an instrument, or a method to obtain reproducible

regarded as standard. The values given in parentheses are for results; specifically, a measure of the random error as
information only. expressed by the variance, the standard error, or a multiple of

1.3 This standard may involve hazardous materials, oper- the standard error.
ations, and equipment. This standard does not purport to 3.8 refuse-derived fuels_solid forms of refuse-derived
address allofthesafetyproblems associated with its use. lt is ft,els from which appropriate analytical samples may be
the responsibility of the user of this standard to establish prepared are defined as follows in ASTM ,STP 832_4
appropriate safety and health practices and determine the RDF-I_Wastes used as a fuel in as-discarded form with
applicability of regulatory limitations prior to use. For more
specific precautionary information see Section 7. only bulky wastes removed.

RDF-2_Wastes processed to coarse particle size with or
L Referenced Documents without ferrous metal separation.

2.1 ASTM Standards: RDF-3_Combustible waste fraction processed to particle

D3173 Test Method for Moisture in the Analysis Sample sizes, 95 % passing 2-in. square screening.
of CoalandCoke 2 RDF-4--Combustible waste fraction processed into

E 180 Practice for Developing Precision Data on ASTM powder form, 95 % passing 10-mesh screening.

Methods for Analysis and Testing of Industrial RDF-5_Combustible waste fraction densified (com-Chemicals 3
pressed) into the form of pellets, slugs, cubettes, or
briquettes.

3. Description of Terms Specific to This Standard 3.9 representative sample.--a .sample collected in such a

3.1 air d_ying_a process of partialdrying of RDF to manner that it has characteristics equivalent to the lot
bring its moisture content n_r to equilibrium with the sample.
atmosphere in which further reduction, division, and charac- 3.10 sample division--the process of extracting a smaller
terization of the sample are to take place. In order to bring sample from a sample so that the representative properties of
about the equilibrium, the RDF is usually subjected to the larger sample are retained. During this process it is
drying under controlled temperature conditions ranging assumed that no change in particle size or other characteris-
from 30 to 40"C. tics occurs.

3.2 analysis sample_the final subsample prepared from 3.11 sample preparationwthe process that includes
the air-dried laboratory sample but reduced by passing drying, size reduction, division, and mixing of a laboratory

sample for the purpose of obtaining an unbiased analysis
sample.

='l'h/s test method is under the jurisdiction of ASTM Comrnittee E-38 on 3.12 sample reduction--the process whereby sample par-
Rc_our_¢Recovery and is the direct responsibility of Subcommittee I"38.01 on tiele size is reduced without change in .sample weight.Et_y.

Current edition approved Aug. 28, 1987. Published October 1987. Orginally
PUblishedas E 7_0 - 81. l.ast previous edition E 790 - 81. "..........................

2Annual Book of ASTM Standard_, Vol 05.05. ( "l'he._aurus on Re_m_,ce Recover), 7'ermlnology. ASTM ST/" 832, AS]M,
),4nnua/Book of ASTM Standards, Vol 15.05. 1983, p. 72.
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3.1 3 significant loss--any loss that introduces a bias in handling RDF; wearing dust masks (NIOS}-l-approved tyt,¢_
final ?esults that is of appreciable importance to concerned especially when shredding RDF samples; conducting te_
parties, under negative pressure hood when possible; and washiQI

hands before eating or smoking.

4. Summary of Test Method 7.2 Laboratory ,sample handling shall be performed b_
4.1 This test method is based on the loss in weight of an trained personnel. Ali operations shall be done rapidly

air-dried analysis sample of RDF under rigidly controlled possible to avoid sample moisture changes due to al.
conditions of temperature, time, and air flow. mospheric exposure.

4.2 The total moisture is calculated from the loss or gain 7.3 Since heavy fine particles tend to segregate rapidly ii
in air drying and the residual moisture as determined by this the RDF analysis sample, the analyst should exercise care to
test method, assure that the analysis sample is well-mixed prior to

performing this determination.
5. Significance and Use 7.4 When the residual moisture is to be used for

5.1 The treatment of the sample as specified herein is determination of total moisture, special care shall be taken t0
intended for the purpose of determining the residual mois- avoid any change in sample moisture between the comple.
ture present in an analysis sample of'RDF, tion of air drying and analysis for residual moisture, lt h

5.2 The residual moisture value is used to convert as- recommended that the delay between sample preparation
determined analyses such as gross heating value, sulfur, and and the determination of residual moisture be a rnaximur,
ash to a dry sample basis, of 72 h.

6. Apparatus 8. Samplinff '_

6.1 Drying Oven: 8.1 RDF products are frequently nonhomogeneous. F0_
6. !. 1 Referee Type--The oven shall be so constructed as this reason, significant care should be exercised to obtain a

to have a uniform temperature within the specimen representative laboratory sample from the RDF lot to b¢
chamber, have a minimum excess air volume, and be characterized.
capable of constant temperature regulation at 107 "4-3"C. 8.2 The sample method for this procedure should b¢
Provision shall be made for renewing the preheated air in the based on agreement between the involved parties.
oven at the rate of two to four times a minute, with the 8.3 The laboratory sample must be air-dried and partick
intake air dried by passing it through a desiccant. An oven size reduced to pass a 0.5-mm screen for this analysis. TI_
similar to the one illustrated in Fig. l ofT'estMethodD3173 procedure must be performed carefully to preserve
is suitable, sample's representative characteristics (other than partick

6.1.2 Routine Type--A drying oven of either the mechan- size) while preparing the analysis sample _o be used in tld_
ical or natural circulation type which is capable of constant procedure.
uniform temperature within the specimen chamber regulated
at 107 -± 3"C. 9. Procedure

NoTE 2--.Either'type of oven may be used for routine determina- 9.1 Heat the empty containers and covers under the
tions. However,the referee-typeoven shall be used to resolvedifferences conditions at which the sample is to be dried, piace
betweendeterminations, stopper or cover on the container, cool over a desiccant for

6.2 Containers_A convenient form that allows the ash about 15 to 20 rain, and weigh. Mix the sample, if necessary,

determination to be made on the same ,sample is a porcelain and dip out with a spoon or spatula from the sample bottk
capsule 22 mm in depth and 44 mm in diameter or a fused approximately I g of the sample. Put the sample quickly into

the container, cover, and weigh at once.silica capsule of similar shape. This shall be used with a
well-fitting flat aluminum cover. Platinum crucibles or glass NOTE3_lfweighing bottleswithair-tightcoversare used, it may
capsules with ground-glass caps may also be used. They t_,:necessaryto preheatthe moisture analysiscontainer nor to desioml_
should be as shallow as possible consistent with convenient it after drying.
handleability. 9.2 Remove the cover and piace in a desiccator. Quickly

6.3 Analytical Balance, with 0. i mg sensitivity, place the uncovered container into an oven preheated to 107
6.4 Analysis Sample Containers_Heavy (minimum 4 _ 3"C through which is passed a current ofdry air. Close the

mil), vapor-impervious bags, properly sealed; or noncor- oven at once and heat for 1 hr. Open the oven, remove, corn
roding cans, glass jars, or plastic bottles with air-tight sealing the container quickly, and cool in a desiccator over desic-
covers to store RDF samples for analysis. Containers shall be cant. Weigh the sample and container as soon as cooled to
checked for suitability by measuring.weight loss or gain of room temperature.
the sample and container stored for I week under ambient
laboratory conditions. The weight loss or gain should be less 10. Calculations (see Note i)
than 0.5 % of the sample weight stored in the container. 10. i Calculate the percent residual moisture, R, in the

analysis sample as follows:
7. Precautions

7.1 Due to the origins of RDF in municipal waste,
common sense dictates that some precautions should be _ASrM SubcommitteeE3801 is currentlyin the pro('e_of de_,elt_l_r4procedure_ft_r_mphngRDF and theI)reparatiotlof an analysis_ml;Jle,The
observed when conducting tests on tile samples. Recom- chairmanorE3801should|xrcontactedloftier;ills
mended hygienic practices include use of gloves when

=
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R = S - B P.d (tOO)
× I00 Pary= IO0-R

where:

where: P,a = parameter,% "as-determined" on the analysis

S ---grams of analysis sample used, and sample,
B = grams ofsample after heating. R = residual moisture, % (see 10.1), and

10.2 Calculate the percent total moisture in the laboratory Pa_y = parameter, % expresse_ on a dry sample basis.

sample, as follows: 11. Precision and Bias

R (100 - A) 11.1 Precision:
M- + A I1.1.1 The standard deviations of individual determina-

100 tions, in percent absolute are as follows:

where: Typical Average Within Between

R -- residual moisture, %, and value Lat,oratori_ taborato_es
A---air dry loss determined during preparation of the 2.54.5% 0.15_ 0.50_

analysis sample, %. 11.1.2 The above precision estimates are based on an
10.3 To convert other parameters determined on the interlaboratory study conducted in accordance with Practice

analysissample, such as ash, sulfur, and gross calorific value, E 180.
to a dry .sample basis, the following equation can be used: 11.2 BiaswThe bias of this test method has not beendetermined due to a lack of a recognized standard referehce

material.

TheAmerican Society foe Testing end Materials takesnoposition respecting the validity of any patent rights asserted in connectto_
wlfh am/item mentioned in this =tauldard.Usersof this standard are exlxessly advised that determination of the validity of any such
patenl rights, and the risk of infringement of such rights, are entirety their own r_Ibility.

Thisstandard is ,subjectto revision at any time by the respor_tble technical committee arKf must be reviewed every five years and
ff not revised, eithe__ or withdrawn. Yoctrcomments ate invited either for revisionot thisstandard or for additional standards
and should be addressed toASTM Headquarters.Your comments will receive ca[etul co_stderatlon at a meeting 04 the responsible
technical commies, which you may attend, ff you feel thai your comments ,havenot received a fair heariag yoo shooM make your
views known to the ASTM Commltlee on Standards, 1916 Race St., Philadelphia. PA 19103.



Standard Test Method for

Designating the Size of RDF-3 From its Sieve Analysis1

This standard_sissuedunder the fixeddesignationE !!2/i; the number immediately followinglhc designationindicaleslhc year of
original adoption or, in the case of revision, the year of lasl revision, h number in parentheses indicates the year of lasl reapprovai. A
superscriptepsilon(,) indicatesan editorial changesincethe last revisionor reapproval.

_l NOTE--ScCllons3, 4, and 5 were renumberededitorially in July 1987.
,2 NoTE--Figures in Annex wer_ editorially renumbered in March 1989.

1. Scope properties of the large sample are retained.

1.1 This test method of designating the size of refuse- 3.2 Description of Term Specific to This Standard'
derived fuel from its sieve analysis is applicable to the 3.2.1 refuse-derived fuel (RDF-3)--a shredded fuel de.
classified light fraction (RDF-3) of shredded municipal or rived from municipal solid waste (MSW) that has been
industrial waste materials less than O. 15 m (6 in.) in size. processed to remove metal, glass, and other inorganics. This

1.2 The values stated in acceptable metric units are to be material has a particle size such that 95 weight % passes
regarded as standard. The values given in parentheses are for through a 2-in. square-mesh screen.
information only. NOTEI---O_.herrefuse-derivedfuel may be classifiedas follows:

1.3 This standard may involve I_azardous materials, oper- RDF.I--Wasles u_.d as a fuel ina._liscardedform.
ations, and equipment. This stahdard does not purport to RDF-2--Wasunprocmacdto coat,zr particle .rAzewith or .without ferrous ra¢_

addre'ss ali of the safety problems associated with its use. lt is _'paration.
the responsibility of the user of this standard to establish RDF-4--Combustiblewasteprocessedinto powderli_rm, 95 weight,%pasxi_lO-meshscreening.
appropriate safety and health practices and determine the KDF.5--.Comtmstible waste densified (compS) into the form of

applicability of regulatory limitations prior to use. For more _u_ cubett_ or briquettes.
specific precautionary information see Section 7. RDF-6----Comb_tiblewaste pr_ into liquid fuel.

RDF.7--Combuxtible waste processed into Mscous fuel.

2. Referenced Documents 4. Summary of Test Method

2.1 ASTM Standards." 4.1 This test method covers the separation of an RDF
D2234 Method for Collection of a Gross Sample of Coal 2 sample into defined size fractions and expressing those
E I l Specification for Wire-Cloth Sieves for Testing fractions as a weight percent of an air-dried sample.

Purposes 3
E 177 Practice for Use of the Terms Precision and Bias in 5. Significance and Use

ASTM Test Methods 3 5.1 The purpose of this test method is to provide a meam
of designating the size classification of RDF-3 for use by

3. Terminology consumers and producers of RDF-3.

3.1 Definitions: 6. Apparatus
3_1.1 air drying_a process of partial drying of RDF-3 to

bring its moisture content near to equilibrium with the 6.1 Sieves."
atmosphere in the room in which the sieving is to take piace. 6. I. I Use sieves conforming to Specification E I I. For

3. i.2 gross sample--a sample representing a lot of RDF recommended, sizes see Table I.
and composed of a number of increments on which neither 6.1.1. I For RDF-3 and larger than 50 mm (2 in.) screens
reduction not" division has been performed, having rectangular frames 0.6 to 0.7 m _ (6 to 8 ft2) sieve area

3.1.3 laboratory sample.--a representative portion of the are satisfactory.
gross sample delivered to the laboratory for further analysis. 6.1.1.2 For RDF-3 50 mm (2 in.) or smaller, rectangular

3.1.4 Iot_a large designated quantity of RDF-3. frames having 2 to 4 ft2 (0.2 to 0.4 m 2) sieve area arc
3.1.5 representative sample_a sample collected in such a satisfactory.

manner that it has characteristics equivalent to the material 6.1.1.3 For RDF-3 smaller than 0.01 m (0.5 in.), circular
being sampled, sieves 0.3 m (12 in.) or 0.2 m (8 in.) in diameter a_

3.1.6 sample division_the process of extracting a smaller satisfactory.
sample from a gross sample wherein the representative 6,2 Sieving Devices"

6.2. ! Hand sieving is permissible.
6.2.2 Sieving machines that provide the necessary agita.

This lest methodis underthe jurisdiction of ASTMCommitteeE-38on lion and tumbling action may be used. See Annex AI for
Resource Recover. and is the direct responsibility of Subcommittee E311.01 on recommended screen sizes and machines.

Energy. 6,3 Balance (laboratory sample), having sufficient ca.Current edition approved July 31. 198I. Published I.'ebruary 1982,
. Annual B,_,k ,_(..IST.t/St,_,_da,di. Vo105.05. parity to weigh the sample and container with a sensitivity 0(

.4,m,,a/Book o.f.,ISTM Slatsdard_. Vol 14.U2. 0.5 g iii 1000 g.
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TAIpLE 1 RecommendedSieve Sizes (ASTM E 11 - 70) sieve a portion of the RDF-3 in such an it_crement as will
-_' Fo¢"screening RDF..3 tl_ fottowlt_screen allow tile individual pieces to be in direc_ contact with tile

r,ea_ _sreeo_r,r_er,_,d: meshes of the screen after the completion of shaking of each
Stead(mm) _temat_ On.of mesh) increment. In shaking, apply a vertical as well as horizontal

loo mm 4 in. motion in order to allow ali small particles to pass through
54)mm 2 in. the openings, until no more material will pass. ltand fitting25 rr_ 1 in.
12.5mm ,,,,_ is not permitted.
6,3 mm '/' "_. 9,2.2 Pass the material through successively sn'miler sieves
3.35mm No.6 in increments small enough to avoid matting of tile material1.70 mm No, 12
850 itm No.20 tO the extent that the undersized material cannot reach and
425 pm No.40 pass the screen.

The fo_ow_ngintermediates_eensizes 9.2.3 Continue to shake the sieve after each increment is
maybe usedas needed: added until no significant amount of material passes through

.Standard (mm) Alternative On.o_mesh) the screen.
-_ 75mm 3 in. 9.3 Machine Sieving:

37.5 mm 1.5 in.
19.0mm ¥,tn. 9.3.1 When sieving machines are used, test their thor-
9,5 mm sh,_. oughness of sieving by comparison with hand mettl_ls as
4.75mm NO,'¢ described in 9.2.
2.36mm 1'4o.8 9.3.2 Stack the sieves progressively starting with the1.18 mm No. 16
c:,oo_m No.30 smallest aperture size, above the pan, to the largest aperture

size at the top.
9.3.3 Introduce the air-dried sample above the largest

7. Precautions screen in small enough increments such that matting of the
7.1 Due to the origins of RDF-3 in municipal waste, material does not occur to an extent that prevents the

common sense dictates that some precautions be observed undersize material from reaching and passing the screen. The
_en conducting tests on the samples. Recommended hy- amount of RDF-3 added to the top screen in any increment
gienicpractices include use of gloves when handling RDF-3; must not exceed one third of the volume of the screen, in
_aring masks (NIOSH-approved type), especially while order to prevent matting or blinding.
shreddingRDF-3 samples_ conducting tests under a negative 9.3.4 After adding each increment, assemble the pans or
pressure hood when possible; and washing hands before trays in the machine and turn on agitation for 10 rain, or up
eatingor smoking, to 15 min if necessary, to complete screening.

9.3.5 Inspect each screen for evidence of matting. If a
8. Sampling screen is mostly or entirely covered with a mat, decrease the

8.1 Collect increments regularly and systematically so that size of the initial increments such that no mat forms on any
the entire quantity of RDF sampled will be representative sieve, and repeat the tests.
proportionately in the gross sample, and with such fi'equency 9.3.6 When sieving of each increment is complete,
thata gross sample ofthe required anaount shall be collected, promptly determine the weight of material remaining on
Nosampling procedure shall be used that alters the particle each screen to the nearest 0.5 g. If more than one increment
sizedistribution, is sieved to pass the entire sample, add the incremental

8.2 Establish the sampling procedures to be used, the weights remaining on each sieve. If the sum of the weights
number and size of samples required to obtain a representa- show a loss of 2 % or more, reject the analysis and make
fivesample, and the method of division of the gross sample another test using a second sample.

into the laboratory sample in accordance with an agreement Noa'E3_In order to obtain a complete characterization of the size
betweenpurchaser and supplier, range of an RDF-3 sample, it is necessary that the number of sieve_ be

such that no more than 25 % of the gross sample weight will be retainedNOTF_2_The statistical methods described in Method D 2234 may

Ix applicable in determining the number and size of samples, on any given sieve. The recommended screen series are listed in Table 1.
NorE 4_The sand and glass contained in a sample of RDF-3 has a

8.3 Division of the gross sample into the laboratory strongtendency tosegrega_efrom thelight fraction.For this reasongreat
Samplemay be done by coning and quartering, riffling, or by care must be taken to include the entire sample in the sieve analysis.
other appropriate method. When a sample isdivided, the sand willprobablynot divide equallyinto

8.4 The sample shall be approximately 2 kg (4.4 ib) in the sampleportions. Samplesma, be dividedfor convenienc,.;in feeding
weight, the sievingapparatus, but the weightsof ali portions of the sample must

be properly summed so that the entire sample has been included in the
8.5 Air.dry the sample in a ventilated drying oven to sieveanalysis.

constant weight at 10 to 15°C above the ambient tempera- Norr. 5_Some abrasion and physicaldegradatio_lof the samole by
lure,(Calculate the loss in weight to percentage of moisture the screen can occur during the sieving operation, The analyst shall
Ihal shall constitute the air-dry loss in the sieve analy,._ monitor and _eporthisobservations of any sample degradation.
s:mlple.)

10. Report

9. Procedure 10.1 Report lhc weights of the ,_ize fractions as a pcr..
9.1 Weigh the air-dried sample, centage of the weight of the air-dried laboratory sample of
9.2 ltand Sieving: RDF-3. Calculate to the nearest 0.5 % the percentages of the
9.2.1 Starling with the sieve having the largest opening, size fractions remaining on each sieve, and the percentage
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REPORT OF SIEVE ANALYSIS OF RDF-3

Ali weights ingrams

Samplek:ler_tiflcationno, AIRDRY LOSS

Date _: WeightEkafore

Sam¢_ rec'd. WeightAfter

Source: Weight Loss

%A-D Loss

...................... . ......................................... .

%cumulative

S_eveNo. (mm) AlternativeOn.mesh) Weightretained %_etalned greater than s_ze

100mm 4in.

50mm 21n.

25 mm 1 in.

12.5 mm _/=In.

6.3mm 1/4In.

3.35 mm No. 6

1,70 mm No. 12

850 pm No. 20

425 pm No. 40

In pan through425 pm No. 40

(Total)

NOTE 1--Calculate percentagesto thenearest 0.5 _.
NOTE2--lr the sumof the weightsshowsa lossof over 2 _,, reject the analysisandmake anothertest.
NOTE3---Norrdnaltop sizesk_veshell retain1 '/, to 5 • of A-D ,samp_weight.The nornk_ bottomsize sieveshallallowno more than 15 %of A.D SaZT¢_to pass

Analyst:

Date:

FIG. 1 Sample Report Form

passing through the smallest aperture sieve. See sample size is the nominal bottom particle size (see Annex A2 for
report form in Fig. 1. definition).

10.2 Record the results starting with the largest aperture 10.5 The term defining particle sizes shall be written with
size. If desirable, the percentage can also be reported on a the nominal top size first, followed by the nominal bottom
cumulative basis, as cumulative percentage greater than size size.
or cumulative percentage less than size where size refers to 10.6 International Standard sieve sizes shall be expressed
sieve aperture size or mesh number, as millimetre (mm), or micrometre, (pm), representing the

10.3 The sieve aperture defining the upper particle size actual size of the sieve opening. U.S. Standard sieve sizes
limit shall be that sieve of the series with the smallest shall be expressed as inches (in.) or by mesh numbers
aperture size that will retain less than 5 % of the sample representing the number of mesh wires per inch. For sievesNo. 4 and smaller sieve sizes, the abbreviation No., shallbe
weight. This sieve size is the nominal top particle size (see used each time a sieve is indicated by a mesh number.
Annex A2 for definition).

10.4 The sieve aperture size defining the lower particle I1. Precision and Bias
size limit shall be the smallest aperture sieve of the series i I.i The precision and bias of this test method are yetto
which passes less than 15 % of the sample weight. This sieve be determined.



A N N E X i'_

(Mandalory infornmtion)

AI. SIEVING DEVICli:S

_1.1 ! lorizontal Rotat ing Cylindrical Screens A 1.2 Reclangular Tesling Screen 4 (Fig. A 1. I )

AI,I.I ltorizonlal rotating cylindrical screens are prefer- AI.2,1 Trays have 0.46 by 0,66-m (18 by 26-in.) clear

iblefor _reening flat materials such as RDF-3, because they screen area, designed primarily for the 0. I m (4 in.) lo No. 4
.eadily provide the lifting and tumbling action required lo mesh size, but ,,viii handle stnail arnounts of finer rnat<mal
_ringali materials to the screen surfacc. However, no screens
,ffthis son are cornmercially available at this ritac.

•t (iii,soil leMIng screen ii)(_Icl lS-I, having six _'reens and a pan 0,46 by (),6b m

(I 8 b.v 26 in.), has Ix:cn ft)und lo be satisfactory fl_r RI)F.3 under 0.05 mm (2)n L
when equipped with a special low.amplitude drive shaft. Avallabh: from Gilson
SctcenCo.. ILO Bo_ 99-'I +. Malinla.()ll 43535.

|

FIG, A1.1 Rectangular Testing Screen
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FIG. A'I.2 Rotary Pen Sieve

down to No. 200mesh.The screenshandle_amplesup to a anda pan,a:_sembledtogetherin a set,and heldat an angle
maximum of ! l"t_(0.03 m'_).Screening motion is essentially of 45" _hile rapping and rotating the assembly. A timer is
a vertical variation, which is factory set for the type of provided to stop the mechanical action after time intervals
material to be tested. Up to six screen trays can be held in the up to 15 min.

vibrating unit. AI.4 Testing Sieve Shaker_'

AI.3 Rotary Pan Sieves (Fig, Al.2) AI.4.1 "l'his device reproduces the circular and tapping
AI.3.1 This device can be operated with up to nine full motion given testing sieves in hand.,sieving,and can hold a

height 200 mm (8.in.) or 300 mm (12-in.) sieving screens series of size full-height, 200,mm (8-in.) sieves in one
operation of the machine.

s Ra.inhari RotaO P_n Sieve u,_in@,)OO-mm (I 2-,n ) or 2OO-mm Ag-m) c0_c_lar
_,_¢vesh_, I_¢n lo,und Io be _ali:sf,_c|o_ for RDF-3 under I"__ rnm (O3 m.l "A Rolap _:rc'emng maci',ne _.i;h-OO.mmi_-m.)_.ir,:ui_, _ic,,'ch_ L_c_.n'*.... "*

=_- A,,afl,a.t_l,efrom Ra.inharl Co. (T_tmg Er.xu_pment).e,t)4.l _,Vflhams. ,Xu._m. TX IObe _|_sf_c|or'y for RDF.3 under 12.5 mm (0.5 tn.). Available from W. S. Tyler
__. 78752. Co. Inc. g2OO Tyler Bhd.. Mentor. OF'[_4060.

' ' _'_.... _' _" ''irl', _l_ r_ ' ' ' ,r, _i'',',' '
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A2. METI|OD FOR DETERMINATION OF NOMINAL AND MEAN PARTICI.,E SIZES

1.1 Graphical Form against size on the Graphical Form.A2.2.2 Note the size retaining 36.79 %. This is the mean

A2.1.1 The graphical form (see Fig. A2.1) is suitable for
..cordingthe sieve analysis data, determining the percentage particle size. Use the nearest-standard screen opening or
.tined, the cumulative percentage, and for plotting the mesh designation to describe the mean particle size.
umulative percentage on the Rosin-Rammler graph. A2.2.3 Draw a straight line through the plotted points,
A2.1.2 The characteristics of the size distribution can be passing through the mean particle size, and extend this line

_trmined from the plotted cumulative percentage, re- to the upper axis (I % oversize).
al,ing in a distribution coefficient n and an absolute A2.2.4 Read the size at 5 % oversize. Determine the next
on,ant, or mean particle size x in accordance with the larger standard screen opening. This is the "Nominal TopParticle Size" of the .sample, defined as the size retaining less
tchniqueS of Rosin-Rammler analysis. than 5 % of the sample.

1,2.2procedure for Determining Coefficients A2.2.5 Read the size at 85 % oversize. Determine the next

A2.2.1 Plot "Percent Cumulative Greater than Size"

_,t _llacm pu_JL_
o I t ,t '_ _t t eg_

tC.MCN O_lCl_ _ m _w

I lip

I

-_-_

t- i L"

] :!

, _ . , , , '.,c_([_,c_t0v,_,_c-ts'"'

GRAPHICAL FORM FOR REPRESENTING DISTRIBUI'ION OF SIZES OF BROKEN COAL

_"_agel:_r'Lcles_ze(onter_tOn oi s._zeOcSlrob_d_Of_braewit,ta15,3.21%l:',assn'_}llnl) h/

_l_ of 5tzeO=stnl_llonbrv,2(tarK2_tof r3n_Jle)

a b,rly _r.._[_,, III if; tT_t|hl1"_tro+s, C+Otf_lOeS with II)wet ._C.._

a S,ClUafehole d used a.':o3_ltr+uatoqol fot_e5.el'_e5
c From Lanclefs.W. S.. and Re_d,W "t., A G,ra_ca_ Form tor/kDr_y_,_ltheRO_ _'_ R_rnrnletEquat_o_t0 t,t_.,_S_zeOi;il_abutonof O._okenC.._al,Bureau oi Mtr_e5Inl

-- C_Cu_r7346. 1946 Pr,st.hetofrns&re av&_tat_from ASTM I_eaoquarte_ Cnd_ ,-_,,, ,_-_,......

_"IG. A2.1 Graphical Form to,r Re,presentir_g Dlistr il3u:_Onoi $iz.e_, c_

=

_
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smaller standard screen opening. This is the "Nominal A2.2.6.2 The distribution coefficient, n, is the slope of t"
Bottom Particle Size."'

A2.2.6 Select two points, "A" one screen size less than line, _/_t. r"

and "B" one size greater than the mean particle size, lying on A2.2.6.3 Measure the horizontal distance, x, of points A
the straight line drawn through the plotted points, and B from the left vertical axis, and record in the tait

A2.2.6.1 Measure the horizontal distance of points A and "characteristics."

B from the left axis in mm (or inches), and enter them in the A2.2.6.4 Measure tile ve_:lical distance, .v, of points A a=l
table "characteristics" along with the percentage retained. B from the bottom axis. Record in the table and subtract rh:
Take the difference between x and y. x and y measurements to obtain the differences, &x and ,_,

The American Society tor Testing and Materials takes no position respecting the validity o! any patent r_ghts asserted in connection

with any item mentioned In this stark'ta/d. Usecs Of this standard are expressly advised Ihet determination oi the validity of any _Och

patent rights, and the risk of lnfrin_ oi such rights, ere entirely their own responsi_'lity.

This standard is subject to revisk)n at any time I)y the reslx_sible technical committee and must be reviewed every five years and

it not revised, either reapproved or withdrawn. Your comments ate invited either _Or revision of this slandard or tcv additional standards

• and should be addressed to ASTM Headquarters. Your conzn_nts will receive careful coczsideretion at a meeting of the responsible

technical committee, which you may attend. If you feet that your comments have not received a fair hearing you should make your

v,ews known to the ASTM Committee on S_,andards, 1916 Race SI., Philadelphia, PA 19103.

i

=
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Standard Test Method for

Ash in the Analysis Sample of Refuse-Derived Fuel1

This _.andird is issuc_dunder the fixod designationE 8:_ff,the number immediatelyfollowin8 the d_gnation indicatesthe year of
original adoptionor, in thec_¢ o1"rc_sion, theye._rorLastrevision.A numberin pa_nthcscsindicateslhc yearof lasl mapproval.A
supersc_ptepsilon(_)indicates an editorial changes_nc¢the last rcv_icmor rc,approval.

1. Scope 4. Summa=T of Test Method

1.1 This test method covers determination of the ash 4.1 Ash is determined by weighing the residue remaining
content in the analysis sample of refuse-derived fuel (RDF). after burning the prepared analysis sample under rigidly
Theresults obtained can be applied as the weight percent ash controlled conditions of sample weight, temperature, and
in the proximate analysis and in the ultimate analysis, furnace atmosphere.

1.2 The value,,; stated in acceptable metric units are to be

t_arded as standard. The values given in parentheses are for 5. Significance and Use
information only. 5. l This test method is available to producers and users of

1.3 This standard may involve hazardous materials, oper. RDF as a method ofdetetTnining the weight percent ofash in
alions, and equipment. This standard does not purport to the analysis sample.
address ali of the safety problems associated with its use. lt is
the responsibility of the user of this standard to establish 6. Apparatus
appropriate safety and health practices an'd determine the 6. I Electric Furnace--For determination of the ash con-
applicability of regulatory limitations prior to use. For tent of RDF, the furnace shall have adequate air ventilation
specificprecautionary statements see Section 6. and shall be capable of temperature regulation up to at least

750 + 25"C. An air change rate of I to 4 furnace volumes of
2. Referenced Documents air per minute has been foundadequate.

2. l A_7"M Standards." NOT_ I--lt may be possible to reduce the rate of air flow below the

E 180 Practice for Determining the Precision Data of su_ested minimum without adversely affecting results of the ash
ASTM Methods for Analysis and Testing of Industrial determination.

Chemicals2 6.2 Porcelain Capsules, about 22 mm (7/Bin.) in depth,
E 790 Test Method for Residual Moisture in a Refuse- and 44 mm (I_A in.) in diameter, or similar containers.

Derived Fuel Analysis Sample s NOtE 2--Weighing bottles of borosilirate gla._ may be safely u._d
E 829 Method of Preparing RDF-3 Laboratory Samples without deformation or softeningat temperatures of 600"C or less.

for Analysis 3
7. Precautions

3. Description of Term Specific to This Standard 7.1 Due to the origins of RDF in municipal waste,
3.1 refuse-derived fuel--Solid forms of refuse-derived common sense dictates that some precautions should be

fuels from which appropriate analytical samples may be observed when conducting tests ota the samples. Recom-
prepared are defined as follows in ASTM STP 832. "4 mended hygienic practices include use of gloves when

RDF-I--Wastes used as a fuel in as-discarded form with handling RDF; wearing dust masks (NIOSH-approved type),
only bulky wastes removed, especially while milling RDF samples; conducting tests

RDF-2--Wastes processed to coarse particle size with or under a negative pressure hood when possible; and washing
without |errous metal separation, hands before eating or smoking.

RDF-3----Combustible waste fraction processed to particle
si_x's, 95 % passing 2-in. square .screening. 8. Sampling

RDF-4--Combustible waste fraction proces.sed into 8.1 The laboratory sample shall be obtained in accord-
powder form, 95 % passing 10-mesh screening, ance with sampling methods developed for materials of

RDF-5---Combustible waste fraction densitied (com- similar physical form.
pressed) into the form of Ix:[lets, slugs, cubettes, or 8.2 The laboratory ,sample must be air-dried and particle
briquet s. size reduced to pass a 0.5-mm screen as. described in tdethod

E 829.

SThis te_ method i,, under the jun_iction of ASTM Committee E-38 on 9, Procedure
ResOttrc¢RecoveiT and _sthe direct rc_,ponxibilily oi Subcommittee. E38.01 on
F._e,_y, 9.1 After thoroughly mixing the analysis _.ample analysis
Current edition approved kug. 28. 1987.PublishedOctober1987.Orginally sample to provide the best possible mix of heavy fines with
Iml_idx-das E 830 - 81 l.as_revised E 830 - 81. the milled fluff, transfer approximately I g of the sample to a

•4nnu_l Bcx_l;ofASTMStandards,15.05. tared, previously fired container (weighed to the nearest O. 1) Ant_u_# _._.t. .._t" ,lC'TIl _'tn_s_nrz#¢ l| f'kl

-- ,i ....... ,' ................... Wltlt''t ............... I. tC'_";ebl'_' ,u_,;ooh....... _.amnle and- Thexourus on Resource Recover), Terminolog),, ASTM STI' 832, ASTM, !11_] a ak._o,t.,_pu= ._ut,,*ta, q ...... , .... ,
tgg_,p.7_ container to lhc nearest 0. I rag. As an alternate method use
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the dried analysis sample from the residual moisture deter- 10.2 Use. the numerical moisture value established by Test
ruination. See Test Method E 790. Method E 790 for converting ash data on the as-determined

9.2 Place the tmcovered container containing the sample basis to the dry basis.
in the furnace at low temperature and gradually heat to
ignition at such a rate as to avoid mechanical loss from too I1. Report

rapid expulsion of volatile matter. I1.1 Difficulty may be experienced in ,securing satisfac-
9.3 Finish the ignition to constant weight 9+0.001 g/h) at tory check determinations of ash in the same or different

575 _+25"C. lt may be determined that a constant weight can laboratories for RDF rich in heavy fines. This is caused by
be routinely established by allowing a sample to ash within siliceous matter such as glass and sand as well as a wide
the prescribed temperature range for a set period of time, variety of other particles of different densities entrained in

NOTE3--Experience hasshown that panicles of glassand sand tend the milled RDF in nonuniform strata. When such a condi-
to sinter to each other and also to porcelain crucibles at temperatures tion is anticipated or encountered, a paired set of determina.
clone to 675"C. If laboratoryconditions necessitatemaintaining consis- tions should be made, and the results reported as an average.
tency in the maximum furnace temperature used for ash tests of other If one determination of a paired set is accidentally ruined,
fuels, the ignition may be finished to constant weight (_+.0.001 g/h) at a another pair must be run, An off or unusual value does not
temperature of 725 _ 25"C, If this option is invoked, ix should be also

noted that prolonged exposure to high temperatures may actually result constitute a ruined determination. In such cases, an addi-
in changes in weightdue to possiblechemical reactions, tional set of duplicate determinations should be run and ali

values reported as an average of the two sets.
9.4 Cool in a desiccator over desiccant and weigh as soon

as possible after the container and ash reach the temperature 12. Precision and Bias
of the area in which weighing is performed.

12.1 Precision:
12.I. 1 The standard deviations of individual determina-

10. Calculations tions in percent absolute are as follows:
10.1 Calculate the ash percent in the analysis sample as

follows: Typical Average Within- Between.Value, % Lab_ratory, % Latx_ratories, %

Ash as-determined, % = [(A - B)/C] x 100 20.0 0,6 1.3

where: 12.1.2 These precision estimates are based on an interlab-
A = weight of container and a.sh residue, g, oratory study conducted in accordance with Practice E 180.
B = weight of empty container, g, and 12.2 Bias_The bias of this test method can not be
C = weight of ash analysis sample, g (includes residual determined due to the lack of a recognized standard refer-

moisture), ence material.

7'heAmericanSociety for 'Testingand Materials takesno po_ition respectingthe validity of any patent r_hts asserted in connection
with any item mentionedin this standard. Users of this standard ate expresslyadvised thai determination of the vsJidityof any such
patent rights,and the risk oi infringement of such rights, are entirely their o_¢nresponsibility.

Thisstandardis sublect to revision et any time by the responsible techncal committeeand must be reviewed every five/ears and
if not revised,either teapp_ovedor withdrawn. Yourcomments are invited p#therlet revision of this standard or tor addit_onaJstandards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend, lt you feet thet your commentshave not received a fair he_tin<j you should make your
v_ewsknown to the ASTM CommMeeoctStanclatds, 1916 Race St., Philadelphm,PA 19103.

=



_ Designation: E 870 - 82 (Reapproved 1987) (1

StandardTest Methods for
Analysis of Wood Fuels 1

This standard is issued under the fixed dcsi_lation E 8"/0; the number immediately following the designation indicates lhc year of

ori_jnaJ adoption or, in lhc case of revision, the year of la._'lrcvi_on. A number in pan:nthescs indicates the year of|ast n:approval, A

supcllcript epsilon (() indicates an editorial change since lhc last revision or rc.approval,

'INolrF.--Scctions wen: n:.arran&ed editorially in March 1987.

I. Scope E 872 Test Method for Volatile Matter in the Analysis of

I.i These test methods cover the proximate and ultimate Particulate Wood Fuels 3
tnalysis of wood fuels and the determination of the gross 3. Definitions

caloric value of wood fuels sampled and prepared by 3.1 proximate analysis--an assay of the moisture, ash,
Fescfibed test methods and analyzed according to ASTM
¢stablished procedures. Test methods as herein described volatile matter, and fixed carbon as determined by pre-
may be used to establish the rank of fuels, to show the ratio scribed test methods. Other constituents such as sulfur and
0fcombustible to incombustible constituents, to provide the phosphorus are not included.
basisfor buying and selling, and to evaluate for beneficiation 3.2 ultimate analysiswthe determination of carbon andhydrogen in the material, as found in the gaseous products of
orforother purposes.

1.2 This standard may involve hazardous materials, oper- its complete combustion, the determination of sulfur, ni-
a¢ions,and equipment. This standard does not purport to trogen, and ash in the material as a whole, and the
addressali of the safety problems associated with its use. lt is calculation of oxygen by difference.

the responsibility of the user of this standard to establish 4. Significance and Use

approprzlatesafety and health practices and determine the 4.1 These test methods of analysis described herein can be
applicability of regulatory limitations prior to use. used for the proximate analysis, ultimate analysis, and the

determination of the gross caloric value of wood fuels.
2. Refi_rencedDocuments

2.1 ASTM Standards." 5. Procedt,res
D 1102 Test Method for Ash in Wood 2 5.1 Moisture_Method E 87 !.
E 711 Test Method for Gross Calorific Value of Refuse- 5.2 Ash_Test Method D 1102.

Derived Fuel (RDF-3) By the Bomb Calorimeter 3 5.3 Volatile Matter--Test Method E 872.
E 775 "l"est Methods for 'Total Sulfur in the Analysis 5.4 Fixed Carbon_The fixed carbon is acalculated value.

Sample of Refuse-Derived Fuel s lt is the resultant of the summation of percentage moisture,
E 777 Test Method for Carbon and Hydrogen in the ash, and volatile matter subtracted from 100. Ali percentages

Analysis Sample of Refuse-Derived Fuel 4 shall be on the same moisture reference base.
E 778 Test Method for Nitrogen in the Analysis Sample of 5.5 Carbon and Hydrogen_Test Method E 777.

Refuse-Derived Fuel 3 5.6 Sulfi_r._Test Method E 775.

E 871 Method of Moisture Analysis of Particulate Wood 5.7 Nitrogen_Test Method E 778.
Fuels3 5.80xygen_The oxygen is a calculated value, lt is the

resultant of the summation of percentages carbon, hydrogen,
sulfur, nitrogen, and ash subtracted from i00. Ali percent-

*"I'he_ tesi methods are under the jurisdiction of ASTM Committee E-48 on ages shall be on the same moisture reference base.
BdoC_hnology and an: the direct responsibility of Subcommittee E48.05 on 5.9 Gross Calorific Value--.Test Method E 711.
8ion_ Conversion Systems.

Cum_nt edition approved Nov. 26, 1982. Published January 1983. 6. Precision and Bias
Annual Bo_- q[ ASTM Sfandards, Vol 04.09,

)Annual Book of.4STM Standards, Vol I I.O4. 6.1 The precision and bias of the test methods described
"Annual Book o/ ASTM Slandards, Vol 14,02. herein are contained in these individual test methods.



t_ Designation: E 871 - 82 (Reapproved 1987)

Standard Method for

Moisture Analysis of Particulate Wood Fuels1

This standardis issuedunder the fixed dcdgnalion E871; the numher immedialelyfollowinglhc designationindicatesthe year of
originaladoptionor, inthe cas¢of revidqn,the yearof lasl n:vkion.A number in parenthesesindicatestheyearoflaq rcapproval.A
superscriptepsilon(,) indicatesin ¢dRorialch_n_c_inc¢the lasl revi_on or mapproval.

I. Scope 5.2 Open Containers, nonporous glass, metal, or ceramic
l.l This method covers the determination of total weight and of a configuration so as to accommodate the test sample.

badsmoisture in the analysis sample of particulate wood The minimum volume shall be 32.18 cms (2 in.3).
l_l. The particulate wood fuel may be sanderdust, sawdust, 5.3 Desiccator, of sufficient size to contain the open

pellets,green tree chips, hogged fuel, or other type particulate container.
_>d fuel having a maximum particle volume of 16.39 cm 3 6. Procedure
(I in._). lt is used for calculating other analytical results to a
drybasis. Moisture, when determined as herein described, 6.1 Sampling:
maybe used to indicate yields on processes, to provide the 6.1.1 Place of Sampling--Take the sample where the
basisfor purchasing and selling, or to establish burning wood is being loaded into or unloaded from means of
characteristics, transportation or when discharged from storage bins or

1.2 The values stated in Sl units are to be regarded as the conveyors.

standard. The values given in parentheses are for informa- No'rE--Sarqples collected from the surface of piles are, in general,
li0n only, unreliable because of the exposure to the environment. If necessary,

1.3 This standard may involve hazardous materials, oper- collect nine increments from a foot or more below the surface, at nine

=ions, and equipment. This standard does not purport to points coveting the pile.

addressali of the safety problems associated with its use. lt is 6.1.2 Collection of Gross Sample:
the resport;ibility of the user of this standard lo establish 6.1.2. I Collect increments regularly, systematically, and
appropriate safety and health practices and determine the with such frequency that the entire quantity of wood
applicability of regulatory limitations prior to use. sampled will be represe.nted proportionally in the gross

2. Referenced Documents sample.
6.1.2.2 The quantity of the sample shall be large enough

2.1 ASTM Standards: to be representative but not less than 10 kg (22 Ib).
D 346 Methods of Collection and Preparation of Coke 6.1.2.3 Piace the samples in an airtight container immedi-

Samples for Laboratory Analysis 2 ately after collection. Maintain the samples in the airtight
D2013 Method of Preparing Coal Samples for Analysis:' container whenever possible to prevent gains or losses in

moisture ft'ore the atmosphere.
3. Summary of Melhod 6.1.3 Sample reduction may be. done by two methods, a

3.1 Moisture is determined by establishing the loss in coning and dividing process, or by using a riMe. The
weight of the ,sample when heated under rigidly controlled operations of mixing, coning, and quartering are described in
conditions of temperature, time and atmosphere, sample Methods D 346.
weight,and equipment specifications. 6,1.3.1 Accomplish coning and dividing reduction by

placing the gross sample on a sheet of rubber or oil cloth.
d. Significance and Use Thoroughly mix it by raising first one corner of the cloth and

4.1 The test procedures described in this method can be then the other. After mixing cone and quarter sample,
continue the operations until the sample is reduced suffi-used to determine lhc total weight basis moisture of any

particulate wood fuel meeting the requirements specified in ciently so that one quarter weighs a|x)ut 50 g (0..11 Ib). This
this method, shall constitute a laboratory sample.

6.1.3.2 Accomplish riffle reduction using a standard coal
5. Apparatus riffle. Riffle the gross sample repeatedly until one half of the

5.1 Drying Oven_For determining the moisture of wood, riffle sample equals about 50 g (0.1 I Ib), which will consti-
an ordinary drying oven with openings for natural air tute a laboratory, sample. Riffles and procedures are de-
circulation and capable of temperature regulation of 103 +__ scribed in Method D 2013.
l'C shall be used. 6.2 Dry sample container for 30 rain at 103 +_I*C in the

oven. then cool in desiccator to room temperature. Weigh to
.............................. the nearest 0.02 g and record as container weight, Il+c.Place

"[his method is under the jurisdiction of ASTM ('omnuttee [>4g on a nainimum of 50 g of Salll|)[e in the container, weigh the
Bmtcvhnology,andlsthcdlr¢ct responslbilityofS_lbcomnuttee [i48()5 on 8ir>mar,s sample and container lo tile nearest 0.0l g, and record as

Conver,_ionS;,_tem_ initial weight, IlI'_,
("urrcntedit=onapproved May 28. 1982. Pubhshcd [:)o.'¢mhef 1982,

.............................. ,.,,n,. 6.3 Piace lhc sample and c<>ntaincr in the oven r0r 16 h at
= .'ll_lletl_ l'J(_.l_. Cii .'t.:l t ._# jJUl,,ut,,=..... _ .......

- i(13 _: I'_1,.,

: L
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6.4 Remove the sample and the container from the overa where:
and cool in the desiccator to room temperature. Remove the Wt = container weight, g,
sample and container from the desiccator, weigh immedi- H"i = initial weight, g, and
ately to the nearest 0.01 g, and record the weight, 14'f = final weight, g.

6.5 Return the sample and container to the oven at 103 __.
I'C for 2 h. Repeat 6.4.

6.6 Continue 6.4 until the total weight change between 8. Precision and Bias

weighings varies less than 0.2 % and record as the final 8.1 The following criteria should be used for judging the
weight, Wr. acceptability of results:

8.1.1 Repeatability--Duplicate results by the same labo.

7. Calculation ratory should not be considered suspect unless they differ by

7 1 Calculate the percent moisture in the analysis sample more than 0.5 %.. 8.2.1 Reproducibility--The results submitted by two or
as follows: more laboratories should not be considered suspect unless
Moisture in analysis sample, %

= [(H., - Wf)/(W,- W¢)Ix 100 they differ by more than 1%.

The American Society for Testing and Materials takes no posit/on respecting the validity ot any patent rights asserted in connection

with any item mentioned in this standard. Users of tills standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if net revised, either reapproved or withdrawn. Your comments are invitecl eithe_ let revision oi this standard o¢ fox additional standards

and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your

views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103. ,J



_ Designation: E 872 - 82 (Reapproved 1987)

Standard Test Method for

Volatile Matter in the Analysis of Particulate Wood Fuels 1

This standardis issuedunder lhc fixcxl designationE 872; the number immediatelyfollowing lhc designationindicatesthe year of
i. inaladoptionor, in theca_ od"_'-,'i_on, the yearof _ revision.A numlxr in parcnthcscsindicatestheyear oflast rcapproval.A

._,<rscriptepsilon(,) indicateslm editorial change_nc¢ the last rcv_on or reapproval.

I, Scope 5. Apparatus
I1 This test method dctermines the percentage ofgaseous 5.1 Platinum Crucible, with closely fitting cover, or a

ucts, exclusive of moisture vapor, in the analysis ,sample nickel-chromium crucible, with closely fitting cover, pre-

dP"_,_iculatep,,._wood fuel that is released under the specific fired to oxidize and stabilize the weight. The crucible shall be
¢=_ditionsof the test. The particulate wood fuel may be of not less than 10 or more than 20-mL capacity, not less
=a_lerdust,sawdust, pellets, green tree chips, hogged fuel, or than 25 or more than 35 mm in diameter, and not less than

type particulate wood fuel having a maximum particle 30 or more than 35 mm in height.
_ume of 16.39 cm 3 (I in.J). Volatile matter, when deter- 5.2 Vertical Electric Tube Furnace-- The furnace may be
_ined as herein described, may be used to indicate yields on of the form shown in Fig. i. lt shall be regulated to maintain
F0cessesto provide the basis for purchasing and selling or to a temperature of 950 :_ 20"C in the crucible, as measured by
¢aablishburning characteristics, a thermocouple positioned in the furnace.

i.2 The values stated in Sl units are to be regarded as the
_,,4ard. The values given in parentheses are for informa- 6. Procedure
ti0t_only. 6.1 Sampling:

1,3 This standard may involve haz:_+dous materials, oper- 6.1. I Piace of Sampling._Take .sample where wood is
ations,and equipment. This standard does not purport to being loaded into or unloaded from means of transportation
addressali of the safety problems associated with its use. lt is or when discharged from storage bins or conveyors.
theresponsibility of the user of this standard to establish NOTE i_Samples collected from the surface of piles are, in general,

appropriatesafety and health practices and determine the unreliable because of the exposure to the environment. If nect:ssary,

applicabilityof regulatory limitations prior to use. collectnine increments from a foot or more belowthe surface at nine
points coveting the pile.

6.1.2 Collection of Gross Sample."
L Referenced Documents 6.1.2.1 Collect increments regularly, systematically, and

2.1 ASTM Standards: with such frequency that the entire quantity of wood
D346 Methods of Collection and Preparation of Coke sampled will be represented proportionally in the gro_

Samples tbr Laboratory Analysis 2 sample.
D2013 Method of Preparing Coal Samples for Analysis 2 6.1.2.2 The quantity of the sample shall be large enough
E 871 Method of Moisture Analysis of Particulate Wood to be representative but not less than 10 kg (22 lb).

Fuelsz 6.1.2.3 Place samples in an airtight container immediately
after collection. Maintain samples in the airtight container
whenever possible to prevent gains or losses irt moisture from

3. Summary of Test Method the atmosphere.

3.1 Volatile matter is determined by establishing the loss 6.1.3 Sample reduction may be done by two methods, a
in weight resulting from heating wood under rigidly con- coning and dividing process, or by using a riffle. Mixing,
trolledconditions. The measured weight loss, corrected for coning, and quartering are described and illustrated in
moisture as determined in Method E 871, establishes the Methods D 346.
volatilematter content. 6.1.3.1 Coning and dividing reduction is accomplished by

placing the gross sample on a sheet of rubber or oil cloth.
Thoroughly mix it by raising first one corner of the cloth and

4. Significance and Use then the other. After mixing, cone and quarter sample.
Continue the operations until the sample is reduced suffi-4.1 The test procedures described in this test method can

be used to determine the percentage of gaseous products, ciently so that one quarter weighs about 50 g (0.11 Ib). This
exclusiveof moisture vapor, of any particulate wood fuel shall constitute a laboratory sample.
meeting the requirements specified in this test method. 6.1.3.2 Riffle reduction is accomplished by using a stan-

dard coal riffle. The gross sample is riffled repeatedly until
...................... one half of the riffle sample equals about 50 g (0.11 lb) which

JThis t_! method is under the jur,isdlction of ASTM Committee E-48 on will constitute a laboratory sample. Riffles and procedures
R_echnology and is the direcl responsibility of Sutx:ommittee I!48.05 on Biomass are described in Method D 2013.
Con_'er_ionSystems. 6.2 Reduce the sample to a smaller particle size by use of

Cufttnt t'dilion approved May 28. 1982. Pubhgaed Dcccnlbcr 1982,
_d,m,al Boo/, o[AS'IMStandards.Vpi 05.05. culling or shearing lype },_boratory mill. The final product
=,4nnualB,,o_ O(.4.3"I'MStatMard_. Vpi 11.04 should pass through a l-mm or '._mailer screen. Depending

__
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FIG. 1 Electric Furnace for Determining Volatile Matter

on the specific product this step may involve more than one sample to the nearest 0.01 g, and record as initial weight, Wr
stage of reduction, that is, passing the sample through a mill 6.4 Place the covered crucible with sample on platinum 0f
with a larger size screen first and then milled to pass the final nickel-chromium wire supports and insert directly into the
screen. Minimum atmospheric exposure is recommended furnace chamber, which shall be maintained at a tempera"
and the milling process should be conducted to avoid ture of 950 + _0 C, and lower immediately to the 950'C
significant moisture means to ensure thorough intermix of zone. Regulation of the temperature to within the prescribed
heavy fines and milled fluff, limits is critical. After the more rapid discharge of volatile

6.3 Weigh the crucible and cover Io the nearest 0.01 g and matter has subsided as shown by the disappearance of the
record as crucible weight, We. Place approximately 1 g of luminous flame, inspect the crucible (Note 2) to verify the lid
sample in the crucible, cover, weigh the crucible, cover, and is still properly seated, if necessary, reseat the lid to guard
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_inst'theAadmissi°n of air into the crucible. Do this as Wr = final weight, g.
'ai,, as possible by raising the crucible to the top of the 7.2 Calculate the volatile matter percent in the analysis

r_' J '--tuber reposition the lid as described in Method samples as follows:
_a_ Co_ more perfectly seal the crucible, then lower Volatile matter in analysis sample, % = A- B

201._ t
D ...ediately back to the 950 C zone. After h.eating for a total where:
i_"' .,, -7rain remove the crucible from tt_e turnace ano,
de.xa_:;,,,rk;n_ the cover, allow it to cool in a desiccator. A = weight loss %, and

_hUlthe'c._'ver_l cruc,ble with sample as soon as cold to B = moisture, %, as determined using Method E 871.
thenearest 0.1 nag and record as final weighl, Wr.

,lqO_ 2_--Inspection of the crucible may be aided by the use of a 8, Precision and Bias
mirrorheldabovethe furnaceweil. 8.1 The following criteria should be used for judging the

acceptability of results:
7. Calculations 8.1.1 Repeatability---Duplicate results by the same labo-

7.1 Calculate the weight loss percent as follows: ratory should not be considered suspect unless they differ by
Weightloss, % = 100 x (W_ - Wr)l(W, "- ;V¢)= A more than 0.3 %.

8.1.2 Reproducibilit)_--The results submitted by two or
where:

= weight of crucible and cover, g, more laboratories should not be considered suspect unless

Wf= initial weight, g, and they differ by more than 1.0 %.

TheAmerican Society for Testing and Materials takes no positionrespecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Usersoi this standard are expressly advised that determination oi the validity of any s_ch
patent rights, and the risk of infringement of such rights, are entirely their own respot_lbtlit¥.

Thisstandard is subject to revision at any time by the responsible technical corr|mittee and must be reviewed every five yearsand
if not revised, either reapproved or withdrswrl. Yourcommentsare invited either for revision of this standardor for additional standards
and should be addressed toASTM Headquarters. Yourcomments will receive careful consideration at a meeting of the responsible
technical committee, whiCh you may attend, ff you feel that your comments have not received a fair hearing you should make your
vieWSknown to the ASTM Committee oa ,Standards, 1916 Race ST.,Philadelphia,PA 19103.



Standard Test Method for
Bulk Density of Densified Particulate Biomass Fuels 1

=,

This standard is issued under the fixed designation E 873; the nUmher immediately following the designation indicates the year of

original adoption or, in the case o/" ferron, the year oi'la.st revision, A number in parentheses indicates the year oflast rcapproval. A
supcrscrip! epsilon (e) indicates an editorial change slncc the last revision or rcapproval,

I, Scope loaded into or unloaded from means of transportationor
1.I This test method covers the procedure for the deter- when discharged from storage bins or conveyors.

mination of bulk density (or bulk specific weight) of NoT_---Samplescollected from the surface of piles are, in general,
densified particulate biomass fuels with a maximum particle unreliable because of the exposure to the environment. If ne.cess_,'
volume of 16.39 cms (I in.S), collectnine increments from a foot or more below the surface at nine

1.2 The values stated in Sl units are to be regarded as the points covering the pile. i
standard. The values given in parentheses are for informa- 4.2 Collection of Gross Sample: .ii
tion only. 4.2,1 Collect increments regularly, systematically, and

1.3 This standardmayinvolvehazardousmaterials, oper- with such frequency that the entire quantity of pellets
ations, and equipment. This standard does not purport to sampled will be represented proportionally in the gro,_
address ali of the safety problems associated with its use. lt is sample.
the responsibility of the user of this standard to establish 4.2.2 The quantity of the sample shall be large enough to
appropriate safety and health practices and determine the be representative but not less than 45.45 kg (100 lb).
applicability of regulatory limitations prior to use. 5. Procedure

2. Significance and Use 5.1 Weigh and record the elapty box weight within 100 g
2.1 The test procedures described in this test method can (0.22 lb). Fill the box by pouting from a height of 610 mm (2

be used to determine the bulk density (or bulk specific ft) above the top edge of the container. Drop the box five
weight) of any densified particulate biomass fuel meeting the times from a height of 150 mm (6 in.) on to a nonresilient
requirements specified in this test method, surface to allow .settling. Add additional sample and strike off

the excess sample level with the top edge.
3. Apparatus 5.2 Then weigh the box and sample to within 100 g (0.22

3. I Box of nominal 305 by 305 by 305-mm (12 by 12 by lb) and record the total weight.
12-in.) dimensions with handles. The box material shall be

6. Calculationdimensionally stable. The volume shall be determined to
within 16.39 cms (1 in.3), 6.1 Calculate bulk density as follows:

3.2 Scales ofsuch capacity as to weigh the box and sample
to within 100 g. Bulk density, g/cm 3

(weight of box and sample) - (weight of box)
4. Sampling (volume of box)

4.1 Piace of Sampling--Sample fuel while it is being

7. Precision and Bias

This test method is under the jurisdiclion of ASTM Committee E.-48 on 7.1 Precision and bias statements are in the pro_'ess of
Biotechnology and is the direct responsibilily of Subcommittee E48.05 on Biomass
Conversion Systems. being balloted. Subsequently, they will be added to th ; test

Current edition approved May 28, 1982, Published December 1982. method.

The American Society tor Testing and Material,s takes no position respecting the validity cd any patent rights asserted in connection

with any item mentioned in this standard. Users of this star_ard are exlxessly advised that determination of the validity of any such
patent rights, and the risk of infringerTm.nt of such right,% are entirely their own responsibility,

This standard is subject to revision at any lime by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or tor additional standards

and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible

technical con_mittee, which you may attend. If you feel that your comments have not received a fair hearing yoo should make your
views known to the ASTM Committee on Standards, 1916 Race $1., Philadelphia, PA 19103.



Standard Test Method for

Silica in Refuse,Derived Fuel (RDF) and RDF Ash t

This standardii issuedun_r fJ_cfixed dcsigr_llon E887; lhc number immediately follow'inglhc designation indicates lhc year of
original adoptionor, in the caseof rc_ion, the yearof lasl revision.A number in parenthesesindicatesthe yearof last re.approval.A
shpcrscrlptepsilon(t) indicatesan editorial changesincethe last revisionor r_pproval.

1. Scope 5. Reagents and Materials

I, 1 This test method covers the determination of silica in 5.1 Purity of Reagents--Reagent grade chemicals shall be
RDF, RDF ash, fly ash, bottom ash, or slag. used in this test. Unless otherwise indicated, it is intended'

1.2 The test method is an acid dehydration gravimetric that ali reagents shall conform to the specifications of the
procedure and is independent of interferences. Committee on Analytical Reagents of the American Chemj.'

1.3 The values stated in SI units are to be regarded as the cal Society where such specifications are available. 4 Other
standard. The values given in parentheses are for information grades may be used, provided it is first ascertained that the
only. reagent is of sufficiently high purity to permit its use without

1.4 7"his slandard may involve hazardous materials, oper- lessening the accuracy of the determination.
ations, and equipment. This standard does not purport lo 5,2 Purity of Water--Unless otherwise indicated, reference
address ali of the safety problems associated with its use. lt is to water shall be understood to mean at least Type 1II reagent
the responsibility of the user of this standard to establish water conforming to Specification D 1193.
appropriate safety and health practices and determine the 5.3 Sodium Carbonate (Na2CO3), anhydrous powder.
applicability of regulatory limitations prior to use. For hazard 5.4 Hydrochloric Acid (HCI), concentrated, sp gr 1.19.
statement, see Section 6. 5.5 Hydrochloric Acid (l+3)---Mix l volume of concen-

trated HCI with 3 volumes of water.
2. Referenced Documents 5.6 Hydrochloric Acid (l+l)---Mix I volume of concen-

2.1 ASTM Standards: trated HCi with 1 volume of water.

D 1193 Specification for Reagent Water 2 5.7 Hydrochloric Acid (l+99)---Mix 1 volume of concen
E 791 Method for Calculating Refuse-Derived Fuel Anal- trated HCI with 99 volumes of water.

ysis Data from As-Determined to Different Bases 3 5.8 Sulfuric Acid (l+l)--Mix i volume of concentrated
E 829 Method for Preparing RDF Laboratory Samples for sulfuric acid (H2SO,, sp gr !.84) with I volume of water.

Analysis s 5.9 Hydrofluric Acid (HF), concentrated 48 to 51%.
E 830 Test Method for Ash in the Analysis Sample of

Refuse-Derived Fuel s 6. Hazards

E 856 Definitions of Terms and Abbreviations Relating to 6.1 Due to the origins of RDF in municipal waste, com-
Physical and Chemical Characteristics of Refuse-Derived mon sense dictates that precautions should be observed when
Fuel s conducting tests on the samples. Recommended hygienic

practices include use of gloves when handling RDF; wearing
3. Summary of Test Method dust masks (NIOSH-approved type), especially while milling

3.1 Silicon compounds in RDF ash, fly ash, bottom ash, RDF samples; conducting tests under negative pressure hoods
or slag are dissolved by alkali fusion and dehydrated with when possible; and washing hands before eating or smokitig.
hydrochloric acid (HCI). Dehydration,is completed by igni-
tion, and the silica is volatilized as silicon tetrafluoride. 7. Sampling

7. I Refuse.Derived Fuel (RDF);

4. /tt_paratus NOTE I_ASTM Subcommittee E38,01 is currently in the process of
,_. l Analytical Balance, capable of weighing to 0.0001 g. developingprocedures tbr sampling RDF.
4.2 Muffle Furnace_The furnace shall have an operating

temperature of up to 1200"C. 7.1.1 RDF products are frequently nonhomogeneous. For
4.3 Hot Plate or Steam Bath. this reason, significant care should be exercised to obtain a

representative laboratory sample from the RDF lot to be
4.4 Platinum Crucibles, 35 to 85-mL capacity, characterized.

4.5 Graphite Crucibles, 35 to 85-mL capacity. 7.1.2 The sampling method for these procedures should be
4.6 Fused Quartz Dishes, 35 to 85-mL capacity, based on agreement between involved parties.

7.1.3 The laboratory, sample must be air-dried and particle
t This test method is under the jurisdiction of ASTM Committee E-38 on

Resource Recovery and is the direct responsibility of Subcommittee E38,01 on
Energy. ' "Reagent Chemicals. American Chemical Society Specifications," Am. Chem-

Current edition approved March 25, 1988. Published May 1988. Originally ical Soc., Washinglon, DC, For sugg_tio_,.s on the testing of reagents not listed by
published as E 887 - 82, Lasl previous edition E 887 -82. lhc American Chemical Society, see "Reagcnl Chemicals and Standards", byJc,,_ph

2Annua/Book of ASTM Standards, Vol II.01. Rosin. D. Van Nostrand Co.. Inc., New York, NY, and the "United States
J Annual Book of AST.M Standards, Vol 11.04. Pharmacolx:ia."
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size reduced, to pass a 0.5-mm screen for analysis. "['his 8.2.9 Weigh the dish and the ash.
ure rrihst _ 9erformed _refully to preserve the sam- 8.2.10 Calculate the percent residue after ignition as fol-

i_,s representati--e chamc--erist',,.s (other than particlesize)r, lows:
whilepreparing the z_nalys'sisample to be used in this proce- % Residue after ignition = (F - D)/(E - D) × I00
dure(see Method E 829). where:

7.2 Refuse.Derived Fuel Ash, Fly Ash; Bottom Ash, or

slag_The method of sampling for this procedure should be D = weight of fused quartz dish, g,
_d on agreement between involved parties. E = weight of fused quartz dish and sample, of RDF ash, fly• ash, bottom ash or slag, g, and

S. _mple Preparation F = weight of fused quartz dish and residue after ignition of

8.1 Refuse-Derived Fuel: RDF ash, fly ash, bottom ash, or slag, g.
8.1.1 Weigh accurately 30 to 50 g of RDF analysis sample 9. Procedure

prepared in 7. I into a conditioned and preweighed fused 9.1 Sample Fusion:
qu.artzdish. 9.1.1 Weigh accurately 0.010 to 0.100 g of the prepared

8.1.2 Spread out the analysis sample of RDF in a layer not RDF ash as prepared in 8. I or the residue of RDF ash, fly
over38.1 mm (ll/a in.) in depth, ash, bottom ash, or slag as prepared in 8.2 into a platinum

8.1.3 Place the dish in the muffle at a low temperature or graphite crucible.
(notgreater than IO0*C) and gradually heat to redness at such 9.1.2 Add 1.0 g of Na2CO_. Mix the ash and Na2CO_ weil,
a rate as to avoid mechanical loss from too rapid expulsion then add an additional 0.5 g of Na2CO_ to cover the mixture.
of volatile matter. 9.1.3 Piace the crucible into a clean silica or refractory

g.l.4 Complete the conversion to ash at a temperature of tray, and place in a muffle furnace preheated to 1000*C and
800to 900"C (1470 to 1650°F'). maintain until the mass is quiescent (about 45 min).

8.1.5 Cool in a desiccator and stir the ash to ensure hp-- 9.1.4 Set the crucible aside to cool.

zfiogeneity of particle sizes. Be careful not to lose any ash 9.1.5 Rinse off the outside of the crucible, and place it on
from the dish during this stirring, its side in a 300-mL casserole or beaker about one-third full

8.1.6 Spread the ash in a thin layer in the disn, and ignite of water. Warm and stir until the cake disintegrates and can
in a stream of oxygen for 1V2 h at 800 to 850"C (1470 to be easily removed.
1560"F) to ensure complete and uniform oxidation of the 9.1.6 By means of platinum tipped tongs, lift the crucible
ash. out of the liquid, rinsing it thoroughly with water followed

8.1.7 Cool the ash to room temperature in a desiccator, by rinsing with dilute hydrochloric acid (HCI, 1+3); adding
8.1.8 Weigh the dish and the ash. the rinse to the casserole or beaker.

8.1.9 Calculate the percent ash as follows: 9.2 Acid Detlydration:
% Ash = (C - A)/(B - A) x 100 9.2.1 Very slowly and cautiously add 20 ml.. of concen-

where: trated hydrochloric acid (HCi, sp gr I. 19) to the covered
A = weight of fused quartz, g, casserole or beaker (see Note 2). Remove the cover and rinse.
B = weight of fused quartz dish and sample, g, and If any gritty particles are present, the fusion is incomplete

and must be repeated, using a new sample and a largerC= weight of fused quartz dish and ash, g.
8.2 Refuse-Derived Fuel Ash, Fly Ash, Bottom Ash, or Slag; amount of Na2CO_.
8.2. I Prepare the RDF ash, fly ash, bottom ash, m" slag by Nort_ 2._This solution will tend to "creep" over the rim of the

grinding the sample in an agate mortar to a particle size to casseroleunless the rim is kept hot and dry. This can be accomplished
pass a No. 200 (75..I.tm) sieve, byapplyingheat from above by means of infrared lamps.

8.2.2 Weigh accurately 6 to 10 g of RDF ash, fly ash, 9.2.2 Evaporate the solution to dryness on a steam bath.
bottom ash, or slag as prepared in 8.2.1 into a conditioned 9.2.3 Without heating the residue any further, treat it with
preweighed fused quartz dish. 5 to 10 mL of HCI (concentrated), wait at least 2 rain, then

8.2.3 Spread out the analysis sample of the ash to be add an equal amount of water.
analyzed in a layer not over 6.4 nam (*Ain.) in depth. 9.2.4 Cover the casserole or beaker, and digest for 10 rain

8.2.4 Piace the dish in the muffle at a low temperature on the steam bath or hot plate.
(not greater than 100*C), and gradually heat to redness at 9.2.5 Dilute the solution with an equal volume of hot
such a rate as to avoid mechanical loss from too rapid water, immediately filter through medium-textured ashless
expulsion of volatile matter, paper, and wash the residue thoroughly with hot I-ICI( 1+99),

8.2.5 Complete the conversion to ash at a temperature of then with hot water.
800 to 900"C (1470 to 1659"F). 9.2.6 Reserve the residue.

8.2.6 Cool in a desiccator and stir the ash to ensure hp- 9.2.7 Again, evaporate the filtrate to dryness and bake the
rnogeneity of particle sizes. Be careful not to lose any ash residue in an oven for I h at 105 to 110°C.
from the dish during this stirring. 9.2.8 Cool, add 10 to 15 mL HCI (!+1)and digest ota the

8.2.7 Spread the ash in a thin layer in the dish and ignite steam balh or hot plate for 10 min.
in a stream of oxygen for 1*A h at 800 to 850"C (1470 to 9.2.9 Dilute with an equal volume of water, filter imme-
1560°F) to ensure complete and uniform oxidation of the diately on a fresh liiter paper, and wash the small amount of
ash. residue thoroughly with hot ItCl (! +99), then with hot water.

8.2.8 Cool the ash to room temperature in a desiccator, 9.2.10 Transfer the papers containing the residues (from
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9.2.6 and 9.2.9) to a weighed conditioned platinum crucible, where:
9.2.11 Dr3,' and ignite the papers, first at a low heat until W t = weight of residue after first ignition as irt 9.2. i I, g,

the carbon ofthe filter paper is completely consumed without IV.,= weight of blank after first ignition, g,
flaming, and finally ignite at 1100 to 1200"C until the weight 14-'_=weight of residue after treatment with HF and second
becomes constant. Record weight of residue after ignition, ignition as in 9.3.4. g,

9.3 Volatili-ation of Silicon TetrafluorMe 1t4"4=weight of blank after treatment with PIF and seCOnd
9.3.1 Treat the silica (SiO:) thus obtained, which will con- ignition, g and

rain impurities, in the crucible with 0.5 to I mL of water, 2 Ws= wei,ght of sample of prepared RDF, RDF ash, fly ash,
drops of H2SO4 (1+1) and 10 mL of HF. bottom ash, or slag as used in 9.1.1. g.

9.3.2 Cautiously evaporate to dryness on a hot plate or 10.1.2 Percent SiO.. iaaRDF (8.1).

hot sand bath. % SiO, in RDF = (G x tr)/(lf)O)
9.3.3 Finally, ignite the small residue at 1050 to I I00"C

(I 922 to 2012"10 for 5 rain. where:
9.3.4 Cool in a desiccator and weigh. G = ash as found in 8.1.9, %, and
9.3.5 The difference between this weight and the weight H = SiO2 as found in 10.1.1, %o

previously obtained in 9.2.11 represents the amount of SiO2. 10.1.3 Percent SiO: in RDF ash, fly ash. bottom ash, or
9.4 Blank--Make a blank determination, following the slag (8.2).

same procedures as used in 9.1.2 through 9.3.5 using the % SiO_ in RDF Ash, fly ash. bottom ash, or slag = (l x H)/(100)

same amounts of reagents and correct the obtained in the where:
analysis accordingly. / = residue after ignition as found in 8.2.10, %, and

H = SiO2 as found in 10.1. !, %.
See Method E 791 for procedures to convert values to other

10. Calculation bases.

10.1 Calculate the concentration of SiO:, as follows: I 1. Precision and Bias

10.1.1 Percent SiO2 on prepared sample as used in 9.1.1. 11.l Precifion and bias statements cannot be made at this

% SiO: = (wj - W2) - (14.'_- w,)/W_ x 100 time for the measurement of SiO2 by this test method.

TheAmarcan Society for Testingand Mataria_stakesno positionrsspectir_ the _,alklttyof anypatent rights assertedin connection
with any Itemmentioned in this start<lard.Users of this standa/d are expre_ty aclvtsedthat determinationof the validith/of any such
patent rights, and the risk of infrin_ cdsuch r_hts, ate entirely thek' own responsibility.

Tht_sttu_dardts subject to revisionat am/time by the re,sponsil:_e_achni¢'_icomm_ee and must be reviewed every ,fiveyears
d notrevised, eCtt'm_real_otovedot w_h<lrawn.Yourc(_m_ts are invited eitl)erfor revisK>noi thisstandard o¢for edditioaa/standards
and shouM be edaress_c/ to ASTMHeedqoanees.Yourcommentswin receh/ectu'elut cont,ideration M a rne_mg oi the respoc_sibte
ter.."ltrJtcBJ COlt'tclriRt_, which yOU fr)ay &tt_t_. ff you t_ tha yoo! c_l_ hBve _ rIPCtMt/IKI a fSltr hearit)g you should make yoor

viewsknown ro the ASTM Committee on Standards, 1916 RaceSZ.,Ph#adtPIph_,PA 19103.
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Standard Test Method for
Volatile Matter in the Analysis Sample of Refuse-Derived Fuel 1

This_taad_disissuedunderthe_ed des_nadonE 897;thenumber irnmod_t©lyfollowingthedesignationind/cat_theyea_of
or_rudIKioptionor,inthe_ ofr_on, theyearoflasl_:vidon.A nurnbcfinplrcathesesind/c_lcstheycaxofla_1reapprov_d.A
superscript epsilon (f) indicates an editorial chan_ sinoe the last t_vition or reap_oval.

1.Scope 4. Summary of Test Method

1.1This test method covers the determination of the per- 4. I Volatile matter is determined by establishing the loss
enrage of gaseous products, exclusive of moisture vapor, in in weight resulting from heating refuse-derived fuel under
thcanalysissample which is relea..ce_tunder specific conditions rigidly-controlled conditions. The measured weight loss, cor-
d the test. The knowledge of the volatile matter content retted for moisture as detenrtined in Test Method E 790,
assistsin predicting burning characteristics of RDF. establishes the volatile matter content

1.2Tt'.is test method may be applicable to any waste 5. Apparatus
material from which a laboratory analysis sample can be

pr_. 5.1 Platinum or Fused Quartz Crucible, with closely fittingcover, The crucible shall be of not less than 10 nor more than

1.3 This standard may involve hazardous materials, oper- 20 mL capacity, not less than 25 nor more than 35 mm in
ations, and equipment. This standard does not purport to
addressali of the safety problems associated with its use. lt is diameter, and not less than 30 nor more than 35 mm in
the responsibility of the user of this standard to establish height.5.2 Vertical Electric Tube Furnace--The furnace may be
appropriate safety and health practices and determine the ofthe form shown in Fig. 1. lt shall be regulated to maintain
applicability of regulatory limitations prior to use. a temperature of 950 _ 20"C in the crucible, as measured by

L Referenced Documents a thermocouple positioned in the furnace.

2.1 ASTM Standards: 6. Hazards

E 180 Practice for Determining the Precision Data of 6.1 Due to the origins of RDF in municipal waste, com-
ASTM Methods for Analysis and Testing of Industrial rnon sense dictates that precautions should be observed when
Chemical: conducting tests on the samples. Recommended hygienic

E 790 Test Method for Residual Moisture in a Refuse- practices include use of gloves when handling RDF, wearing
Derived Fuel Analysis Sample s dust masks (NIOSH-approved type), especially while milling

E 829 Method of Preparing RDF Laboratory Samples for RDF samples, conducting tests under a negative-pressure
Analysis 3 hood when possible, and washing hands before eating or

smoking.

3. Definition NOtE l--Caution--Exercise care when placing the sample into the
volatile fw,aace. The possibility of an explosi,m ahvays exists when

3.1 refuse-derivedfi_el (RDF): heating san _ples of unknown origin.RDF-l--Waste used as a fuel in a.s-discarded form.

RDF-2--Waste processed to coarse particle size with or 7. Procedure

without ferrous metal separation. 7.1 Weigh to the nearest 0.1 mg about 1 g of thoroughly
RDF--3_shredded fuel derived from municipal solid waste mixed air-dried analysis RDF _mple in a weighed crucible.

(MSW) that has been processed to remove metal, glass, and Closewith acover(Note 2), placeon a platinum or Nichrome-
other inorganics. Thts material has a panicle size such that wire support and insert directly into the furnace chamt_r,
95 weight % passes through a 2-in. square mesh screen, which shall be maintained at a temperature of 950 .+..20"C.

RDF--4_Combusti, ble waste processed into powder t.ower the crucible immediately to the 950"C zone. Regula-
f0rm_95 weight % passinga 10-mesh screen, tion of the tem_rature to within the prescribed limits is

RDF-5--('ombustible waste densified (compressed) into critical. After the more rapid di_harge of volatile matter has
the fbrm of pellets, slug,s, cubettes or briquettes, subsided as shown by disappearance of the luminous flame,

RDF--6--Combustible waste processed into liquid fuel. inspect the crucible to verify that the lid is still seated. If
RDF,-7---Combustible wasle proce_ed into gaseous fuel. necessary, reseat the lid to guard against the admission of air

............................ into the crucible. Do this as rapidly as possible by raising the
crucible to the top ot the funaace chamber, reposition the lid'This t_t melbod :s un,der lhr )umdictton of ASTM Committ,._e E-3g on

Resource Recovery and is lhc d_rect responsibtlity of Subcornrnittee E38.01 on tO more perfectly seal the crucible, then lower immediately
F.ncrg_,. back _o the 950"C zone.

..... 1.- .... i-. e .-t . __

= $'_tbb._ed_ E 8(_7-. 82 L.a_lprevious edition E897 - 82 N()Tt; ._ 11"le'cover snoulu t,. t._u_.0_ _.,,v,_,_" o.-_ ,_,,,.._........m,. r_h_n
_. _.'lnm:alB(_k _¢AST,_CSta_dard._. Vol 1505. deposi_ from the refu_c-denved fuel does not burn away from the

- _Annt_,aJ B_7ok a[,4ST",_t YifrJrfflard_, Vol I 1,04. undcf_ide

I

,_,
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7.2 After heating for a total of exactly 7 rain, remove the 9. Precision and Bias

crucible from the furnace and, without disturbing the cover, 9. t Precision."
allow it to cool on a metal cooling block. Weigh as soon as

9.1.1 The standard deviation of individual determinations,
cold (Note 3). The percentage loss of weight minus the in percent absolute, is as follows:
percentage moisture in accordance with Test Method E 790
is the volatile matter. typical Average Value, 69 %

Within-Laboratory, 0.7 %
Note 3--To ensureuniformity of results, the coolingperiod should Between-Laboratories, 2. 1%

be kept constant and should not be prolongedbeyond 15rain.
9.1.2 The precision estimates in 8.1.1 are based on an

interlaboratory study conducted in accordance with Practice
8. Calculation E 180,.

8.1 Calculate the percentage of volatile matter on an "as- 9.2 Bias:
determined" basis, V_ as follows: 9.2.1 The bias of this test method has not been determined.

9.2.2 Precision estimates are based on ASTM Rel._rt No.

V,_ = [A--B x 100]-Maa RR:E 38-1000 which describes the preliminary testing and
ta ] round-robin tests. 4

where:

A = weight of .sample used, g,
B = weight of sample after heating, g, and ' Supporting dataareavailableon loanfromASTMHeadquaraers. Requesa

M(ad) = moisture (as-determined), %. ru_:E3s-100o.

The AJr_ican Society for Testing and Materials tal_es no position respecting the va/id/ty of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are exptessh/ advised that determination of the validity of any such

pMe/rt rights, and the risk of infringement of such rights, are entirety thai[ own [espon_ibility.

Tt_i,_._t_r_f_rd is subject to revision at any time by the responsible technical committee and must t>e reviewed every five years and

ff :_I ¢_._,'i_ed,either reapproved or withdrawn. Your comments are irrvited either for revision of this star.lard or for additional standards
al_ ._hoold be _:tdressed to ASTM Headqua/ters. Your comments will receive careful consideration at a meeting of the responsible

technical committee, which you may affend. If you feel that your _ have not received a fair hearing you should make your
views known to the ASTM Comm_ee on S_andards, 1916 Race St., Ph//ade/ph/a, PA 19103.



_ Designation: E 953 - 88

Standard Test Method for
Fusibility of Refuse-Derived Fuel (RDF) ASH 1

This _'_ndard is issuedunder the fixed designationE 953; the number immediately followingthedesignationindicatesthe year of
original adoptionor, in the cas_of rcvi_on, lhc yearof lasl revision.A number in parenthesesindicateslhc year of las_reapproval.A
superscriptepsilon (,) indicatesan editorialchangesing the laslrevisionor reapproval.

1. Scope which the cone has fused down to a hemispherical lump at

I.! This test method covers the observation ofthe temper- which point the height is one half the width of the baz as
atures at which triangular pyramids (cones) prepared from shown by the fourth cone, l-lT, in Fig. 1.
kDF ash attain and pass through certain stages of fusing and 3.1.4 fluid temperature,/'T---the temperature at which the
flow when heated at a specific rate in controlled, mildly- fused mass has spread out in a nearly flat layer with a
reducing, and oxidizing atmospheres, maximum height of 1.6 mm (t/|6 in.) as shown in the fifth

1.2 The test method is empirical, and strict observance of cone, FT, in Fig. !.
the requirements and conditions is necessary to obtain repro- 3.2 forms of refi_se-derived fuel (RDF):
ducible temperatures and enable different laboratories to RDF-I--Waste used as a fuel in as-discarded form.
obtain concordant results. RDF-2--Waste processed to coarse particle size with or

1.3 The values stated in Sl units are to be regarded as the without ferrous m_tal separation.
standard. The values given in parentheses are for information RDF-3--Shredded fuel derived from municipal solid waste
only. (MSN) that has been processed to remove metal, glass,

and other inorganics. This material has a particle size!.4 This standard may involve hazardous materials, oper-
ations, and equipment. 'This standard does not purport to such that 95 weight % passes through a 2-in. square mesh
address ali of the safety problems associated with its use. lt is screen.
the responsibility of the user of this standard to establish RDF..4iCombustible waste processed into powder form,
appropriate safety and health practice._ and determine the 95 weight % passing a 10-mesh screening.
applicability ofregulatorylimitationspriorto use. See Section RDF-5--Combustible waste densified (compressed) into
6 tbr additional hazard information, the form of pellets, slugs, cubettes, or briquettes.

RDF-6ICombustible waste processed into liquid fuel.
2. Referenced Documents RDF-7--Combustible waste proce_ssed into gaseous fuel.

2.1 ASTM Standards:
E 180 Practice for Determining the Precision Data of 4. Significance and Use

ASTM Methods tbr Analysis and Tc, tins of Industrial 4.1 The standard is available to producers and users of
Chemicals 2 RDF to use in determining the fusibility of ash produced

E 829 Method of Preparing RDF Laboratory Samples for from RDF.
Analysis _ 4.2 Limitations of Ash Fusibility Data--Ash fusibility data

are too often over-interpreted. In practice, types of burning
3. Definitions and Symbols equipment, rate of burning, temperature and thickness of fire

bed or ball, distribution of ash forming mineral matter in the3.1 The critical temperature points to be observed are _.s
follows, denoting the atmosphere used: RDF, and viscosity of the molten ash may influence ash

3.1.1 imliai deformation temperature, /T_the tempera- behavior more than the ash fusibility characteristics deter-
ture at which the first rounding of the apex ofthe cone occurs, mined by the laboratory test. Furthermore, conditions exist-
Shrinking or warping of the cone is ignored if the tip remains ing during applied combustion of RDF" are so complex that
sharp. In Fig. 1, the first cone shown is an unheated one; the they are impo_ible to duplicate completely in a small-w.zle
second cone, IT, is a typical cone at the initial deformation laboratory test. Therefore, the test should be considered an
stage, empirical one and tb.e data, at best, only qualitative.

3.1.2 softening temperature, ST--the temperature at which
the cone has fused down to a spherical lump in which the 5. Apparatus
height is eq!lal to the width at the base as shown by the third 5. ! Furnace--Any gas-fired or electric furnace conferrning
cone, ST, in Fig. I. to the following requirements may be used.

3.1.3 tsemispherical temperature,/lT---the temperature at 5. I.l The furnace shall be capable of maintaining a uni-
form temperature zone in which to heat the ash cones. This
zone shall be such that the difference in the melting point of

"[his test method is under th_ ,lun_Jmion ot ASTM Ccrmmitte¢ E.38 on
Rc-source Recavery and is the direct r_l:_nsibdity of Subcommittee E 38.0I on !2.7 mm (V2in.) pieces of pure gold wire when mounted in

Energy. place of the ash cones on the cone support shall be not greater
Current edition al:_roved March 25, 1_988.Published Ma,y 1988. Orw,Jnatly th,,_, I _*¢" ¢"t_*_'_ ; .... ,,,4, " ,_o...... t.... _,-,,., ....

published asE 9:53-83. Lasl previous ¢dilion E 953 - 83. , ......... _,,.v , j ............. b ........ _................
= 'Anm_alBook of ASTM Standa_ds, V_ 15.05. 5.1.2 The furnace shall be capable of mai_xtaining the

',4nn_alBookof/ISTMStandard_, VoJi l.o4 desired atmosphere surrounding lhc cones during heating.
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Thecomposition of tile atmosphere, reducing or oxidizing, /_....__Z_-

_-,allbe maintained within the limits specified in Section 7.
Thedesired atmosphere in the gas-fired furnace surrounding
theconesshall be obtained by regulation of the ratio of" gas
toair in the combustion mixture. The desired atmosphere in

the electric furnace shall be obtained by means of gases ,1_"-_/ "/ifr....

impervious, free from cracks, and the closure-plug tight fit- % ___ j ...._7/-_."
ting.Since state-of-the-art furnaces vary somewhat in design, ..:.

thegas supply inlet tube shall be installed per instructions of _¢, :._._,.._._..." /!/,, ,."

furnace manufacturer. ", .u t-_',-.f/t /" %5.1.3 The furnace shall be capable of regulation so that the %'-_ ..,,
rate of temperature rise shall be 8 +__3"C (15 4- 5"F) per
minute.

5.1.4 The furnace shall provide a means of observing the "4_(
ash cones during the heating. Observation shall be. on the
same horizontal plane as the cone-support surface, u.s. Customary Units. SIUnils,

5.2 Cone Mold--A commercially available cone mold as in. mm

shown in Fig. 2 shall be used. The cone shall be 19 mm (3/4 v, 6.4
in.) in height and 6.4 mm ('h in.) in width at each side of the _' t9.11V-z 38.1

basewhich is an equilateral triangle. 2 5o.2
5.2.1 A steel spatula with a pointed tip, ground off to fit a 76.2

the cone depression in the mold, is suitable for removal of
theash cone. FIG. 2 BrassConeMold

5.3 Optical Pyrometer or Thermocouple, for temperature

measurements, conforming to the following requirements: The room temperature compensator shall be adjusted to the
5.3. ! Optical Pyrometer--.An optical pyrometer of the dis- existing temperature.

appearing filament type shall be used. The instrument shall 5.4 Ash.Cone Refractory Support_The ash cone shall be
havebeen calibrated to be accurate within 1I'C (20*F) up to mounted on a refractory base composed of a mixture ofequal
1400"C(2550"F)and within 16*C(30*F)from 1400to 1600"C parts by weight of kaolin and alumina conforming to the
(2550"F to 2900"F) (Note 2). The pyrometer filament shall following requirements:
besighted on the cones until the softening point temperature 5.4.1 Kaolin--NF-Grade powder passing a No. 200 (0.074
(Fig.1) has been passed, and then sighted on the cone support, mm) sieve.
The pyrometer shall have readable graduations not larger 5.4.2 Aluminum Oxide_Reagent grade powder passing a
than 5.5"C (10"F). No. 100 (0.149 mm) sieve.

NOTE2_The pyrometerequipmentshallbestandardizedperiodieally 5.5 Refractory Support Mold_A mold with flat top and
by a suitably equipped standardizing latx_ralory such as that of the bottom surfaces to provide a refractory, support of suitable
NationalBureauofSlandards,or checkedperiodi_lly against equipment thickness to minimize warping shall be. used. A side mold not
ctrtifiedby the NationalBureauof Standards. OVel'V4in. (6.4 mm) high of any convenient shape, placed on

5.3.2 Thermocouple_A thermocouple of platinum and an iron plate so thai the top surface of the refractory mix can
be struck off tlat and parallel to the base by means of aplatinum-rhodium, protected from the furnace gases by a

glazed porcelain sheath, shall be. used with a high-resistance straightedge, is satisfactory. For electric furnace use, legs not
over 3 mm (Ya in.) long may be provided on the corners ofmillivoltmeter or potentiometer accurate and readable to the cone support by suitable holes bored in the iron base plate

within 5.5"C (10"F). The sheath _hali be sealed to the furnace of the mold.

wall by alundum cement. The hot junction of the thermo- 5.6 Gold H,qre,' Twenty-four gage or larger round wire of
couple shall touch the end ofthe sheath and shall be located 99.98 % purity, but drawn from metal of 99.99 % purity, and
in the center of the muffle and immediately lo the rear of the having a melting point of 1063"C (1945"1:).
cones. The thermocouple protective sheath shall be checked 5.7 Nickel Wire, _ Twenty-four gage or larger round wire
_riodically for cracks. The thermocouple and its meter shall of CP nickel 99.98 % pure, fully annealed, and having a
meet the requirements of Section 10. The potentiometer or melting point of 1452"C (2645"F').
millivoltmeter shall be located or shielded adequately as to
prevent radiant or convection heating of the cold junction. 6. Hazards

6.1 Due to the origins of RDI J) municipal waste, corn-

L Z mon sense dictates that some precaul,ms should be observed
[.._........ .._"J._.._.ff_.._......r.__:.:=,_..._ ' Gold v,,ire of ibis punly can b¢ purchased {?om lhc Baker Dent_l Dt,'_,=ion of

l-:.ngelhard lndustrie's, Inc., 850 Pa_,aic Ave,, |!'.asi Neavark "1 02029.

I 2 3 4 ,.5 ) Nickel were of this punty can be purchaso:! with lhc fitlonal s,poclficattons

II ST Hl" Fr of harms a minimum coefficient of resisl for 0 to 100"( of 0.00673 Ohm/Ohm
-- "C, from lhr _-)akcr iS,,¢ntzi Envision oi'Entceihard indu_)i_, inc., _;5_3F=t_it A_ .

FIG. 1 Critical l'emperature Points t_ast Newark. NJ 07029._

_
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when cdnducting tests on tile samples. Recommended hy- volumes per rninute.
genie practices include use of gloves when handling RDF;
wearing dust masks (NIOSH-approved type); especially while 8. Preparation of Ash

milling RDF" samples; conducting tests, under a negative 8.1 Use RDF milled to passing a O.5-mm (O.02-in.) sieve
pressure hood when possible; and washing hands before eating prepared in accordance with Method E 829 to obtain the ash
or smoking. ' [ by incineration in a well-ventilated muffle furnace. The quan.

6.2 Good laboratory practi:;'e:¢_:!!.ctz4/!ethe.precautions that tity of RDF required will vary with the ash content usually
should be observed when usin,; cor)apres,,,;ed gases sttch as 3 to 5 g of ash will suffice for cones for several check
hydrogen or carbon monoxide as reducing gases, determinations. Spread out the analysis sample of R.DF ina

layer approximately 6.4 mm ('h in.) in depth in a fireclay or
7. Test Atmosphere 6 porcelain roasting dish. Place the dish in the mull'le at a 10w

7. ! Gas FTred Furnace: temperature, and gradually h(:a_ to redness at such a rate as
7. I. ! Reducing Atmosphere Test--A mildly reducing at- to avoid mechanical loss from too rapid expulsion of volatile

mosphere surrounding the cones shall be maintained during matter. The rate of temperature rise of 500"C (932"t") in I h
the test in the gas-fired fun:ace. Hydrogen, hydrocarbons., was found to be satisfactory. Complete the convert;ion to ash
and carbon monoxide shall be considered as reducing gases; at a temperature of 800 to 900"C (1470 to 1650°F). Transfer
oxygen, carbon dioxide, and water vapor shall be considered the ash to an agate mortar (Note 3), and grind so it will pass
as oxidizing gases. Nitrogen is inert. The ratio by volume of a No. 200 (0.074 mm) sieve.

reducing gases to oxidizing gases in the atmosphere shall be NotiE3_A mechanicalagate mortar grinder will save time where
between the limits of 20 to 80 %, that is, on a nitrogen-ft'ce many determinations are made. An iron mortar or pestle is not recom.

basis, the total amount of reducing gases present shall be mended becau,.,eofmetallic contamination.

between the limits of 20 and 80 volume %. A flame 150 to 8.2 Spread the ash in a thin layer in a fireclay, silica, or
200 mm (6 to 8 in.) in height and tinged with yellow above porcelain dish and ignite it in a stream of oxygen for 11/2h at
the furnace outlet has been found to provide an atmosphere 800 to 850"C (1470 to 1560*F) to ensure complete and
within the specified limits, uniform oxidation ofthe ash. Any tube or muffle-type furnace

7.1.2 Oxidizing Atmosphere Test--An atmosphere con- which, when supplied with an oxygen flow of not less than
raining a minimum amount of reducing gases shall be main- one furnace volume in 5 min will maintain a highly oxidizing
rained surrounding the cones during the test in the gas-fired atmosphere, is suitable.
furnace. On a nitrogen-fre_ basis, the volume of the reducing
gases present in the atmosphere will not exceed 10 volume %. NoTre4_!t has been found that in most samples, the initial ignition

Combustion with the maximum possible quantity platr with outlined in 8.I issufficient to convert the RDF toash and the reignitionstep in 8.2 is not necessary.Reignition of the ash should be ntadeonly
preservation of the specified rate of temperature increase has ifan observableamount of noncombustible matter or carbon is prt.._nt.
been found to provide an atmosphere within the specified

iirnits. A completely blue flame, not over 50 mm (2 in.) in 9. Preparation of Cortes
height above the outlet at the beginning of the test, provides
the desired atmosphere; and, by regulation ofthe combustion 9. i Thoroughly mix the ignited ash in a mechanical mixer
gas-air ratio, the specified atmosphere and temperature rise or on a sheet of glazed paper or oil cloth by raising first one
can be maintained, corner to roll the ash over, and then raising each of the other

7.2 Electric Furnace corners in rotation in the same manner until each corner has
be.en rated five times or more.7.2. i Reducing Atmo._phere Tes¢-.-A regulated flow of gas

ofthe nominal composition, 60 % carbon monoxide and 40 9.2 Take sulfici,mt ash for the number of cones desired
-+_.:5 volurne % carbon dioxide,:' shall be maintained in the from various parts of the bulk ash. Moisten the ash with a
heating chamber throughout the test (Note 2) in the electric few drops of a clear,, fire:red (if necessary) 10 % solution of
furnace. The gas stream shall Ix: regulated by any convenient dextrin containing, 0:_ % _;alicylic acid as a preservative, and
means to provide a measured flow of 1.3 to i.5 furnace work ii into a stiffli_lastic mass with a spatula. Press the i)lasllc
volumes per minute, material firmly ,a,iih a ';,patula into the cone mold to form the

triangular pyramids...)<""riket off III(' exposed surfact.'s of the
NOT_-2.....Newcylindersof the mixedgasf_rwhicha|cerlifiedanalysts material smooth ;.tlld remove the ;on{ts fron'l the mold by

is not available5ho_.,Idbe mixe,dbeforeu,_,eby layingthecylinder on its applying pressure at the base with zt suitably pointed spatula.side with theprote_.tivescrewcap in piace. The cylindershould then be
rolieztback and forth. 6 to l0 ft in each direction, approximately 15 Previous coating of the rnold with a thin la),er of i)etroleu|n
times.Certifiedanalyses of each cylind':ror batch can be obtained for a jelly, thinned with kerosine (if necessary), aids irl preventing
small extra charge, adherence of the cones to the mold and in pr_)viding the

-_.) sharp point and edges desired in the cone.7.z.. Oxidizittg Atmo.v)twr_ '/e._/......A regulated stream of
air shall be rnait_tairled throtJghout the tesi in the electric 9.3 Piace the covJes in a suitable, location m dry sull'tc_cntly
furnace:. The gas stream shall be regulated by any convenient to permit hand'_ng witl_out def()rmatlon. Mount lhc t:lned

cone vertically on a fJesllly prepared t-efractory base. Motslcnmeans to provide a measured flow of 1.3 to 1.5 furnace
a p_rtion of tile well-mixed ka_lin-alurnina 1111XltlrC with a

.................. minimum atnount {_rf_vatcr I() make a ',vorkad)lc, bu_, :,Itri,

*}:ormfo_mationconcerningthec[lc¢tolvaraousatmosl',hercs. seet.l.S l:lutcau ,r"h°tt'i_"............................m:_ "._,_/'1 tqrn,iv, pr,F.,t.r-......... il i_'_le"J lJ'_P ,.ll|',r_t_rl,, in_h] _tfll.;.t'ofMinesBulletin129.I*Jlg.
-_-_ ' lhi_,?.astsa_ailablcfr,m_theMaihesonI)t_tstonof._'arlcl',,t,..'(Jlt;.tlIq(_luct_, Off lhc Stll('a(.-' o_ tile mass I1;.ll;111(1.%1111),:)tl'!,d,,llh ;1 slccl

USA.lhc SI);llulil, lll(HMt.'llillgwith _)llC<'_IIx_'()dl()t)f,,_)["willt'r I,, llCtt'h-
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_ry to obtain a smooth surface. A number of cones may be phere and tile temperature measurement equipn3ent should
mountedon one base. Make shallow_triangular depressions, be suspected of having faults; necessarycorrections should be
nal over 0.8 mm (V._ in.) in depth, with a triangular file made.
l_und to the correct size lo produce a depression to fit the
baseof the cone, and locate the cones sufficiently distant I 1. Procedure
from,adjacent cones so that no merging of the fusing material I 1. i Reducing Atmosphere Tesz:
of the cone.s shall occur during the test. Mount the cones l l.l.I Place the mounted test cones in the furnace at a
_trlicallyin the depressions while the base is still wet without temperature of not over 1470°F (800"C) for the gas-fired
theuse of ash or refractory as mounting aid. furnace and not over 750°F (400°C) for the electric furnace

No'r_5--The intent of thetriangulardepressionis to enablethe cones in order to provide sufficient time to purge the air from the
tobemountedin a sufficientlystable manner to permit handling of the uniform temperature zone and establish the desired atmos-

supportwith cones, phere.
NOTE6---Goldwirescan be mounted on each cone support beside I I. 1.2 If the furnace temperature is below the respective

_ash cones,and thegold melting lxfintobserved concurrentlywith the temperature specified in 1I. 1. I, raise it rapidly to the specified
ashconesin both oxidizingand reducing atmospheres, temperature; then control ttle rzte of heating to give a rate of

9.4 For the calibration check run of Section 10, mount temperature increase of 15 .+ 5°F (8 + 3°C) per minute.
12.7mm (rh in.) lengths of gold and nickel wire as described Maintain this rate throughout the test.
in5.6and 5.7 vertically on a support similar to those prepared 1 1.!.3 Ltablish the mildly reducing atmosphere surround-
asdescribed in 9.3, but on which no ash cones are mounted, ing the cones, as specified in 7. I. 1 and 7.2.1, at the tempera-
Insertthe pieces of wire into the support before drying. Two ture specified in I 1.I. 1 fbr the respective fiJrnace type. Mai n-
or more pieces of each kind of wire should be mounted on tain this atmosphere throughout the test.

thissupport in locations which correspond to ash cone post- NOTE7--At temperatures of the order of 2500 to 2600"F(! 370 to
dons. Dry the support as described in 9.5 but do not ignite. 1430"C)and above in the gas-firedfurnace, ii may not be possibleto
At least one such support with mounted pieces of gold and maintainthe reducinggasesabove the 20-volume %limit specifiedwhile
nickelwire shall be prepared for each week of observation of also preserving the specifiedrate of temperature increase. At suchtem-
ash fusibilit'¢, peratures, the effect of the atmosphere is not so critical as the mainte-

9.5 Dry the mounted cones at 110"C (230"F), and ignite at nance of the specifiedheating rate. Make every effort to maintain the
750"C(1382"! 7) to remove ali carbonaceous material, reducing gases as near the 20- volume % level as possible at suchtemperature.

10. Calibration 1 !.2 Oxidizing Atmosphere Test:

10.1 At least once during each week of operation, check 1 1.2.1 Place the mounted test cones in the furnace at a
the optical pyrometer or the thermocouple and its meter for temperature of not over 800"C (1470°1F) for the gas-fired
calibration in place under routine test conditions with the furnace, and not over 400"C (750"F) for the electric furnace.

Ifthe furnace temperature is below the respective temperature
reducing atmosphere by observing the melting point of gold. specified, raise it rapidly to the specified temperature, thenAt the same time, check the adequacy of the furnace atmos-
phere by observing the melting point of nickel, control the rate of heating to give a rate of temperature

10.1. ! Insert a support with mounted pieces of gold and increase of 8 +__3"C (15.4_-5*F) per minute. Maintain this rate
nickel wire into the test furnace. Locate at the position used throughout the test.I !.2.2 Establish the oxidizing atmosphere surrounding thefortests of ash cones.

10.1.2 Establish the reducinggas atmosphere, and heat the cones, as specified in '7.1.2 and 7.2.2 at the temperature
furnace chamber in accordance with i I. 1. specified in i 1.2. i for the respective furnace type. Maintain

10.!.3 Observe the temperatures shown on the meter when this atmosphere throughout the test.

_hepieces of wire melt. 12. Report
10.1.4 The indicated melting points should be. within

12.1 Rel_rt the following information:-+10"1:(5.5"C) of the following:
!2.1. ! Type of atmosphere,

Gold 1945"F (1063"C) 12. !.2 Initial deformation ternl×;rature, rI,
Nickel 2645"F (14.2 C) 12. i.3 Softening temperature, ST,

10.1.5 if _he indicated melting point of gold wire frc- 12.1.4 Hemispherical temperatt_re, tiT, and
quently falls outside ofthe desired range, readjust or calibrate 12.1.5 Fluid temperature, FT.
the meter so that the average temperature from several ob-
servations of the gold melting point is within the specified 13. Precision and Bias
rang(;. 13.1 Precision: _

10.1.6 If the indicated melting point for nickel wire fie- 13.1.1 1"he standard deviations of individual determina-
quently falls outside the desired range after applying the tions arc given in Table 1
corrections in 10.1.5, the consistency of indicated tempera- 13.1.2 The precision estimates in Table 1 apply to both
tUresand the sub_quent appearance of the specimen should reducing and oxidizing atmospheres, q he standard deviation
be examined closely. Erratic readings of failures to obtain
melting at ?645°F (1452°C) can be due to nickel oxidation

' Supporting data de._'ribm_, lhc prehe;Hnary IcSling arid round-robin IcSts on

_ _:uuscd by an insufficient reducing atmospiaere, ira consistent which p,ecision estimates are based _s avadablc on loan t_o,n ASTM Iteadquarlcr,, =

error of more than 25"F (14"C) is found, the furnace atmos- RcqueslRR:li ],8--I(K_O
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TABI.aE 1 StandardDeviationsof IndividualDeterminations for the 1049-1177°C (1950-2150"F) range include initial
TemperatureRange Stand.d Deviation deformation (IT), softening temperature (ST), and henri.

spherical temperature (HT). The standard deviations for the
Within- _tween- 1204-1260'_C (2200-2300°F) range cover fluid temperature

*C (°F) Laborato_/ Laboratories (FT).
Sw Sb 13, 1.3 The precision estimates in Table I are based on an

1049-1177 (1920-2150) 89"C (16"F) 36.7"C (66"F) interlaboratory study conducted in accordance with Practice
1204-1260 (2200-230(I) 11D°C (20"1:) 92.2"C (166°F) E 180.

13.2 Bias--The bias of this test method has not b_en
" determined.

The American Society for Testing and Materials takes fm position respecting the vafidity oi any patent rights asserted in connection

with any/tem mentioned in this standard. Users of this standard are exl:_essly advised that determination of the validity of any such
patent rights, and the risk of inhingement of such rights, are entiret,, their own responsibility.

This standard is subject to revision at any time by the responsible technical committoe and must be reviewed every live years and
ff not revised, either reapproved or withdrawn. Your comments are invited either Ior revision at this standard or lor additional standards

and should be addressed to AS'lM Headquarters. Your comments will receive careful coesideration at a meeting of the responsible
technical committee, which you may attend. II you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Oos, oation,0378,
Standard Method for
Measuring Particle Size Distribution of RDF-5 1

This standardis i_ued under the fixeddmignationE 1037; the numberintmediatclyfollowing the designationindicates the year of
original adoptionor, in thecaseor rtwision,the year of Laslrevision.A numberin parenthesesindicatesthe yearof last re,approval.A
superscriptepsilon(t) indicatesan editorial chanResincethe lasl revisionor rv.approval.

l,"_ope 4.2 Scale, capable of weighing the sample and container

1.1 This method is used to determine the size distribution with an accuracy of 0. i g.
0fa RDF-5 sample. Size is defined as the maximum length 4.3 Vernier Calipers, a length-measuring instrument
of the particle, where length is determined by the RDF-5 having an accuracy of 0.1 mm.
manufacturing process. That is, a pellet, cubette, or briquette
alihave a recognizable length. Figure 1 displays the sizes and
shapes of some RDF-5 particles. 5. Procedure

•1.2 An air dried RDF-5 sample is separated into catego- 5.1 The sample shall weigh 1.0 + 0.1 kg (2.2 _+.0.2 lb)
ties of differing particle sizes. The size distribution is unless otherwise specified. Record the weight of the .sample
measured as the weight percentage of each size category. A to the nearest 0. ! g.
graph of a function ofthe cumulative fraction ofmaterial by 5.2 Beginning with the largest particles, measure the
v,¢ight finer than particle size versus particle size is plotted, length of each particle in the ,sample. Separate the particles
From this plot are taken values which describe the size into containers labelled as the size categories of less than 10
distribution--the uniformity constant and the characteristic mm, 10 to less than 20 mm, 20 to less than 30 mm, 30 to less
particle size. than 40 mm, etc. as needed.

1.3 This standard may involve hazardous materials, oper- 5.3 Record the weight of each size category to 0. ! g.
ations, and equipment. This standard does not purport to 5.4 Add the weights of the size components. If this sum
address ali of the safety problems associated with its use. lt is differs by more than 2 % from the sample weight recorded
the responsibility of whoever uses this standard to consult and initially, then reject the analysis and begin another test.
establish appropriate safety and health practices and deter- 5.5 Use the sum of the .separate size categories as the total
mine the applicability of regulatory limitations prior to use. weight to determine weight percentages ofeach size fraction.

If the weight percentage of any fraction is greater than or

2. Significance and Use equal to 25 %, then separate that fraction into two portions
of 5-mm size categories. Continue separating the size frac-

2.1 The particle size distribution of RDF-5 strongly influ- tion into categories of 2.5 mm, 1.25 mm, etc., until the
ences the storage and handling characteristics of the fuel.
Small particles tend to block flow through storage bins and weight percentage of each fraction is less than 25 %.
feed boppers, although correct bin and hopper designs will
a/leviate this problem of blockage. 6. Calculations

2.2 This method of measuring size by hand allows accu-
rate description of RDF-5 particle sizedistribution. Measure- 6.1 With each particle size for which there is data,
ment by hand is superior to sieving techniques, wherein calculate y, the cumulative fraction of the sample less than

that panicle size. This is found by summing the weight
panicles may be broken by the size separation technique percentages of ali fractions less than that size. Also calculate
itself. However, hand measurement is more time-consuming the value of the Rosin-Rammler function for each particle
than sieving techniques, size, as follows:

3. Definition /n(li_._y)3. l RDF-5--solid fiiel derived from mt nicipal solid waste

in which the processed combustible fr'action is densified 6.2 Plot In[l/(l - y)] versus particle size on log-log paper.
(compressed) into the form of pellets, cubettes or briquettes. Data points will yield a straight line.

6.3 Determine two values which characterize this line.-

4. Apparatus the uniformity constant and the characteristic particle size.
4.1 Labelled Containers, used to hold the particles which The uniformity constant, n, is defined as the slope of the line.

are separated by size. Appropriate containers are beakers or The characteristic particle size, Xo, is defined as the size at
pans labelled ">_.70 mm ">_60 mm - <70 ,_. , etc. The which 63.2 % of the particles (by weight) are smaller. The
tare weight of each container shall be recorded to 0. ! g. characteristic particle size is the size correspondi=ag to lh[ !/( 1

-- y)] = 1.0. Figure 2 is an example of this plot.

JThis method is under the jurisdiction of ASTM Committee E- 38 on

Re_urce Recovery and is the direct responsibiiity of Sutx:ommittee E-38.08 on 7. _(_port

Current edition approved ['X"c.28. 1984. Published Juno 1985. 7. i Report the uniformity constant, n _,a Ul_J_t_E*_,,,,-_
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TABLE 1 Results of Precision Testing

Uniformity Characteristic
Constant Size

lntra.laboratory Sample melin 2.42 3 g
Standarddevialion 0.16 2 mm

Inter.laboratory Sample mean 2,65 36 mm
Standard deviation O.18 2 nim

(a) whole pellet (b) broken pellet
Pellet Sizes

6,_ ,' -1 , _ 7--,,,/

I /'

....... " "'_

,._ LO

(a) whole cubette (b) broken cubette

Cubette Sizes

"
I a

0.1.=. .... I i

i"-- l. -"1 l"-I.-I o.i _ • ,'_l __L _ I H ! ,_1
(a) whole briquette (b) broken briquette IO %. 40 57 IO0

BriquetteSizes lit'tic.li Size (=ii i

FIG. 1 FIDF-5 Sizes FIG. "2 Size Distribution ExarnplewTest Number 1

number),andthecharacteristicparticle,xo(millimeters). ratory t_ts were pcrfornicd on different populationsoi
RDF-5.

8. Precision

8.1 Table ! presents the results of intra- and inter-
laboratory precision testing. Intra-laboratory and inter-labo-

Tl_eAmerican Society for Testingand Materials takes no positK)nrespecting the valid#tyoi any patent rights asserted in connecUon
with any item mentioned in this standard. Users of this standard are expressly advised that determinat#_nof the validity of any such
patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

Thisstandard is subject to revisio_ at any time by the responsible techrdcal committeeand must be reviewed every five years and
ff not revised, either reapproved or withdrawn. Yourcomments are invited either lot revision of this statKJardor for _lddtonal standards
and shc_sldbe addressed to ASTM Headquarlers. Your comments wilt receive careful consideration at a meeting of the responsib_
techn_c3/committee, which you may attend, ff you feel that your commentshavenot tece/ved a fair hearing you sho<Hdmake your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia,PA 19103.
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Oes,goat,oo:E,2 SS,
Standard Test-Method for
The Durability of Biomass Pellets 1

This standardis issuedunder the fixed designationE 1288; the numberimmediately followingthe desigaationh'_dic_testhe year of
original adoptionor, in the easeof revision,the yearof lasl revision.A numtxr in parenthese_indicatesthe year oflast reapproval.A
superscriptepsilon(_) indicatesaneditorial changesincethe last revision or rcapproval.

I. Scope and centered in the 304-mm (12-in.) sides. A 508 by
1.1 This test method covers the determination of the 229-mm (2 by 9-in.) plate is affixed symmetrically along one

relative durability of biomass fuel pellets by tumbling and of its 229-mm (9-in.) sides to a diagonal of one of the 304 by
sieve analysis. 304-mm (12 by 12-in.) sides. A dust-tight door (or doors)

1.2 The values stated in Sl units are to be regarded as the may be placed in any side. Projections shall be kept to a
standard, The values given in parentheses are for inforrna- minimum and well rounded.

tion only. 4. Sampling
1.3 This standard may involve hazardous materials, oper-

ations, and equipment. This standard does not purport to 4.1 Place of Sampling."
address ali of the safety problems associated with its use. Iris 4.1.1 Sample pellets while they are being loaded into or
the responsibility of the user of this standard to establish unloaded from means of transportation or when they are
appropriate sajety and health practices and determine the discharged from storage bins or conveyors.
applicability of regulatory limitations prior to use. NOTE 2--Samples collected from surface of piles are, in general,

unreliable because of the exposure to the environment. If necessary,
collect nine increments ft'am a foot or more below the surface al nine

2. Referenced Documents points covering the pile.

2.1 ASTM Standards: 4.2 Collection of the Gross Sample:
D346 Methods for Collection and Preparation of Coke 4.2.1 Collect increments reguhuly, systematically, and

Samples for Laboratory Analysis 2 with such frequency, so that the entire quantity of pellets
D2013 Method for Preparing Coal Samples for Analysis 2 sampled will be represented proportionally in tile gross
E 11 Specification for Wire-Cloth Sieves for Testing sample.

Purp°se3 4.2.2 Tile quantity of the sample shall be large enough to
be representative but not less than 45.45 kg (100 lb).

3. Apparatus 4.2.3 Sample reduction may be done by two methods, a
3.1 Square Hole Woven-Wire Cloth Sieves, of the fol- coning and dividing proc.ess, or by using a riffle.

lowing sizes conforming to ASTM Specification E 11" 4.2.3. I Coning and dividing reduction is accomplished by
(1) 2.36 mm (No. 8) placing the gross sample on a sheet of rubber or oil cloth.
(2) 1.18 mm (No. 16) Thoroughly mix it by raising first one corner of the cloth and
(3) 600 tam (No. 30) then the other. After mixing, cone and quarter the sample.
(4) 300 tam (No. 50) Continue the operation until the sample is reduced suffi-
(5) 150 tam (No. 100) ciently so that one fourth of the coning sample weighs about
(6) 75 tam (No. 200) ! kg (2.2 lb). This shall constitute a laboratory sample.

Optionally a seventh sieve, the next size opening smaller
NOTE 3--The operations of mixing, coning, and quartering, are

than the pellet diameter,can be included, describedand illustratedin Metho_ D 346.
3.2 Air-Tight Gross Sample Containers, of a size as to

contain the sample (see Note 1). 4.2.3.2 Riffle reduction is accomplished by using a
standard coal riffle. The gross _mple is riffled repeatedly

NOTEI--The containers need to be air tight so as to minimize until o_e half of the rime ,sample equals alx)ut 1 kg (2.2 lb)
changes in the moisture content of the sample that may affe¢l the test that will constitute a laboratory sample.
results. Heawyplasticbags are ideal since they minimize trapped air.

NOTE4---Riffi_ and procedures are described in Method D 2013.
3.3 Metal or Glass Laboratory Containers, of such config-

uration as to facilitate the collection and weighing of samples 5. Procedure
during testing.

3.4 Metal Tumbler, 304 by 304 and 127 mm, (12 in. by I'UIMBLER "l'I_._s_r

12 in. and 5 in. deep), rotated about an axis lxrpendicular to 5.1 Laboratory Sample:
5.1.1 Sieve the pellets co be tested through the largest

sieve, and consider 250 g of the retained pellets a lak_ratorY
IT his test method is under the juri_iclion of ASTM Committee E-48 on sample.

Biotechnology/and is the dJro.'i responsibility of Subcommittee E48.0_ on Biomass

Conversion. NOTE 5_|'ellets should be at approximately ambient temperature

Current edition approved Feb. 24, 1989. Published April 1989 as to reflect true handling behavior.
Annual Book of ASTM Standards, Vol 0.5.05.
Annual Book of ASTM Standa,ds, Vol 14.02. 5.2 Procedure
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5,2. l Piace the I_boratory sample in the tumbler and seal retained on each sieve and in the pan to the nearest 0.01.
le tumbler. Then tumble for 5 rain at 50 r]min. After that
me, stop the tumbler and allow to stand for a sufficient 6, Calculation

me so as to _,llow the dust to settle. Then remove the 6.1 Calculate lhe fineness from the weights of the residues
0ntents and place in a preweighed laboratory container. on the sieves, and express as percentages of the weight of the
.'leanthe interior of the tumbler from dust using a 25.4-mm original sample. Apply sieving value corrections for the
I.in,) bristle brush. Add the resulting material to the 75-1am (No. 200.) sieve, as determined by the NIST, to the
al)oratory container. Weigh the laboratory container and material sieved on the 75-1am sieve.
ample to the nearest 0.01 g. Determine the weight of the
ample by subtracting the weight of the laboratory container 7. Report
mm the total weight, if more than 0.5 % (that is, 1.25 g) has
_n lost, then reject the sample and tumble another sample. 7. I The fineness test shall be reported as follows:
fthe sample is satisfactory, then sieve it using the procedure Retainedon Sieve Passing Sieve Percent

lescribed in the Sieve Test. 2.36 mm (No.8) ..
1,1_mm_No.161 2136mm (No.81 ,,

SIEVE TEST 60Ogra (No, 30) 1.18 mm (No. 16) ,.

300 pm (No. 50) 600 pm (No, 30) .,

5.3 Procedure: is0 pm (No. tOO) 300_tm(No..SO) ..
5.3.1 Piace the 250-g sample from four sanlples on the 7spm (No.20O) iS0pm (No,tOO) ..

arrest sieve of the stack of sieves in descending order, with a "' 75pm(No.200) ..

:ollection pan under the 75-1am (No. 200) sieve. Place a
tight-fitting cover over the top sieve and place in a m_han- 8. Reproducibility of Results
icalshaker. Shake the sieves for 2 rain at 150 rotations/min. 8.1 Duplicate determinations by the same operator, using
Remove the sieves and brush the bottom of each sieve to the same sieves, shall check within 1% on ali sizes. Different
loosen dust; then resume shaking for another I rain. Remove operators, using different sieves, shall check within 3 % on
the stack of sieves from the shaker and weigh the material the material sieved on the 75-I.tm (No. 200) sieve.

The American Society for Testing and Materials takes no position respecting the validity of any patent rights assorted in connection

with any item mentioned in this standard. Users of this standard azo exp¢essly advised that determination of the validfl/ of any such
patent rights, and the rtsk of infringement of such rights, azo entirely their ewa responsibility.

This standard is sub/ect to revision at any time by the responsible technical committee and must be reviewed every five years and
ff not revised, either re_oproved or withdrawn. Your comnmnts are invited either for revision oi this standard or tor additional standa/ds

and should be addressed to ASTM Headquarters. Your comments wilt _eceive careful consideration at a meeting o! the responsible
technical committee, which you may affend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 19_6 Race St., Philadelphia, PA 19103.



APPENDIX C

CHARACTERIZATION AND TESTING:

EPA METHOD: TCLP



TCLP

3010 7470 3510 3510 8150
Hg Neutral (Acidic and Herbicides

Basic)

6010 8080 8270
Pesticides Semlvolatlle

Organics

-- As

Ba--

-- Cd

Ct'--
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-- Pb Volatile
Organics
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--- Se

Ftgure 2--6B. TCLP.
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Revision 0

Date S_ptember 1986
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TABLE }I.2.--Tox_cITY CHARACTERISTIC CONSTITUENTS AND REGItLATORY LEVELS

Chronic t,oxic/ty ¢et_'erx:_ R,egu_tory
EPA FNr/No._ C,¢x'zstJ'0Jent(rag/L) C,AS No.= le,vet (rnglL} _ (mglL)

Arsenic ............................. 7440-38-2 0.05 50
D00S B_ ............................................. -:...,.............................. 7440-39-3 1.0 100.0
DO 18 Be_er, e 71-43-2 0.005 0.5
D006 Cadrnkjm ................................... 7440-43-9 0.01 1,0
D019 C_rbon tettzchtor,k.',e .......................................................... 56-23-5 0.0,05 0.5
DOL:>0 Chk:xdan,e ............................................................................... 57-74-9 0.0003 0.03
DO21 Chlorot_z e_m .................................. :--- .......................................... 105-90-7 I I00.0
[:)022 Chlorolorm ........................................................................ 67.-66-3 0.06 6.0
D007 Chros_ium ............................................................................... ;'4,t0-.-,47.-3 0.05 5.0
[:)023 o-Cxe$_ .................................................................... 95-48-7 2 4 200.0

DO24 m.C_esol ............................ 108-39-4 2 * 2'00.0
DO25 :)-Cresol ..................................................................................... 106-44-5 2 '* 200.0
[")026 C,"ezol.............................................................................................................................. 2 4 200.0
1::;O16 2,4-D ................................................................................................. 94-75-7 0.1 10.0
D027 I, 4--Di<;:hlorobenz erie ........................................................................... 106-46--7 0.075 7.5
DO28 1,2-_oethar_ ................................................................................101"--06-2 0.005 0.5
D0.29 1,1-O_)k_oeth_ene ................................................................................. 75-35-4 O007 0.7
{:)030 2,4-Din_ototuene .................................................................. t 21- 14-2 00005 =0.13
1:)012 Endnn........................................................................ 72..20..-8 0.0002 0.02

1:)031 Hep_chlor (a.n,dRs hydrox'x_' 76--44-8 0.00008 0.008
[X_32 Hex_c_hlorob,enze,r_ ........... 118- 74-1 0.0002 "O. 13
['X)33 Hexacbk:x o-1,3--buta,d/er_..__ 87-68-3 0.005 0.5
D034 Hexachloroe th.a,r_ .................................................... 67-72-1 0.03 3.0
[:)008 Lead ......... 7439-92-1 0.05 5.0
DO13 Lir_l,&r_ ....... .......... 58--89-9 0.00.4 0.4
[2009 Mercury 7439-97-6 0002 0.2
{:>014 M,ethox_l',lo¢ ................... 72-43.-5 0.1 10.0

EX,_35 Methyl eth_4 ketor_e......................................................... 78-9,3-3 2 200.0
1:)036 Nitrobe_en, a ............................... 98.-95--3 0.02 2.0

DO37 Pentachlorophen_ ....................... 87-_6- 5 1 100.0
DG3.8 _r_e .............................. 110--8/5-1 0.04 " 50
D010 S.eter_um.................................... 7782-49 2. 0.01 1.0
1:)011 _IYer................................................................................. 7440--22-.4 0.05 50

1::)O39 Tetr_¢hLo_oeth)4ene 127-18--4 0.007 0.7
DO15 Toxapl_ne ............. 8001-3_2 0.1:)05 0.5
EX340 Tnchioroe thytene ..... 79-01-6 0.005 0.5
DO41 2,4,5-Trchkxophenol .......................................................... 95.-95-.4 4 400.0
1::)042 2,4,6-T r_hk:xopher_ ........................................................... 88.-06-2 0.02 2.0
EY517 2,4,5-TP (S_htex) 93-72-1 0.01 1.0
D043 Vinyl chkxvJe .......................................................................75-01-.4 0.002 0.2

= Ha.zsrd_s waste numbedr.
=Chemi¢_ abstracts _ nurnbe_.
• _nb_bon hrn_t=s9rearer than the c-aJ,culated r,eguLatoryk_YeLThe q_ntflabo_ kn'wtth_efore _ the regulatory have(.
'_ff o-, m-, m'<l p,-o'esot concentrabor_ _ be cth"feren'_.ted,tt_e total o'esot (D026) ¢,oncentration is used. The re;gu_atory'level for tota_ ¢_m_,_ " 200 m,g/L
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5. Section 261.30 is amended by Appendix li--Method 1311 ToxiciI£ los Ihal compour,_ a, then the waste is
revising paragraph {b} to read rds Characteristic Leaching Procedur_ hazardous and ex_raclion using lhc El tE is
follows: (TCIJ') not necessary. However, extract from a bottleextracto= cannothe used to demonstrate that

261.30 General. 1.0 Scope ondApplicotion the concentration of volatile compounds is

I.I The TCLP iadesignedlodeterminethe below the regulatorythreshold.

{b} The Administrator wit[ indicate his mobility of both organic and _organic 2.0 Sum,,no:y of Method (see Fi2",.'e l)
busis for listing the classes or types of contaminants present in liquid, solid, and

wastes listed in this subpart by multiphasic wastes. 2.1 For liquid wastes (i.e., those

employing one or more of the following 1.2 If I total analysis oi the waste containing less than 0.5 percent dry soliddemonstrates thai individual contaminants material), the waste, after filtration throt_gh a

l'[azardCodes: are nai present in the waste, or that they ale 0.6 lo O.8-um glass fiber fiiter, is de,qned as
present but al such low concentrations that the TCLP extract.

Ignitable Waste ........................................... {1} the appropriate regulatory thresholds could 2.2 For wastes containin_ greater Ihan or
CorrosiveWaste ........................................{C} not possiblybe exceeded,theTCLP need not equalto0.5pcrcen__olids,theliquid,iiany,
ReactiveWaste ..........................................{R} be run. isseparatedfromthesolidphase and stored

Toxicity Characteristic Waste ................ [El 1.3 l, an t_r,alysis of an)' one of the liquid fnr later anal)sis; the solid phase, if
Acute Hazardous Waste .......................... {H) fractions of the TCLP extract indicates that a necessary, is reduced in particle size. 3he
To:_ic Waste ................................................ {"1") regulated compound is present at su:.h high solid phase is extracled with an amount of

levels that even afler accounting for dilution extraction fluid equal to 20 times the wcigl_t
from the other I:racdons of the extract the of'the sulid phase. The extraction fluid

Appendix VII identifies the conntituent emploved is a function of the a)kaiinity of the
which cau.,_ed the Administrator to list concentration would be above the regulato_' .thresholdforthaicompound, thenthewaste solidphase ofthewaste.A specialextractor
the waste as a Toxicity Characteristic is hazardous and it is not necessary to vessel is used when testing for volatile
_Naste {E} or Toxic Waste ('r} in analyze the remaining _actions of the contaminants [see Table 1 for a list of vol,tih.,
§ § 261.31 and 261.32. extract, compounds}. Following extraction, the liquid
..... 1.4 If _n analysis of extract obtained extract is separated from the solid phase by_, ,t ,,3

u.,,ing a bottle extractor shows that the filtration ,h,o_oh a 0.6 to 0b-urn glass fiber
6. Appendix I1 or part 2(;1 is revised to concentration of any regulated volatile filter.

read as follcv,,s: conlamin:-mtexceedstheregulator),threshoKl S_LUNGCODe G_-S.O-U
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TABLE 1.---VOLA'IILE CONTAMINANTS I 'TAI_LE 1._VOLATILE CONTAMINANTS I_ _,0 Appcrotus o._dMo:crio/s

Continued 4.1 Agitation apparatus: The a_,tlatit)n
Comw'_ur,d CAS :'o. apparalus must be capable of rotating, the

Ccmp(x,_ CAS no extraclion vessel in an end-over-rad lash;on
_ce to_ ................................................ 64/_ - 1 (see Figure 21 al 30 4-2 rpm. Suit,bit, d_,,Lic_s

known to EPA are identified in 'l,_l,le 2.
Benzene .............................................. 71--43-2 xyteno ........... 1330-20-.-7
n-But_ alcohol ..................................... 71-3_--3 4.2 Exlraclion Vessel:

Cafbo¢',(_.,,4.Jlt'w::_........... ........ .................... 75-_15....O J VCben I,e%-tlr'tg|o¢ _rl,y fM &ii Of these containS- 4.2.1 Zero-Fleadspace Exlractiot_ Vessel
C_rbo,I tetlach;c,,de ............................. '.,6,-._3.-5 swims, me ze¢o-head.,,paee ex:re,c;oq ves.,,el =.ha;;be {ZI lE). This device is for use only _ her, the

C/aort..q_,"tzene.................................. 1c)8-90--7 used it,ste_d o¢ t_ bott;e e.,,tra..-'lof, waste is being res'cd for the mobihty of
Chk;wotorm......................................... _7-('_-3 volatile constituents (i.e., those listed in

t,2-r.._.h_:x.oet.hnne.............................. t _0r-.06-;_ 2.3 If compalible [i.e., mult!ple ph:,_es will Table 1}. The ZHE (clap}clod in Figure 3}
1,t-t-_hk:wc,eth,14er,e .......................... _ 75-35-.4 not fcrm on combina,'ion}, the initial liquid allows I'or liquicI/solid separation v_ ithir, the
Ethy4 aee,_l*. ......................................... 141-78-.6 phase o_' the wa._le is addtd to the liquid device., and el'fectively precludes ht'adspace.
E.tl',ylbenzene ................................. 100..a_..-4 extract, and the_e are analyzed together. I! This type r,f vessel allows for inili,d liquid/
Ethyl e_,er ........................................... _ 29.-7
_sobuta,,,:W........................................ 7B-,_3-i incompatible, Ihe liquids are analyzed solid separation, extraction, and final e×tr_ct
Idethar,ol......................................... 61-5_-1 separately and the rP.sults are mathematically ('ills;ilion without opening the vessel (see slop
Methytef.,e -!'totw.le .................... 75-.09-2 combined to yield a volume-we_ghled 4.3.1). The vessels shall have nn internal

_olurne of 5OL'_£)0 mL and be equipped to
Methy_ethyi !,_et_r_e.................... 78-93-3 i.iw'rag(; con{ entrafion, accommodate a 90--110 rnm filler. "lhe dt,vit:,_
k_,ethyl _utyl ke_.one.................. 1,%=._0-1
lettach_otoelt,yt_..no.................... 127-;8-4 ,7O h_terrererces contain VITON = 'O-rings which .',hot,ld bf,

'[_ _'e ] .................................... _0&"8_'--3 3 1 Potential intert'erences th,_t m;,_, be rt_placed frequent;y. Suitable Zt lE dcvic,,s_.l;'rr'c"_o_ocv,are ............ 71-'_'..-6 known to EPA are identified in "[i_hlt. 3
'r_ct,l_._oe_t,r,,:,e .................. 77.o1-_5 enco_mlert:d dc_in8 anzlysi_ are dis, cus, sed in
'hw:t tc_c_,,.._,,r,:._elruv-.e............. "/5.-69-_., the in,]ividt:a] ar, n_yli¢.al :'nel_"nc!s. B_LLINGCOOI__,_,_0.-_,0.-u
I.I.?.TrI:".kg,C,.122 U.t_u:.,roelr,ar_¢_.. 76.-;3.1

'4 _ _ r : C t ' I C' : '_ ¢ .................... 7,_--01-4 _ VITON " is ;_!;utJer;.,,,_kut"Do Po,_t
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TABLE 2.--SuI'rABLE ROTARY AGIIA'r_ON APPARATUS

Company tc_a_ M_:_ol no.

Analytic.al "rest_n,gi,r_ Consulting Services, h_ ..................................... W_rr_ott, PA (215) 343.-4490. 2-ZHE or 4.botlle e_6aactot (DC,20S): 4-ZHE o_
I_-bottte e_'trlctof (D,C2O); 6-ZHE or 12-bottle
extfac_:_ t_)C2OB).

Act,o¢./,aled I:)e_gn lhd Manu/_cluring Company .............................. Aiexa,"_i4t, VA ('t03) 549-5999 2.yaM, c4 (3740-.2). 4.ve!14,_ |3740--4). 6..vet,set
(3740_J. 8,-ver,J_et C3740..-8), 12.ves.s.el
(3740- t 2). 24.ves,_el (3740,..24).

Envworv_ntal Ml_ch_r_ a_r',dD_,_gn, lr< Lyncflb_g, VA (804) _15-¢>424 8-refuel (08-(X:)-O0). 4.vesse4 (04-00-O0).
IRA k_,cl'_r_ Sho_ ,,_rKJLaboratory ............................................... Sdmturce, PR (809) 752-.,1004... Ikver_el (01100I).
Liars L_r_e MInufabctut_r_g............................................................................ Wh_e Like. MI ['313) 449-. lO-vessel (10VRE). 5-vessel (5 VRE).

4118.

k_oce C_p ......................................................................................... Beo_ud, MA I,I_00) "?.25.-3384 ...... 4-ZHE 0_ 4 1-1iter bottle ex_.ra:.I_
err 30OR,_HW).

* Any device _al rotales the exlractk>n vess_ in In end-oven-end |&s,hion al 30 +2 rpm i_ a,cceptal:xte.

BILLING CODE ,I,,560---50-M
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TABLE 3.--SUITABLE ZERO--HEADSPACE EXTRACTOR VESSEL.S i

Company Location Model no.

AnalyticalTesting& Conut,u_ng Services,IrK:...................................................................Warrinflton,PA (215) 343-4490. C102, MechamcalPressure Device.
Ass.tx_led De._n ar_l Mar_Aactutir_lCompany.............................................................Alexandria,VA 1703)549-5999 .. 3745-ZHE, Gas Pressure Device
Lets LandeManufactutit_ = .........................................................................................WhttmoeeIs,ks0MI 1313)449- ZHE-11, Gas PressureDevice.

4116.
Ml![iporeCoq3oration..........................................................................................................Bedto_d0MA (800)225-3364 ...... YT3009OHW,Gas PressureDevice.
Envitonrn_ntalMachir_and Design,_n¢.................................................................... Ly'nchbut9, VA (804) 845-6424 VOLA-'IOXI, Gas Gas PressureDevice.

Anydevice It_l meets the S_t_Ons listedin Section4.2A oi themethodis suitable.
I Thz de_c.euses I 110mm fillet.

For the ZHE to be acceptable for use, the extraction fluid is needed, Headspace is fiber filter and able to withstand the pressure
piston within the ZHE should be able to be allowed in this vessel, needed 1o accomplish separation may be
moved with approximate])' 15 psi or less. If ii The extraction bottles may be constructed used. Suilable filter holders range from
takes more pressure to move the piston, the from various materials, depending on the simple vacuum units to relatively complex
O-rings in the device should be replaced. If contaminants to be analyzed and the nature systems capable of exerting pressures of up
thisdoeanot solvetheproblem,the ZHE is of thewaste {_eeStep4.3.3}.ltis to50 psior more.The typeoffilterholder
unacceptableforTCLP analysesand the recommended thatborosilicateglassbottles used depends on thepropertiesof the
manufaclurer should be contacled, be used instead of other types of g]ass, material to be filtered (see Step 4.3.3), These

The ZHE should ba checked for leaks after especially when inorgan/cs are of concern, devices shall have a minimum internal
every exlraction. If the device contains a Plastic bottles, other than polytetrafluoro, volume of .N)o mL and be equipped to

built-in pressure gauge, pressurize the device ethylene, shall not be used if organics are to accommoda le a minimum filter size oi' 47 mm
to 50 psi, allow it to _tand unattended for I be investigated. Bottles are available from a (filter holders having an internal capacity of
hour, and recheck the pressure. If the device number of laboratory suppliers. When this 1.5 L or greater and equipped to

type of extraction vessel is used, the filtration accommodate a 142 mm diameter filter are
does not have a built.in pressure gauge, device discussed in Step 4.3.2 is used for recommended). Vacuum filtration can only be
pressurize the device to 50 psi, submerge ii in initial liquid/solid separation and final used for wastes with low solids content {< 10
water, snd check for the presence of air
bubbles escaping from any of the fittings. If extract filtration, percent) and for highly granular liquid-4.3 Filtration Devices: lt is recommended containing wastes. Ali other types oi wastes
pressure ts lost, check ali fittings and inspect that ali filtrations be performed in a hood. should be filiered using positive pressure
and replace O-rings, if necessary. Retest the 4.3.1 Zer_-Headspace Extractor Vessel filtration, Suitable filter holders known to
de',,ice. If leakage problems cannot be solved, [Z}IE): When the waste le evaluated for EPA are showrJ in Table 4.
!he manufacturer should be coniacted, velarS]es, the zero-headspace extraction 4.3.3 Malerials of Construction:

Some ZHEs use gas pressure to actuate the vessel described in section 4.2.1 is used for Extraction vessels and filtration devices shall
ZHE piston, while others use mechanical filtration. The device shall be capable of be made of inert materials which will not
pressure {see Table 3). Whereas the volatiles supporting and keeping in place the glass leach or absorb waste components. Glass,
procedure (see section 9.0} refers to pounds- fiber filter and be able to withstand the polytetrafluoroethylene [PTFE,), or type 316
per-square-inch (.psi), for the mechanically pressure needed to accomplish separation (50 stainless steel equipment may be used when
actuated piston, the pressure applied is psi). evaluatin 8 the mobility of both organic and
measured in torque.inch-pounds. Refer to the Note: When it is suspected that the glass inorganic components. Devices ma.de of high-
manufacturer's instructions as to the proper fiber filter has been ruptured, an in-line glass density polyethylene [!II_PE}, polypropylene,
conversion, fiber filter may be used to filter the material or polyvinyl chloride may be used only when

4.2.2 Bottle Extraction Vessel. When the within the ZHE. evaluating the mobility of metals. Borosilicate
waste is being evaluated using the 4.3.2 Filter Holder: When the waste is glass bottles are recommended for use over
nonvolatile extraction, a jar with sufficient evaluated for other than volatile compounds, other types of glass bottles, especially when
capacity to hold the sample and the any filter holder capable of supporting a glass inorganics are constituents of concern.

TABLE 4,_SUITABLE FILTER HOLDERS |

Company Location Model/Catalogueno. _ze (urn)

Nu<:leopoto Corporabon.......................................................Pleasanton,CA(800)882-7711 .............................47.591041040,0....................................................142 mm
47 mn3

Mi_o Fdtrr_1,1onSyslems .......................................................C_._bbn.CA (800)334-71 )2 (415) 828-6010 ....... 302400 311400 .....................................................142 mm
47 m,n

M,lhporeC,orpotabon ............................................................Bedlord,MA (600)225-3384 .................................YT)OI42HW XXI004700 .....................................142 mm47 mm

Any de.v_:ecapable o! separat=r'K:jthe I_u_ from the sohdp.ha.$eoi the waste is su;table,p,to_t_g that it is chemically¢.ompat_biawiih the wasteand the
conshtuentStO be ar_lyzed. Plasbc devices(not listed above)may be used when only inorganiccontam,nantsare of concern. 'The 142 mm s=zehirerholder ,s
recomm,or_led.

44 Filters: Filters shall be made of filtersmust not be used When evaluating the filters are fragile and should be handled with
borosilicate glass fiber, shall contain no mobility of metals, filters shall be acid- care.
bindermateri_ls, and shall have an effective washed prior to use by rinsing withlNnitric 4.5 pH meters: The meter should be
pore size of 0 6 to 0.8.urn or equivalent. Filters acid followed by three consecutive rinses accurate to + 005 units at 2.5"C.
knnwn to EPA which meel Ihese with deionized distilled water (a minimum of
specif,caliuns are identified in Table 5 Pre 1-L per rinse is recommended) Glass fiber
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"fABLE 5 _SUIIABI. E FtLTER _EDIA t

kA,ll_;_OtoCor0ocatton..........................................................rd._lord,_ (BOO}_,.5-3384...............................AP¢O.....................................................................]0 7
N_c_,.'K:,,reGorlx_atJon......................................................_oasant_,C.A(4'lh)463-_.".$3.0............................2116,'?.5...................................................................'I0 ?
Wh.atrnanL.abo_atoryPro,"3_c_s.lr'K:....................................CAffto_NJ {L>01)773-5B00.....................................G,.FF.........................................................................|0 7

Arr_,_tterThal moets_ M_c2hc_ttonsh_t_'_,toct4.4 OItr't,0Mothc_li_ su_t_t_o.

4.t_ ZllEextractcr)llectiondevices: 5,1.3 Reagent water forvolatih' (54 Sample, mayberel'rigeratedunh:ss
TI-:DLAR R" bags or glass, stainless steel or extractions may also be prepared by boiling refrigeration veoults in irreversible physical
PTFE gas-tight uyring.es are used to collect water for 15 minutes. Subsequently, while, change to the waste, li precipitaticm ac.curs,
the initial liquid pl)ase and the final extract of maintaining the water temperature at 90 4 5 tile entire t_ample (including precipitate)
the waste when usin 8 the Zlt}- device, The "C, bubble a coqtaminant-free inert gas (e.g., should be extr_,nctcM,
devices listed are recommended for use nitrogen} throt 8h the water for 1 hour. While 6.5 When the waste i_to be evaluated for
under the following conditions: still hal *roaster ,_he water to a narrow mouth volatile contaminantt_, care shall be taken to

46,1 U a waste contains an aqueous acrew-cap bottle under zero-headsp_ce and minimize the loss ofvolatiles. Sampleslthall
liquid l)hase or if a waste d_es not contain a seal with a 'Z'eflon.lined septum Bn0 e.ap. be taken and l:tored it) a manner to prevent
aignific.ant amount of nona( ueous liquid {i.e,, 5.2 Hydrochloric acid {1N), ltCl, made the loss of volatile c.onlaminants (e,g.,
< 1 percent of total waste), _.heTEDKAR R ba$ from AC'S reagent grade, samples should be collected in 'Teflon-lined
or a 17:,00ml. syringe s},ould be used to collect 5.3 Nitric acid [IN], l-iNO=, made from septum capped vial, and sh)red 8t 4 "C, until
and combine the initial liquid and solid AC.S reagent grade, ready to be opened prior to extraction),

extract. 5,4 Sodium hydroxide [IN}, NaOIL made 66 TC'U _ extract_ should be prepared for
4,6.2 If a waste contains a significant fron't AGS reagent grade, analysis and analyzed ar__on as poesibleamount of nonaqueous liquid in the initial

liquid phase {i.e_ > 1 percent of total waste), 5.5 Glacial acetic acid, |tOAc, AC.S following extraction- Extracts or l_rtions of
reagent grade, extracts for metallic contaminant

the syTinge or the TEDLAR" bag ,nay be u_sc,d 5,6 Extraction fluid, delerminatioml must be acidified wit}) nitric
for both the Initial solid/liquid separation
t+nd the final extract filtration. However, ,5.0.1 Extraction fluid _1: Add 5.7 ml acid to ap]! <2, unless precipitation occurs
analysis should use one or the other, not glacial liOAc to 500 ml of the appropriate (see aec*ion 8,14 if precLpitation oct:urs}.
both. water tSee Step 5.11, add 64.3 ml of IN Extract= or portions of extract++ for organic

4.6.3 If the waste contains no initial liquid NaOH, aT)d dilute to a volume of 1 liter, conlaminant determination= ,hall not be
phase (is 100 percent solid) or has no When correctly prepared, the plt of this fluid allowed to caste into contact with the
significant solid phase [is 100 percent liquid), will be 4.93 4-0.05. _tmosphere {i.e., no headspac.e) to prevenl
etcher lhe "IT+I)LAR_ bag or the syringe ma)' 5.82 Extraction fluid _2: Dilute 5.7 ml. losses. See _ection 10.0 [QA requirements) for
I:)e used If the syringe is used, discard the glacial ltOAc with ASTM Type I1water [See acceptable sample and extrac+l holding times.
first 5 ml of liquid e_pressed from the device. Step 5.'I) to a volume of I liter. When
Ti_e remaining aliquots sre. used for shall'si++, correctly prepared, the pti of thi_ fluid will be 7.0 Pri+,l#ninary Evoluotiom

4.7 ZIIE extraction fluid t_nsfer devices: 2.B8+ O.O& Perform preliminary TCLP evaluations on a
Any device c.apabh+, of transferring the Note: These extraction fluids shouht be minimum 100 gram aliqout of wasle. This
extraction fluid into the ZltE without monitored frequently for impurities. The pl! eliquot may not actually undergo TCLP
changinR the salute of the extraction fluid is should be checked prior to use to ensure th_t extraction. These preliminary evaluations
acceptable (e.g,, a positive displacement or the._e fluids are made up accurately. If inciude: (1} determination of the percent
peristaltic pump, n g_s tight .%'tinge, pre._sure impurities are found or the pFt i_ not within eolids: [2) determination of whether the waste
filtratioT) u:1it {St_,. Step 4.3.2). or other ZHE the above specifications+, the fluid _hall b+
device) discarded end fresh extraction fluid contains insignificant eolids and is, therefore,

4.8 l.atmratory balance: Any laboratory prepared+ its own extract after filtration: (3}
balance accurate to within .4-0.01 grams ma)' 5.7 Analytical standards prepared determination of whether the solid portion of
be us(d (ali weight measurements arc'Lo be aec.ording to the al_)ropriate analytical the waste require, particle size reduction:
,,'_ilhm -+0.1 grams} method, and (4} determination of which of lhc two

extrr_ction fluids are to t._,used for the

n 17e't_q,,,_!s 6.0 Sample ColYectio& Preserve!ian. and non_ olaLile TCIJ' extraction of the waste.

5 I Rest;tent w,tvr. R,'al.'vrH water is ttcndh'ng 7.1 lh'eliminary determination of percent

t!,flned as '¢,'ater in whic:h un inlerferanl is O.1 All eample_ shall be collected using +,<)lids:Percealsolid_iedefineda_that
nel ohsem'ed at or above the methods an appropriate lampling plan. fraction of a waste sample (*asa percenlage
d(.!eclJon ]lm!t of the analx, teis) of interest. 6.2 The TCI_ may place requirements on of the total ttornple) from which no liquid naa)'
Ft,r t;on_ ol/dih, e'_t:at:l:,on:_. ASTM Type II the minimal size of the held sample be forced oa' by an applied pressure, as
_ att.r or equivalen! meets the deftnition of depending upon tl_e physical state or stales of described below.
reagent water Fnr vl,]ulileextractions, ilis Ota waste and the contaminants of concern. 7.1.1 If the waste will obviously yield no

recommv_,h d _t_),__<.:;r,'::! _ ater be An aliquot t_ needed for preliminary free liquid when subj(:,cted to pressure
generated i.Lvan> o! t_r- Io.i _wivig method,, evaluation of which extraction fluid is to be fdhalion li.e, is 100% sohds) proceed to 51(,p
F,,-:+,_t.n'+w_lor sh_t.ld I,e .monitored used for the nonvolatile contaminant 7.3

penodtcallyfo:impunt_ts extraction procedure. Another aliquot may be 7,1.2 If the sarnph+' is liquid or mull.phasic,
$1 I Reagent water for volatile needed to actually conduct U)enonvolatile liquid/solid separation lo make +l pre]irninar_

extractions may be generaled by passing tap extraction {see =ection 1.4 concerning the use determination of percent solidi, is required
,_'aler tErough a c_rbon filter bed containing of this extract for volatile organics}- 1! " Tr:is ir, votve_ Ihe f)hration device dv_cribed
_bout $o0 grams I'd act_valed r-t_rbon (Calgon volatile organic8 are of concen'L snarler in Step 4.3.2 and L,,oullined in Sleps 7.1.3
C:o,p, Filtrasorb-300 or equivalenl}, aliquol may be needed. Quality control through 7.1.g.

5 12 A _al(,r I:,urifit'.ation syslen)
measures may require a0dHional aliquots. 7.1.3 Pre-weigh the h]ler -sd t),_

{:,h,i_po_e Super-Q or equivalent} may else be Further, il is always wiat to collect more container lhat will receive the ld*rate
t_s .d lt) genervte reagan _.water for volatile sample just in ch,+e something goes wren 8 71.4 A,,,scmt,hr lhc h]ler holder ++ndfill_:r
exh "*ions. with the tnilial BI*erupt to conduct lhc teM. following lhc manutacturer'_ instruct0ons.

6.3 Preseraatives shall nel be added Io Place lhc filler on the su|)porl screen an(]
t Tt.I)t..AR_ u, _+r(.g_rler,t.dIri+di,mark o1'l)u Pont sumple_, secure
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7.1.5 _'eigh au! a subsample of the w_s',e determine the weight of the waste sample Note: Some wasles, such as oil)' wastes
_100gram minimum} and record the weight, that will be fihered, and some paint wastes, will obviously

7.1.6 Allow s]urrie_ to stand lo permit the Gradually apply vacuum or gentle press'are conlain some material that appears to be a
solid phase to settle. Wastes that sett!e of 1-10 psi. until air or pressurizing gas moves liquid. Even after applying vacuum or
dowIy may be centrifuged prior to filtration, ihrough the filter. If thin point is not rea_,ed pressure filtration, as outlined i.nStep 7.1.7.
Centrifugation ia to be used only as mna_d to under 10 psi, and ff no additional liquid has
filtration, ff umed. the liquid should be passed through the fills/" in any 2-minute this material may not filter. II this is the case,
decaJ_led _d filtered followed by filtratian of interval, elowiy increase the pressur_ in 10- the material within the [titration device is
the solid portion of the waste thro _u_ the psi increme*nt_ to s maximum of 50 psi. After defined as a solid. Do not replace the original
same filtration system, each incremental increase of 10-psi. Li"the filter with a fresh f'dter under any
7.1.7 Quantitativelytransferthewaste pressurizingga_ has notmoved throughthe ch'c'm'hstances.Use onlyone filter.

sample to the filter holder (liquid and sued filter, and if no additional liquid has passed 7.1.9 Determine the weight of the liquid
phases]. Spread the waste sample evenly through the filter h_any 2-min_te intervM, phase by subtracting the weight of the fihrate
over the surface of the filter. If filtration of proceed m the next 10-psi increment. When container (see Step 7,1.3} fs:ra the total
the waste at 4 "C reduces the amount of the pressurizing gas begins to move through weight of the filtrate-filled container,
expressed liqv.id over what would be the filter, or when liquid flow has ceased st
expressed at room temperature, then all:a',v 50 psi [i.e., filtration does not result in any Determine the wei8ht of the solid phase of
the sample to warm up to room temperature additional 61irate within any 2-minute the waste sample by subtracting the we(ght
in the device before filtering, period), stop the filtration, of the liquid phase from the weight of the

Note: If waste malarial [> 1 percent of Note.: [n.stantaneou_ application of high total waste sample, as determined in Step
original sample weight) has obviously pressure can de_'ade the glass fiber _ter and 7.1.5 or 7.I.7.

adhered to the container used to tra,-_f_- the may cause premature plugging. Record the we!ght of the liquid av.d solid
sample to the filtration apparatus, deter:r, ine 7.1.8 The material Lnthe filter holder b phases. Calculate the percent solids as
the weight of this residue and subtract it 5-,era defined as the solid phas_ of tim. w_te, and follows:
the sample weighl determined in Step 7.1.5 to the filtrate ia dermed as the liquid phase.

Veeight of solid (Step 7.1.9)
Pe,"_ent solids = X 100

Total weight of waals {Step 7.:1.5 or 7.1.73

7.2 If the percent solids deiermlned tn nonvolatile TCLP is to be pedormed and to Note: Caution should _be token to ensLu-e
Step 7.1.9 ia equal to or _ef, tet than 0._.-_k section 9.0 with a fresh portion of the waste ii that the subject amid will not flash upon

thea'_ proceed either to Slap 7._ to dete,'mh'_e the volatih_ TOP is to be performed, heating, lt is recommended that the drying
whether the solid material req_,ires partide 72.1 Remove the so!td phase and fi_ter oven be vented to a hood or other

size reduction or to Slop 7.2.1 ii it is ra'deed from the filtration apparatus, appropriate device.
that a small amount of the filtrate is 7.2.2 Dry the filter and solid phase at 100
entrained in wetting of the filter. If the +20 "C un:ii two successive weighing yield 7.2.3 Calculate the percent dry sohds as
percent solids determined in Step 7.1.9 is less the same value within +1 percent. Record foils-va:
than 0.5%, t._en proz:eed to Step 6.9 if the the final weight.

(Weight of dry waste+filter)-_d weight of filter
Percent cky so!iris = _, lOt)

Initial weight of waste (Step 7.1.5 or 7.1.7}

7.2.4 Ifthepercentdry solidsislesstt_ar, the waa,_,toa surfaceareaorparlicl_-,,izeas 7.4.1.Weigh outa smallsuhsample of the
0.5 percent, ._hen proceed to Step 8.9 if the deac.tibed above., ff the aolithJ are prepared solid phase of the waste, reduce the s_d'-'d (if
nonvolatile TCLP is to be performed, and to for organic volatiles extraction, speciu-q necessary} to a particle-size of approximately
Section g.0 ii the volatile TCLP is to be precautions retest be taken, see Step 9.6. "_mm in diameter or less. and transf_ 5.0
pedormed. If the percent dry. solids is g_aler Note: Surfac_ area criteria are meant for grams of the solid phase of the waste to a
than or equal to 0.5%. and ii the nonvolatile filamentous {e.8., paper, cloth, and similar} 5t_mL beaker or E.-lenmeyer flask.
TCLP is to be performed, retun._ to the waste materials. Actual measurement of 7.4.2 Add 96.5 mL of reagent water
beginning of this Section (7.0} and. with a surface _ca is not required, aet is it (ASTM Type Ill to the beaker, cover with a
fresh portion of waste, determine who:her recommended. For materials that de not watchglass, and _tir vigorously for 5 minuh, s
particle size reduction is necessary [Step 7.3}
and determine the appropriate extraction obviously meet the criteria, sample.speci[;c using a magnetic stirrer. Measure and record
fluid (Step 7.4). If only the volatile TCLP is to methods would need to be developed and thepll, lf the pi l is < 5.0. useextraclit;nfiuid

employed to measure the surface area. S_ch =1. Proceed to Section 8.0.
bc performed, ,_ee the note in Step 7.4. methodology is currently not available. 7.4.3 If the pll from S:ep 7.4.2 is > 5 0. add7.3 De!ermination of whether the wafte

r,=quires panicle-size reduction (particle-size 7.4 Deteralinalion of appropriate 3.5 ml. IN IICI. s[t:r'r>' bri,,ily. ('over wi',h a
is reduced during this step}: Ueing the solid ,extraction fluid: If the solid content of the watchglass, beat to 50 "C...and hold at .'_3_C
portion of _he waste, evaluate the solid for wast_ Li g:'eater than or equal to 0.5 percent for 10 minutes.
particle size. Faerie.le-size reduction is and ii TCLP extr_'_ction for, nonvn!atile 7.4.4 Let the solution cool to room
required, unless the solid has a surface ar_a constituents will Lake piace {Section a.0). lemperature anti record the plL h"the I:,FIis

pergr_;,_ of material equal to oz greats: than perfon'n the (kqernfinaiion of the apprcpri_,;e <5.0. use extraction .quid =_1.If the plt is
3.1 cP,,-_.br is _ma;ler than 1cm in its fluid (Step 5.6) to use for the nonvolatiles >5.0. use extraction fluid :2. Proceed lo

nurro,.ve,_: d;n:casiun {i.e.. is capable of extraction as follows: .'_,clion a.0.
p_,s,:irp, _,ro,,_,h _ 95 m:n (0.375 inch) Note: TCLP extraction for volatile 7.5 If the aliqu(,) of the waste used for rh,:
st:,ndard s.e_,,.). If the surface area is smaller constit,,enl:_ uses only extraction fluid :1 preliminary evaluation, (¢;teps 7.1-7.4] :,,as
or the particle size la,_er than described (Step 5.O.l}. Therefore. ii TCLP extraction for determined to be 100";.solici al Step 7.1.1,
above, prepare the amid portion of the waste nonvolatiles is not required, proceed to then ii can be used for the Section 80
for exlraction },y t'r_.,shing, cutting, or grinding Section 9.0. extraction (assuming at least 100 gr =_r._s
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remain), and the section 9.0 extraction 8.5 Weigh out a subsample of the waste at 50 psi li.e, filtration does not result in any
[assuming st least 25 grams remain). If the (100 gram minimum) and record the weight I[ additional filtrate within a 2-minute period},
aliquot was subjected to the procedure in the waste coatainJ <0.5 percent dry solids stop the filtration.

Step 7.1.7, then another aliquot shall be used {Step 7.2), the liquid portion of the waste, Note:. l.nztantaneous application of high
for the volatile extraction procedtu'e in after filtration, hi defined as the TCLP pressure can degrade the glass fiber filter and
Section 9.0. The aliquot of the waste extract. Therefore, enough of the sample may cause premature plusging.
subjected to the procedure in Step 7.1.7' might should be filtered so thai the amount of a.8 Tlae material In the filter holder is
be appropriate for use for the section 8.0 filtered liquid will support ali of the analyses defined as the solid phase of the waste, and
extraction if art adequate amount of solid (as required of the TC'LP extract. For wastes the filtrate is defined as the liquid phase.
determined by Step 7.1.9) was obtained. The containing >0.5 percent dry solid,a [Step 7.1 Weigh the filtrate, The liquid phase may now
amount of solid necessary is dependent upon oi"7.2}. use the percent solids into:ma(ion
whether a sufficient amount of extract will be obtained in Step 7.1 to determine the be either analyzed (See. Step 8.12) or stored at
produced to support the analyses. If an optimum sample size {100 gram minimum} tor ,I "C until time of analysis.
adequate amount of solid remains, proceed to filtration, Enough solids should be generated Noto: Some wastes, such as oily wastes
Step 8.10 of the nonvolatile TCLP extraction, by filtration to support q_e analyses to be and some paint wastes, will obviously

performed ota the TCLP extract, contain some material that appears to be a
8,0 Procedure When Volatiles Are Not 8.0 Allow slurries to stand to permit the liquid. Even after applying vacuum or
Involved solid phase to settle. Was(es that _ettle pressure filtration, as outlined in Step &7, this

A minimum sample size of 100 grams (solid slowly may be centrifuged prior to filtration, material may not filter. If this is the case, the
and liquid phases) is required. In some cases, Use centrifugation only as an aid to filtration, material within the filtration device is
a larger sample size may be appropriate, "If the waste is centrifuged, the liquid should defined as a solid and is carried through the
depending on the solids content of the waste be decanted and filtered followed by extraction as a solid, rye net replace the
sample [percent solids, See Step 7.1}, whether filtration of the solid portion of the waste original filter with a fresh filter under any
the initial liquid phase of the waste will be through the same filtration system, circumstances. Use only one filter,
miscible with the aqueous extract of the 8.7 Quarditatively transfer the waste 8.9 If the waste contains <0.5 percent dry

-solid, and Whether inorganics, semivolatile sample (liquid and solid phases} to the filter solids {see Step 7.2}, proceed to Step 8.13. If
organics, pesticides, and herbicides are ali holder {see Step 4.3.2}- Spread the waste the waste contains :>0.5 percent dry solids
analytes of concern. Fa_ough solids should be sample evenly over the surface of the filter. If [see Step 7.1 or 72), and if particle-size
generated for extraction such that the volume filtration of the waste at 4 "C reduces the reduction of the solid was needed in Step 7.3,
of TCLP extract will be sufficient to support amount of expressed liquid over what would proceed to Step 8.10. II the waste as _,ce.ived
al.l of the analyses required, ff the amount of be expressed at room temperature, then passes a 9.5 nun sieve, quantitatively transfer
extract generated by a single TCLP extraction allow the sample to warm up to room the solid material into the extractor bottle
will not be sufficient to perform ali of the - temperature in the device before fillerin 8. along with the filter used to separate the ...
analyses; more than'one extraction may be, • ' Note: Lf _,aste material (>1 perc.ent of the ' initial liquid from the solid phase_ anti , _ .-

_performed and(he extracts from each .... " original sample weight) has obviously . . pro_d to Step.lgll, " i;.=', '-'i!:f!-''-' !' ,-' _-:":_
. combined and aliquoted for analysis. - adhered to the container used to transfer the 6.10 Prepare the solid portion of the waste _'
: a.1 . If the waste will obviously yield no sample to the filtration apparatus, determine for extraction by"ca'us.hirtg, cutting, or grinding
liquid when subjected to pressure filtration the weight of this res!due and subtract it from the waste to a surface area or pa:tide-size es
{Le.,, is 100 percent solid, see Step 7.1}, weigh the sample' wetght determined in Step 8.5, to desc_bed in Step 7.3. When the'au:face area
out a subsample of the waste (100 gram . determine the weight of the ",,,'astr.;sample br particle-size has been appropriately, : '" "
minimum} and proceed to Step 8.9. .- that will be filtered, altered, quantitatively transfer the solid : ':::

• 8.2 If the sample is liquid or multiphasic, Gradualls, apply vacuum or gentle pressure material into an extractor bottleJ Include the
liquid/solid separation is required. This of 1-10 psi until air or pressuriz.Jr, g gas moves filter used to separate the initial liquid from
involves the filtration device descaibed in ' through the filter. If this point ia not reached the solid phase. ...:. , !
Step 4_2 and is outlined inSteps 8_3 to 8.8. " under 10 pat, and ff no additional liquid has Not__ Sieving of the Waste is not normally

&3 Pre-weigh {he container that will pa_sed through the filter ha any 2-min'ute required. Surface m'ea requirements are- -
receive the filtrate. .... Interval slowly iso-xe.ase the p_ssure in 10- meant for filamentous (e.g._ paper, cloth} and

8.4 Assemble the filter holder and filter psi increments to a maximum of 50 psi. After simila/waste materials. Actual measurement
followin 8 the manufacturer's Lnstructions. each incremental increase of 10 pal ii the of surface area ia not recommended. If ....

" Place the filter on the support screen and pros.su:ising gas hsa not moved through the stevin8 ia n_cesa.ary, a Tef[on_gated piero ..
ae_:a.tre, Acid wash the filter If evaluating the filter, and if no sddititmal liquid has passed shoUld be used to avoid contamination of the :_

'mobility' of.meta!p(see Step 4.4}. through _le filter in any Z-minute interval, sample- ... - . ...... q ,., . ,,.
Note: Acid washed filters may be ascii for proceed to the next lO-psi Increment When 8.11 Determine the amount of extraction. - .

. aU nonvolatile extractions even when metals the pressurizing gas begins to move through fluid to add to the extractor vessel a= follows:

are not of concern. ; . the filter,or when the liquid flow has ceased .... .... "......... .,:" ;_:.., ". ,,:/:
, ' .. - , .' ,. ,,:' ,,, .,

j, ,- , " ' . :- . ,", .. . ,'. -: ., ,,. . . . - .., ,

20× pe_.nt solgcls (Step 7.Ii×weight of waste filtered (Step &5:or 8.7) '?'i .......
"' Weil, ht of extraction fluid = _ _._ ..... ,:...

• 100 , "" ....
• . . 0. , . .

• . . t (, . .
..

Slowly add this amount of appropriate Noto: As agitation continues, presm,,re may filtering through a new glass fib_ filter, as
extracti,_,n fluid [see Step 7.4} to the extractor build up within the extractor bottle for some outliL'_d ha Step 8.7. For final filtration oil the

vessel Close the extractor bottle tightly (ii is types of wastes (e.g., limed or calcium , Tt_L,P extract, the gla_s fiber filter may be"
recorrmaended thai Teflon tape be used to _ . carbonate costa,(:ring waste may evohre changed, ii necessary, to facilitate filtration.. •

ensure a tight seal), secure tn rotary agitation gases such.u carbon dioxide}. "ro reliev0 Filters) shall be acSd-washed (see Step 4.4) ff
" device; anti rotate at 30 4-2:pm for 18 + 2 excess pressure., the 'rxtractor bottle may be, evaluating the mobility of metals. !," " ::": ; "
' hour_. Ambient temperature (i.e., temperature periodically opened (e4_, after 15 minutes, 30 8.13 Prepare the "IX)LPextract as follow's: :1
: 'of room in whicJa ext :action takes piace} shall . ro.brutes, and 1 hour} and vented into a hood. 8.i'Ll U the waste contained.nolnltlal" '_t_'"_",'

be maintained at 22 + 3 "C durin 8 the _l.lZ Following tlm :18_-2'ho_r extractlor¼ e ...... ' "_....
" ' . liquid phase, the fdtered liquid m_terial, _.._.

" extraction period. . separate the material iX/_he exta2act_ vei_ obtain_t tram atop 8.12 I.sdenned,as _e._ ,t:.!
' _ ' " ' Into its component liquid and solid ph,ases by qY_LP,exaact lha>c.ee.d lo Step IL14o • ,
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8.13-Z l£¢om_ti_te_{e4_..multipl'e.plzas_s t-ectnr.ted.L,nme_gleqy tdlquotaudpre.sgrttr undige_c_lextract s.h_t'ttagthe. ' 'i,',\:_.":,I
_'_ rra4n._t on_¢acr'=bmsCia_.combine t_- the s0_aet lot"smab$si=..Met:ads_ must cetneenfratiowof s_.yregtr_ted,meta11_ '-'_t! .:
iltered liquid retulti=_ ft_mtStep.&t2 with, be acidificdlwitb nitric:acid mp_<Z.l£ contaminant exceeds the regulatory levee
he init.i_ liquk_ _a_ oi Lbewaste obtained precipitattmxl¢ob_ ul:mn=sdditiot=of then, the._ fs._arr_ dige_n_ _
n,Step 8,.7.'£Iu_ combined Iktaid is defined as. nitric acid to a small aliquot of _hbex,_mt_ the, e>_tractL_not nece_a_J,. JrRrwever,.heTULP extract.Ptoce_,to Step 8.T4. ' then th__pm, ttm_ott_t_t_t !_

8.13.3 If the initial"l'Ktnfffphaseof'the "' metals.ama_=e__allJnot be:trcidi:fied,sn¢_.ttke on ufld_ge.,.aedext'_,t:_sM'ormimrrn_ be"used
_,aste,,trrcrbtm'nedfi'mwSl_,,pg'.7,hrnoror extra_slzall I:m-_tr=_o, otratt_hte, to demonstratethat tj'tswaste _n'trt' •
nay not l;te"compatibt'ewith _e fit:ter_ ff_M All other zl_mo1_ m_ be _ trader" hazardotm,ff the im_d_al_ i_.sseat_re"_rb_
,'es_fi-om'Step ff._2,d_o-nofcombine, ffres¢ _ti_ _'_ mttll axtatyze_'I_CL '_ analyzedseparately, de,trains'the volumeof
iicpai'dS,hnab,'_ the=_rl'_ids, collectively extract _ha_ l_ prepa_ec[_ anaITzed Sae individual phases {to +0.5 percentJ,
:lefihed'.as theTCLtr extract_,andcomb_r_e"the a_ter _prt_i_e tmalytic_ method_, conduct the appropriate analyses, and
results m_d_e_'cal_,, ae described _ St'el? TCLP e_tract_ ta betmalyz_ fo_meta_ =had/: combine the resffffs"ma_emaffr.al_t by usi'ng
_1.'1_ - beat:id digeste_t_.eptixtt_te._ a simpre-volume-weighted'_verage:
8,14Following callbct_n, oftt_TELP' where dlgestiomcm_t_sloss o__c:

extract, the-p_i o| the extract, shoutd_b_, cont_ 1_an,tmaljsi_ o[ the_ ".
.....

• .

..,

Final"analyte concent_tion. = {V*)IC'}'+f'V_)_C=} "
V_+Va

. , .... .

• .

,' ., . .. "-:?,.,.__-_.

where: ' " Charge the ZI-H_with sample only once and outlet flange (bottom flange} onto the ZHE
V_=The volume of the first phase {L}. do not open the device unti} th'efinal extract body in accordance with the manufacturer's
C_=The concentration:of the contamin_",t oi, _ the'soltd_ h_mbeen.,col]er..te.d.Rep_rted, instructions. Secure the glass fiber filter •

concern in the Frrst pha_ {rag/L)'. fiitir_gofthcZH:Etoobtain_gramsofsoli_ ' between, ttie_pport _eerrs and set aside°
V_=The volume of the second phase {L}. is not permitted. Set liquid inlet/outlet flange {top tlange)
Ca=Theconcentration of the contaminant of Do not allow the waste, the initial liquid aside. , , " - •

• concern in the second phase {rag/L}. phase, or the extract to be exposed to the 9.3 If the waste is 1(30percent solid {see
8.15 Compare the contaminant atmosphere for any more time than is Step 7.1}, weigh out a subsample [2,5gram

concentrations in the TCLP extract with the absolutely necessary. Any manipulation of maximum} of the waste, record weight, and
thresholds identified in the appropriate these materials should be done when cold {4 proceed to Step 9.5. '
regulate. Re:f_rto,_t%0,O.has-qtmiit_ "C)tomiuimi.r,_tet_,o_valatiles_, ' "% " '
,,s,_=,_,n,,_t=::. ..... " 9a, _w,.i_t__,a__t_ 9.4 ut_ _s_e.=,_._"<e._pe_e_,_solids (Step 7.2_,the b't_id_ ofwastc _.
9.0,,_c._a,_w_e._.Vo:_7_,,r'_:,,_,o._r_n,_o=_t=_, _s_..s_4_a_.. ... asid_I£u_ing_3_3_31.d_._g,expressag, . afterEltratfo_is'defmedas the'_ :"

Use t_Z}LE:de:vlr._tO,Ob_h-V_gLPz-_tmct_ liquid from the Zl'ggdevice lnto._ebag,. ' extract'. Fil_-,ren'ong_mr_he_:_6rSat '
for; ana/y_i_.of,,._latil_e._mp_m._ds o_¥, .. whether fat the.iaitia_ tmFm_ li_.id_so,lid•. :.:' theamount of _l_4nfff wi_supp0rt'att
Extract resting from_the.u,s,e:aithe'Z.H_. _, separ.ati.att,ar_ta,ke.a_al_,tmt _ the. • , of the volar_rea_zdyse_ requfre_ Fbi"w'h.g_sr.
shall not be2trsed,_ _alua_ the//_d_t_ of. liquid in-the. ber _,- _s_ 'The Coul.ah_ contafnhag >0.5 pm-t:im¢dr-y_off:_, ,_..eps T.3"
nonuo/a.t_, atia,/_e.sfie.g,;metala_pe.,dicSdb_s,,liste&inStep'4.flarerec=mme.nde.d.lk='use-..: and'/'ar'7_.usettaeperr.e_solYds. "' ........
etc.]'.._.'": • .""" ." '.",......... underthecond£Ecm_'stabe_.ia,,L6t_/_.,informab'm_obt_ned_ 5'TEV7".r_"d'e_.'rmine

mL internal capaciqt. The ZHE ,canthus'...... of theZl:t:E _ ma:_,behel'pll,tl_Emt.'_ =,oi=tem- _ "r_e recon-anend_mrr_re sa_zeTS- ai_,:_
acc.ommoda't'e'a ma'x_urtro'f'zs"zrmns'of' the Iff_km.O-ffng_ idtghtl_twRS.ex_c_t/o_ ; forl'_,=_-- '. ' '" ..... "............. _"", rl, ' ' " '

solid {del'meal_a_rt_rr fi-acfio=of _ts-a_' fluid_. _r_uat' the=pJ'ston,Wz_ tlu! Z_]I_I_I_'_ 9.4,1'.:Forw_st_ c_ta_n_g :<.0.5_ver_nr'
f_n_rwE_:tktto:m/kti'_nat!Hb,,m'd_maySer ..... toa'hefg_a_wiI_nff_mEtet_'_stmm:_the so_chi(.see_epT.l_we_oufa .590-gram."
forcedotr_byaw._i'cd'prcseur_of50"psi'_• piston,wr3Ihave _move onceltl_ Zt-_ ' subsampr&o[_tastaand__c_rfft_weight-".'.'
dueto the:n'eed..h:tm.fd_art amount ot_ _ .... charg/cr.Wi_ sam@le'_a_ed'Upon.S_niples[z;"e _.'. Forwastes _-a.hu3_ >(1.5g_cEn_ _.

:extracfforrffuidequ_rl'_Z_tfime_ewe_t requfremen_d'eftmau_ed:fi;or_.._e_'cmr_A1._=_. ' tzilTd'sfseeSrepZl__.e_thea_o_"
of lhe'sot]•d_phnse. ' ". ' ;' " Step 7.1 a_/or.7"._.,Seeku, e.thega_fial_t_, . waste tochar£_-iutalfieZ_,'.t_'f_'k_W__

. -" . ... . ; , ....... . .. " ._:. .,:_. :'" ..... _ ,.
"-".'• ' ' _ 3' , . .., . . . "':."..",::I i , ,. ,'. '.'. : ,. .,' .... ;

.. !,; - - ,_.!','"L!_i.' 25'" " ..... '":'!:""'" "' "
:.. :,. :',..-. _ VI__ waste t_¢heng_Zl_7.,. I, =. x. "tO0 • ''-:_:• '

:.:.......:_.. - - • ' _ ."......:'.",.:..%q',:Pew,e_o_Id_:g_repT._ ' ..:-,:'_;'.,:' '....,
• .., '.,.. , . ,, . " • ,_ : . . . : _,.",.,,_L',.i:_,';:..... '_" '. '-'.. ..-" .'_: ." "' '- • . '

'" " ,;"." ,'...' ' " " " ' :' .Vi"" : ;'::.".'".- ". - " ":. '" :-', " ". "'.':._.'_'; ' ,• ' " '."'-

"" .:. '" ._,_-'. .'.' .. . ," . .;'t,-"{ • ' " " • "T'.' ".i ' ';,,

-Weigho_r a sut_r_mpreoft_er waste of_e- effcor pa_¢re-_ze =e_'= =usr not; :" vv_'r_nthesurface are_ or p_rb'ae-srz_ I_,
appropriatetfr:m,and'rec,ord',__efghl= generate[_eat £ntracta.rff_ie_.Ifrec_ct__rf been appropriateryattert_ltt:w.eed; tn,Ste_.

9_ II i_arrf'cre-_ff.zered_ctr'truof the ,,ol_d: the =oE_phaseo['_e wa_ ia necess__, 9.7.
portion oFthe waste was reqnked_ in-Sasia 7_ exposureof the wast e to.trt=eatmaspJ'tesm 9.7 waste sl_urriesneed,ngt be:allta_ed to,
proceed to Step 9.6. li Particle-size reduction should be avoided to the extent possibl'e, stand to permit the _lid phase to settle• Do
was not required in Step 7,3, proceed to Step Note: Slewing of the waste is not not centrifuge wastes prior to filtration.
9.7. recommended due to the possibility that 9.8 Quantitatively transfer the entire

•. 9.8 Prepare the waste for extraction by volatiles may be lost. The use of an sample |liquid and solid phases} quickly to.
•, crushing, cutting, or grinding the solid portion appropd_e_t Ip_tdlmtt_mler in the ZIIF_ Secure the Edtm,and support

of the waste to a surface'areaor particle-size recommen'dm:t'as"arr _ _ . _s onto the topRangeof the device and
as'dt_ril:_d in Step 7.3.1:Wastes and S_face area _/tdt_aenht are meant for secure, the top flange to the 7JtE body In .

• appropriate rexhtction eqtrlpment should be filamentous (e.g.. paper, cloth} and similar accordance with the manufacturex's
,refrlgemtecL ff poMible, to 4 "Cpzior to watts materials. Actual measurement of " instructions. Tighten =11Z3[E fittings and '
parti_ reduction.The means used to - surface area is nai recortumended, piace, the device In the vertical ponition (ga_

..
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inh.,t/outletflangeon ti_ebmtum), l)onel fihering.Ifthewaste ial.O0percentsolid(see Note:lnslanlaneou$applicalionof high
attachtheextractcollecliondevicetothetop Step;'.I),slowlyincreasethepressureto s pressurecan degrade theglassfiberfilterand
pk,te, maximum of 50 psi to force most of the may cause premature ph_gging.

Nots; If waste material i > l% of original headspaee out of lhe device and proceed to 9.10 Themalerialin_;heZHEisdelh'wdus
sumple weight) has obviously adhered to the Step 9.12. ' the aolid phase Of the waste and the fillrale is
eontMner used to transfer the sample to the 9.9 Attach the evacuated pre-weighed .defined as the liquid phase.

filtrate colleclion cor_tainer to the liquid
ZI lE. determine the ,,,,'eight el this residue mle.t/,outlet valve _nd open the valve. Begin Note: S':.,me wasles, such as oily wastes
and subtract ii from the sample weight al:,plyirt 8 gentle pressu;-.', of 1-10 psi to force and some paint wa stes, will obviously
detc.rmir, ed in Slep 9.4 t.. determine the Ihe liquid phase of the sa,rtple into the filtrate conlain some m.ttteHal Ihat appears to be a
wait.ht of the wasle s_,ml:,'le lhat will be collection container. II nc additional liquid liquid. Even after applying _.'_.::ure F_ltratiun,
lift red. has passed through the r_lter in an), a-minute this material will not file:el. If this is the ca_e.

Attach a gas line to the g,s inlet/oudet i.nterx'al, slowly' increase the pressure in 10. the material within the I!iltration device is
valve (bottom flange) and, with the liquid psi increments to a maximum of 50 psi. After defined as a solid arm i_ carried throu_.:h Ihe
inlet/outlet salve (top flange) open, begin each incremental increase of 10 psi, if no TCLP extractiorl as a s(.qid.
applying genl)e pressure oi i-10 psi (or more additicnal liquid hsa passed through the filler ii the original waste contained <O.5
if necessary) to force ali I_eadspate slowly in any 2-r:,_ir_uteinterval, pkoceed to the next percent dr), solids (see :_,!ep 7.2), this filt:;,te
out of the ZI_tE device into, a hood. At Ihe firsl 10-,psi increment. When liquid flow has is dc:fined as the "rcl.p extract and is

uppearanc.e of liquid from the hquid mlct/ ,::eased such thai o,mtint, ed 'aressure fihr;_.!ion analyzed directly, t-hoceed to Step 915.
outlet valve, quickly close lhc vah'e ,_t,td at 50 psi does not result ;.n ar_y _dditiopal 9.11 "/'he liquid pha:_e mc,)" now be eiflwr
discontmue pressure. If til:ra:ion of .the waste filtrate within a 2-minute per.iv,/, stop ti,e analyzed immediately [See Steps 9.13 tLr,augh
at 4 'C reduces :he an',ou:ll t:_fexpressed {ihratton. (/lose the liquid inlet/outlet vah'e. 9.151 or stored s_t .1 'C under minimal
liquid over what would be e_,pressed at room discoratinue pressure to the piston, and headspac.e conditions u':lli} time of anal) _is
ten',perature, then allow the sample to v,'a_n disco_necl c,nd weig.h ,.!, ,,Itraee colle¢:tJon Determine the weight of extraction P,uid =1 to
up lo room temperature ip d';e device bt,fere ccmta.iner. BOd to IlL ZIIE as follc, v,s:

26 perceT_t solid_ '(Step 7.1):,: weight of waste hhered (Step 9.,I or 9._,)
Wt,,ght t.,( ox!feLlies .quJd = "..............................................................................

1O0

9.12 The following steps delad how to .... b!eedtng shall be done quickly and shall be volume left within the filtrate collection
add the appropriate a.mount of extraction _topped at the first appearance of liquid from container. Filter through the glass fiber fiht'r.
fluid to the solid material v,'lthtn the ZliE and the valve. Re-pressurize Ihe ZHE with 5-19 using the ZI.IE de,dca as discussed in Step
_gdation of the ZItE vessel, l--_traction fluid psi and check ali Z_E fittings to ensure thal 0.9. Ali extract ,_hall be filtered and collected
•=1 is used in al) cases (See Step 5.6). the), ate closed, if the 'TEDLAR _tbag i,, used. if the extract iu

9.12.1 'Wi_h the ZHE in the vertical t_.tL3 Place the ZttE in the rotary multiphasic, or if the waste contained art
Imsitibn, attach s line from the extraction agitatron apparatu_ {if ii i_ not ah'eady there} initial liquid phase (see Steps 4.6 and 9.1).
fluid reservoir to the liquid inlet/o_allet valve,, and ro_ate at 30+2 rpm for 18+2 hours. Note: An in.line gl_,ss fiber filler may be
The line used shall contain fresh extraction Ambient temperature lt e.. _empe-atute of used to filter the mahm 'I within the ZI..tE ii ii
fluid and should be pwflushed wilh fluid to mum in which extrt_ction occurs} shall be is suspected If,at the glass fiber filter has
eliminate an,,, air pockets in lhc hoe. Release maintained at 22.+3 "C durm_l agitation, been ruptured.

ga_ pressure on the ZHE pi_tort {from the gas 9.la Followin_ lhc 18 +2, hour agitation 9.14 If the original waste contained no
inlet/outlet valve), open the liquid inlet/ period, check the pressure behind the ZHE initial liquid phase, tht_filtered liquid
outlet vak'e, and begin t_ansferring extraction pilton by quickly operun_ and ,,:lo_ir,.gthe 8a:_ material obtai;aed frc,m step 9.13 is defi,'=ed as
fluid {by pumping or _imi!ar me,an.sl imo the inlet/outlet valve and noting the escape of the TCLP extol, ct. If the waste contained an

ZHF_,.Continue pumping extraction fluid into gas. I.f the pressure has not been maintained Initial liquid phase, th_: filtered liquid
the ZI:tE until the appropriate amount of fluid (i.e.. _to gas release observed), the device _s materiat obtained fro.m Step 9.13 and the
has been introduced into the device, leakirtg. Check the Z.I{E for leaking as initial liquid phase (Step 9.9) are collectively

9.12..2 After the extraction fluid hal been specified in Step 4.2.1, and perfon'n the defined a_ the TCI...P extract.
added, trrm_ediately close the liquid iMet/ extJ'aclion adam with a new sample of wasle, g.s5 r'sllowirt8 col}ection of the TCLP
outlet valve and disconnect the ext,raction If the pressure within the device h.a¢ been extract, immediatel)' prepare the extract for
fluid line. Che_ the ZHE to ensure lh.at ali maintained, the materi_l in the extractor anal),_ia and _tore _,'ith minimal headspace at
valve_ are in their closed positions. Manually '_esael it once ag_i.n leparaled into til 4 "C until ana;lyr,ed. Analyze the TCLP extract
rotate the device in art end..over.end lashion component liqmd anti solid phases. II the ac.cording to the appropriate analytical
2 or 3 limes. Rap,elution the ZHE In the waste contained =n initial l_quid phase, the. methods. If the individual phases are to be
vertical i:_sitio, n wilh thr hquid SMut/outlet liquid may br filte.red directly _nto the _ame anal)"z, ed sep,,_ratel,,' li e., are. not miscible).
valve on lop. Pressurize the ZItE 1o 5--10 psi filtrate collection co,ntainer (i.e., 'r'EZ)LAR" determine th_,lvolua_,_eof the individual
lif necessar) ) and slowly oper_ th.n.liquid bag) ht:ldin8 the inilial liquid phase oi the phases (lo o..,%%),c.orlduct the appropriate
inlet/outlet ,'sire to bleed out any headspace _,aste. A _eparate I'il_te collection contair_er anal),=,es, and: combine the results
(into a hood) thai Inay ha_ e been introduced must be used if combinm 8 would c.,eeate rnalhemntical,ly bl' using a simple volume-
due to the addition of extraction fluid. This mull_ple phases, or there is not eno.ttt]h weighted a,,elage.

lV,)(C,).,tV,)(GI
Final anal)_e conw:'entratttm

V, + V_

i
..... _, "ii, I li rr ........ ii ' I,, lip',
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where: methods used on the TCLP extract and to quantitation method I'or each metallic
,i V, ='I'%e volume of the first phases [}). delermine whether matrix interferences exist contaminant

Ct =The concentration of the contaminant of in analyte detection. If tile matrix spike 10.5.1.1 Th_' melhod o| standard additions
concern in the first phase ling/Ii, recoveries are less than 50%, then the requires preparing calibration stm'tdards in

VI=The volume at the second phase ill analytical methods are not performing the sample matrix rather than reagent water
C, =The concentration of the contaminant of adequately or 'use of the methods is or blank solution, lt requires taking four

concern in lhc; second phase {rag/l). inadequate. Use of internal calibration identical aliquots of the solution and adding
9.1_ Compare the contaminant quanlilalion methods, h'_odificatio", of the known amounl_ of slandard lo three of these

concentrations in the TCLP extrac, with the analytical methods, or use of alternate aliquots. "['he f,.:urth aliquot is the unknown.
thresholds identified in the appropriate analytical methods may be needed Io _eferably. the first addition should be
regulations. Refer to section 10.Ofor quality accur:_lely measure the contaminant prepared so that the resulting concentration
assurance requirements, concentration in the TCLP extract, is approximately ,' _ of the expected
10.0 Quolity Assurance Requirements 10.3.4 Use of internal quantitalion concentration of the sample. The second and

I0.I Ma!ntain ali data, including quality melhods is also required when the third additions should be prepare'J so that the
assurance data, and keep it available for contaminant concentration is within 20% of concentrations are approximately 100% and
reference or inspection, the regulatory level. (See section 10.5 150% of the expected concentration of t'.'le

: 10.2 A minimum of one blank (extraction concerning the use of in',erna] calibration sample. Ali [our aliquots are rnaintained at
fluid #I) for every I0 extractions that have melhods.] the same final volume by adding reagent
been conducted in an extraction vessel shall 10.3.5 Matrix spike recoveries are water or a blank solution, and may need
be en'_ployed as a check to determine ii any calculated by the _'ollowing formula: dilution adjustment to maintain the signals in
memory effects from the extraction the linear range of the instrumental

technique. Ali four aliquots are analyzed.
equipment are occurring. A-B 10,5.1.2 Prepare a plot, or subject data to

10.3 A matrix spike shall be performed for Percent recovery .- x 100% linear regression, of instrumental signals oreach waste unlessthe result exceeds tee C
regulatory level and the data is being used external.calibration.derived concentrations
solely lo demonstrate thai the waste property as the dependent variable (y-axis) versus

- exceeds the regulatory level. If more than one concentrntions of the additions of standard
sample of the same waste is beiag tested, a where A= the concenlralion of the spiked as the independent variable {x-axi@ Solve
matrix spike needs to be performed lcr eve_ sample, for the intercept oi" the abscissa (the
twenty samples and the average percent B= the concentration of the unspiked independent variable, x-axis} which is the
i'ecovery applied to the waste sample, and concentration in the unknown.
characterization. C= the spike level 10.5.1.3 Alternately. subtract the

10.3.1 Matrix spikes are to be r.Jdded after 10.4 Ali qualily control measures instrumenlal signal or external-calibration-
filtration of the TCLP exlract ar_.i before described in the appropriate _nalytical derived concentration of thu unknown
preservation. Matrix spikes tdmuld not be methods shall be followed. (unspiked) sam.pie from the instrumental

. added prior lo TCLP extraction of the sample. 10.5 The use of internal calibrahen signals or external-calibration.derived
10.3.2 Matri.x spike levels should be made quantilation methods shMI be employed for a concentrations of the standard additions, lr'lot

at the appropriate _gulatory threshold limits, contaminant if, _1) Recovery of the or subject data to linear regression of the
However, if the extract contaminant contaminant from the TCLP extract is not at corrected instrumental signals or external-
concentration is less than one half the least 50% and the concentration does not calibration-derived concentrations as the

threshold limit, the spike level may be one exceed the regulatory level, and (2) The dependent variable versus the independent
half the contaminant concentration but not concentration of the cont_-minant measured variable. Derive concentrations for unknowns

less than the quantisation limit or a fifth of in the extract ia within 20% of the appropriate usin 8 the internal calibration cu_'e as if ii
the threshold limit, regulatory level, v,,,,-,'ean external calibration curve.

,,, 10.3.3 The purpose of the matrix spike _s 10.5.1 The method of standard additions 10.6 Samples must u.ndergo TCLP
= lo n'tonitor the adequacy of the analytical shall be employed as the internal calibration ._:raction within the following time periods:

SAMPLE MAXIMUM HOLDING TIMES

(Oays]

- From: _tom: From:

F-toldcollection fCLP e;,.ltaction Ptep,tJ'ativ=lexlrac't_,on
Tot_tletapsecltime

. To: To: To:

TC'LPe.xtlacbon Preparativeexttacbon Determ;nat'Neartalys_s

Volatm_os.................................................................................. 14 NA 14 26
S_t_es .................................................................. 7 ? 4.0 54
M,e,_x,try.............................................................................. 28 NA 28 56
Meta,lt, except mercury........................................................ 180 NA 18,0 360

_" NA = NOtApplicable.
=__=

If =ample holding times are exceeded, the PART 264--STANDARDS FOR Authority: 4-" U.S.C. 6905. 8912, 69".7.4,and

values obtained will be.considered minimal OWNERS AND OPERATORS OF 6925.

_ cancans.rations. F-_:ceeding the holding time is HAZARDOUS WASTE TREATMENT, 8. Section 264.301 is arnended by

--_= doesn°tacceptablenotexceedintheeStablishingregulatorythatlevel.awaste STORAGE,FACILITIESANDDISPOSAL revising paragraph (e](1 ) to read as
Exceeding the holding time 'will nol follows:

invalidate characterization if the waste 7. The authority citation for part 264 § 2642,O1 O¢=._gnlind ope_tln, g
,_ exceeds the regulatory level, continues to read as follows: rsqulre.ment_

• • $ • t
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DRAFT 8/28/89

METHODOLOGY FOR THE DETERMINATION OF ME_rALS EMISSIONS IN EXHAUST. GASES

FROM HAZARDOUS WASTE INCINERATION AND SIMILAR COMBUSTION PROCESSES

I. Applicability and Principle

I.I Applicability. This method is applicable for the determination of

total chr<)mium (Cr), cadmium (Cd), arsenic (As), nickel (Ni), manganese (Mn),

beryllium (Be), copper (Cu), zinc (Zn), lead (Pb), selenium (Se), phosphorus

(P), thallium (T1), silver (Ag), antimony (Sb), barium (Ba), and mercury (Hg)

emissions from hazardous waste incinerators and similar combustion processes.

This method may also be used for the determination of particulate emissions

following the additional procedures described. Modifications _:o the sample

recovery and analysis procedures described in this protocol for the purpose of

determining particulate emissions may potentially impact the front half mercury

determination.*

1.2 Principle. The stack sample is withdrawn isokinet_cally from the

source, with particulate emissions collected in the probe and on a heated

filter and gaseous emissions collected in a series of chilled impingers

containing a solution of dilute nitric acid in hydrogen peroxide in two

impingers, and acidic potassium permanganate solution in two (or one)

impingers. Sampling train components are recovered and digested in separate

front and back half fractions. Materials collected in the sampling train are

digested with acid solutions to dissolve inorganics and to remove organic

constituents that may create analytical interferences. Acid digestion is

performed using conventional Parr R Bomb or microwave digestion techniques. The

nitric acid and hydrogen peroxide impinger solution, the acidic potassium

permanganate implnger solution, and the probe rinse and digested filter

solutions are analyzed for mercury by cold vapor atomic absorp_tion soectroscopy

(CVAAS). Except for the permanganate solution, the remainder of the sampling

*Field tests to date have shown that of the total amount of mercury measured

by the method, only 0 to <2% was measured in the front half. _erefore, it is

tentatively concluded, based on the above data, that particulate emissions may

be measured by this train, without significantly altering the mercury results.



train catches are analyzed for Ct, Cd, Ni. Mn, Be, Cu, Zn, Pb, Se, P, TI, Ag,

Sh. Ba, and As by inductively coupled argon plasma emission spectroscopy (1CAP)

or atomic absorption spectroscopy (AAS). Graphite furnace atomic absolution

spectroscopy (GFAAS) is used for analysis of antimony, arsenic, cadmium, lead,

selenl_un, and thallium, if these elements require greater analytlca/

sensitivity than can be obtained by ICAP. Additionally, if desired, the tester

may use AAS for analyses of all metals if the resulting _n-stack method

detection limits meet the goal of the testing program. For convenience,

aliquots of each digested sample fraction can be combined proportionally for a

single analytical determination. The efficiency of the analytical procedure is

quantified by the analysis of spiked quality control samples containing each of

the target metals including actual sample matrix effects checks.

2. R_u_ge, Sensitivity, Precision, and Interferences

2.1 Range. For the analyses described in this methodology and for similar

analyses, the ICAP response is linear over several orders of magnitude. Sam-

ples containing metal concentrations in the nanograms per milliliter (ng/ml) to

micrograms per milliliter (UK/ml) range in the analytical finish solution can

be analyzed using thls technique. Samples containing greater than

approximately 50 UK/ml of chromium, lead, or arsenic should be diluted to that

level or lower for final analysis. Samples containing greater than

approximately 20 UK/ml of cadmium should be diluted to that level before

analysis.

2.2 Analytical Sensitivity. ICAP analytical detection limits for the

sample solutions (based on SW-846, Method 6010) are approximately as follows:

Sb (32 ng/ml), As (53 ng/ml), Ba (2 ng/ml), Be (0.3 nK/ml), Cd (4 nK/ml), Cr (7

nK/ml), Cu (6 nK/ml), Pb (42 nK/ml), Mn (2 nK/ml), NI (15 nK/ml), P (75 ng/ml),

Se (75 ng/ml), Ag (7 nK/ml), TI (40 nK/ml), and Zn (2 ng/ml): R_e actual

method detection limits are sample dependent and may vary as the sample matrix

may affect the limits. The analytical detection limits for analysis by direct

aspiration AAS (based on SW-846, Method 7000) are approximately eus follows: Sb

(200 nK/ml), As (2 nK/ml), Ba (I00 nK/ml), Be (5 nK/ml), Cd (5 nK/ml), Cr (50

nK/ml), Cu (20 nK/ml), Pb (I00 nK/ml), Mn (10 nK/ml), NI (40 nK/ml), $e (2

nK/ml), Ag (i0 nK/ml), T1 (lO0 nK/ml), and Zn (5 nK/ml). The detection limit

for mercury by CVAAS is approximately 0.2 nK/ml. The use of GFAAS can give

added sensitivity compared to the use of direct aspiration AAS for the



following metals: Sb (3 ng/ml), As (I ng/ml), Be (0.2 ng/ml), Cd (0.I ng/ml),

Cr (I ng/ml), Pb (I ng/ml), Se (2 ng/ml), and T1 (1 ng/ml).

Using (1) the procedures described in this method, (2) the analytical

detection limits described in the previous paragraph, (3) a volume of-300 ml

for the front half and 1,50ml for the back half samples, and (4) a stack gas

sample volume of 1.25 m3 , the corresponding in-stack method detection llmits

are presented in Table A-1 and calculated as shown:

AxB
= D

C

where: A = analytical detection limit, ug/ml.
B = volume of sample prior to aliquot for analysis, ml.

C = stack sample volume, dscm (dsm3) .

D = In-stack detection limit, ug/m ).

Values in Table A-I are calculated for the front and back half and/or the total

train.

To ensure optimum sensitivity in obtaining the measurements, the

concentrations of target metals in the solutions are suggested to be at least

ten times the analytical detection limits. Under certain conditions, and with

greater care in the analytical procedure, this concentration can be as low as

approximately three times the analytical detection limit. In all CB_es,

repetitive analyses, method of standard additions (MSA), serial dilution, or

matrix spike _ddition should be. used to establish the quality of the data.

Actual in-stack method detection limits will be determined based on actual

source sampling parameters and analytical results as described above. If

required, the method in-stack detection limits can be made more sensitive than

those shown in Table A-I for a specific test by using one or more of the

following options :

o A normal l-hour sampling run collects a stack gels sampling volume of

about 1.25 mB • If the sampling time is increased and 5 mB are

collected, the in-stack method detection limits would be one fourth of

the values shown in Table A-I (this memos that with this change, the

method is four times more sensitive than normal).

o The In-stack detection limits assume that all of the sample is digested

(with exception of the aliquot for mercury) and the final liquid

volumes for analysis ar_.300 ml for the front half and 150 ml for the



TABLE A-I. IN-STACK MEq_IOD DEq'ECTION LIMITS (ug/m _ )
FOR TRAIN FRACTIONS USING ICAP AND AAS

Front Half Back Half, Back Ha/f_
Fraction I Fraction 2 Fraction 3 Total Train

Metal Probe and Filter Implngers 1-3 Impingers 4-5

Antimony 7.7 (0.7)" 3.8 (0.4)" 11.5 (i.i)"
Arsenic 12.7 (0.3)" 6.4 (0.1)" 19.1 (0.4)"

Barium O. 5 O.3 O. 8

Beryllium 0.07 (0.05)" 0.04 (0.03)" O.II (0.08)"
Cadmium 1.0 (0.02)" 0.5 (0.01)" 1.5 (0.03)"
Chromium 1.7 (0.2)" 0.8 (0.I) ® 2.5 (O.3)"

Copper 1.4 0.7 2.I
Lead I0.i (0.2)" 5.0 (0.1)" 15.1 (0.3)"

Manganese 0,5 (0.2)" 0.2 (0.1)" 0.7 (0.3)"
Mercury O. 05"" 0.03"" O.03"" O. 11"*
Nickel 3.6 1.8 5.4
Phosphorus 18 9 27
Selenium 18 (0.5)" 9 (0.3)" 27 (0.8)"
Silver 1.7 0.9 2.6

Thallium 9.6 (0.2)" 4.8 (0.1)" 14.4 (O.3)"

Zinc 0.5 O.B 0,8

( )" Detection llmit when analyzed by GFAAS.
,, Detection limit when analyzed by CVAAS.

Actual method in-stack detection limits will be determined based

on actual source sampling parameters and analytical results as
described earlier in this section.

back half sample. If the front half volume is reduced from 300 ml to

30 mi, the front half in-stack detection limits would be one tenth of

the values shown above (ten times more sens_tlve). If the back half

volume is reduced from 150 ml to 25 ml, the in-stack detection limits

would be one sixth of the above values. Matrix effects checks are

necessary on analyses of samples and typically are of greater slgnf.fl-

cance for samples that have been concentrated to less than the normal

sample volume. A volume less than 25 ml may not allow resolubillza-

tlon of the residue and may increase interference by other compounds.

o When both of the above two improvements are used on one sample at the

same time, the resultant improvements are multlpllcatlve. For example,

where stack gas volume Is increased by a factor of five and the total

liquid sample digested volume of both the front and back halves :Is

reduced by factor of slx, t2te in-stack method detection limit is

reduced by a factor of thirty (the method is thirty times more

sensitive).



o CSnversely, reducing stack gas sample volume and increasing sample

liquid volume will increase limits. The front half and back half,

samples (Fractions I and 2) can be combined prior to analysis. The

resultant liquid volume (excluding Fraction 3, which must be'analyzed

separately) is recorded. Combining the sample as described does not

allow determination (whether front or back half) of where in the train

the sample was captured. The in-stack method detection limit then

becomes a single value for all metals except mercury, for which the

contribution of Fraction 5 must be considered.

o The above discussion assumes no bla_ik correction. Blank corrections

are discussed later in this method.

2.3 Precision. The precislons (relative standard deviation) for each

metal detected in a method development test at a sewage sludge incinerator, are

as follows: Sb (12.7%), As (15.5%), Ba (20.6%). Cd (ii.5%), Cr (iI,2%), CU

(II.5%), Pb (II.6_), P (14.6%), Se (15.3%), Tl (12.3%), and Zn (11.8%). The

precision for nickel was 7.7% for another test conducted at a source simulator.

Beryllium, manganese and silver were not detected in the tests; however, based

on the analytical sensitivity of the ICAP for these metals, it is assumed that

their precislons should be Similar to those for the other metals, when detected

at similar levels.

2.4 Interferences. Iron can be a spectral interference during the

analysis of arsenic, chromium, and cadmium by ICAP. Aluminum can be a spectral

interference during the analysis of arsenic and lead by ICAP. Generally, these

interferences can be reduced by diluting the sample, but this increases the

method detection limit. Refer to EPA Method 6010 (SW-846) for details on

potential interferences for this method. For all GFAAS analyses, matrix

modifiers should be used to limit interferences, and standards should be matrix

matched.

5• Apparatus

5.I Sampling Train. A schematic of the sampling train is shown in Figure

A-I. lt is similar to the Method 5 train The sampling train consists of the

following components.

3.1.1 Probe Nozzle (Probe Tip) and Borosilicate or Quartz Glass Probe

Liner. Same as Method 5, Sections 2.1.1 and 2.1.2. Glass nozzles are required

unless an alternate probe tip prevents the possibility of contamination or





interference of the sample with its materials of construction. If a probe tip

other than glass is used, no correction of the stack sample test results can be

made because of the effect on the results by the probe tip.

3.1.2 Pitot Tube and Differential Pressure Gauge. Same as Meth'od 2,

Sections 2.1 and 2.2, respectively.

3.1.3 Filter Holder. Glass, same a_ _ethod 5, Section 2.1.5, except that

a Teflon filter support must be. used to _eplace the glass frlt.

3.1.4 Filter Heating System. Same as Method 5, Section 2.1.6.

3.1.5 Condenser. The following system shall be used for the condensation

and collection of gaseous metals and for determining the moisture content of

the stack gas. The condensing system should consist of four to six Impingers

connected in series with leak-free ground glass flttlngs or other leak-free,

non-contaminatlng fittings. The first Impinger is optional and is recommended

as a water knockout trap for use during test cond. cions which require such a

trap. The impingers to be used in the metals tra/n are now described. When

the first implnger is used as a water knockout, it shall be appropriately-sized

for an expected large moisture catch and constructed generally as described for

the first implnger in Method 5, Paragraph 2.1.7. The second implnger (or the

first }[N03/H202 impinger) shall also be as described for the first implnger in

Method 5. The third impinger (or the implnger used as the second HN03/H202

implnger) shall be the same as the Greenburg Smith Impinger with the standard

tip described as the second implnger in Method 5, Paragraph 2.1.7. All other

impingers used in the metals train are the same as the second impinger (the

first HN03/H_02 impinger) previously described in this par,agTaph. In summary,

: the first impinger should be empty, the second and third shall contain known

quantities of a nitric acld/hydrogen peroxide solution (Section 4.2.1), the

fourth (and fifth, if required) shall contain a known quantity of acidic

potassium permanganate solution (Section 4.2.2), and the last Implnger shall-

contain a know_ quantity of silica gel or equivalent desiccant. A thermometer

capable of measuring to within I°C (2°F) shall be placed at the outlet of the

-_ last implnger. When the water knockout impinger is not needed, it is removed

from the train and the other implngers remain the same. If mercury analysis is

not needed, the potassium permanganate impingers are removed.

3.1.6 Metering System, Barometer, and Gas Density Determination

Equipment. Same as Method 5, Sections 2.1.8 through 2.1.i0, respectively.

_
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3.1._ Teflon Tape. For capping openings and sealing connections on the

sampling train.

3.2 Sample Recovery. Same as Method 5, Sections 2.2.1 through 2.P.8

(Nonmetallic Probe-Liner and Probe=Nozzle Brushes, Wash Bottles. Sample

Storage Conta/ners, Petrl Dishes, Glass Graduated Cylinder, Plastic Storage

Conteuiners, Funnel and Rubber Policeman, and Glass Funnel), respectively, with

the following exceptions and additions:

3.2.1 Nonmetallic Probe-Liner and Probe-Nozzle Brushes. For quantitative

recovery of materials collected in the front half of the sampling tra/n.

Description of acceptable all-Teflon component brushes to be included in EPA's

Emission Measurement Technical Information Center (EMTIC) files.

3.2.2 Sample Storage Containers. Glass bottles with Teflon-llned caps,

I000- and 500-ml, shall be used for KMn04-contalning samples and blanks.

Polyethylene bottles may be used for other sample types.

3-2.3 Graduated Cylinder. Glass or equivalent.

3.2.g Funnel. Glass or equivalent.

5.2.5 Labels. For identification of samples.

3.2.6 Polypropylene Tweezers m_d/or Plastic Gloves. For recovery of the

filter from the sampling train filter holder.

3-3 Sample Preparation and Analysis. For the analysis, the following

equipment is needed:

3.3.1 Volumetric Flasks, I00 ml, 250 ml, and I000 ml. For preparation of

standards and sample dilution.

3.3.2 Graduated Cylinders. For preparation of reagents.

3.3.3 Parr R Bombs or Microwave Pressure Relief Vessels with Capping

Station (CEM Corporation model or equivalent).

3.3.4 Beakers and Watchglasses. 250 ml beakers for sample digestion with

watchglasses to cover the tops.

3.3.5 Ring Stands and Clamps. For securing equipment such as filtration

apparatus.

3.3.6 Filter Funnels. For holding filter paper.

3.3.7 Whatman 541 Filter Paper (or equivalent). For filtration of

digested samples.

3.3.8 Disposable Pasteur Pipets and Bulbs.

3.3.9 Volumetric Pipets.

3.3.10 Analytical Balance. Accurate to within 0.1 mE.



3,3.AI Microwave or Conventional Oven. For heating samples at fixed

power levels or temperatures.

B.B.12 Hot Plates.

S.B.13 Atomic Absorption Spectrometer (AAS). Equipped with a 5ackground

cor_ector.

3.3.13.1 Graphite Furnace Attachment. With antimony, arsenic, cadmium,

lead, selenium, thallium, and hollow cathode lamps (HCLs) or electrodeless

discharge lamps (EDLs). Same as EPA Methods 70_I (antimony), 7060 (arsenic),

7131 (cadmium), 7421 (lead), 7740 (selenium), and 7841 (thallium).

3.3.13.2 Cold Vapor Mercury Attachment. With a mercury HCL or EDL. _e

equipment needed for the cold vapor mercury attachment includes an mir

recirculation pump, a quartz cell, an aerator apparatus, and a heat lamp or

desiccator tube. _e heat lamp should be capable of raising the ambient

temperature at the quartz cell by IO°C such that no condensation forms on the

wall of the quartz cell. Same as EPA Method 7470.

3.3.1h Inductively Coupled Argon Plasma Spectrometer_ With either a

direct or sequential _'eader and an alumina torch. Same as EPA Method 6010.

4. Reagents

- Unless otherwise indicated, it is intended that all reagents conform to
-

the specifications established by the Committee on Analytical Reagents of the

American Chemical Society, where such specifications are available; otherwise,

use the best available grade.

4.1 Sampling. The reagents used in sampling are as follows:

4.1.i Filters. The filters shall contain less than 1.3 ug/in. 2 of each of

the metals to be measured. Analytical results provided by filter manufacturers

are acceptable. However, if no such results are available, filter blanks must

: be analyzed for each target metal prior to emission testing. Quartz fiber or

glass fiber filters without organic binders shall be used. The filters should

exhibit at least 99.95 percent efficiency (<0.05 percent penetration) on 0.3

micron dioctyl phthalate smoke particles. The filter efficiency test shall be

conducted in accordance with ASTM Standard Method D2986-71 (incorporated by

reference). For particulate determination in sources containing SO 2 or SOz),

the filter material must be of a type that is unreactive to SO 2 or SO 3. as

described in EPA Method 5. Quartz fiber filters meeting these requirements are

recommended.

-=
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4.1".2 Water. To conform to ASTM Specification Dl193.77, Type II

(incorporated by refe_nce). Analyze the water for all target u_etals prior to

field use. All target metals should be less than I ng/ml.

4.1.3 Nitric Acid. Concentrated. Baker Instra-analyzed o," equlvalent.

4.1.4 Hydrochloric Acid. Concentrated. Baker Instrs-_na/yzed or

equivalent.

/|.1.5 Hydrogen Peroxide, 30 Percent (V/V).

4.1.6 Pot s.ssium Permanganate.

4.1.7 Sulfuric Acid. Concentrate_.

4.1,8 Silica Gel and Crushed Ice. Same as Method 5, Sa.ctions 3.1.2 and

3.1.4, respectively.

4.2 Pretest Px_ps_ratlon for Sampllng Reagents.

4,2.1 Nitric Acid (HN0_)/Hydrogen Peroxide (S,O,)Absorbing Solution,

5 Percent HNO}/10 Percent R_O_. Add 50 ml of concentrated _03 m_d 333 ml of

30 percent H202 to a lO00-ml volumetric flask or graduated cylinder containing

approximately 500 ml of water. Dilute to volume with water° _e reagent shall

contain less thaJ_ 2 ng/ml of each target metal.

4.2.2 Acidic Potassium Permanganate (KMnO_) Absorbing Solutlon, 4 Percent

KMnO_ (W/V). Prepare f_esh daily. Dissolve 40 g of KMn0t :En _ufflclent 10

percent H_SOt to make 1 liter. Prepare and store in glass bottles to prevent

degradation. The reagent shall contain less than 2 n_/ml of HE.

Precaution: To prevent autocatalytlc decomposition of the per_aanganate

solutic n, filter the solution through Whatman 541 filter paper,, A_so, due to

react Jn of the potassium permanganate with the acid, there ms.V be pressure

buil_;up in the sample storage bottle; these bottles should not be fully filled

and should be vented both to relieve excess pressure and prevent explosion due

to p=_s:_ure buildup. Venting is highly recommended, but should not allow

contaminstlon of the s_mple; a No. 70-72 hole drilled in the container cap and

Teflon liner _ia8 been _sed,

4.2.3 Nitric Acid, 0.1 N, Add 6.3 ml of concentrated HN0_ (70 percent) to

a graduated cylinder containing approximately 900 ml of water. Dilute to 10(X)

ml with water. Mix weil. The reagent shell contain less t_an 2 nglml of each

target metal.

4.2.4 Hydrochloric Acid (HCf), 8 N. Add 690 ml of concentrated HCf to a

graduated cylinder containing 250 ml of water. Dilute to 1000 ml with water.

Mix well. The reagent shall contain less than 2 ng/ml of Hg.



4.3 'Glassware Cleaning Reagents.

h.3.1 Nitric Acid, Concentrated. Fisher ACS grade or equivalent.

4.3.2 Water. To conform to ASTM Specifications D1193-77,Type II.

4.3.3 Nitric Acid, I0 Percent (V/V). Add 500 ml of concentrate_ HNO 3 to a

graduated cylinder containing approximately 4000 ml of water. Dilute to 5000

ml with water.

h.h Sample Digestion and /u_alysis Reagents.

h.4.1 Hydrochloric Acid, Concentrated.

4.4.2 Hydrofluoric Acid, Concentrated.

4.4.5 Nitric Acid, Concentrated. Baker Instra-analyzed or equivalent.

4.4.4 Nitric Acid, I0 Percent (V/V). Add 100 ml of concentrated HNO 3 to

800 ml of water. Dilute to 1000 ml with water. Mix well. Reagent shall

conta/n less than 2 ng/ml of each target metal.

4.4.5 Nitric Acid, 5 Percent (V/V). Add 50 ml of concentrated I_03 to

800 ml of water. Dilute to i000 ml with water. Reagent shall contain less

than 2 ng/ml of each target meta/.

/4.4.6 Water. To conform to ASTM Specifications D1193-77, Type II.

/4.4.7 Hydroxylamine Hydrochloride and Sodium Chloride _)lutlon. See EPA

Method 7470 for preparation.

4.4.8 Stannous Chloride.

/4.4.9 Potassium Permanganate, 5 Percent (W/V)

4.1_.I0 Sulfuric Acid, Concentrated.

/4.4.11 Nitric Acid, 50 Percent (V/V).

14.4.12 Potassium Persulfate, 5 Percent (W/V).

/4.4.1_ Nickel Nitrate, NI(NO 3)2' 6H_O.

4.4.14 LantheunttmOxide, L_O 3.

h.4.15 _ Grade Hg St_unda_, 1OOO ug/ml.

/4.4.16 _ Grade Pb Standamd, I(_30 ug/ml.

4./4.17 _ Grade As Steundarxi,IOCX3 ug/ml.

4.4.18 AAS Grade Cd Standard, I000 ug/ml.

4./4.19 AAS Grade Cr Standard, I000 ug/ml.

/4./4.20 AAS Grade Sb Standard, IOCK) ug/ml.

/4.4.21 AAS Grade Ba Standard, 10OO ug/ml.

/4./4.22 AAS Grade Be Standard, 1000 ug/ml.

/4./4.23 AAS Grade Cu Standard, 1000 ug/ml.

k4./4.24 AAS Grade Mn Standard, 1000 ug/ml.

.
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4.4.25 AAS Grade Ni Standard, 1000 ug/ml.

4.4.26 AAS Grade P Standard, 1000 ug/ml.

4.4.27 AAS Grade Se Standard, 1000 ug/ml.

4.4.28 'AAS Grade Ag Standard, 1000 ug/ml.

4.A.29 AAS Grade T1 Standard, 1000 ug/ml.

4.4.30 AAS Grade Zn Standard, IO00 ug/ml.

4.4.31 A_ Grade A1 Standard, 1000 ug/ml.

4.4.32 AAS Grade Fe Standard, 1000 ug/ml.

4.4.33 The metals standards may also be made from solid chemicals as

described in F/_A Method 200.7. EPA Method 7470 or Standard Methods for the

Analysis of Water and Wastewater. 15th Edition, Method 503F should be referred

to for additional information on mercury standards.

4.4.34 Mercurs, Standards and Quality Control Samples, Prepare fresh

weekly a 10 ug/ml intermediate mercury standard by adding 5 ml of I000 ug/ml

mercury stock solution to a 500 ml volumetric flask; dilute to 500 ml by first

adding 20 ml of 15 percent }{NO3 and then adding water. Prepare a working

mercury standard solution fresh daily: add 5 ml of the I0 ug/ml intermediate

standard to a 250 ml volumetric flask and dilute to 250 ml with 5 ml of

4 percent KMnO_..5 ml of 15 percent HN03, and then water. At least six

separate aliquots of the working mercury standard solution should be used to

prepare the standard curve. These allquots should conta/n O.0, 1.0, 2.0, 5.0,

4.0, and 5.0 ml of the working standard solution. Quality control samples

should be prepared by making s separate 10 ug/ml standard and diluting until in

the range of the calibration.

4.4.35 ICAP Standards and Quality Control Samples. Calibration standards

for ICAP analysis can be combined into four different mixed standard solutions

as shown below.

MIXED STANDARD SOLUTIONS FOR ICAP ANALYSIS

Solutlon Elements

I As. Be. Cd, Mn, Pb, Se, l_%
II Ba, Cu, Fe

III Al. Ct. Ni

IV Ag. P. Sb_ T1

Prepare these standards by combining and diluting the appropriate volumes of

the I000 ug/ml solutions with 5 percent nitric acid. A mirLimum of one stan-

dard and a blank can be used to form each calibration curve_ However, a



separate quality control sample spiked with known amounts of the target metals

in quantities in the mldrange of the calibration curve should be prepared.

Suggested standard levels are 50 ug/ml for Al, 25 ug/ml for Cr and Pb, 15 ug/ml

for Fe, and I0 ug/ml for the remsdnlng elements. Standards containing less

than I ug/ml of metal should be prepared daily. Standards containing greater

than I ug/ml of metal should be stable for a minimum of I to 2 weeks.

4.4.36 Graphite Fuz_nace AAS Standards for Antimony, Arsenic, Cadmlt_m,

Lead, Selenium, and Thallium. Prepare a I0 ug/ml standard by adding 1 ml of

I000 ug/ml standard to a 100 ml volumetric flask. Dilute to lO0 ml with i0

percent nitric acid. For graphite furnace AAS, the standards must be matrix

matched; e.g., if the samples contain 6 percent nitric acid and 4 percent

hydrofluoric acid, the standards should also be made up with 6 percent nitric

acid and 4 percent hydrofluoric acid. Prepare a 100 ng/ml standard by adding

I ml of the i0 ug/ml standard to a I00 ml volumetric flask and dilute to 100 ml

with the appropriate matrix solution. Other standards should be prepared by

dilution of the 100 ng/ml standards. At least five standards should be used to

make up the standard curve. Suggested levels are O, 10, 50, 75, and IO0 ng/ml.

Quality control samples should be prepared by making a separate I0 ug/ml

standard and diluting until it is in the range of the samples. Standards

containing less than I ug/ml of metal should be prepared daily. Standards

containing greater than I ug/m! of metal should be stable for a minimum of I to

2 weeks.

4.4.37 Matrix Modlfiers.

4.4.57.1 Nickel Nitrate, I Percent (V/V). Dissolve 4.956 g of

Ni(N03)2.6H_0 in approximately 50 ml of water in a 100 ml volumetric flask.

Dilute to I00 ml with water.

4.4.57.2 Nickel Nitrate, One-tenth Percent (V/V). Dilute 10 ml of I per-

cent nickel nitrate solution to 100 ml with water. Inject an equal amount of

sample and this modifier into the graphite furnace during AAS analysis for As.

4.4.37.3 Lanthanum. Dissolve 0.5864 g of La20 _ in I0 ml of concentrated

}{NO) and dilute to I00 ml with water. Inject an equal amount of sample and

this modifier into the graphite furnace during AAS analysis for Pb.

5. Procedure

5.1 Sampling. The complexity of this method is such that, to obtain rell-

able results, testers should be trained and experienced with _e test procedures.



5.1._ Pretest Preparation. Follow the same general procedure given in

Method 5, Section 4.1.1, except that, unless particulate emissions are to be

determined, the filter need not be desiccated or l_elghed. Ali sampling train

glassware should first be rinsed with hot tap water and then washed "in hot

soapy water. Next, glassware should be rinsed three times with tap water,

followed by three additional rinses with water. All glassware should then be

soaked in a I0 percent (V/V) nitric acid solution for a minimum of 4 hours,

rinsed three times with water, rinsed a final time with acetone, and allowed

to air dry. All glassware, openings where contamination can occur should be

covered until the sampling train is assembled, prior to sampling.

5.1.2 Preliminary Determinations. Same as Method 5, Section 4.1.2.

5.1.3 Preparation of Sampling Train. Follow the same general procedures

given in Method 5, Section 4.1.3, except place 100 ml of the nitric

acid/hydrogen peroxide solution (Section 4.2.1) in the two HNO3/H_O 2 impingers

(normally the second and third impingers), place I00 ml of the acidic potassium

permanganate solution (Section 4.2.2) in the fourth and fifth impinger, and

transfer approximately 200 to 300 g of pre.weighed silica gel fx_m its container

to the last impinger. Alter_atively, the silica gel may be weighed directly in

the impinger just prior to train assembly.

Several options are available to the tester based on the sampling

conditions. The use of sa_ empty first impinger can be eliminated if the

moisture to be collected in the impingers is calculated or dete_nined to be

less than 150 ml. The tester shall include two Impingers containing the

acidic potassium permanganate solution for the first test run, unless past

testing experience at the same or similar sources has shown that only one is

necessary. The last permanganate impinger may be discarded if both

permanganate implngers have retained their original deep purple permanganate

color. A maximum of 200 ml in each permanganate impinger (and a maximum of

three permanganate impingers) may be used, if necessary, to maintain t_e

desired color in the last permanganate Impinger.

Retain for reagent blanks, 100 ml of the nitric acid/hydrogen pe_)xide

solution and 100 ml of the acidic potassium permanganate solution. These

solutions should be labeled and treated as described in Section 7. Set up the

sampling train as shown in Figure A-I. If necessary to ensure leak-free

sampling train connections, Teflon tape should be used instead of silicone

g_-ease to prevent contamination.

_=



Precaution: Extreme care should be taken to prevent contamination within

the train. Prevent the mercury collection reagent (acidic potassium

permanganate) from contacting any glassware of the train which is washed and

analyzed for Mn. Prevent hydrogen peroxide from mixing with the aci'dic

potassium permanganate.

5.1.4 Leak-Check P_cedures. Follow the leak-check procedures given in

Method 5, Section 4.1._.I (Pretest Leak-Check), Section 4.1.I|.2 (Leak-Checks

During the Sample Run), and Section 4oi.4.3 (Post-Test Leak-Checks).

5.1.5 Sampling Train Operation. Follow the procedures given in Method 5,

Section 4.1.5. For each run, record the data required on a data sheet such ms

the one shown in Figure 5-2 of Method 5.

5.1.6 Calculation of Percent Isokinetlc. Same as Method 5, Section 4.1.6.

5.2 Sample Recovery. Begin cleanup procedures as soon as the probe is

removed from the stack at the end of a sampling period.

The probe should be allowed to cool prior to sample recovery. When lt can
z

be safely handled, wipe off ali external particulate matter near the tip of

the probe nozzle and place a rinsed, non-contaminating cap over the probe

nozzle to prevent losing or gaining particulate matter. Do not cap the probe

tip tightly while the sampling train is cooling. This normally causes a vacuum

to form in the Filter holder, thus causing the undesired z_sult of drawing

' liquid from the impingers into the Filter.

Before moving the sampling train to the cleanup site, remove the probe from

the sampling 'train and cap the open outlet. Be careful not to lose any

condensate that might be present. Cap the filter inlet where the probe was

: fastened. Remove the umbilical cord from the Im_t impinger and cap the

impinger. Cap off the Filter holder outlet and impinger inlet. Use non-

contaminating caps, whether ground-glaxs stoppers, plastic caps, serum caps,

or Teflon tape to close these openings.

Alternatively, the train can be disassembled before the probe and filter

holder/oven are completely cooled, if this procedure is followed: Initially

: disconnect the Filter holder outlet/impinger inlet and loosely cap the open

= ends. Then disconnect the probe From the Filter holder or cyclone inlet andn

loosely cap the open ends. Cap the probe tip and remove the umbilical cord as
-

_ previously described.
-

Transfer the probe and filter-lmpinger assembly to a cleanup area that _s

clean and protected from the wind and other potential causes of contamination

_
_
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or loss of sample. Inspect the train before and during disassembly m_d note

any abnormal condltlons. The sample is recovered and treated as follows (see

schematic In Figure A-2). Assure that all items necessary for recovery of the

sample do not contaminate it.

5.2.1 Container No. I (Filter). Carefully remove the filter from the

filter holder and place it in its identified petri dlsh container. Acid-

washed polypropylene or Teflon coated tweezers or clean, disposable surgical

gloves rinsed with water should be used to handle the filters. If it is

necessary to fold the filter, make certain the particulate cake is inside the

fold. Carefully transfer the filter and any particulate matter or filter

fibers that adhere to the filter holder gasket to the petri dish by using a dry

(acld-cleaned) nylon bristle brush. Do not us£ any metal-contalning materials

when recovering this train. Seal the labeled petrl dish.

5.2.2 Container No. 2 (Acetone Rinse)° Taking care to see that dust on

the outside of the probe or other exterior surfaces does not get into the

sample, quantitatively recover particulate matter and any condensate from the

probe nozzle, probe fitting, probe liner, and front half of the filter holder

by washing these components with I00 ml of acetone and placing the wash in a

glass container. Note: The use of exactly I00 ml is necessary for the

subsequent blank correction procedures. Distilled water may be used instead of

acetone when approved by the Administrator and shall be used when specified by

the Administrator; in these cs.sea, save a water blank and follow the

Administrator's directions on analysis. Perform the acetone rinses as follows:

Carefully remove the probe nozzle and clean the inside surface by rinsing wlth

acetone from a wash bottle and brushing with a nonmetallic brush. Brush until

r.he acetone rinse shows no visible particles, after which make a final rinse of

the inside surface with acetone.

Brush and rinse the inside parts of the Swagelok fitting with acetone in a

similar way urltll no visible particles remain.

Rinse the probe liner with acetone by tilting and z_)tatlng the probe while

squirting acetone into its upper end so that all inside surfaces will be wetted

with acetone. Allow the acetone to drain from the lower end into the sample

container. A funnel may be used to aid In transferring liquid washings to the

cont,_Iner. Follow the acetone rinse with a nonmetallic probe brush. Hold the

probe in an inclined position, squirt acetone into the upper end as the probe

brush is being pushed with a twisting action through the probe; hold a sample





contain4r underneath the lower end of the probe, and catch any acetone and

particulate matter which is brushed through the probe three times or more until

no visible particulate matter is carried out with the acetone or until none

remains in the probe liner on visual inspection. Rinse the brush with acetone,

and quantitatively collect these washings in the sample container. After the

brushing, make a final acetone rinse of the probe as described above.

lt is recommended that two people clean the probe to minimize sample

losses. Between sampling runs, keep brushes clean and protected from

contaminatlon.

Clean the inside of the front half of the filter holder by rubbing the

surfaces with a nonmetallic nylon bristle brush and rinsing with acetone.

Rinse each surface three times or more if needed to remove visible particulate.

Make a fln_l rinse of the brush and filter holder. After all acetone washings

and particulate matter have been collected in the sample container, tighten the

lid on the sample container so that acetone will not leak out when it is

shipped to the laboratory. Mark the height of the fluid level to determine

whether or not leakage occurred during transport. Label the container clearly

to identify its contents.

5.2.3 Container No. 5 (Probe Rinse). Rinse the probe liner, probe nozzle,

and front half of the filter holder thoroughly with I00 ml of 0.I N nitric acid

and place the wash into a sample storage container. Note: The use of exactly

I00 ml is necessary for the subsequent blank correction procedures. Perform

the rinses as described in Method 12, Section 5.2.2. Record the volume of the

combined rinse. Mark the height of the fluid level on the outside of the

storage container and use this mark to determine if leakage occurs during

transport. Seal the container and clearly label the contents. Finally, rinse

the nozzle, probe liner, and front half of the filter holder with water

followed by acetone and discard these rinses.

5.2.4 Container No. 4 (Implngers I through 3, Contents and Rinses). Due

to the large quantity of liquid involved, the tester may place the Implnger

solutions in more than one container. Measure the liquid in the f_rst three

Implngers volumetrically to within 0.5 ml using a graduated cylinder. Record

the volume of liquid present. This information is required to calculate the

moisture content of the sampled flue gas. Clean each of the first three

implngers, the filter support, the back half of the filter housing, and

coru_ectlng glassware by thoroughly rinsing with I00 ml of 0.I N nitric acid as



described in Method 12, Section 5.2.4. Note: The use of exactly I00 ml of 0.I

N nitric acid rinse is necessary for the subsequent blank correction

procedures. Combine the rinses and impinger solutions, measure and record the

volume. Calculate the 0.1 N nitric acid rinse volume by difference. Mark the

height of the fluid level on the outside of the container to determine if

leakage occurs during transport. Seal the container and clearly label the

contents.

5.2.5 Container No. 5 (Acidified Potassium Permanganate Solution and

Rinses, Implngers No. 4 & 5). Pour all the liquid from the permanganate

impingers (fourth and fifth, if two permanganate impingers are used) into a

graduated cylinder and measure the volume to within 0.5 ml. This information

is required to calculate the moisture content of the sampled flue gas. Using

iO0 ml total of the acidified potassium permanganate solution, rinse the

permanganate implnger(s) and connecting glass pieces a minimum of three times.

Combine the rinses with the permanganate impinger solution. Finally, rinse the

permanganate implnger(s) and connecting glassware with 50 ml of 8 N HCI to_

remove any residue. Note: The use of exactly i00 ml and 50 ml for the two

rinses is necessary for the subsequent blank correction procedures. Place the

: combined rinses and implnger contents in a labeled glass storage bottle. Mark

the height of the fluid level on the outside of the bottle to determine if

leakage occurs during transport. See the following note and the Precaution in

Paragraph 4.2.2 and properly seal the bottle _d clearly label the contents.
=

Note: Due to the potential reaction of the potassium permanganate with the

acid, there may be pressure buildup in tbr sample storage bottles. These

bottles should not be filled full and should be vented to relieve excess
_

pressure. Venting is highly recommended. A No. 70-72 hole drilled in the

container cap and Teflon liner has been found to allow adequate venting without

loss of sample.

5.2.6 Container No. 6 (Silica Gel). Note the color of the indicating

silica gel to determine whether it has been completely spent and make a
=

notation of its condition. Transfer the silica gel From its implnger to its

original container and seal. The tester may use a funnel to pour the silica

gel and a rubber pol_ceman to remove the silica gel From the impinger. The

small amount of particles that may adhere to the implnger wall need not be

q removed. Do not use water or other liquids to transfer the silica gel since

weight gained in the silica gel impinger is used for moisture calculations.



Alternat_vely, if a balance is available in the field, record the weight of

the spent silica gel (or silica gel plus impinger) to the nearest 0.5 g.

5.2.7 Container No. 7 (Acetone Blank). Once during each field test, place

IOO ml of the acetone used in the sample recovery process into a labeled

container for use in the front half field reagent blank. Seal the container.

5.2.8 Container No. 8 (O.I N Nitric Acid Blank}. Once during each field

test, place 200 ml of the ,0.I N nitric acid solution used in the sample

recovery process into a labeled container for use in the front half and back

half field reagent blanks. Seal the container.

5.2.9 Container No. 9 (5% Nitric Acid/lO% H_;drogen Peroxide Blank). Once

during each field test, place 200 ml of the 5% nitric acid/lO% hydrogen

peroxide solution used as the nitric acid _mplnger reagent into a labeled

container for use in the back half field reagent blank. Seal the container.

5.2.10 Container No. 10 (Acidified Potassium Permanganate Blank). Once

during each field test, place 500 ml of the acidified potassium permanganate

solution used as the Impinger solution and in the sample recovery process into

a labeled container for use in the back half field reagent blank for mercury

analysis. Seal the container.

Note: This container should be vented, as described in Section 5.2.4, to

relieve excess pressure.

5.2.11 Container No. II (8 N HCI Blank). Once during each field test,

place 50 ml of the 8 N hydrochloric acid used to rinse the acidified potassium

permanganate impingers into a labeled container for use in the back half

reagent blank for mercury.

5.2.12 Container No. 12 (Filter Blank). Once during each field test,

piace an unused filter from t_,esame lot as the sampllng filters in a labeled

petrl dish. Seal the petrl dish. This will be used in the front half field

reagent blank.

5.3 Sample Preparation. Note the level of the liquid in each of the

containers and determine if any sample was lost during shipment. If a

noticeable amount of leakage has occurred, either void the sample or use

methods, subject to the approval of the Administrator, to correct the final

results. A diagram illustrating sample preparation and analysis procedures for

each of the sample train components is shown in Figure A-B.

5.3.1 Container No. I (Filter). If partlculatre emissions are being

determined, then desiccate the filter and filter catch without heat and weigh to
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a constant weight as described in Section 4.5 of Met/_od 5. For analysis of

metals, divide the filter with its filter catch into portions containing

approximately 0.5 g each and place into the a_,_:_,,!,/st'schoice of either

individual microwave pressure relief vessels or Parr A Bombs. Add 6.ml of

concentrated nitric acid and 4 ml of concentrated hydrofluoric acid to each

vessel. For microwave heating, microwave the sample vessels for approximately

12-15 minutes in intervals of 1 to 2 minutes at 600 Watts. For conventional

heating, heat the Parr Bombs at 140°C (285°F) for 6 hours. Then cool the

samples to room temperature and combine with the acid digested probe zinse as

required in Section 5.3-5. below.

Notes: I. Suggested microwave heating times are approximate and are dependent

upon the number of samples being digested. Twelve to 15 minute

heating times have been found to be acceptable for simultaneous

digestion of up to 12 individual samples. Sufficient heating _s

evidenced by sorbent reflux within the vessel.

2. If the sampling train uses an optional cyclone, the cyclone catch

should be prepared and digested using the same procedures described

for the filters and combined with the digested filter samples.

5.5.2 Container No. 2 (Acetone Rinse). Note the level of liquid in the

container and confirm on the analysis sheet whether or not leakage occurred

during transport. If a noticeable amount of leakage has occurred, either void

the sample or use methods, subject to the approval of the Administrator, to

correct the final results. Measure the liquid in this container either

volumetrically to .I ml or gravimetrlcally to .0.5 g. Transfer the contents tow

an acid-cleaned tared 250-mi beaker and evaporate to dryness at ambient

temperature and pressure. If particulate emissions are being determined,

desiccate for 24 hours without heat, weigh to a constant weight according to

the procedures described in Section 4.5 of Method 5, and report the results to

the nearest 0.I mg. Resolubillze the residue with concentrated nitric acid and

combine the resultant sample including all liquid and any particulate matter

with Container No. 5 prior to beginning the following Section 5.5.5.

5.5.3 Container No. 5 (Probe Rinse). The pH of this sample shall be 2 or

lower. If the pH is higher, the sample should be acidified with concentrated

nitric acid to pH 2. The sample should be rinsed into a beaker wlt/_ water and

the beaker should be covered with a ribbed watchglass. The sample volume should

be reduced to approximately 50 ml by heating on a hot plate at a temperature



Just below boiling. Inspect the sample for vizible particulate matter, and

depending on the results of the inspection, perform one of the following. If no

particulate matter is observed, combine the sample directly with the acid

digested portions of the filter prepared previously in Section 5.3.1. If

particulate matter is observed, d/Ecat the sample in microwave vessels or Parr R

Bombs following the procedures described in Section 5.3.1; then combine the

resultant sample directly with the acid digested portions of the fl]ter prepared

previously in Section 5.3.1. The resultant combined sample is referred to as

Fraction i. Filter the combined solution of the acid digested filter and probe

rinse samples using Whatman 541 filter paper. Dilute to 3CK) ml (or the

appropriate volume for the expected metals concentration) with water. Measure

and record the combined volume of the Fraction I solution to within O.l ml.

Quantitatively remove a 50 ml aliquot and label as Fraction IB. Label the

remaining 250 ml portion as Fraction IA. Fraction IA is used for ICAP or AAS

analysis. Fraction IB is used for the determination of front half mercury.

5.3.4 Container No. 4 (Impingers 1-3). Measure and.record the total vol-

ume of this sample (Fraction 2) to within 0.5 ml. Remove a 50 ml aliquot for

mercury analysis and label as Fraction 2B. Label the remaining portion of

Container No. 4 as Fraction 2A. The Fraction 2B aliquot should be prepared and

analyzed as described in Section 5.4.3. Fraction 2A shall be pH 2 or lower.

If necessary, use concentrated nitric acid to lower Fraction 2_A to pH 2. The

sample should be rinsed into a beaker with water and the beaker should be

covered with a ribbed watchglass. The sample volume should be reduced to

approximately 20 ml by heating on a hot plate at a temperature Just below

boiling. Then follow either of the digestion procedures described in Sections

5.3.4.1 and 5.3.4.2, below.

5.3.4.1 Conventional Digestion Procedure. Add 30 ml of 50 percent nitric

acid and heat for 30 minutes on a hot plate to Just below boiling. Add I0 ml of

3 percent hydrogen peroxide and heat for i0 more minutes. Add 50 ml of hot

water and heat the sample for an additional 20 minutes. Cool, filter the

sample, and dilute to 150 ml (or the appropriate vol_me for the expected metals

concentrations) with water.

5.3.4.2 Microwave Digestion Procedure. Add i0 ml of 50 percent nitric

acid and heat for 6 minutes in intervals of i to 2 minutes at 600 Watts. Allow

the sample to cool. Add I0 ml of 3 percent hydrogen peroxide and heat for 2

more minutes. Add 50 ml of hot water and heat for an additional 5 minutes.



Cool. filter the auple, and dilute to 150 ml (or the appropriate volume for the

expected metals concentrations) with water.

Note: Ali microwave heating times given are approximate and are dependent

_pon the number of samples being digested at a time. Heating tlmes .as given

above have been found acceptable for simultaneous digestion of up to 12

individual samples. Sufficient heating is evidenced by solvent 1_flux within

the vessel.

5.3.5 Container No. 5 (Implngers 4 & 5). Neasure end reco_S ,"_ total

volume of this sample to within 0.5 ml. This sample is referred to as Fraction

3. Follow the analysis procedures described in Section 5.4.].

5.3.6 Container No. 6 (Silica Gel). Weigh the spent silica gel (or silica

gel plus implnger) to the neaz_st 0.5 g using a balance. (This step

may be conducted in the fleld.)

5.4 Sample Analysis. For each sampling train, five individual samples are

generated for analysis. A schematic identifying each sample and the prescribed

sample preparation m_d ansl:'_is scheme is shown in Fig_Iz_ A-3. The first two

samples, labeled Fractions lA and 1B, consist of the d£gested sR mples from the

front half of the train. Fraction IA is for ICAP or A)_ analysis as described

in Sections 5.4.1 and/or 5.4.2. Fraction 1B is for det.erminatlon of front half

mercury Rs described in Sectlon 5._.3.

The back half of the train was used to prepare the third through fifth

samples. The third and fourth samples, labeled Fractions 2A and 2B, contain

the digested samples from the H20 and HN03/H20 _ Impingers I thtr)ugh 3. Fraction

ZA is for ICAP or AAS analysis. Fraction ZB will be analyzed for mercury.

The fifth sample, labeled Fraction 3, consists of the implnger contents and

rinses from the permanganate Impingers 4 and 5. ThJ.s sample is analyzed for

mercury as described in Section 5.4.3. The tote.l back half mercury catch is

determined from the sum of Fracr_ion 2B and Fraction 3.

5.4.1 ICAP Analysis. Fraction IA and Fraction 2A are enaZyzed by ICAP

using EPA Met_tod 200.7 (40 C_R 136, Appendix C). Callbrate th_ ICAP, and set up

en analysis program as descrlt_d in Method 200.7. The qu_llty control proce-

dures described in Section 7.3.1 of this method shall be followed. Recommended

wavelength_ for use in the a_alysls are listed below.



Element Wavelength (nra) _

Aluminum 508.215

Antimony 206.835
Arsenic 193.696

Barium 455.403
Beryllium 513.042
Cadmium 226.502
Chromium 267.716

Copper 324.754
Iron 259.940
Lead 220. 353

Manganese 257. 610
Nickel 231. 604

Selenium 196.026

Silver 528.068

Thallium 190.864
Zinc 213.856

The wavelengths listed a_e recommended because of their sensitivity and overall

acceptance. Other wavelengths may be substituted if they can provide the

needed sensitivity and are treated with the same corrective tec_uniques for

spectral interference.

Initially, analyze ali samples for the target metals plus iron and

aluminum. If iron and aluminum are present in the sample, the sample may have

to be diluted so that each of these elements is at a concentration of less than

50 ppm to reduce their spectral interferences on arsenic and lead.

Note: When analyzing samples in a hydrofluoric acid matrix, en alumina

torch should be used; since all front half samples will contain hydrofluoric

' acid, use en alumina torch.

5.4.2 AAS by Direct Aspiration and/or Graphite Furnace. If analysis of

metals in Fraction lA and Fraction 2A using graphite furnace or direct

aspiration AAS is desired, Table A-2 should be used to determine which

techniques and methods should be applied for each target metal. Table A-2

_ould also be consulted to determine possible interferences and techniques to
=

be followed for their minimization, Calibrate the instrument according to

= Section 6.3 and follow the quality control procedures specified in Section

7.3.2.

5.4.3 Cold Vapor AAS Mercury Analysis. Fraction 1B, Fraction 2B, and

Fraction 3 should be analyzed for mercury using cold vapor atomic absorption

spectroscopy following the method outlined irt EPA Method 7470 or in Standard

Methods for Water and Wastewater Anals_, 15th Edition, Methc>d 303F. Set up
-

-

=







the calibration curve as described in Section 7.3 of Method 303F. Add

approximately 5 ml of each sample to BOD bottles. Record the amolmt of sample

added. The amount used is dependent upon the expected levels of mercury.

Dilute to approximately 120 ml with mercury-free water. Add approxfmately 15

ml of 5 percent potassium permanganate solution to the Fraction 2B and Fraction

3 samples. Add 5 percent potassiLm permanganate solution to the Fraction IB

sample as needed to produce a purple solution lasting at least 15 minutes. A

minimum of 25 ml is suggested. Add 5 ml of 50 percent nitric acid, 5 ml of

concentrated sulfuric acid, and 9 ml of 5 percent potassium persulfate to each

sample and each standard. Digest the solution in the capped BOD bottle at 95°C

(205°F) in a convection oven or water bath for 2 hours. Cool. Add 5 ml of

hydroxylamine hydrochloride solution and mix the sample. Then add 7 ml of

stannous chloride to each sample and analyze immediately.

6. Calibration

Maintain a laboratory log of _II calibrations.

6.1 Sampling Train Calibration. Calibrate the sampling train components

according to the indicated sections of Method 5: Probe Nozzle (Section 5.1);

Pitot Tube (Section 5.2); Metering System (Section 5.3); Probe Heater (Section

5.4); Temperature Gauges (Section 5.5); Leak-Check of the Metering System

(Section 5.6); and Barometer (Section 5.7).

6.2 Inductively Coupled Argon Plasma Spectrometer Calibration. Prepare

standards as outlined in Section _.4. Profile and calibrate the instrument

according to the instrument manufacturer's recommended procedures using the

above standards. The instrument calibration should be checked once per hour.

If the instrument does not repcoduce the concentrations of the stau_dard within

10 percent, the complete calibration procedures should be performed.

6.3 Atomic Absorption Spectrometer - Direct Aspiration, Graphite Furnace

and Cold Vapor Mercury Analyses. Prepare the standards as outlined in Section

4._. Calibrate the spectrometer using these prepared standards. Calibration

procedures are also outlined in the EPA methods referred to in Table A-2 and in

Standard Methods for Water and Wastewater, 15rh Edition, Method 303F (for

mercury). Each standar_ curve should be run in duplicate and the mean values

used to calculate the callbratlon llne. The instrument should be recallbrated

approximately once every I0 to 12 samples.

=

-r_



7. QuaLity Control

7.1 Sampling. Field Reagent Blanks. The blank samples in Container

Numbers 7 through 12 produced previously in Sections 5.2.7 through 5.2.11,

respectively, shall be processed, digested, and analyzed as follows. Digest

and process Container No. 12 contents per Section 5.5.I, Container No. 7 per

Section 5.3.2, and half of Container No. 8 per Section 5.3.5. This produces

Fraction Blank IA and Fraction Blank IB from Fraction Blank I. Combine the

remaining half of Container No. 8 with the contents of Container No. 9 and

digest and process the resultant volume per Section 5.3.4. This produces

Fraction Blank 2A and Fraction Blank 2B from Fraction Blax_ 2. Container No. I0

and Container No. Ii contents are Fraction Blank 3. Analyze Fraction Blank IA

and Fraction Blank 2A per Section 5._.I and/or 5.4.2. Analyze Fraction Blank

IB, Fraction Blank 2B, and Fraction Blank 3 per Section 5.4.3. The analysis of

Fraction Bleulk lA produces the front half reagent blank correction values for

the metals except mercury; the analysis of Fraction Blank IB produces the front

half reagent blank correct value for mercury. The analysis of Fraction Blank 2/%

produces the back half reagent blank correction values for the metals except

mercury, while separate analysis of Fraction Blanks 2B and 3 produce the back

half reagent blank correction value for mercury.

7.2 An attempt may be made to determine if the laboratory reagents used in

Section 5.3 caused contamination. They should be analyzed by the procedures in

Section 5.4. The Administrator will determine whether or not the laboratory

blank reagent values can be used in the calculation of the stationary source

test results.

7.3 (h}allty Control Samples. The following quality control samples should

be analyzed.

7.3.1 ICAP Analysis. Follow the quality control shown in Section 8 of

Method 6010. For the purposes of a three tzm test series, these requirements

have been modified to include the following: two instrument check standard

runs, two calibration blank runs, one interference check sample at the

beginning of the analysis (must be within 25% or analyze by standard addition),

one quality control sample to check the accuracy of the calibration standards

(must be within 25% of calibration), and one duplicate analysis (must be within

5% of average or repeat all _malysls).

7.3.2 Direct Aspiration and/or Graphite Furnace AAS Analysis for Antimony,

Arsenic, Barium, Beryllium, Cadmium, Copper, Chromium, Lead, Nickel, Manganese,



Mercury. Phosphorus. Selenium. Silver. Thallium. and Zinc. All samples should

be analyzed in duplicate. Perform a matrix spike on one front half sample and

one back half sample or one combined sample. If recoveries of less than 75

percent or greeter than 125 percent are obtained for the matrix spike, analyze

each sample by the method of additions. A quality control sample should be

analyzed to check the accuracy of the calibration standards. The results must

be within 10% or the calibration repeated.

7.3.3 Cold Vapor AAS Analysis for Mercury. All samples should be analyzed

in duplicate. A quality control sample should be analyzed to check the accuracy

of the calibration standards (within lO_ or repeat calibration). Perform a

matrix spike on one sample from the nitric impinger portion (must be within 25_

or samples must be analyzed by the method of standard additions). Additional

information on quality control can be obtained from EPA Method 7470 or in

Standard Methods for Water and Wastewater, 15rh Edition. Method 305F.

8. Calculations

8.1 Dry Gas Volume. Using the data from this test, calculate V=_,td) . the

dry gas sample volume at standard conditions as outlined in Section 6.3 of

Method 5.

8.2 Volume of Water Vapor and Moisture Content. UsJmg the data obtained

from this test, calculate the volume of water vapor Vv(,td) and the moisture

content B,, of the stack gas. Use Equations 5-2 and 5-3 of Method 5-

8.3 Stack Gas Velocity, Using the data from this test and Equation 2-9 of

Method 2, calculate the average stack gas velocity.

8.tl Metals (D_cept Mercury) in Source Sample.

8.4.1 Fraction iA, Front Half. Metals (except Hg). Calculate the amount

of each metal collected in Fraction I of the sampling train using the following

equation:

Mth = C, F, V,o,,., Eq. I"

_If Fractions lA and 2A are combined, proportional allquots must be used.

Appropriate changes must be made in Equations 1-3 to reflect this approach.



where :

Mfh = total mass of each metal (except Hg) collected in the
front half of the sampling train (Fraction II, ug.

C, = concentration of metal in sample Fraction IA as read from-the
standard curve (ug/ml).

Fd = dilution factor (Fd _ the inverse of the fractional portion of the
concentrated sample in the solution actually used in the instrument to

produce the reading Ca . For example, when the dilution of Fraction IA
is from 2 to i0 ml. Fd = 5).

V,oln.1 = total volume of digested sample solution (Fraction I), ml.

8.4.2 Fraction 2A, Back Half, Metals (except Hg). Calculate the amount of

each metal collected in Fraction 2 of the sampling train using the following

equation.

Mb h -C, F, V, Eq. 2*

where:

_h = total mass of each metal (except Hg) collected in the back half
of the sampling train (Fraction 2), ug.

C, = concentration of metal in sample Fraction 2A, as read from the
standard curve (ug/ml).

F = aliquot factor, volume of Fraction 2 divided by volume of aliquot
Fraction 2A.

V - volume of digested sample analyzed (concentrated Fraction 2A). ml.

8.4.3 Total Train, Metals (except Hg). Calculate the total amount of each

of the quantified metals collected in the sampling train 8.s follows:

Mt = (Mfh -Mzhb) .I- (Mbh -Mbhb ) F.,q. 3*

whe re :

Mt = total mass of each metal (separately stated for each metal) collected
in the sampling train, ug.

Mrhb = blank correction value for mass of metal detected in fz_ont half
fleld reagent blank, ug.

M%_ b = blank correction value for mass of metal detected in back half
field reagent blank, ug.

*If Fractlons lA _d 2A are combined, proportional allquots must be used.

Appropriate changes must be made in Equatlons l-5 to x_eflect this approach.



Not____ee:If the measured blank value for the front half (mrhb) IS in the range 0,0

to A ug [where Aug equals the value detevmlned by multiplying 1.4 ug per square

Inch (1.4 ug/in. _) times the actual area in square inches (In.a) of the filter

used in the emission sample], mt. b may be used to correct the emlssi_)n sample

value (mfh); if mrh b exceeds A ug, the greater of the two following values

(either I. or II.) may be used:

I. A ug, or

II. the lesser of (a)mZhb, Or (b) 5 percent of ruth-

If the measured blsr/< value for the back half (mbhb) iS in the range 0.0 to 1

ug, m_h _ may be used to correct the emission sample value (mbh); if mbh b exceeds

Iug, the greater of the two following values may be used: I ug or 5 percent of

mbh.

8.5 Mercury in Source Sample.

8.5.1 Fraction IB, Front Half, Hg. Calculate the amount of mercury

collected in the front half, Fraction I, of the sampling train using the

following equation:

Qfh

Hgrh = ------x V.o1.,, Eg. 4
Vtz.

where :

Hgth = total mass of mercur-j collected in the front half of the sampling
train (Fraction 1), ug.

Qrh - quantity of mercury in analyzed sample, ug.

V,oln.1 = total volume of digested sample solution (Fraction I). ml.
Vr le = volume of Fraction IB analyzed, ml. See the following Note.

Note: VF, B is the actual amount of Fraction IB analyzed. For example, if i ml

of Fraction IB were diluted to I00 ml to bring lt into the proper analytical

range, and I ml of the I00 ml dilution was analyzed, Vrla would be O.01.

8.5.2 Fraction 2B and Fraction 3, Back Half, Hg. Calculate the amount of

mercury collected in Fractions 2 and 3 using Equations 5 and 6, respectively.

Calculate the total amount of mercury collected in the back half of the sampling

train using Equation 7.

h2

Hgbh 2 = X V, ol_.a Eq. 5
Vrlm



where:

Hgbh 2 - total mass of mercury collected in Fraction 2, ug.

Qbh2 " quantity of mercury in analyzed sample, ug.

Vr_e - volume of Fraction 2B analyzed, ml (see Note in
Section 8.5. I,).

- total volume of Fraction 2, ml.V, oln,2

Qbh 3

Hgbh3 = ....... X V. os ,',. 3 Eq. 6
Vra.

where:

= total mass of mercury collected in Fraction 3, ug.
Hgb h3

Qbh3 = quantity of mercury in analyzed sample, ug.
= volume of Fraction 3 analyzed, ml (see Note inVt3

Section 8.5.1).

V.o,.,3 = total volume of Fraction 3. ml.

Hgb. = Hgbh2 + Hgbh3 F_I. 7

where:

= total mass of mercury collected in the back half of the samplingHgbh
train, ug.

8.5.3 Total Train Mercury Catch. Calculate the total amount of mercury

collected in the sampling train using Equation 8.

Mt = (Hgfh -Hgfhb) + (Hgbh -Hgbhb) Eq. 8

where:

Mt _ total mass of mercury collected in the sampling train, ug.
= blank correction value for mass of mercury detected in front halfHgt hb

field reagent blank, ug.
= blank correction value for mass of mercury detected in backHgbhb

half field reagent blank, ug,

Note: If the total of the measured blank values (Hgrh b * Hgbh b ) iS in the range

of 0 to 3 ug, then the total may be used to correct the emission sample value

(Hgf, + Hgbh); if it exceeds 3 ug, the greater of the following two values may

be used: 3 ug or 5 percent of the emission sample value (Hgth + Hgbh).



8.6 Metal Concentration of Stack Gas. Calculate the cadmium, total

chromium, arsenic, nickel, manganese, beryllium, copper, lead, phosphorus,

thallium, silver, barium, zinc, selenium, antimony, eu_d mercury concentrations

in the stack gas (dry basis, adjusted to steu%dard conditions) as follows:

C, = K_ (Mt/V,(,td)) Eq.9
whe re :

C, - concentration of each metal in the stack gas. mg/dscm.
K_ = I0 "3 mg/ug.

Mt = total mass of each metal collected in the sampling train, ug.

V (,t_) = volume of gas sample as measured by the dry gas meter, corrected
to dry standard conditions, dscm.

8.7 Isokinetic Variation and Acceptable Results. Same as Method 5,

Sections 6.11 and 6.12, respectlvely.
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_.

METHOD IA---SAMPLE AND VELOCITY TRA-

VERSES,, FOR STATIONARY SOURCES WITH

SMALL STACKS OR DUCTS

1. Applicability and Principle

1.1 The applicability and principle of this
method are identical to Method 1, except
this method's applicability is limited to
stacks or ducts less than about 0.30 meter
(12 in.) in diameter or 0.071 m _ (113 in.') in
cross-sectional area, but equal to or greater
than about 0.10 meter (4 in.) in diameter or

= 0.0081 m' (12.57 in.f) in cross-sectional area.
1.2 In these small diameter stacks or

- ducts, the conventional Method 5 stack as-
- sembly (consisting of a Type S pitot tribe at-

tached to a sampling probe, equipped with a
nozzle and thermocouple) blocks a signifi-
cant portion of the cross section of the duct
and causes inaccurate measurement._.
Therefore, for particulate matter (PM) sam-



Pr. 60, App. A**Moth. lA . ._,40 CFRCh, | (7.1-89 Edition)

pli_ in small st_ks or ducts, the Gas velocl- 2.1.1 PM Measurements. Select a PM
ty in m_ truing a s{_andard pitot "tube _znpllng zdte lo(_ated preferably at least
dow_tream of the actual eml_on sampling equivalent :stack or duct diameters down-"
site. The J_raight run of duct _)etween .the rweJun z_t_d _|0 oqui,_alent diameters up-
PM sampling and velocity m_ent stream from ,my flow disturbances such as
sites allows the flow profile, temporarily dis. bends, expansiozm, or contractions in the
turbed by the presence of the sampling stack, or from • viaible flame. N_xt, locate
probe, to redevelop and stabUtze, the velocity meuurement site 8 equivalent

1.3 The croea-sectional layout and loca. diameters downsl_re_mJn of the PM samDling
tion of traverse points and the verification site. See Figure ILA-I. H such locations are

not avaUable, seh,_t au alternative PM sam.
of the absence of cyclonic flow are the same ])ling nile that ts at leut 2 equivalent stack
as in Method 1, 8ecUons 2.3 and 2.4, respec- or duct diameters downstream and 2½ diam-
tively, DHfe_.nces from Method 1, except as eters upstream frorrL any flow disturbance.
noted, are given below. "Jt'hen, locate the velocity measurement site

_,.Procedure 2 equivalent diameters downstream from
the PM sampling siloe. Follow Section 2.1 of

2.1 Selection of SampUng and Measure- Method I for calcu_Lating equivalent dlame-
ment Sites. ters for a rectangtd_Lr cross section.
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2.1.2 PM Sampling (Steady Flow) or only points required is eight for circularducts
Velocity Measurements. For PM sampling and nine for rectangularducts.
when the volumetric flow rate in a duct is
constant with respectto time,Section 2.1of 3,Bibliography
Method I may be followed,with the PM 1.Same as in Method 1.Section 3, Cita-
sampling and velocity measurement per- tlons1 through 6.
formed at one location,To demonstrate 2.VoUaro, Robert F. Recommended Pro-
thatthe flow rate,tsc_nstant(within 10per- cedure for Sample ,Traverses in Ducts
cent) when PM measurements are made. Smaller Than 12 Inches in Diameter. U_.
perform complete velocitytraversesbefore Environmental ProtectionAgency, Emission
and after the PM sampling run, and calcu- Measurement Branch, Research Triangle
late the deviationof the flow rate derived Park. North Carolina.January 1977.
afterthe PM sampling rm_ from the one de-
rivedbefore the PM sampUng run.The PM
sampling run isacceptable ifthe deviation
does not exceed 10 percent.
2.2 Determining the Number of Traverse

Points.

2.2.1 PM Sampling. Use Figure I-1 of
Method 1 to determine the number of tra-
verse points to use at both the velocity
measurement and PM sampling locations.
Before re_erring to the figure, however, de-
termine the distances between both the ve-
locity measurement and PM sampling sites
to the nearest upstream und downstream
disturbances. Then divide each distance by
the stack diameter or equivalent diameter
to express the distances in terms of the
number of duct diameters. Next. determine
the number of traverse points from Figure
1.-1 of Method 1 corresponding to each of
these four distances. Choose the highest of
the four ntunbers of traverse points (or a
greater number) so that, for circular ducts,
the number is a multiple of four, and for
rectangular ducts, the number is one of
those shown in Table 1-1 of Method 1.
When the optimum duct diameter location
criteria can be satisfied, the mtnlm_lra
number of traverse points required ts eight
for circular ducts and nine for rectangular
ducts.

2.2.2 PM Sampling (Steady Flow) or Ve-
locity Measurements. Use Figure 1-2 of
Method I to determine the number of tra-
verse points, following the same prov.e.dure
used for'PM sampling traversesas described
inSection 2.2.1of Method I.When the optl-
mum duct diameter locationcriteriacan be
satisfied,the mlninmm number of traverse
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METHOD 2C--DETERMINAT,TON OF STACK GAS
VELOCITY AND VOLUM]ETRIC PLOW RATE L_

SMALL STACKS OR Ducts (STANDAR_ PXTOT
TU_E)

1. Applicability and Principle

1.1 Applicability.
1.1.1 The appllcab_lity of this method is

identical to Method 2, _xcept this method is
limited to stationery sou_-ce stacks or ducts
less than about 0.30 meter (i2 irL) in diame-
ter or 0.071 m _ (113 in.') in cross-section_
area, but equ_ to or greater than about 0.10
meter (4 in.) in diameter or 0.0081 m' (12.57
in.') in cro_-section_ area.

1.1.2 The apparatus, procedure, calibra-
tion, calculations, and blHography are the
same as in Method 2, Sections 2, 3, 4, 5, and
6, except as noted in the fo]lowlnt sections,

1.2 PTh_clple. The averl_ge gas velocity in
a stack or duct is determined /tom the g_
density and from measurement of ve]ocity
hc_'_ wi_h a standard pii_i. _ube.
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2. Apparatt_ 2.2 Alternative Pitot Tube. A modified
hemispherical-nosed pitot tube (see Figure

2.1 Standard Pitot Tube (instead of Type 2C-1), which features a shortened stem and
S).,Use a standard pitot tube that meets the enlarged impact and static pressure holes,
specifications of Section 2.7 of Method 2. may be used. This pitot tube ts useful in
Use a coefficient value of 0.99 unless it ts liquid drop-laden gas streams when a pitot
calibrated against another standard pitot "back purge" is ineffective. Use a coefficient
tube with an NBS-traceable coefficient, value of 0.99 unless the pitot is calibrated as

mentioned in Section 2.1 above.

ffi
m
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3. Procedure mum flow rates at the stack gas conditions.
The magnitude and variability of stack gas

Follow the general procedures in Section 3 flow rate, molecular weight, temperature,
c_f Method 2, except conduct the measure- pressure, compressibility, dew point, corro-
ments at the traverse points specified in siveness, and pipe or duct size are ali factors
Method lA. The static and impact pressure to consider in choosing a suitable measuring
holes of standard pitot tubes are susceptible device.
to plugging in PM-laden gas streams. There- 2.2 Barometer. Same as in Method 2, Soc-
fore, the tester must furnish adequate proof rien 2.5.
that the openings of the pitot tube have not
plugged during the traverse period; this 2,3 Stopwatch. Capable of incremental
proof can be obained by first recording the time measurement to within 1 second.
velocity head (sp) reading at the final tra- 3. Procedure
verse point, then cleaning out the impact
and static holes of the standard pitot tube 3.1 Installation. Use the procedure in
by "back-purging" with pressurized air, and Method 2A, Section 3.1.
finally by recording another ap reading at 3.2 Leak Check. Use the px'ocedure in
the final traverse point. If ti_e Ap reading Method 2A, Section 3.2.
made after the air purge is within 5 percent 3.3 Flow Rate Measurement.
of the reading during the traverse, then t.he 3.3.1 Continuous, Steady Flow. At leas't
traverse is acceptable. Otherwise, reject the once an hour, record the mea-_uring device
run. Note that if the 5p at the final traverse flow rate reading, and the measuring device
point is so low as to make this determina- temperature and pressure. Make a minimum
tion too difficult, then another traverse of twelve equally spaced readings of each
point may be selected. If "back purging" at parameter during the test period. Record
regular intervals is part of the procedure, the barometric pressure at the beginning
then take comparative _p readings, as and end of the test period. Record the data
above, for the last two back purges at which on a table similar to Figure 2D-1.
suitable high ap endings are observed.

M_rHoD 2D--M_._SUREMF*tVr OF GAS VeLa- Plant_.
METRIC FLOW RATES IN SMALL PIPES AND Date__ Run number ....
DucTs Sample location__

Barometric pressure, mm (in.) Hg
1. Applicability and Principle Start_J Finish____

1.I Applicability. This method applies to Operators
the measurement of gas flow rates in small Measuring device number__ Calibra-
pipes and ducts, either before or after trois- tion coefficient_
sion control devices. Calibration gas___

1.2 Principle. 'ro measure flow rate or Last date calibrated ....
pressure drop, all the stack gas is directed
through a rotameter, orifice plate or similar static Ternperaiuro
flow rate measuring device. The measuring Flowrate pressure
device has been previously calibrated in a Time leading mm (in.) "C ('F) "K ('R)
manner that insures its proper calibration HO __
for the gas or gas mixture being measured.
Absolute tempexature a_.d pressure meas-
urements are also made to calculate volu-
metric flow rates at standard conditions.

2. Apparatus

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

2.1 Flow Rate Measuring Device. A ro-
tameter, orifice plate, or other flow rate
measuring device capable of measuring ali
the stack flow rate to within 5 percent of its Average.......|
true value. The measuring device shall be Lequipped with a temperature gauge accu-
rate to within 2 percent of the minimum ab-

solute stack temperature and a pressure Figure 2D-I. Flow rate measurement data.
gauge accurate to within 5 mm Hg. The ca-
pacity of the measuring device shall be sur- 3.3.2 Noncontinuous and Nonsteady
flcient for the expected maxhnum and mini- Flows. Use flow rate measuring devices with
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particular caution. Calibration will be af- apply the same performance standards.
fected by variation in stack gas tempera- Calibrate the measuring device with the
ture, pressure, compressibility, and molecu- principal stack gas to be measured (e.g., air,
lar weight. Use the procedure in Section nitrogen) against a standard reference
3.3.1. Record ali the measuring device pa- meter. A calibrated dry gas meter is an ac-
rameters on a time interval frequency suffl- ceptable reference meter. Ideally, calibrate
cient to adequately profile each process cy- the measuring device in the field with the
clical or noncontinuous event. A multlchan- actual gas to be measured. For measuring
nel continuous recorder may be used. devices that have a volume rate readout,

4. Calibration calculate the measuring device calibration
coefficient, Y., for each run as follows:

4.1 Flow Rate Measuring Device. Use the
procedure in Method 2A, Section 4, and

(Q,) (T,)P_,

Eq. 2I:)-1
Y- = (Q_) (T.) (Ph.,+

P,)

where: turer's instructions to calculate the Q, cor-
Q,= reference meter flow rate reading, m'/ responding to each Q,.

rain (ft'/min). 4.2 Temperature Gauge. Use the proce-
Q, = measuring device flow rate reading, dure and specifications in Method 2A, Sec-

m'/min (ft'/mln). tion 4.2. Perfozzn the calibration at a tem-
T,=reference meter average absolute tem- perature that approximates field test condi-

perature, "K ('R). tions.
T,=measuring device average absolute 4.3 Barometer. Calibrate the barometer

temperature, "K ('R). to be treed in the field test with a mercury
pb,,=barometric pressure, mm Hg (in. Hg). barometer prior to the field test.
P, = measuring device average static pres-

sure, mm Hg (in. Hg). 5. Gas Flow Rate Calculation
For measuring devices that do not haste a Calculate the stack gas flow rate, Q,, as

readout as flow rate, refer to the manufac- follows:

(Pb,, +

Q. = K,YmQ, P') Eq. 2D-2

T,

where:
K, = 0.3858 for international system of

units (SI); 17.64 for English units.
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Is shown, to the satisfaction of the Adminis.
trator. U.S. Environmental Protection
Agency, to be capable of yielding results
within I percent H,O of the reference

lVLt'THO04--D_n_ATIO_ oF MOXSTm_ method.

CoNifer x_ STACX Oasr, s NoT_ The reference method may yield

1. Principle and Applicability questionable results when applied to satu-

1.1 Principle. A gas sample is extracted rated gas streams or to streams that contain
at a constant rate from the source; moisture water droplets. Therefore, when these con-
is removed from the sample stream and de- dltions exist or axe suspected, a second de-terralnation of the moisture content shall
retrained either volumetrically or gravirnet- be made simultaneously with the reference
rically, method, as follows: Assume that the gas

1.2 Applicability. This method is applica-
ble for determining the moisture content of stream is saturated. Attach a temperaturesensor [capable of measuring to ±1" C (2"
stack gas. F)] to the reference method probe. Measure

Two procedures are given. The first is a
reference method, for accurate determina- the stack gas temperature at each traverse
tions of moisture content (such as are point (see Section 2.2.1) during the refer-
needed to calculate emission data). The ence method traverse; calculate the average
second is an approximation method, which stack gas temperature. Next, determine the
provides estimates of percent moisture to moisture percentage, either by: (1) using apsychrometrlc chart and making appropri-
aid in setting isoklnetlc sampling rates prior ate corrections if stack pressure is different
to a pollutant emission measurement run.
The approximation method described from that of the chart, or (2) using satura-
herein is only a suggested approach; alter- tion vapor pressure tables. In cases where
native means for approximating the mois- the pyschrometric chart or the saturation
ture content, e.g., drying tubes, wet bulb-dry vapor pressure tables are not applicable
bulb techniques, condensation techniques, (based on evaluation of the process), alter.
stoichlometric calculations, previous experi- nate methods, subject to the approval of the
ence, etc., are also acceptable. Administrator, shall be used.

The reference method is often conducted 2. Reference Method
simultaneously with a pollutant emission The procedure described in Method 5 for
measurement run; when it is, calculation of determining moisture content is acceptable
percent lsoklnetic, pollutant emission rate, as a reference method.
etc., for the run shall be based upon the re- 2.1 Apparatus. A schematic of the sam-
sults Of the reference method or its equiva- pling train used in this reference method is
lent; these calculations shall not be based shown in Figure 4-I. Ali components shall
upon the results of the approximation be maintained and calibrated according to
method, unless the approximation method the procedure outlined in Method 5.
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2.1.1 Probe. The probe Is constructed of 2.1.3 Cooling System. An ice bath con-
sta_fless steel or glass tubing, stffficiently tainer and crt_hed ice (or equivalent) are
heated to prevent water condensation, and used to aid in condensing moisture.
is' equipped with a filter, either lh.stack 2.1.4 Metering System. This system in-
(e.g., a plug of glass wool inserted into the eludes a vacuum gauge, leak-free pump,
end of the probe) or heated out-stack (e.g., thermometers capable of measuring temper-
as described in Method 5), to remove p_r- ature to within 3" C (5.4" F), dry gas meter
ticular matter, capable of measuring volume to within 2

When stack conditions permit, other percent, a_d related equipment as shown in
metals or plastic tubing may be used for the Figure 4-1. Other metering systems, capable
probe, subject to the approval of the Admin- of maintaining a constmat sampling r_te sa_d
tstrator, determining sample gas volume, may be

2.1.2 Condenser. The condenser consists used, subject to the approval of the Admin-
of four lmpingers connected in series with lstrator.
ground glass, leak-free fittings or any sinai- 2.1.5 Barometer. Mercury, aneroid, or
laxly leak-free non-contaminating fittings, other barometer capable of measuring at-
The first, third, and fourth hz_pingers shall mosphertc pressure to within 2.5 mm Hg
be of the Greenburg-Smith design, modified (0.1 in. Hg) may be used. In many cases, the
by replacing the tip with a 1.3 centimeter barometric reading may be obtained from a
(½ inch) ID glass tube e_tending to about nearby National Weather Service station, in
1.3 cm (½ in.) from the bottom of the flask, which case the station value (which is the
The second lmpinger shall be of the Green- absolute barometric pressure) shall be re-
burg.Smith design with the standard tip. quested and an adjustment for elevation rill-
Modifications (e.g., using flexible cormec- ferences between the weather station azld
tions between the hmpingers, using matert- the sampling point shall be applied at a rate
als other than glass, or truing flexible of minus 2:5 mm Hg (0.1 in. Hg) per 30 m
vacuum lines to connect the filter holder to (100 ft) elevation increase or vice versa for
the condenser) may be used, subject to the elevation decrease.
approval of the Adml, flstrator. 2.1.6 Graduated Cylinder and/or Bal.

The first two lmpingers shaJI2 contain ance. These items are used to measure con.
known volumes of water, the third shall be densed water and moisture caught in the
empty, and the fourth shall contain a silica gel to within 1 ml or 0.5 g. Graduated
knowr._ weight of 6- to 16.mesh indicating cylinders shall have subdivisions no greater
type s_,iica gel, or equivalent desiccant. If than 2 ml. Most laboratory balances are ca-
the silica gel has been previously used, dry pable of weighing to the nearest 0.5 g or
at 175" C (350" F) for 2 hours. New silica gel less. These balances are suitable for tLSe
may be used a.s received. A thermometer, ca- here.
pable of measuring temperature to within 1' 2.2 Procedure. The following procedure
C (2' F), shall be placed at the outlet of the is written for a condenser system (such as
fourth lmpinger, for monitoring purposes, the lmpinger system described in Section

Alternatively, any system may be used 2.1.2) incorporating volumetric analysis to
(subject to the approval of the Adminlstra- measure the condensed moisture, and silica
tor) that cools the sample gas stream and gel and gravimetric analysis to measure the
allows measurement of both the water that moisture leaving the condenser.
has been condensed and the moisture lear. 2.2.1 Unless otherwise specified by the
ing the condenser, each to within 1 ml or 1 Administrator, a minimum of eight traverse
g. Acceptable means are to measure the cu_- points shall be used for' circular stacks
densed water, either gravimetrtcally or volu- having diameters less than 0.61 m (24 in.), a
metrically, and to measure the moisture minimum of nine points shall be used for
leaving the condenser by: (1) monitoring the rectangular stacks having equivalent dlame-
temperature and pressure at the exit of the ters less than 0.61 m (24 in.), and a mini.
condenser _nd using Dalton's law of partial mum of twelve traverse points shall be used
pressures, or (2) passing the sample gas in all other cases. The traverse points shall
stream through a tared silica gel (or equiva- be located according to Method 1. The use
lent desiccant} trap, with exit gases kept of fewer points is subject to the approval of
below 20" C (68" F), and determining the the Administrator. Select a suitable probe
weight gain. a_]d probe length such that ali traverse

If means other than silica gel are used to points can be sampled. Consider sampling
determine the amount of moisture leaving from opposite sides of the stack (four total
the condenser, it is recommended that silica sampling ports) for large stacks, to permit
gel (or equivalent) still be used between the use of shorter probe lengths. Mark the
condenser system and pump, to prevent probe with heat resistant tape or by some
moisture condensation in the pump and me- other method to denote the proper dIstance
tering devices and to avoid the need to make into the stack or duct for each sampling
corrections for moisture in the metered point. Pla_e known volumes of water in the
volume, first two lmpingers. Weigh a_ld record the
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, weight of the silica gel to the nearest 0.5 g, on the example data sheet shown in Figure
and transfer the silica gel to the fourth lm- 4-2. Be sure to record the dry gas meter
pinger; alternatively, the silica gel may Itrst reading at the beginning and end of each
be transferred to the hnpinger, and the sampling time increment and whenever
weight of the silica gel plus Impinger record- sampling is halted. Take other appropriate
ed. readings at each sample point, at least once

2.2.2 Select a total sampling tinge such during each time increment.
that a minimum total gas volume of 0.60 2,2.5 To begin sampling, position the
sem (21 scf) will be collected, at a rate no probe tip at the first traverse point. Imme.
greater than 0,021 mS/rain (0Zi5 cfm). When dlately start the pump and adjust the flow
both moisture content and pollutant emis- to the desired rate. Traverse the cross sec-
sion rate are to be determined, the moisture tion, sampling at each traverse point for an
determination shall be simultaneous with, equal length of time, Add more ice and, if
and for the same total length of time as, the necessary, salt to maintain a temperature of
pollutant emission rate run, unless other, less 20" C (68 ° 1_')at the silica gel outlet.
wise specified in an applicable subpart of 2.2.6 After collecting the sample, discon-
the standards, nect the probe from the filter holder (or

2.2.3 Set up the sampling train as shown from the first impinger) and conduct a leak
in Figure 4-1. Turn on the probe heater and check (mandatory) as described in Section
(if applicable) the filter heating system to 2.2.3. Record the leak rate. If the leakage
temperatures of about 120" C (248" F), to rate exceeds the allowable rate, the tester
prevent water condensation ahead of the shall either reject the test results or shall
condenser; allow time for the temperatures correct the sample volume as in Section 6.3
to stabilize. Place crushed ice in the ice bath of Method 5. Next, measure the volume of
container. It is recommended, but not re- the moisture condensed to the nearest ml.
quired, that a leak check be done, as follows: Determine the increase in weight of the
Disconnect the probe from the first imping- silica gel (or silica gel plus impinger) to the
er or (if applicable) from the filter holder, nearest 0.5 g. Record this information (see
Plug the inlet to the first tmpinger (or filter example data sheet, Figure 4-3) and calcu-
holder) and pull a 380 mm (15 in.) Hg late the moisture percentage, as described in
vacuum; a lower vacuum may be used, pro- 2.3 below.
vided that it, is not, exceeded during the test. 2.2Z/ A quality control check of the
A leakage rate in excess of 4 percent of the volume metering system at the field site is
average sampling rate or 0.00057 m_/min suggested before collecting the sample fol-
(0.02 cfrn), whichever is less, is unaccept- lowing the procedure in Method 5, Section
able. Following the leak check, reconnect 4.4

= the probe to the sampling train. 2.3 Calculations. Carry out the following
2.2.4 During the sampling run, maintain calculations, retaining at least one extra

a sampling rate within 10 percent of con- decimal figure beyond that of the acquired
stant rate, or as specified by the Adrninistra- data. Round oil figures after final calcula-
tor. For each run, record the data required tion.
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FIGURE 4-3wANALYTICAL DATA--REFERENCE K,=0.001333 m'/ml for metric units
=0.04707 ft=/m] for English units

METHOD 2.3.3 rVOl_UTle Of Water Vapor Collected in
Silica Gel.

vokwne, rrd weight, g

F-_II....................................... ( I/Vs- WI)R T,,,_
Ir_al ...................................... V_e_,d) =
lY_fecence............................. P,,uM.

2.3.1 Nomenclature.

B ==Proportlon of water vapor, by volume, = K2(W/-Wr)

in the gas stream. Eq. 4-2
M,ffiMolecular weight of water, 18.0 g/g- Where:

= mole (18.0 lb/lb-mole).
K2=0.0 J1335 m=/g for metric units

P,=Absolute pressure (for this method, =0.04715 ft=/g for English units
same as barometric pressure) at the dry 2.3.4 Sample Gas Volume.gas meter, mm Hg (in. Hg).

P=d=Standard absolute pressure, 760 mm
Hg (2°.92 in. Hg).

R=Ideal gas constant, 0.06236 (mm Hg) (Pm)(T,d)
(m=)/(g-mole) ('K) for metric units and Vm¢,,_)= VmY

' 21.85 (in. Hg) (ft3)/(lb-mole) ('R) for (P,,d)(T,.)
English units.

T,=Absolute temperature at meter', "K
('R).

T,_=Standard absolute temperature, 293"
K (528"R). VmPm

V_=Dry gas volume measured by dry gas -- K_Y
meter, dcm (dc:I). Tm

AV, =Incremental dry gas volume measured
by dry gas meter at each traverse point,-

dcm (dcf.). Eq. 4-3
V,_td)=Dry gas volume measured by the dry Where:

- gas meter, corrected to standard condi- /f==0.3858 "K/mm Hg for metric units
tions, dscm (dscf). = 17.64 "R/in. Hg for English units

- Y_o,_=Volume of water vapor condensed
NOTE: If the post-test leak rate (Sectioncorrected to standard conditions, sem

= (scf). 2.2.6) exceeds the allowable rate, correct the
: Y_,o_,d_=Volume of water vapor collected in value of Vm in Equation 4-3, as described in

silica gel corrected to standard condi- Section 6.3 of Method 5.
tions, scm (scf). 2.3.5 MoL_ture Content.

Ys=Final volume of condenser water, ml.
-- Y,=Initial volume, if any, of condenser

water, ml. V=_,_ + V.,o_,_
: W/=Final weight of silica gel or silica gel B_ =

plus impinger, g. V=cc,,d_+ V=,wc.d)+ V,.,¢,._)
-= W,=Initial weight of silica, gel or silica gel

plus lmpinger, g.
Ir = Dry gas meter calibration factor. Eq. 4-4
p,=Density of water, 0.9982 g/ml (0.002201 Nozz: In saturated or moisture droplet-

lh/ml), laden gas streams, two calculations of the
2.3.2 Volume of Water Vapor Condensed. moisture content of the stack gas shall be

made. one using a value based upon the
saturated conditions (see Section 1.2), and
another based upon the results of the ira.

(_-¼)p,,,RE,,_ pinger analysis. The lower of these two
=_ V=_ = values of B = shall be considered correct.

P.._M,,, 2.3.6 Verification of Constant Sampling
--= Rate. For each time increment, determine

o the A V,. Calculate the average. If the value

= K,(V]-Vr) for any time increment differs from the av-
erage by more than 10 percent, reject the

Eq. 4-1 results and repeat the run.
Where: 3. Approximation Method

m " ' "1 It' fT Iii 'li H'J' _1_r '1 ' I1' II11'1¢'1 .... II]li II ]_ I_ "' ir1_II i , ,, , rlllH,

_,,_,,,_,rr,II'rl............ _,_,_ _*_"I_,T*' rl,lf'_'I'",_rl''_'_lIli!_',Irl,l(I_,tl,l_,_..... _lIl_'_'_l'l' ',"_*tl_"J_l'_lJ_l_l'Jlrl_1_'_'ii,t -
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The approximation method described range of flow rates and conditions actually
below Is presented only as a suggested encountered durlngsaznpling_
method (see Section 1.2). 3.1..8 lRttte Meter. Rotameter. to measure
3.1 Apparatus. the flow range from 0 to 3 Ipm (0 to 0.11

3.1.1 Probe. Stainlesssteelglass tubing, cfm).
sufficientlyheated toprevent water conden- 3.1.90raduated Cylinder.25 ml.
sationand equipped with a filter(eitherin- 3.1.10 Barometer. Mercury, aneroid, or
stack or heated out.stack)to remove partlc, other barometer, as described In Section
ulate matter. A plug of glasswool, Inserted 2.1.!_abo,_e.
Into the end of the probe, Is a satIsfactory 3.1.11 Vacuum Gauge. At least 760 mm
filter. Hg (30 tn_.Hg) gauge_tobe used for the sam.

3.1.2 Implngers. Two midget Imptngers, plingleal_check.3.2 Procedure.
each with 30 rnlcapacity,or equivalent. 3.2.1 Piace exactly5 ml distilledwater in
3.1.3 Ice Bath. Container and ice,to aid each Impinger.

In condensing moisture in tmpingers.

3.1.4 Drying Tube. Tube packed with Leak check the sampling train as follows:
new or regenerated6-to 16-mesh indicating- Temporltrily inserta vacuum gauge at or
type silicagel (or equivalent desiccant),to near ti_.=probe inlet;then, plug the probe
dry the sample gas and to protectthe meter Inletaatdpull a vacuum of at lea.st250 mm
and pump. Hg (I0 In. Hg). Note, the time rate of
3.1.5 Valve.Needle valve,to regulate the change of the dry gas meter dlal;alterna-

sample gas flow rate. tlvely,a rotameter (0-40 cclmin) may be

3.1.6 Pump. Leak-free,diaphragm type, tempor=_rilyattached to the dry gas meter
or equivalent, to pull the gas sample outletto determine the leakage rate.A leak
through the train, rate not hu excessof 2 percent of the aver-
3.1.7 Volume Meter. Dry gas meter,suffl- age savapIkugrateisacceptable.

clently accurate to measure the sample Noz_z;:Carefully release the probe inlet
volume withtr_2%, and calibratedover the plug l_._foreturning offthe pump.
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_||Vill/tiltlilllill+t I I¥1_lll,l, ll rs_,i_Is,_ ..... r " "l'l" " " • " "

l_auR_ 4-5--9_ Motsz_r_ V,=Dry gas volume measured by dry gas
D_I_IINATION--APPROXIMATION METHOD meter, dcm (dcf).

V._=Dry ges volume measured by dry gas
Lo_Uon......................................C__ meter, corrected to standard conditions,
T_...J ........................................ dscm (d_f).
Date.............................................. V,_)=Volume of water vapor condensed,
Ope_to¢...................................... corrected ix)sh_ndard conditions, scm
sm_c _m_ze ................... (scf).

_ffiD_nsity of water, 0.9982 g/tnl (0.002201
........... lh/mi).

GM v0k#_ Rate.x_t_ Met_ Y=Dry gas meter calibration factor.

Clock time rnet_, ,,,), se."mgm:lnSn(ft'/ t_(a_ri:, 3.3.2 Volume of Water Vapor Collected.m' (ft') m_n)

(vi- Vdp.RT,,,
..... ........... VIp_

P,_M..

.........

= K,(Vt-V,)
E.q. 4-5.=.

Where:
3.2.2 Connect the probe, insert it into the K_ =0.001333 m:/mLl formetric units

stack, and sample at a constant rate of 2 =0.04707 ft:/ml for English units.
lpm (0.071 cfm). Continue sampling until 3.3.3 Gas Volume.
the dry gas meter registers about 30 liters
(1.1 ft _) or until visible liquid droplets are

carrled over from the first tmpinger to the 1, (.m. =/, (pl--_) { T--r:.'+J_second. Record temperature, pressure,and _,7, ]

dry gas meter readings as required by V,.,P.
Figure 4-5. .-=K., 1',

3.2.3 After collecting the sample, com- I.:quatio+t 4-6bine the contents of the two tmpingers and
measure the volume to the nearest 0.5 ml.
3.3 Calculations. The calculationmethod where:

presented isdesigned to estimate the tools- K,=0.3858 "K/mm Hg formetricunits
tare in the stack gas;therefore,other data, = 17.64"R/In.Hg forEnglish tmlts
which ase only necessaryfor accurate tools- 3.3.4 Approxknate Moisture Content.
ture determinations,axe not collected.The

following equation_ adequately estimate the B+,=, V.+ "I- B,,
moisture content, for the purpose of deter. V.,,.+ V,(.,,I)
mining tsoklnetlcsampling ratesettings. V,,

3.3.1 Nomenclature. ,= + (0.025)

B_=Approximate proportion,by volume, V,,_.+V,(.,,_)
of water vapor in the gas stream leaving Eg_at.ion 4-Y
the second impinger, 0.025.

B,-Water vapor In the gas stream, propor_ 4. Calibration

tion by volume° 4.1 For the reference method, calibrate
Mw=Molecular weight of water, 18.0 g/g- equipment as specified in the following sec-

mole (18.0 lb/lbmole) tions of Method 5: Section 5.3 (metering
,°,=Absolute pressure (_or this method, system); Section 5.5 (temperature gauges);

same as barometric pressure) at the dry and Section 5.7 (barometer). The recom-
gas meter, mended leak check of the metering system

P,_ -- Standard absolute pressure, 760 sam (Section 5.8 of Method 5) also applies to the
Hg (29.92 irt. Hg). reference method. For the approximation

R-Ideal gas constant, 0.06236 (mm Hg) method, tu_e the procedures outlined in Sec-
(m_)/(g-mole) ('K) for metric units and tion 5.1.1 of Method 6 to calibrate the me-
21.85 (in. Hg) (ft_)tlb-mole) ('R) for Eng. tering system, and the procedure of Method
lish units. 5. Section 5.7 to calibrate the barometer.

T,=Absolute temperature at meter, "K ('R).
_- T,_ =Standard absolute temperature, 29;$" 1_ ..._--....__l+'_"_"_h+_.-_.-.

(528"R). _. Air Pollution Engineering Manual :
_=Final volume of Impinger contents,ml. (Second Edition).Danielson.J.A. (ed.).U.S.
V,=Inltialvolume of implnger contents,ml. Environmental ProtectionAgency, OHlce of
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Air Quality Planning and Standards. Re- denses at or above the filtration tempera-
search Triangle Park, NC. Publication No. ture, ts determined gravirnetrlcally after re-
AP-40. 1973. moral of uncombined water.

2. Devorkin, Howard. et al. Air Pollution 1.2 Applicability. This method is appllca-
Source Testing Manual. Air Pollution Con- ble for the determination of particulate
trol District, Los Angeles, CA. November, emissions from stationary sources.
1963.

3. Methods for Determination of Velocity, 2. Apparatus
'Volume, Dust and Mist Content of Gases. 2.1 Sampling Train. A schematic of the
Western Precipitation Division of Joy Man- sampling train used in this method is shown
ufacturing Co., Los Angeles, CA. Bulletin in Figure 5-1. Complete construction details
WP-50. 1968. are given in APTD-0581 (Citation 2 in Bibli-

ography); commercial models of this train
are also available. For changes from APTD-

M_rMoD 5--D_rERMXNATXON OF PARTICULATE 0581 and for allowable modificatlon_ of the
EMISSIONS FROMSTATIONARYSOURCES train shown in Figure 5-1, see the following

1. Principle and Applicability subsections.
1.1 Principle. Particulate matter is with- The operating and maintenance proce-

drawn isokinetlcally from the source and dures for the sampling train are described in
collected on a glass fiber filter maintained APTD-0576 (Citation 3 in Bibliography).
at a temperature in the range of 120±14" C Since correct usage is important In obtain-
(248±25 ° F) or such other temperature as ing valid results, ali users should read
specified by an applicable subpart of the APTD-0576 and adopt the operating and
sLaLxdards or approved by Administrator, maintenance procedures outlined in it,
U.S. Environmental Protection Agency, for unless otherwise specified herein. The sam-
a particular application. The particulate pling train consists of the following compo-
mass, which includes any material that con- nents:

_, ,, _i.... , rJ ,,, ,, Ill l I ql 'li_ l Jill II II ii [_ ...... l,.I Pl .......... 'l q,l 'I_ lr ,F l , l lli_Fll ,l][ir l
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2.1.1 Probe Nozzle. Stainless steel (316) shall be even with or above the nozzle entry
or gla._s with sharp, tapered leading edge. plane (see Method 2, Figure 2-6b) duringL

The angle of taper shall be <30" and the sampling. The. Type S pitot tube assembly
taper shall be on the outside to preserve a shall have a known coefficient, determined
constant internal diameter. The probe as outlined in Section 4 of Method 2.
nozzle shall be of the button-hook or elbow 2.1.4 Differential Pressure Gauge. In.

. design, unless otherwise specified by the Ad- clined manometer or equivalent device
mlnistrator. If made of stainless steel, the (two), as described in Section 2.2 of Method
nozzle shall be constructed from seamless 2. One manometer shall be used or velocity I
tubing; other materials of construction may head (Ap) readings, and the other, for orifice
be tused, subject to the approval of the Ad- differential pressure readings.
ministrator. 2.1.5 Filter Holder. Borosilicate glass,

A range of nozzle sizes suitable for isoldn- with a glass frit filter support and a silicone
etic sampling should be available, e.g., 0.32 rubber gasket. Other materials of construc-
to 1.27 cm (V8 to V2 in.)--or larger if higher tion (e.g., stainless steel, Teflon, Viton) may
volume sampling trains are used--inside di- be used, subject to approval of the Adminis-
ameter (ID) nozzles in increments of 0.16 cm trator. The holder design shall provide a
(V16 in.). Each nozzle shall be calibrated ac- positive seal against leakage from the out-
cording to the procedures outlined in Sec- side or around the filter. The holder shall
tion 5. be attached immediately at the outlet of the

2.1.2 Probe Liner. Borosilicate or quartz probe (or cyclone, it used).
glass tubing with a heating system capable 2.1.6 Filter Heating System. Any heatingof maintaining a gas temperature at the exit
end during sampling of 12(}+_14" C (248±25" system capable of maintaining a tempera-ture around the filter holder during sam-
F), or such other temperature as specified pling of 120+_14" C (248±25" F), or such
by an applicable subpart of the standards or other temperature as specified by an appli-
approved by the Administrator for a par. cable subpart of the standards or approved
ticular application. (The tester may opt to by the Administrator for a particular appli-
operate the equipment at a temperature cation. Alternatively, the tester may opt tolower than that specified.) Since the actual
temperature at the outlet of the probe is operate the equipment at a temperature
not usually monitored during sampling, lower than that specified. A temperaturegauge capable of measuring temperature to
probes constructed according to _-0581 within 3" C (5.4" F) shall be installed so that
and utilizing the calibration curves of the temperature around the filter holder_--0576 (or calibrated according to the
procedure out, lined in _-0576) will be can be regulated and monitored during sam-piing. Heating systems other than the one
considered acceptable, shown in _-0581 may be used.Either borosilicate or quartz glass probe
liners may be used for stack temperatures 2.1.7 Condenser. The following system
up to about 480" C (900" F) quartz liners shall be used to detel'mine the stack gas
shall be used for temperatures between 480 moisture content: Four impingers connected
and 900" C (900 and 1,650" F). Both types of in series with leak-free ground glass fittings
liners may be used at higher temperatures or any similar leak-free non-contaminating
than specified for short periods of time_ sub- fittings. The first, third, and fourth im-
ject to the approval of the Administrator. pingers shall be of the Greenburg-Smlth
The softening temperature for borosilicate design, modified by replacing the tip with
is 820"C (1,508" F), and for quartz it ts 1,500" 1.3 cm (½ in.) ID glass tube extending to
C (2,732" F). about 1.3 cm (½ in.) from the bottom of the

Whenever practical, every effort should flask. The second impinger shall be of the
be made to use borosilicate or quartz glass Greenburg-Smith design with the standard
probe liners. Alternatively, metal liners tip. Modifications (e.g., using flexible con-

nections between the impingers, using mate-(e.g., 316 stainless steel, Incoloy 825, 2 or
: other corrosion resistant metals) made of rials other than glass, or using flexible
: seamles_ tubing may be used, subject to the vacuum lines to connect the filter holder to

approval of the Administrator. the condenser) may be used, subject to the
2.1.3 Pitot Tube. Type S, as described in approval of the Administrator. The first and

second impingers shall contain known quan-Section 2.1 of Method 2, or other device ap-
proved by the Administrator. The pitot tube titles of water (Section 4.1.3), the third shall
shall be attached to the probe (as shown in be empty, and the fourth shall contain a
Figure 5-I) to allow constant monitoring of known weight of silica gel, or equivalent
the stack gas velocity. The impact (high desiccant. A thermometer, capable of meas-
pressure) opening plane of the pitot tube uring temperature to within 1" C (2" F) shall

be placed at the outlet of the fourth [mplng-
er for monitoring purposes.

2Mention of trade names or specific prod- Alternatively, any system that cools the
_- "act doe_ not c_t.it._Jte endorsement by the sample gas stream and allows measurement

Environmental Protection Agency. of the water conaensed and moisture Iea7

_
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ing the condenser, each to within 1 rnl or 1 g gauge, as described in Sections 2.3 and 2.4 of
maY be used,subject to the approval of the Method 2,and gas analyzer,Lfnecessary,as
Admlpistrator. Acceptable meazm axe to described in Method 3. The temperature
measure the condensed water eithergravl., sensor shall,preferably,be permanently at-
metricallyor volumetricallyand to measure tached to the pitottube or saznplingprobe
the moisture leaving the condenser by: (1) in a fixedconfiguration,such that the tipof
monitoring the temperature and pressure at the sensor extends beyond the leadingedge
the exitof the condenser and using Dalton's of the probe sheath and does not touch any
law of partialpressures;or (2) passing the metal. Alternatively,the sensor may be at.
sample has stream through a taredsilicagel tached Justprior to use in the field.Note,
(or equivalent desiccant) trap with exit however, that ifthe temperature sensor is
gaseskept below 20"C (68°F)and determin, attached in the field,the sensor must be
ing the weight gain. placed in an interference-freearrangement
Ifmear_ other than silicagel axe used to with respectto the Type S pitottube open-

determine the amount of moisture leaving Ings(seeMethod 2,Figure 2-'/).As a second
the condenser, itisrecommended that silica alternative,ifa differenceof not more than
gel (orequivalent)stillbe used between the 1 percent in the average velocitymeasure-
condenser system and pump to prevent ment is to be introduced,the temperature

moisture condensation in the pump and me- gauge need not be attached to the probe or
teringdevicesand to avoid the need tomake pitottube.(This alternativeissubjectto the
corrections for moist_re in the metered approval of the Administrator.)
volume. 2.2 Sample Recovery. The following

NoT_. If a determination of the paxtlcu- items are needed.
latematter collectedin the Implngers isde- 2.2.1 Probe-Liner and Probe-Nozzle
sired in addition to moisture content, the Brushes. Nylon bristlebrushes with stain-
Irnpingersystem described above shall be less steel wire handles. The probe brush
used, without modJkfication. Individual shallhave extensions(atleastas long as the
Statesor controlagencies requiringthisin- probe) of stainlesssteel,Nylon, Teflon, or
formation shall be contacted as to the similarlyinert material.The brushes shall
sample recovery and analysisof the imping- be properly sizedand shaped to brush out
ercontents, the probe linerand nozzle.

2.1.8 Metering System. Vacuum gauge_ 2.2.2 Wash Bottles--Two. Glass wash
leak-free pump, thermometers capable of bottles are recommended; polyethylene
measuring temperature to within 3" C (5.4" wash bottles may be used at the option of
F), dry gas meter capable of measuring the tester. It is recommended that acetone
volume to within 2 percent, and related not be stored in polyethylene bottles for
equipment, as shown in Figure 5-1. Other longer than a month.
metering systems capable of maintaining 2.2.3 Glass Sample Storage Containers.
_ampling rates within 10 percent of isok£ne- Chemically resistant, borosilicate glass bot-
tic and of determAnlng sample volumes to ties, for acetone washes, 500 nal or 1000 ml.
within 2 percent may be used, subject to the Screw cap liners shall either be rubber-
approval of the Administrator. When the backed Teflon or shall be constructed so as
metering system is used in conjunction with to be leak-free and resistant to chemical
a pitot tube, the system shall enable checks attack by acetone. (Naz_fow mouth glass bot-
of isokinetic rates, ties have been found to be less prone to
Sampllng trains utilizingmetering sys- leakage.)Ai_ernati"vely,polyethylene bottles

terns designed for higher flow rates thazl may be used.that decribed in _-0581 or APDT-05_/6
may be used provided that the speciflca- 2.2.4 Petrt Dlshe_. For filter samples,

glass or polyethylene, unless otherwise spec-
tlons of this method are met. if led by the Administrator.2.1.9 Barometer. Mercury aneroid, or
other barometer capable of measuring at- 2.2.5 Graduated Cylinder and/or Bal-
mosphertc pressure to within 2.5 mm Hg ance. To measure condensed water to within
(0.1 in. Hg). In many cases the barometric 1 ml or I g. Graduated cylinders shall have
rea_Ung may be obtained from a nearby Na- subdivisions no greater than 2 mlo Most lab-
tional Weather Service station, in which oratory balances are capable of weighing to
case, the station value (which ts the absolute the nearest 0.5 g or less. Any of these bal-
barometric pressure) shall be requested and ances ts suitable or use here and in Section
an adjustment for elevation differences be.- 2.3A.
tween the weather station and sampling 2.2.6 Plastic Storage Containers. Air-
point shallbe appliedat a rate.of minus 2.5 tightcontainersto storesilicagel.
mm Rg (0.1in.Hg) per 30 m (I00 ft)eleva- 2.2.7 Funnel and Rubber PollcemarL To
tlon increaseor viceversa for elevationde- aid in trazmferof silicagel to container;,not
crease, necessaryifsilicagel tsweighed in the field.
2.1.10 Oas Density Determlrmtion Equip- 2.2.8 Funnel° Glass or polyethylene, to

ment. Temperature sensor and pressure aid insample recovery.
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2.3 Analysis.For analysis,the following 3.3 Analysis.Two reagents are required
equipment isneeded, forthe maalysis:
2.3.1 Glass Weighing Dishes. 3.3.1 Acetone. Same as 3.2.
2.3.2 Desiccator. 3.3.2 Desiccant. Anhydrous calcium sul.
2.3.3 AnalyticalBalance. To measure to fate, indicating type. Alternatively,other

within 0.1rag. types of desiccantsmay be used, subject to
2.3.4 Balance.To measure to within 0.5g. the approval of the Administrator.

2.3.5 Beakers. 250 ml. 4. Procedure

2.3.6 Hygrometer. To measure the rela- 4.1 Sampling. The complexity of this
tire humidity of the laboratory environ- method is such that, in order to obtain reli-
merit, able results, testers should be trained and

2.3.7 Temperature Gauge. To measure experienced with the test procedures.
the temperature of the laboratory environ- 4.1.1 Pretest Preparation. It is suggested
merit, that sampling equipment be maintained ac-
3. Reagents cording to the procedure described in

3.1 Sampling. The reagents used in sam- APTD-0576.
pling are us follows: Weigh several 200 to 300 g portions of

3.1.1 Filters. Glass fiber filters, without silica gel in air-tight containers to the near-
organic binder, exhibiting at least 99.95 per- est 0.5 g. Record the total weight of the
cent efficiency (<0.05 percent penetration) silica gel plus container, on each container.
on 0.3-micron dioctyl phthalate smoke parti- As an alternative, the silica gel need not be
cles. The filter efficiency test shall be con- preweighed, but may be weighed directly in
dueled in accordance with ASTM Standard the impinger or sampling holder just prior
Method D2986-71 (Reapproved 1978) (incor- to train assembly.
porated by reference--see § 60.17). Test data Check filters visually against light for it-
from the supplier's quality control program regularities and flaws or pinhole leaks.
are sufficient for this purpose. In sources Label filters of the proper diameter on the
containing SOs or SO_, the filter material back side near the edge using numbering
must be of a type that is unreactive to SO., machine ink. As an alternative, label the
or SO_. Citation 10 in Section 7 Bibliogra- shipping containers (glass or plastic petri
_)hy, may be used to select the appropriate dishes) and keep the filters in these contain.
filter, ers at ali times except during sampling and

3.1.2 Silica Gel. Indicating type, 6 to 16 weighing.
mesh. If previously used, dry at 175" C (350" Desiccate the .filters at 20±5.6 ° C (68+__10'
F) for 2 hours. New silica gel may be used as F) and ambient pressure for at ]east 24
received. Alternatively, other types of desic- hours and weigh at inteI_als of a_ least 6
cants (equivalent or better) may be used, hours to a constant weight, i.e., 0.5 mg
subject to the approval of the Administra- change from previous weighing; record re-
tor. sults to the nearest 0.1 rag. During each

3.1_3 Water. When analysis of the mate- weighing the filter must not be exposed to
rial caught in the implngers is required, dis- the laboratory atmosphere for a period
tilled water shall be used. Run blanks prior greater than 2 minutes and a relative hu-
to field use to eliminate a high blank on test midity above 50 percent. Alternatively
samples. (unless otherwise specified by the Adminis-

3.lA Crushed Ice. trator), the filters muy be oven dried at 105"
3.1.5 Stopcock Grease. Acetone-insoluble, C (220" F) for 2 to 3 hours, desiccated for 2

heat-stable silicone grease. This is not neces- hours, and weighed. Procedures other than
saxy if screw-on connectors with Teflon those described, which account for relative
sleeves, or similar, are used. Alternatively, humidity effects, may be used, subject to
other types of stopcock grease may be used, the approval of the Administrator.
subject to the approval of the Administra- 4.1.2 Preliminary Determinations. Select
tor. the sampling site and the minimum number

3.2 Sample Recovery. Acetone.reagent of sampling points according to Method 1 or
grade, <0.001 percent residue, in glass bot- as specified by the Administrator. Deter-
tles--is required. Acetone from metal con- mine the stack pressure, temperature, and
tainers generally has a high residue blank the range of velocity heads using Method 2;
and should not be used. Sometimes, suppll- it is recommended that a leak-check of the
ers transfer acetone to gls.ss bottles from pitot lines (see Method 2, Section 3.1} be
metal containers; thus, acetone blanks shall performed. Determine the moisture content
be run prior to field use and only acetone using Approximation Method 4 or its alter-
with low blank values (<0.001 percent) shall natives for the purpose of making lsokinetic
be used. In no case shall a blank value of sampling rate settings. Determine the stack
greater than 0.001 percent of the weight of gas dry molecular weight, as described in
acetone used be subtracted from the sample Method 2, Section 3.6; if integrated Method
v:e!ght. 3 sampling is used for molecular weight de-
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termination, the integrated bag sample When gl_sa liners are used, install the se-
shall be taken simultaneously with, and for lected nozzle using a Viton A O-ring when
the same total length of time as, the paxtic- stack temperatures are less than 260" C
ulate sample run. (500' F) and an asbestos string gasket when

Select a nozzle size based on the range of temperatures are higher. See APTD-0570
velocity heads, such that lt is not necessary for details. Other connecting systems using
to change the nozzle size in order to main- either 316 stainless steel or Teflon ferrules
rain Isoklnetic sampling rates. During the may be used. When metal liners are used,
mm, do not change the nozzle size. Ensure install the nozzle as above or by a leak-free
_at the proper differential pressure gauge direct mechanical connection. Mark the
is chosen for the range of velocity heads en- probe with heat resistant tape or by some
countered (see Section 2.2 of Method 2). other method to denote the proper distance

Select a suitable probe liner and probe into the stack or duct for each sampling
length such that ali traverse points can be point.
sampled. For large stacks, consider sampling Set up the train as in Figure 5-1, using iii
from opposite sides of the stack to reduce necessary) a very light coat of silicone
the length of probes, grease on ali ground glass Joints, greasing

Select a total sampling time greater than only the outer portion (see APTD-0576) to
or equal to the minimum total sampling avoid possibility of contamination by the sil-
time specified in the test procedures for the leone grease. Subject to the approval of the
specific industry such that (1) the sampling Administrator, a glass cyclone may be used
time per point is not less than 2 rain (or between the probe and filter holder when
some greater time interval as specified by the total particulate catch is expected to
the Administrator), and (2) the sample exceed 100 mg or when water droplets are
volume taken (corrected to standard condl- present In the stack gas.
tions) will exceed the required mInimum Place crushed ice around the lmpingers.
total gas sample volume. The latter Is based 4.1.4 Leak-Check Procedures.
on an approximate,average sampling rate. 4.1.4.1Pretest Leak-Check. A pretest
lt is recommended that the number of leak-check is recommended, but not re-

minutes sampled at each point be an Integer quired.Ifthe testeroptsto conduct the pre-
or an integerplus one-halfminute, in order test leak-check, the following procedure
to avoid tlrnekeeplngerrors.The sampling shallbe used.

time at each pointshallbe the same. After the sampling trainhas been a.ssem-
In some circumstances,e.g.,batch cycles, bled, turn on and set the filterand probe

it may be necessary to sample for shorter heating systems at the desired operating
times at the traversepoints and to obtain temperatures. Allow time for the tempera-
smaller gas sample volumes. In these cases, tures to stabilize.If a Viton A O-rlng or
the Ach_Inlstrator'sapproval must firstbe other leak-freeconnection isused in assem-
obtained, bling the probe,nozzle to the probe liner,
4.1.3 Preparation of Collection Train. leak-checkthe trainat the sampling siteby

During prepa2atlon and assembly of the plugging the nor.zleand pullinga 380 n_m
sampling train,keep allopenings where con- Hg (15 In.Hg) vacuum.
tamination can occur covered until Just
priorto assembly or until.samplingisabout Noz_ A lower vacuum may be used, pro-
to begin, vlded that itisnot exceeded during the test.
Place 100 nrlof water in each of the first If an asbestos stringks used,do not con-

two Impingers, leave the third Impinger nect the probe to the trainduring the leak-
empty, and trarLsferapproximately 200 to check. Instead,leak-check the trainby first
300 g of preweighed silicagel from itscon- plugging the inlet to the filterholder (cy-
tainer to the fourth impInger. More silica clone,if applicable)and pullinga 380 mm
gelmay be used,but careshould be taken to Hg (15 In.Hg) vacuum (seeNote immediate-
ensure that it tsnot entrained and carried ly above). Then connect the probe to the
out from the Impinger dta-ing sampling, trainand leak-check at about 25 mm Hg (_.
Place the containerin a clean piace for later in. Hg) vacuum; alternatively,the probe
use in the sample recovery.Alternatively, may be leak-checked with the rest of the
the weight of the silicagel plus tmpinger sampling train,in one step,at 380 mm Hg
may be dete_ed to the nearest 0.5 g and (15 in.Hg) vacuum. Leakage ratesin excess
recorded, of 4 percent of the average sampling rateor

Using a tweezer or clean disposablesurgi- 0.00057mVmIn (0.02cfm), whichever tsless,
cal gloves,piace a labeled(identified)and are unacceptable.
weighed filterIn the filterholder.Be sure The followingleak-check instructionsfor
that the filterisproperly centered and the the sampling train describedin AF12)-0576
gasket properly placedso as to prevent the and AFTD-4)581 may be helpful.Start the
sample gas stream from circumventing the pump with bypass valve fully open and
filter.Check the filterfor tearsafterassem- coarse adjust valve,completely closed.Par-

bly is completed, tlally open the coarse adjust valve and
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slowly close the bypass valve until Lhc de- rained, the tester shall either record the
sired vacuum is reached. 15o not reverse di- leakage rate and correct the sample volume
rection of bypass value; this will cause water as shown in Section 6.3 of this method, or
to back up into the filter holder. If the de- shall void the sampling run.
sired vacuum is exceeded, either leak-check 4.1.5 Particulate Train Operation.
at this higher vacuum or end the leak-check During the sampling run, maintain an iso-
as shown below and start over. kinetic sampling rate (within 10 percent of

When the leak-check is completed, first true isokinetic unless otherwise specified by
slowly remove the plug from the inlet to the the Administrator) and a temperature
probe, filter holder, or cyclone (if applica- arolmd the filter of 120=t=14" C (248:t=..25° F),
ble) and immediately turn off Lhc vacuum or such other temperature as specified by
pump. This prevents the water in the lm- an applicable subpart of the standards or
pingers from being forced backward into the approved by the Administrator.
filter holder and silica gel from being en- For each run, record tile data required on
trained backward into the third impinger, a data sheet such as the one shown in

4.1.4.2 Leak-Checks During Sample Run. Figure 5-2. Be sure to record the initial dry
If, during the sampling run, a component gas me,'.er reading. Record the dry gas meter
(e.g., filter assembly or impinger) change be- readings at the beginning and end of each
comes unnecessary, a leak_heck shall be sampling time increment, when changes in
conducted immediately before the change is flow rates are made, before and after each
made. The leak-check shall be done accord- leak-check, and when sampling is halted.
ing to the procedure outlined in Section Take other readings required by Figure 5-2
4.1.4.1 above, except that it shall be done at at least once at cach sample point during
a vacuum equal to or greater than the maxi- each time increment and additional read-
mum value recorded up to that point in the ings when significant changes (20 percent
test. If the leakage rate is found to be no variation in velocity head readings) necessi-
greater than 0.00057 m_/min (0.02 cfm) or 4 tate additional adjustments in flow rate.
percent of the average sampling rate Level and zero the manometer. Because the
(whichever is less), the results are accepts- manometer level and zero may drift due to
ble, and no correction will need to be ap- vibrations and temperature changes, make
plied to the total volume of dry gas metered; periodic checks during the traverse.
if, however, a higher leakage rate is ob- Clean the portholes prior to the test run
rained, the tester shall either record the to minimize the chance of sampling deposit-
leakage rate and plan to correct the sample ed material. To begin sampling, remove the
volume as shown in Section 6.3 of this nozzle cap, verify that the filter aaad probe
method, or shall void the sampling run. heating systems are up to temperature, and

Immediately after component changes, that the pitot tube and probe are properly
leak-checks are optional; ff such leak-checks positioned. Position the nozzle at the first
are done, the procedure outlined in Section traverse point with the tip pointing directly
4.1.4.1 above shall be used. into the gas stream. Immediately start the

4.1.4.3 Post-test Leak-Check. A leak- pump and adjust the flow to isokinetic con-
check is mandatory at the conclusion of ditions. Nomographs are available, which
each sampling run. The leak-check shall be aid in the rapid adjustment of the isokinetic
done in accordance with the procedures out- sampling rate without excessive computa-
lined in Section 4.1.4.1, except that it shall ttons. These nomographs are designed for
be conducted at a vacuum equal to or great- use when the Type S pitot tube coefficient
er thaz_ the maximum value reached during is 0.85+0.02, and the stack gas equivalent
the sampling run. If the leakage rate is density (dry molecular weight) is equal to
found to be no greater than 0.0005_/m3/mln 29±4. APTD-05_/6 details the procedure for
(0.02 cfm) or 4 percent of the average sam- u_ing the homographs. If Cp and/l¢d are out-
pling rate (whichever is less), the results are side the above stated ranges do not use the
acceptable, and no correction need be ap- nomographs unless appropriate steps (see
plied to the total volume of dry gas metered. Citation _/ in Bibliography) are taken to
If, however, a higher leakage rate is ob- compensate for the deviations.
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When the stack ts under significant nega- lines as described in Method 2, Section 3.1:
tire pressure (height of tmpinger stem}, the lines must pass this leak-check, in order
take care to close the coarse adjust valve to validate the velocity head data.
tJefore inserting the probe inte the stack to 4.1.6 Calculation of Percent Isokinetic,
prevent water from backing !'ato the filter Calculate percent isokinetic (see Calcula-
holder. II necessary, the pump may be tions, Section 6} to determine whether the
turned on with the coarse adjust valve x_tn was valid or another test run should be
closed, made. If there was difficulty in maintaining

When the probe is in position, block off lsokinetic rates due to source conditions,
the openings around the probe and porthole consult with the Administrator for possible
to prevent unrepresentative dilution of the variance on the lsokinetic rates.
gas stream. 4.2 Sample Recovery. Proper cleanup

Traverse the stack cross-section, as re- procedure begirm as soon as the probe is re-
quired by Method 1 or as specified by the moved from the stack at the end of the sam-
Achninistrator, being careful not to bump piing period. Allow the probe to cool.
the probe nozzle into the stack walls when When the probe can be safely handled,
sampling near the walls or when removing wipe off all external particulate matter near
or inserting the probe through the port- the tlp of the probe nozzle and place a cap
holes; this minimizes the chance of extract- over it to prevent losing or gaining parttcu-
ing deposited material, late matter. Do not cap off the probe tip

During the test run, make periodic adjust- tightly while the sampling train is cooling
ments to keep the temperature around the down as this would create a vacuum in the
filter holder at the proper level; add more filter holder, thus drawing water from the
ice and, if necessary, sal*_ tr, maintain a tem- impingers into the filter holder.
perature of less than 20" C (68" F) at the Before moving the sample train to the
condenser/silica gel outlet. Also, periodical- cleanup site, remove the probe from the
ly check the level and zero of the manome- sample train, wipe off the silicone grease,
ter. and cap the open outlet of the probe. Be

If the pressure drop across the filter be- careful not to lose any condensate that
comes too high, making isokinetic sampling might be present. Wipe off the silicone
difficult to maintain, the filter may be re-
placed in the midst of a sample run. It is grease from the filter inlet where the probe
recommended that another complete filter was fastened and cap it. Remove the umbili-
assembly be used rather than attempting to cal cord from t[l,e last impinger and cap the
change the filter itself. Before a new filter hnpinger. If a flexible line is used between
assembly is installed, conduct a leak-check the first lmpinger or condenser and the
(see Section 4.1.4.2). The total particulate filter holder, disconnect the line at the
weight shall include the summation of ali filter holder and let any condensed water orliquid drain into the lmpingers or condens-
filter assembly catches.

A single train shall be used for the entire er. After wiping off the silicone grease, cap
sample run, except in cases where shnulta- off the filter holder outlet and tmpinger
neous sampling is required in two or more inlet. Either ground-glass stoppers, plastic
separate ducts or at two or more different caps, or serum caps may be used to close
locations within the same duct, or, in cases these openings.

_- where equipment failure necessitates a Transfer the probe and filter-impinger as.
change of trains. In all other situations, the sembly to the cleanup area. This area

: use of two or more trains will be subject to should be clean and protected from the
the approval of the Administrator. wind so that the chances of contaminating

Note that when two or more trains are or losing the sample will be minimized.
used, separate analyses of the front-half Save a portion of the acetone used for
and (if applicable) lmp_ger catches from cleanup as a blank. Take 200 ml of this ace-

: each train shall be performed, unless identi- tone directly from the wash botth: being
-: cal nozzle sizes were used on all trains, in used and place it in a glass sample co:,_tainer

which case, the front-half catches from the labeled "acetone blank."
individual trains may be combined (as may Inspect the train prior to and during dis-
the lmpinger catches} and one analysis of assembly and note any abnormal conditions.
front-half catch and one analysis of imping- Treat the samples as follows:
er catch may be performed. Consult with Container No. I. Carefully remove the
the Administrator for details concerning the filter from the filter holder and place 1_ in
calculation of results when two or more its identified petrt dish container. Use a pair
trains are used. of tweezers and/or clean disposable surgical

At the end of the sample run, turn off the gloves to handle the filter. If lt is necessary
= coarse adjust valve, remove the probe and to fold the filter, do so such that the partic-

nozzle from the stack, turn off the pump, ulate cake is inside the fold. Carefully trans-
record the final dry gas meter reading, and fer to the petri dish any particulate matter

o conduct a post-test leak-check, as outlined and/or filter fibers which adh?re tc the
in Section 4.1.4.3. Also, leak-check the pitot filter holder gasket, by using _, dry Nylon

_1........ llr ' 'n,_'lF,.... Ittllve_,,,I,_,lm',' ,fIle' ,, ....,,,I,rl.... fl rl..I,l,,¢il_ll,Ill''_ Illl "' 'I'FI''1_'1_,',,Iq' ,r,,' '_ll'ImIII IFIIIII'1 [Ir1111I"'lI_ll"'"'lll'" que"_,,,_.....r!l"'"'_$11'lpl,IFIllr'Iplr,"',tIl,'_....""'""111'""_"
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bristle brush and/or a sharp-edged blade, rinse of the brush and filter holder. Careful-
tSeal the container, ly rinse out the glass cyclone, also (if _ppli-

Container No. 2. Taking care to see that cable). After all acetone washings and pax-
dust on the outside of the probe or other ex- ticulate matter have been collected In the
tertor surfaces does not get into the sample, sample container, tighten the lid on the
quantitatively recover p/articulate matter or sample container so that acetone will not
any condensate from the probe nozzle, leak out when lt is shipped to the laborato-
probe fitting, probe liner, _ad front half of ry. Mark the height of the fluid level to de-
the filter holder by washing these compo- termine whether or not leakage occured
nents with acetone and placing the wash in during transport. Label the container to
a glass container. Distilled water may be clearly identify its contents.
used instead of acetone when approved by
the Administrator and shall be used when Container No. 3. Note the color of the in-
specified by the Administrator; in these dicating silica gel to determine if it has been
cases, save a water blank and follow the Ad- completely spent and make a notation of its
ministrator's directions on analysis. Perform condition. Transfer the silica gel from the
the acetone rinses as follows: fourth lmpinger to its original container

Carefully remove the probe nozzle and and seal. A funnel may make it easier to
cleazl the inside surface by rinsing with ace- pour the silica gel without spilling. A rubber
tone from a wash bottle and brushing with policeman may be used as an aid in remor-
a Nylon bristle brush. Brush until the ace- ing the silica gel from the impinger. It is not
tone rinse shows no visible paxticles, after necessary to remove the small amount of
which make a final rinse of the inside sur- dust particles that may adhere to the lm-
face with acetone, pl_ger wall and are difficult to remove.

Bl'ush a_d rinse the inside parts of the Since the gain in weight is to be used for
Swagelok fitting with acetone in a similar moisture calculations, do not use az_y water
way tmtil no visible particles remain, or other liquids to transfer the silica gel. If

Rinse the probe liner with acetone by tilt- a balance is available in the field, follow the
ing and rotating the probe while squirting procedure for container No. 3 in Section 4.3.
acetone into its upper end so that all inside
surfaces will be wetted with acetone. Let tl_e Impinger Water. Treat the impingers as
acetone drain from the lower end into the follows; Make a notation of any color or
sample container. A funnel (glass or poly- film in the liquid catch. Measure the liquid
ethylene) may be used to aid on transfer- which is in the first three lmptngers to
ring liquid washes to the container. Follow within -+1 ml by using a graduated cylinder
the acetone rinse with a probe brush. Hold or by weighing it to within _+0.5 g by using a
the probe in an inclined position, squirt ace- balance (if one is available). Record the
tone into the upper end as the probe brush volume or weight of liquid present. This in-
is being pushed with a twisting action formation is required to calculate the mois-
through the probe; hold a sample container ture content of the effluent gas.
tmderneath the lower end of the probe, and Discard the liquid after measuring and re-
catch any acetone and particulate matter cording the volume or weight, unless analy-
which is brushed from the l_robe. Run the sis of the impinger catch is required (see
brush through the probe three times or Note, Section 2.1.7).
more until no visible particulate matter is If a different type of condenser is used,
carried out with the acetone or until none measure the amount of moisture condensed
remains in the probe liner on visual lnspec- either volumetrically or gravtmetrtcally.
tion. With stainless steel or other metal Whenever possible, containers should be
probes, run the brush through in the above shipped in such a way that they remain up-
prescribed manner at lea.st six times since
metal probes h_ve small crevices in which right at all times.
particulate matter can be entrapped. Rinse 4.3 Analysis. Record the data required on
the brush with acetone, and quantitatively a sheet such as the one shown in Figure 5-3.

Handle each sample container as follows:collect these washings in the sample con-
tainer. After the brushing, make a final ace-
tone rinse of the probe as described above. FxGuaE 5-3--ANALYTICAL DATA

lt iS recommended that two people clean Plant
the probe to minimize sample losses. Be- Date
tween sampling runs, keep brushes clean Run No.
and protected from contaminations. Filter No.

After ensuring that ali Joints have been
wiped clean of silicone grease, clean the Amotmt liquid lostduring transport
inside of the front half of the filter holder Acetone blank volume, ml
by rubbing the surfaces with a Nylon bristle Acetone wash volume, ml
brush and rinsing with acetone. Rinse each Acetone bl_nk concentration, mg/mg (Equa-
surface three times or more if needed to tion 5-4)
remove visible particulate. Make a final Acetone wash blank, Ing (Equation 5-5)
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_ stant weight. Report the results to the near-cont,_,_ We_hto_p_te co_¢ted,_._._ est 0.1 rag.

nbrmm¢ t I_"lnalweightt T_rewelght Weightgai..._.n.n ContatnerNo. 3. WeighthespentstUca
gel (or silica gel plus Impinger) to the near-

1....................... .____ est 0.5 g using a balance. This step may be

------ "Acetone Blank" Container. Measure ace-

Total................................................................... tone in this container either volumetrically
or gravimetrlcally. Transfer the acetone to a

Lm acetone blank....................................... tared 250-ml beaker and evaporate to dry-
ness at ambient temperature and pressure.

Weightofparticulatematter......................... Desiccate for 24 hours and weigh to a con-
stant weight. Report the results to !:he near
est 0.1 rag.

No'rE: At, the option of the tester, the con-

Volumeof _ wate__lected tents of Container No. 2 as well as the ace-._---- tone blank container may be evaporated at
In_ng_ _l_ gel temperatures higher than ambient. If evap-

volume, ml weight,g oration is done at an elevated temperature,
the temperature must be below the boiling

F_al ....................................... point of the solvent; also, to prevent "bump-
Inmal...................................... ing," the evaporation process must be close-

Lk]_dco,ected .................... g" ly supervised, and the contents-of theTotalvolumecollected........ rnl
L beaker must be swirled occasionally to main-

"Convertweightofwaterto volumebydividingtotalweight _ an even temperature. Use extreme care,
increase bydensityof water(1g/ml), as acetone is highly flammable and has a

low flash point.
increase, g 4.4 Quality Control Procedures. The fol-
------------- = Volumewmer,ml lowing quality control procedures are aug-

(1 g/ml) gested to check the volume metering system
calibration values at the field test site prior

Container No. 1. Leave the contents in the to sample collection. These procedures are
shipping container or transfer the filter and optional fo_ the tester.
any loose particulate from the sample con- 4.4.1 Meter Orifice Check. Using the call.
tainer to a tared glass weighing dish. Desic- bration data obtained during the rulibration
cate for 24 hours in a desiccator containing procedure described in Section 5.3, deter-
anhydrous calcium sulfate. Weigh to a con- mine the AHe for the metering system ort.
stant weight and report the results to the lice. The AHa ts the orifice pressure differ-
nearest 0.1 rag. For purposes of this Section, enttal in units of in. H,O that correlates to
4.3, the term "constant weight" means a dlf- 0.75 cfm of air at 528"R and 29.92 in. Hg.
ference of no more than 0.5 mg or 1 percent The AH, is calculated as follows:
of total weight less tare weight, whichever is
greater, between two consecutive weighings,
with no less than 6 hours of desiccation
time between weighings.

Alternatively, the sample may be oven T= (9'

dried at 105" C (220" F) for 2 to 3 hours, hHe=0.0319 AH Y=V_cooled in the desiccator, and weighed to a P_,
constant weight, unless otherwise specified
by the Administrator. The tester may also
opt to oven dry the sample at 105" C (220"

F) for 2 to 3 hours, weigh the sample, and Eq. 5-9
use thL_ weight as a final weight.

Container No. 2. Note the level of liquid in Where:
the container and con/lrm on the analysis &}1=Average pressure differential across
sheet whether or not leakage occurred the orifice meter, in. H=O.

during transport. Ii a noticeable amount of T==Absolute average dry gas meter temper-
leakage has occurred, either void the sample ature, "R.
or use methods, subject to the approval of P_=Barometrtc pressure, in. Hg.
the Administrator, to correct the final re-
suits. Measure the liquid in this container O=Total sampling time, mhz.
either volumetrically to =i:1 ml or gravhnet- Y=Dry gas meter calibration factor, dhnen-
rically to ±0.5 g. Transfer the contents to a sionless.

. tared 250-ml beaker and evaporate to dry- V,=Volume oi gas sample as measured by
ness at ambient temperature and pressure, dry gas meter, dcf.
Desiccate for 24 hours and weigh to a con- 0.0319=(0.0567 in. Hg/'R) x (0.75 cfm) _.
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Before beginning the field test (a set of before use, Each nozzle shall be permanent-
three runs usually constitutes a field test), ly and uniquely identified.
operate the metering system (i.e., pump, 5.2 Pitot Tube. The Type S pitot tube as-
volume meter, mad orifice) at the _Ho pres- sembly shall be calibrated according to the
sure differential for I0 minutes. Record the p_rocedure outlined in Section 4 of Method
vplume collected, the dry gas meter temper- 2.
ature, and the barometric pressure. Calcu- 5.3 Metering System.
late a dry gas meter calibration check value, 5.3.1 Calibration Prior to Use. Before its
Y,, as follows: initial use in the field, the metering system

10 [0.0319T,] ½ shall be calibrated as follows: Cormect the
y, = _m metering system inlet to the outlet of a wet

V, P_, test meter that is accurate to within I per'-
cent. Refer to Figure 5.5. The wet test meter
should have a capacity of 30 liters/rev (1

Eq. 5-10 fta/rev). A spirometer of 400 liters (14 ft _)
Where: or more capacity, or equivalent, may be used

Y_=Dry gas meter calibration check value for this calibration, although a wet test' meter Is usually more practical. The wet
dimensionless, test meter should be periodically calibrated

10=10 minutes of run time. with a spirometer or a liquid displacement
Compare the Y, value with the dry gas meter to ensure the accuracy of the wet test
meter calibration factor Y to determine meter. Spirometers or wet test meters of
that: other sizes may be used, provided that the

0.97Y<Yc<I.03Y specified accuracies of the procedure are
maix, t;ained. Run the metering system pump

If the Y¢ value is not within this range, the for about 15 minutes with _he orifice ma-
volume metering system should be investi- nometer indicating a median reading as ex.
gated before beginning the test. pected in field use to allow the pump to4.4.2 Calibrated Critical Orifice. A call warm up and to permit the interior surface
brated critical orifice, calibrated against a of the wet test meter to be thoroughly
wet test meter or spirometer and designed wetted. Then, at each of a minimum of
to be inserted at the Inlet of the saxnpling three orifice manometer settings, pass an
meter box may be used as a quality control exact quantity of gas through the wet test
check by following the procedure of Section meter and note the gas volume indicated by
7.2. the dry gas meter. Also note the barometric
5. Calibration pre_ure, and the temperatures of the wet

Maintain a laboratory log of ali calibra, test meter, the inlet of the dry gas meter,
tions, and the outlet of the dry gas meter. Select

5.1 Probe Nozzle. Probe L_ozzles shall be the highest and lowest orifice settings to
calibrated before their initial use in the bracket the expected field operating range
field. Using a micrometer, measure the of the orifice. Use a mix_Lmum volume of
inside diameter of the nozzle to the nearest 0.15 m a (5 cf) at all orifice settings. Record
0.025 mm (0.001 in.). Make three separate ali the data on a form similar to Figure 5.6,
me_uremenLs using differen* diamete_ and c::lculate Y, the dry gas meter calibra-
each tLme, and obtain the _verage of the I.ion factor, and aH_, t,[e orifice ca:ibration
measurements. The differeace between the factor, at each orifice :,_tting ms sl mwT_ on
high and low numbers shall not exceed 0.1 l_lgure 5.6. Allowable t_)lerances for individ-
mm (0.004 in.). Whea nozzles become ual Y and hHo, values are given in Figure
nicked, dented, or corroded, they shall be 5.6. U_e the average of the Y value5 in the
reshaped, sha_pencd, and recalibrated calculations i.n Section 6.
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METERING SYSTEM WET TEST METER

Figure 5.5 Equipment arrangement for metering
Irystem colibrotion.
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Date Metering System
Identification"

Barometric pressure, Pb = in. Hg

Orifice Spirometer Dry gas _..
manometer (wet meter') meter _rometer __..ter
setting gas volun_ volume (wet meter) _et--E-_ Out_'et' Average Time

AH Vw Vm t w t i to_ tom 0
in.,H?O ft3 ft3 °F °F - - mln,, , ,,, , i : -- :_ -- : _ : : ....... , , ,

Calculations

Y AH@

AHH20 0.0317 AH __(
Vw Pb (tru+ 460) tW + 460) el2in.

TT3:-T- HTEb (tw+460) P;-X -o vW---J

- y

Average

Y = Ratio o; reading of '_ettest meter to dry test meter; tolerance
for individual values +0.02 from average.

AH(a = Orifice pressure differential that equates to 0.75 cfm of air
@ 68°F and 29.92 inches of mercury, in. H20; tolerance for
individuai values _0.20 from average.

E

Figure 5.6. Example data sheet for calibration of metering
: system (English unlts).
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Before calibrating the metering system, Jt a typical simple flow rate while measuring
is suggested that a leak-check be conducted, the probe inlet and outlet temperatures at
For metering systems having diaphragm various probe heater settings. For each air
pumps, the normal leak-check procedure temperature generated, construct a graph of
will not detect leakages aqthin the pump. probe heating system setting versus probe
For these cases the following leak-check outlet temperature. The procedure outlined
procedure is suggested: make a 10-minute in APTD-0576 can also be used. Probes con-
c_tlibration run at 0.00057ms/rain (0.02 cfm); structed according to AFIT_581 need not
at the end of the run, take the difference of be calibrated if the calibration curves in
the measured wet test meter and dry gas APTD-0576 are tLsed. Also, probes with
meter volumes; divided the difference by 10, outlet temperature monitoring capabllitle_
to get the leak rate. The leak rate should do not require calibration.
not exceed 0.00057 m_/mtn (0.02 cfm). 5.5 Temperature Gauges. Use the proce-

5.3.2 Calibration After Use. After each dure in Section 4.3 of Method 2 to calibrate
field use, tl_e calibration of the metering in-stack temperature gauges. Dial thermom-
system shall be checked by performing eters, such as axe used for the dry gas meter
three calibration runs at a single, lntermedi- and condenser outlet, shall be calibrated
ate orifice setting (based on the pre_rlous against mercury.in-glass thermometers.
field test), with the vacuum set at the maxi- 5.6 Leak Check of Metering System
mum value reached during the test series. Shown in Figure 5-1. That portion of the
To adjust the vacuum, insert a valve be- sa_npling train from the pump to the orifice
tween the wet test meter and the inlet of meter should be leak checked prior to initial
the metering system. Calculate the average use and after each shipment. Leakage after
value of the dry gas meter calibration the pump will result in less volume being re-
factor. II the value has changed by more corded than is actually sampled. The follow-
than 5 percent, recalibrate the meter over ing procedure is suggested (see Figure 5-4):
the full range of orifice settings, as previ- Close the main valve on the meter box.
ously detailed. Insert a one-hole rubber stopper with

Alternative procedures, e.g., rechecking rubber tubing atached into the orifice ex-
the orifice meter coefficient may be used, haust pipe. Disconnect and vent the low side
subject to the approvM of the Adrninistra- of the orifice manometer. Close off the low
tor. side orifice tap. Pressuri_.e the system to 13

5.3.3 Acceptable Variation in Calibration. to 18 cm (5 to 7 in.) water column by blow-
If the dry gas meter coefficient values ob. ing into the rubber tubing. Pinch off the
talned before and after a test series differ tubing and observe the manometer for one
by more tha_ 5 percent, the test series shall minute. A loss of pressure on the manome-
either be voided, or calculations for the test ter indicates a leak in the meter box; leaks,
series shall be performed using whichever If present, must be corrected.
meter coefficient value (i.e., before or after) 5.7 Barometer. Calibrate against a mer-
gives the lower value of total sample curybaxometer.
volume.

5.4 Probe Heater Calibration. The probe 6. Calculatioms
heating system shall be calibrated before its Carry out calculations, retaining at least
initial use in the field, one extra decimal figure beyond that of the

Use a heat source to generate air heated acquired data. Round off figures after the
to selected temperatures that approximate, final calculation. Other forms of the equa-
those expected to occur in the sources to be tions may be used as long as they give equiv-
sampled. Pa_s this air through the probe at alent results.
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6.1 Nomenclature. _=Density of water, 0.9982 g/ml (0.002201

A,' =Cross-sectional area of nozzle, m' (ft=). lb/ml).
B,=Water vapor in the gas stream, propor- e=Total sampling time, rain.

Lion by volume, e_=Sampling time interval, from the begin-
C.=Acetone blank residue concentration, ning of a run until the first component,

rag/rag, change, rain.
c,=Concentratioi_ _'J_ p,_t_culate matter in 0jfSampling time interval, between two suc-

stack gas, dry b._,_,i/corrected to stand- cessive component changes, beginning
ard conditior_; _/dsC.m (g/clscf). with the interval between the first and

I= Percent of lsoki;,aeti_ sax_,p ing. second changes, rain.
L,=Maxlmum acceptable leakage rate for ep=Sampling time interval, from the final

either a pretest leak check or for a leak (n t") component change until the end of
check following a component change; the sampling r_m, rain.
equal to 0.0057 mVmin (0.02 cfm) or 4 13.6=Specific gravity oi _-:_,.rcury.
percent of the average sampling rate, 60=Sec/min.
whichever is less. 100= Conversion to percent.

L_=Indivtdual leakage rate observed during 6.2 Average Dry Gas Meter Temperature
the leak ch,._.k conducted prior to the and Average Orifice Pressure Drop. See
,,ith,, component change (i=l, 2, 3.... n), data sheet (Figure 5-27.
mVmin (cfm).

Lp =Leakage rate observed during the post- 6.3 Dry Gas Volume. Correct the sample
test leak check, mVmin (cfm). volume measured by the dry gas meter to

m_=Mass of residue of acetone after evapo- standard conditions (20" C, 760 mm Hg or
ration, rag. 68" F, 29.92 in. Hg) by using Equation 5-1.

m, = Total amount of particulate matter col- f _I
lected, mg. (_) P_,4- .
mole (18.01b/lb-mole). L J

P_.,=Barometrtc pressure at the sampling

site, mm Hg (in. Hg). __
P, = Absolute stack gas pressure, mm Hg (in. -----KIV, Y Pe.,,. _(_AH/__..i_3._6.)T,

Hg).
P,_=Sta_dard absolute pressure, 760 mm Equ_lon_l

Hg (29.92 in. Hg).
R=Ideal gas constant, 0.06236 mm Hg-m_/ Where;

"K-g-mole (21.85 in. Hg-ftV'R-lb-mole). K,=0.3858 "K/mm Hg for metric units
T,=Absolute average dry gas meter temper- =17.64 "R/in. Hg for English _mits

ature (see Figure 5-27, "K ('R). NOTE: Equation 5-1 can be used as written
T, = Absolute average stack gas temperature tmless the leakage rate observed during any

(see Figure 5-2), "K (*R). of the mandatory leak checks (i.e., the post-
T,_=Standard absolute temperature, 293" K test leak check or leak checks conducted

(528' R). prior to component changes) exceeds L,. If
Vo=Volume of acetone blank, ml. L_ or _ exceeds L,, Equation 5-.1 must be
Vo_=Volume of acetone used in wash, ml. modified as follows:
V_=Total volume of liquid collected In lm- (a) Case I. _o component changes made

pingers and silica gel (see 1;_gure 5-3), during sampling run. In this case, replace
ml. V,, in Equation 5..-1 _dth the expression:

V,=Volume of gas sample as measured by
dry gas meter,dcta(dscf). [V.--{Lp--L.)e]

V.et.)=Volume of gas sample measured by
the dry gas meter,correctedto standard (b) Case II. One or more component
conditions,dscm (dscf). changes made during the _a_nplingrun. In

V_,_)=Volume of water vapor in the gas thiscase,replace lr.in Equation 5-1 by the
sample, corrected to standard condi- expression:
lions, scm (scf). r

v_=Sta_k gas velocity, calculated by Method LVm-- ( L_ - L.)#_2, Equation 2-9, using data obtained --'t

from Method 5, m/see (ft/sec). _ ,.I
Wo=Weight of residue in acetone wash. rag. -- _ ( I,.-- L,)_,- ( I._ Lo)# -j
Y= Dry gas meter calibration factor, i-2
AH=Average pressure differential across and substitute only for those leakage rates

the orifice meter (see Figure 5-2), mm (/_ or Lp)which exceed L,.
H,O (in. H,O). 6.4 Volurne of Water Val_or.

p_=Density of acetone,rag/ml (seelabelon
bottle),

.=

..... ,I_ ' l_v, ' _l_t"l'"]l_,_ " "
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g .................................mg..............................O.O01
g/ft'............................gr/ft_...........................15,43.

Where: g/ft,..........................._/a, ...........................2.2o5×lO-,,
K,=0.001333 m_/ml for metric units g/_' ........................... g/ro' ........................... 35,31.

=0.04707 ft'/ml for English units.

8.5 Moisture Content. 6.11 lsokinetlc Variation.
6.11.1 Calculation From Raw Data.

I=

• Vw¢,,d) I00 T,[K,V_+( V, Y/T,,)(P_,,+AH/13.6)]
' ,_

V., (,,d)+ V. ¢,,#_ 60ev, P, A.

Eq. 5-3 Eq. 5-7

Nozqz: In sr,.turated or water droplet-laden Where:
gas streams, two calculations of the tools- K,=0.003454 mm Hg-raS/ml-'K for metric
ture content of the stack gas shall be made, units. ,
one from the impinger analysis (Equation 5- -0.002669-1n. Hg-ftZ/ml-'R for English
3), and a second from the assumption of units.

saturated conditions. The lower of the two 6.11.2 Calculation From Intermediate
values of B. shall be considered correct. The Values.
procedure for determining the moisture
content based upon assumption of saturated
conditions is given in the Note of Section 1.2 I = T,V, (._ P,,d 100
of Method 4. For the purposes of this T.u,v,$A.P.60(I.-B._.)
_nethod, the average stack gas temperature

T.V. ,.,d_
from Figure 5-2 may be used to make this -=K, P,V_A-_i ]-_.E:,.,)determination, provided that the accuracy

of the lh.stack temperature sensor is ± I" C Rqttttto. 5-_(2"F).

6.6 Acetone Blank Concentration. where:
K,=4.320 for metric units

=0.09450 for English units.

ma 6.12 Acceptable Results. If 90 percent < I
C, - F,q. 5-4 < 110 percent, the results are acceptable, If

V,.po the partlculat_ results are low in compari-
son to the st_'._._dard, and I is over 1 I0 per-
cent or less than 90 percent, the Administra-

6.7 Acetone Wash Blank. tor may accept the results. Citation 4 in the
bibliography section can be used to make ac-
ceptabLlity Judgments. If I is Judged to be

Wo= C_Vo,,,p, Eq. 5-5 unacceptable, reject the particulate results
and repeat the test.

6.8 Total Particulate Weight. Determine 6.13 Stack Gas Velocity and Volumetric
the total particulate catch from the sum of Flow Rate. Calculate the average stack gas
the weights obtained from Cantainers 1 and velocity and volumetric flow rate, if needed,
2 less the acetone blank (see .Figure 5-3). using data obtained in this method and the

equations in Sections 5.2 and 5.3 of Method
Noz_: Refer to Section 4.1.5 to assist in 2.

calculation of results involving two or more 7. Alternative Proceclures
filter assemblie._ or two or more sampling 7.1 Dry Gas Meter as a Calibration
trains. Standard. A dry gas meter may be used as a

6.9 Particulate Concentration. calibration standard for volume measure-
ments in plate of the wet test meter speci.

c,=(0.001 g/mg) [ro, IV, _) fled In Sect/on 5.3, provided that lt is e._ll-
Eq. 5-6 brated Initially and recallbrated periodically

6.10 Conversion Factors: as follows:
7.1.1 Standard Dry Gas Meter Calibre.

tion.
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7.1.1.1 The dry gas meter to be calibrated fled accuracies of the procedure are main-
and used as a secondary reference meter rained.
should be of high quality and have an ap- 7.1.1.2 Set up the components as shown
proprtately sized capacity, e.g., 3 llters/rev In Figure 5.7. A spirometer, or equivalent,
(0.1 ft s/tev). A spirometer (400 liters or may be used In piace of the wet test meter
more capacity), or equivalent, may be used in the system. Run the pump for at least 5
for this calibration, although a wet test minutes at a flow rate of about 10 Uters/min
meter is usually more practical. The wet (0.35 cim)to condition the Interior surface
test meter should have a capacity of 30 of the wet test meter. The pressure drop in.
Uters/rev (I ft !/rev) and capable of dicated by the manometer at the inlet side
measuring volume to within ±1.0 percent; of the dry gas meter should be minimized
wet test meters should be checked against a [no greater than 100 mm H,O (4 In. H,O) at
spirometer or a liquid displacement meter to a flow rate of 30 Uters/min (1 cfm)]. This
ensure the accuracy of the wet test meter, can be accomplished by usizlg large diame-
Splrometers or wet test meters of other ter tubing connections and straight pipe fit-
sizes may be used, provided that the spec_ o tings.

THERMOMETERS

CONTROL _ @

U.TuBEVALVE$ I

"' " MANOMETER

....

JL i -- -

PUMP ORY GASMETER WETTESTMETER

Figure 5,7 Equipment arrangement for d_.,gas meter calibr_ion,

7.1.1..3 Collect the data as shown In the range of flow rates should be between 10
example data sheet (see Figure 5-8). Make and 34 Uters/min (0.35 and 1.2 cfm) or over
triplicate runs at each of the flow rates and the expected operating range.
at no less titan five different flow rates. The

P"Iqr' ',r, ,q_,l, lr' IPll!llr,l"' q,r , rlq, 'Irll ',i' "lll r,, ,,
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7.1.1.4 Calculate flow rate, Q, for each meter is kept in a laboratory and, ff trans.
run using the wet test meter gas volume, Vw, ported, cared for as any other laboratory in-
and the run time, #. Calculate the dry gas strument. Abuse to the standard meter may
meter coefficient, Y6,, for each run. These cause a change in the calibration and will
calculations are as follows: require more frequent recalibrations,

7.1.2.2 As an altex_aative to full rec_ibra-
tlon, a two-point calibration check may be
made. Follow the same procedure and
equipment arrangement as for a full recall-

Ph,, Vw bration, but run the meter at only two flow
Q---K_ rates [suggested rates are 14 and 28 liters/

t_+t_ 0 rain (0.5 and 1.0 cim)]. Calculate the meter
coefficients for these two points, and com-
pare the values with the meter calibration
curve. If the two coefficients are within
± 1.5 percent of the calibration curve value_
at the same flow rates, the meter need not

V, (td,+t,_ Pw be recalibrated until the next date for a re-
calibration check.

Y_.= Ap 7.2 Critical Orifices As Calibration
V_ (t_+t,_) (P_+ _ )

13.6 Standards. Criticalorificesmay be used as
calibrationstandards in place of the wet

Where: test meter specified in Section 5.3, provided

K_=0.3858 for international system of units that they are selected, calibrated, and used
(SI); 17.64 for English units, as follows:

Vw-Wet test meter volume, liters (ft =). 7.2.1 Section of Critical Orifices.
V=,--Dry gas metervolume, liters (ft=). 7.2.1.1 The procedure that follows de-
t_,=Average dry gas meter temperature, 'C scribes the use of hypodermic needles or

('F). stainless steel needle tubings which have
t_--273 ° C for SI units; 460' F for English been found suitable for use as critical ori-

units, rices. Other materials and critical orifice de-
t,=Average wet test meter temperature, "C sig-ns may be used provided the orifices act

('F). as true criticalorifices;i.e.,a critical
: Pw=Barometric pressure, mm Hg (in. Hg). vacuum can be obtained, as described in Sec-

Ap=Dry gas meter inlet differential pres- tion 7.2.2.2.3. Select five critical orifices that
sure, mm H,O (in. H,O). are appropriately sized to cover the range of

e=Run time, rain. flow rates between 10 and 34 liters/rain or
7.1.1.5 Compare the three Y_. values at the expected operating range. Two of the

each of the flow rates and determine the critical orifices should bracket the expected
maximum and minimum values. The dllfer- operating range.
ence between the maximum and minimum A minimm_n of three criticalorificeswill

: values at each flow rate should be no great- be needed to calibrate a Method 5 dry gas
er than 0.030. Extra sets of triplicate runs meter (DGM); the other two critical orifices
may be made in order to complete this re- can serve as spares and provide better selec-
quirement. In addition, the meter coeffi- tion for bracketing the range of operating
cients should be between 0.95 and 1.05. If flow rates. The needle sizes and tubing
these specifications carnot be met in three lengths shown below give the following ap-
sets of successive triplicate runs, the meter proximate flow rates:

: is not suitable as a calibration standard and
should not be used as such. If these spectfi-

: F:k_v rate Row rate

cations are met, average the three Y_, values Gaugelcm (_tersln_n)Gat_Icm (t_terslmin)
at_each flow rate resultingin fiveaverage
meter coefficients, Y_..

7.1.1.6 Prepare a curve of meter coeffi- 12/7.e 32.se 14/2.5 _9.54
clent,Yd,,versus flow rate,Q, for the dry 12110.2 30.02 1415.1 172.7

-- 13/2.5 25,77 141'1.6 16.14
gas meter. This curve shall be used as a ref- 13/5.1 2"3.5o 15/3.2 14.16
ercnce when the meter is used to calibrate 13/7.6 22.37 15/7.6 11.61
other dry gas meters and to determine 13/_0.2 20.67 15/10.2 10.48
whether recalibration is required.
7.1.2 Standard Dry Gas Meter Recalibra-

tlon. 7.2.1.2These needles can be adapted to a
7.1.2.1 Recallbratethe standard dry gas Method 5 type sampling train as follows:

meter againsta wet testmeter or spirometer Inserta serum bottlestopper, 13-by 20.mm
annually or after every 200 hours of oper- sleeve type, into a ½.inch Swagelok quick
ation, whichever comes first. This require- connect. Insert the needle into the stopper
ment is valid provided the standard dry gas as shown in Figure 5-9.
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--- -a-F

CRITICAL SERUM QUICK

ORIFICE $30PPER CONNECT

Figure 5-9. Critical orifice adaptation to Method 5
metering system.

7.2.2 Critical Orifice Calibration. The ment of the DGM dial shall be seen for 1
procedure described in this section uses the minute.
Method 5 meter box configuration with a 7.2.2.1.2 Check also for leakages in that
DGM as described in Section 2.1.8 to caU- portion of the sampling train between the
brate the critical orifices. Other schemes pump and the orifice meter. See Section 5.6
may be used, subject to the approval of the for the procedure; make any corrections, if
Administrator. necessary. If leakage is detected, check for

7.2.2.1 Calibration of Meter Box. The cracked gaskets, loose fittings, worn O-rings,etc., _Lnd make the nece._ary repairs.
critical orifices must be calibrated in the 7.2.2.1.3 After determining that the
same configuration as they will be used; i.e., meter box is leakle_s, calibrate the meter
there should be no connection_ to the inlet box according to the procedure given in Sec-
of the orifice, tion 5.3. Make sure that the wet test meter

7.2.,_ ..1 Before calibrating the meter meets the requirements stated in Section
box, leak check the system as follows: Fully 7.1.1.1. Check the water level in the wet test
open the coarse adjust valve, and complete- meter. Record the DGM calibration factor.
ly close the by-pass valve. Plug the inlet. Y.
Then trun on the pump, and determine 7.2.2.2 Calibration of Critical Orifices.
whether there is any leakage. The leakage Set up the apparatus as shown in Figure 5-
rate shall be zero; i.e., no detectable move- 10.



©

CRITICAL ORIFICE

Figure 5-I0. Apparatus setup.

7.2.2.2.1 Allow a warm-up time of 15 rain- Orifices that do not reach a critical value
utes. This step is important to equilibrate shall not be used.
the temperature conditions through the '_.2.2.2.4 Obtain the barometric pressure
DGM. using a barometer as described in Section

7.2.2.2.2 Leak check the system as in Sec- 2.1.9. Record the barometric prea_ure, Pb_.
tlon 7.2.2.1.1. The leakage rate shall be zero. in mm Hg (in. Hg).

7.2.2.2.3 Before calibrating the critical 7.2.2.2.5 Conduct duplicate runs at avacuum of 25 to 50 mm Hg (1 to 2 in. Hg)
orifice, determine its suitability and the ap- above the critical vacuum. The rur_ shall be
proprtate operating vacuum as follows: Turn at least 5 minutes each. The DGM volume
on the pump, frilly open the coarse adjust readings shall be in increments of 0.00283
valve, and adjust the by-pass valve to give a m s (0.1 ft') or in increments of complete rev-
vacuum reading corresponding to about half olutions of the DOM. As a guideline, the
of atmospheric pressure. Observe the meter times should not differ by more than 3.0
box orifice manometer reading, H. Slowly seconds (this includes allowance for changes
increase the vacuum reading until a stable hz the DGM temperatures) to achieve • 0.5
reading is obtained oz_ the meter box orifice percent in K'. Record the inXormatlon listed
manometer. Record the critical w_cuum for In Flgu_ _ 5-11.
each orifice. 7.2.2.2.6 Calculate K' using Equation 5-9.
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Where:

KIV,,Y (P,,,+AH/13.6) _/T,_
K' = Eq. 5-9

PM T,O

(mS)(.K)_t I [ (ft_)(.R)_/I ]
K' = Critical orifice coefficient, (mm. Hg)

(rain) (in. Hg) (rain)

T,=b=Absolute ambient temperature, "K pb,,+(hH/13.6)
('R). V,(std) = KI V,

Average the K' values. The individual K' Tffi
values should not differ by more than ±0.5
percent from the average.

7.2.3 Using the Critical Orifices as Call- E_I. 5-10
bration Standards.

7.2.3.1 Record the barometric pressure. P_e
Date Train ID DGM cal. V=(std)=K 0 Eq. 5-11
factor ___ Critical orifice II) T,_b

Runnumbe_
Do/gasmeter -_ - - ....

1 2 V_)
- Y= Eq. 5-12

F'malreading...................rn*(ft _)............................................ V=_
Ir_i_ reading..................ms (ft9 ............................................
Diffe_er_ce,Y..................m"(ft') ...............................................
Ink_JCut_ where:

temPecatures: V_ = Volume of gas sample passed
t._ ............................."c ('_ ................. i / through the critical orifice, corrected to

stazzdard conditions, dsm _(dscf).
F_naJ............................."C('F) .................. / / KI-0.3858 "K/mm Hg for metric units

= 17.64 "R/in. Hg for _glish units.Avg.Temperature, "C('F) .................................................
t.. 7.2.3.4 Average the DGM calibration

1"_, (_...........................rrdn/sec................ / / values for each of the flow rates. The cali-
bration factor, Y, at each of the flow rates

,_, ..................................................... should not differ by more than ±2 percent
Or_e m_. r_., _H .... mm0n.) I_O ..................................... from the average.
Ber, pre_e, P_, ......... mm(in.)_ ......................................... 7.2.3.5 To determine the need for recali-

te,_o_a_xe. "C('F) ................................................. brating the critical orifices, compare the
_'_ DGM Y factors obtained from two adjacent

Pump_m ................. mm_.)H0 ......................................... orifices each time a DGM is calibrated; forK;factor...........................................................................................
^v_r_ ..........................................:.........................,.............. example, when checking 13/2.5, use orifices

12/10.2 and 13/5.1. If any critical orifice
..... yields a DGM Y factor differing by more

Figure 5-11. Data sheet for determining than 2 percent from the others, recal]brate
K ° factor, the critical orifice according to Section

7.2°2.2.7,2.3.2 Caltbrate the metering system ac. Date Train ID Critical ori-
cor_!_lng to the pr,)cedure outlined in Sec- rice ID Critical orifice K' factortlor_ 7.2.2.2.1 to 7.2.2.2.5. Record the lnf.,r-
mation listed in Figure 5.12. __

7.2.3.3 Calculate the standard volumes of T

air passed through the DGM and the criti- | Runnumt_
cal orifices, and calculate the DGM caUbra. Drygas meter __
tlon factor, Y, using the equations below:

Ft_ rom_ng..............................m_(ft _)
In_l_Jra_ng .............................m' (ft 9 ::::::::
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Run numbe* tor Substrste Media for Flue Oas Sampling.
U.S. Environmental Protection Agency. Re-gasmeter

112 search "IYlangle Park, NC 21711,
Publication

J No. EPA-600/7-'/7-060. June 1977.83 p.
omere_e.V..........................rn'(ft') ................................. 11. Westlin, P. R. and R. T. Shigehara.
Ir_etlot_tettemperatures: Procedure for Calibrating and Using Dry

initial......................................"CCn......... / / Oas Volume Meters as calibration Stsmd-

F_nal "C{'F1........... / / ards. Source Evaluation Society Newsletter......................................... 3(1):17-30. February 1978.

._,vg.Temperature,t,,........... "C ('Pl.................................... 12. Lodge, J.P., Jr., J.B. Pate, B.E.
Time,e ..................................... m_/_c .......... / / Ammons, and G.A. Swanson. The Use of

Hypodermic Needles as Critical Orifices in
_n ......................................... Air Sampling. J. Air Pollution Control Asso-

od_ man.._., aH ...............mmfm,) ......................... clatlon. I6:197-200. 1966._O.
Bar.pl'essure,P_,...................._tmnOa)Hg............................
Ambienttemperature,t=,,b.......*C('F).....................................
Pumpvacuum...........................mm('m.)Hg............................
V=_ ..........................................m_(ft=)..................................
V,,_..........................................m=(ft_) ......................i"'"'""'
DGMcal.factor,Y.............................................L.............

Figuz:e 5-12. Data sheet for determining
DGM Y factor.
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APPENDIX F

CHARACTERIZATION AND TESTING:

EPA METHOD 23: DIOXINS/FURANS
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M_,.SOdS_--Detomfl_tioa of P_s_:_rinAt_

D_f_raN FromStati,oo.e.__s

Jr,ApplicabiLity and PttorJpIo

1L1 ApplicebiUty.This method Is
appUczbh to thedet_L_aUon of

,chlod_ateddJbenxo-pd/oxLr_ft'CDD,)
polychlorinated _benzofurat_ (PC_Fs)

from statio,na_yson.cea.
1.Z Pr_c/pls. A sample|,, with_h,-Qwnfrom

the gis stJ_ltm[soT,dnet/csLly and coUectod
0HreMmple probe,on a glass fiber _ter, and
on a pmckedcolunmof adsorbentmaterial

: The PCDDs and PC_"JFsare extracted from
t_ e_.mple,e,epsrsted by hlgh reso|uUon Bag
chromatography, and meaeus_d by hlsh
na.solution mas0 0pea:lrometry. .

2, Appamtu#
2.1 Samplh'ql.A tchem_Uc of the sampl/n8

trah_ used in this method h shown In F'_xxre
13--LThe train Is IdenUcal to that described
in ,q_ct_on2-1 of Method 5 of this appendix
with the foRow/n,g addRiomc

2..I.1 No'talc The nozzle shall t_e made of
nickel rdcke! plated stainless steel quartz, or
borosilicate glass.
Iw,l.mQ ¢0o_ _,so-4o-_
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L1.1 Igaa_tq Transfer Lines. T_'- _mple connecting fitting, ,,h,_U form leak-h'ea, LY.S Probe Liner and Probe-Nor.tie
trt_fer llae_. If needed. ,hall be heat traced, vacuum tight seals. No ,malant greases shall Brushes. blatt bristle brushes with precise_ned
hsa W walled TFR (_ _ OD with _, In wi'd) be used h_ t_e _p_ trRl_ A fame glees stain.less steel or Teflon handles. The prob_
with oormecting {ttt.i_4_ that are capable oi hit tj tnduAcd to retain the adsorbent, hruJh shall have extenalom, of ,tairdesa 0tee|
forml_ teak-h'_ vacuum-tight con_aectfoam Lt..q Condenser. Gtae_, coil type with or Teflon, at least us lor_ a0 the probe. The
without _l_ 0,eallng greases. The fine o;_aU compatlb|o fittings. A ,_.hamattc diagram b, hruJhea shall be properly de.sd and ihaped to
be as short as poaaib|0 and mast be shown in l.'Igure
maintained at IS0 "C _.1.4 Water Balk Thermostatically brush out the probe finer and nor.sls.

L1,1 Filter SupporL Teflon or Tel_on controlled to maintain the ga0 temperature 2..2.4 F1]ter Storage Container. Sealed
coated wire. exiting the condenser at <Z0 "C (68 "F}. filter holder, wide-mouth amber 8la, Jar with

2.1.2 Adsorbent Modulo. Glass container L2 Samp[e Recovery. Teflon.Lined cap, or aluminum foil,
to hold the solid adsorbent. A schematic Z2.1 Fitting Caps. Ground glass, Teflon o¢ _ coo( _GO.-40-.N
d/sgr'am ts llho',,vuin Ft_ t.,,_-..?...Other -luminum foil to cap off the 0ample expo_d
physical conftgxu'atlons of the resin t_ap/ ,,ectiorm of the train.
condenser assembly are acceptabZe. The Z.L2 Wash Bottle. Tetlon. _0-mL
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B_J&nce.Triple beam_ ,A(.sr extraction, allow the Sex'let to c,ooL Column: 0 R x % In stalrfless steel
2.2.8 Al_l_J_ Foil Heavy duty, hexane- remove the toluene extract, and retain lt for contatrdr_ 10% OV-10"I on 100/120

rimled, analysis. Remove the filter1 and dry them Sup_lcop_rt.
2.2.7 Metal Stora8e Container. Air tlghl under a dean No stroam. Stor, the filter, Corrim" C_s: }fslltma st a rats of 50 ml/rain,

c,ontainar to store stile4 gel LLshflywrapped L_deemed alum[hum foiL Detector: Flame Ionization detector
_0 Graduated Cylinder.Glass,_50-nfl $.1.1.2QualityControlCheck.A.nalyze operatedata aenslflvityof4XlO -11A/mV.

with Z.ml gradusUon, the toluene exLr_ct from Section $.1.1.1 as Injaction Port Temperature: r2.50"C.
2.2,_ Glua Sample Storage Container. described in Section,, 5.2 and 5.3. If any Detector Temperotum: 305 "C

Amber glaH bottle for sample glassware "rCDD or TCDF h, present mtm concentretion Oven Temperature: 30 "C for 4 mis;
washes, _0- or 10o0.-mLwithleakbee above thenflrdmum detectablelevelrap,ect programmed toriseat _ "C untilltreaches
Teflon-linedcaps. thecleaningprocedureand reanalyzethe "2.50"C;returnlo30"C after1000seconds.

2-3 Analysis. extract until no 'rCDD or TCDF is detectable. Compare the results of the analysis to the
2-3.1 Sample Container. 12.5- and _5O-ml 3.1.2 Adsorbent Resin. Amberlite XAD-_ results from the rek,ence solution. P_pare

flint 81ass bottles with Teflon-lined caps. resin. Thoroughly cleaned before lnlUal use. the reference ,mlutlon by injecting 2.5 _! of
2-3_Z Test Tube. Class. 3.13.1 Cleaning Procedure. Thi_ methylene chloride into 10t} ml of toluene.
2.a.3 SoxhletF..xtractlonApparatus. proceduremay be carried outIn a #ant This corresponds to I00_,gofmethylene

Capable of holding 43x123 tm-n extraction Soxhlet extractor. An _dl-$1ase filter thimble chloride per g of adsorbenL 'l"he maxlmun,
thimbles, containing an extra-coarse frit Is used for acceptable concentration is 1000 vg/ll of

2.3.4 Pasteur Pipettes, For preparing lJquld extraction of XAD-2. The [rtt ts recessed 10- adsorbenL If the adsorbent exceeds this
chromatographic columns. 15 mm above e crenellated _ at the bottom level drying must be continued until the

2.3.5 Reacti-vials, Amber glass, Z-ml, of the tMmble to facilitate drainage. The resin excess methylene chloride is removed.
silanized prior to use. must be carefully retained in the extractor 3.'1_3.2 T_Ds and TCDFs. Extract the

2.3._ Rotary Evaporator. Bucki/Br/nkman cup with s glass wool plug az_d a stah'dess sample as described tn Section 5.1.1. Analyze
RF-121 or equivalenL steel ring because lt floe.ta on methylene the extract as described in | _,5.2 and 5.3. If
2-33 Nitrogen Evaporative Concentrator, chloride. This process Involves sequential any of the TCDDs or "IX'5_Fsare present at

N-E'vap Analytical Evaporator Model II1 or extraction In the following order, concentrations above the MDL, the adsorbentequlvalenL
2-3.8 Separator)' Funnels. Glass, 2-liter. must be recleaned by repeating the last step
2.3.9 Can Chromatograph. Consi_ti.ng of Soh,o_ P_xx:_._e of the cleaning prYx:edure. 3qr_eMDL can becalculated as % of the theoretical minhnum

the fo].lowbLg components: quantifiable level (TMQL}. The TMQL is
2.3.9.1 Oven. Capable of maintaining the Wato¢.......... h'_ dtpa: PLace rosha calculated in | g.&separation cokunn at the proper operating Ina beak_, rW.o eocr

temperature ±I'C and pedorming with watt, at_ 3.1.Z4 Storage. The adsorbent must be
programmed Lncreases in temperature at _is¢-erd.F_ w_ water used wtd_in four weeks of cleaning. After
rates of st least 3"C/mis, a seco_ tln'_, _ cleaning, it may be stored in a wide mouth

L3.9.2 Temperature Gauge. To monitor stand ov_ni0hL at=:! amber glass container with a Teflon-lined cap
column oven, detector, and exhaust d/ac.ant, or plated in one of the glass adsorbent
temperatures ,el'C. Watt. E_'acl w_ wato¢ tor 8 modules tightly sealed with Teflon film and

basra, elastic bands.2-3.9._ Flow System. Gas meterbx 8 system _otr_,a _.trs_ vo_22
,'c, measure sample, fuel combustion gas, and M,,"t_,tonechV,xoo ..... E._act ¢_ 22 tw:w.rs. 3.1.3 (.;lags Wool. Cleaned by sequential

trier gas flows. _oUb4ooe crdockSe Ex_'act let 22 _ hnmersion in three aliquots of hexane, dried
L3.9.4 Capillary Columns. A fused silica (fre_), hl a 110 "C oven, and stored in a hexane-

column. 00 mXZ5 mm inside diameter {ID), washed glass jar with a Teflon-lined screw
coated with DB-6 end a fused silica column, cap,
30 mx?.5 mm [] coated with SP-2331. 3.1.2.2 Drld.ns. 3.I.4 Water. Deionized distilled and

2.3.10 Mass Spectrometer. Capable of 3.1.2.2.1 Drying Cohmm- Pyrex pipe, 10.2 stored in a hexane-rinsed glass container
routine operation at a resolution of l:100c_ cm ID by 0.8 m long, wid_ suitable retainers with a Teflon-lined screw cap.
with a stability of ±5 ppm. as shown in Fig_me 9,-.3--3. 3.1.5 Chromic Acid Cleaning Solution..

2.3.11 Data System. Compatible with the 3.l.2.2.2 Procedure. The adsorbent must Dissolve 20 g of sodium dichromate in 15 ml
mass spectrometer and capable of monitoring be dried with clean inert gas..Liquld nitrogen of water, and then carefully a4 ] ,_x') nd of
at least five groups of 25 ions. from a standard commercial Liquid nitrogen concentrated sulfuric acid_

:'3o12 Analytical Balance. To measure cylinder has proven to be = reliable source of 3-2 Sample Recovery.
withes 0.1 ma. large volumes of gas free tram organic 3.2.2 Acetone. Pesticide q_mlity.

contaminants. Connect the liquid nitrogen 3.2.2 Methylene Chloride. Pestidde
3. Rec_genta cylinder to the column by a length oi cleaned quality.

3.1 Sampling. copper tubing, 0.95 can [], coiled to pass 3.2.3 7Muons. Pe,ticlde quality.
3.1.1 Filters. Glass fiber filters, without through a heat source. A converdent heat 3.3 Analysis.

organic binder, exhibiting at least 99.95 source ts a waterbath heated from a steam 3.3.1 Potassium I[ydroxide Resident
percent efficiency ( <0.05 percent line. "]['hefmal nitrogen temperatu:e should grade.
peneLrahon) on 0.3-micron dioctyl phthalate only be warm to the touch and not over 4.0 "C 3.3.2 _)dium Sulfate. Granulated, reagent
smoke particles. The filter efficiency test Continue flowing nitrogen tb.rot_h the grade. IM.rLfyprior to use by rir_lng with
shall be conducted in accordance with ASTM adsorbent until eL! the residual solvent ts methylene chloride and oven dryb_g. Store
Standard Method D29_6-71 (Reapproved removed. The rate of flow should be high the cleaned material in a glass container vdth
li)IS) {incorporated by refertnce---_ee enough to gently agitate the particles but not a 'teflon-lined s(_rew cap.
| 00.I7). high enough to cause the particles to fracture. 33.3 Sulfuric Acid. Reagent grado.

3.1.1.1 Predeank_. Ali filters _haLl be 3.12..$ Quatity Control Check. The 3.3.4 F,odium liydroxlde. 1.0 N. Weigh ¢0 g
cleaned before their bfltJa] use. PJac..e _ glass adsorbent must be checked for residual of sodium hydr,'o×lde into a l-Liter volumetric
extraction _hlmble and 1 g of silica gel and a methylene chlodde as well es TCZDDs and flask. Dilute to 1 liter with water.
ph_g of glass wool into a So×Met apparatus, "fCDFs. 3.3.5 }texans. PesHcJde grade.
charge the apparatus wtth toluene, and reflux 3,1.Z.31 Methylene Chloride Residue. 3.3.6 Methylene Chloride. Pesticide

for a minimum of three hours Remove the 312.3.1.1 Extraction_ Weigh a 1.0g (;ra(le.
toluene and discard ii, but retain the silica snmple of dried resin Into a small vial add 3 3.3.7 B.enzene. P_:stt(:tde Grado.
gel. Piace no more than _ filters In the nal of toluene., cap the vial. and shake lt weil. 3.3.8 Ethyl Acetate.
thimble onto ths bed of lilic._ Rsi and tc.,p 3.I.2.3 1.2 Analysis. Inject a 5V i sample of 3.3.0 Math,nal. Pesticide G_ado.
with the cleaned g)ass wool. Chargethe tJ, e extract lntoagnschromatograph 3,3.10 Toluet_e. Pesttcide Grade.
•qoxhlet w_th toluene and rt,,q.x for le, hours, operated under the following condltion_,: 3.3 1t ls_}octane PeetlchJe i.;ra,._e

.......... Ull I i ..L_a,
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3.3.12 Cyclohex,ans. i_estlctde Grade. hours in ¢ chnomlc acid cleanin8 solution Transfer the pr_b_ and Impinger assembly
3.3.13 BaMc Alumina. Activity grads t, prior to clea,',h'.,gas d.=scrtbed above, to the cleanup ares. "['his area shall be clean

1Oa.Zoe mesh. Prior to use, activate the 4.t.l.Z Adsorbent Trap. The traps must be and enclosed so that the chances of losing or
alumina by hesUt't8 [or 16 bour_ st 130 "C loaded Lns clean area lo avoid contaminating the sample are minimized.
before usa. Store la a deslcc..ator, centareS=atlas. They should nel be loaded in Smoking which could contaminate the msrnpla

3.3.14 Silica C.aL Bio-Si| A, t00-ZOO math. the field. Ril a .rr_p with 20 to 30 g of X.AD-Z. shall not be allowed in the cleanup area.
Prior to use. activate the silica gel by hesu.n8 Follow the XAD--Z with glass wool end Inspect the train prior to and durin8
for at least 30 mtnutes at tl_0 "C,.After cooling tightly cap both ends of the trap. disassembly and note any abnormal
rinse the sill= gel =equenUally with methanol 4.1.1.3 Sample Train. lt Is suggested that conditions, e.g.. broken filters,, colored
end methylena chloflda. Iteat the Hnsed ali components be maintained accordln 8 1o tmpinger liquid, etc. Treat the samples as
silicagelst,SO"C ('orI0 minutet,then theprx>cedurndesc:ribedInA_76, inflows:
hacrease th_ temperature gradually to 1.80 "C 4,.t.1.4 Silica GeL Weigh several 200 to 3o0 42.1 Container No. 1. Either ,aM the filler
over 7.25minutes and malntaha lt at thlt g portion= of silica ge] Lrtan ,,lr ttght holder or carefully remove the tilter from the
temperahurs for gOml.nutee. Cool at room container to the nearest 0,5 8. Record the filter hohler and piace it In tta Identified
tempera_J'e and store Iu a glass containe_" total weight of the silica gel plus container, container. Usa a pair of cleaned tweezers to
with a Teflon-lined screw cap. on each container. As an alternative, the handle the filter. Lt"ii ia necessary to fold the

3.3.15 Silica Gel Impregnated with silica gel may b.a weighed directly In Its filler, do so such that the particulate cake Is
Sulfuric Acid. Combine "tO08 of silica gel with lmpinger or samph.ng holder just prior to inside the fold. Carefully tr.safer to the
44 gof concentrated sulfuric acid ha a screw sampling, container any pa_culate matter and/or Fdter
capped glass bottle and agitate thoroughly. ,t,1.1.5 Filter. Check each fillet against fibers which adhere to the filter holder
Disperse the solids with a sfi.rrLn8 rod until a 118ht for b'tegularitles and flaws or phlhols gasket, by using a ch-y Inert bristle brush and/
uniform mixhzre Is obtained. Stern tha leakL Pack the filters flat in a dean glass or a sharp-edged blade. Seal the container.
tuixtura In a glass container with a Teflon- container or wrapped in aluminum foil. 4,2.2 Absorbent Module. Remove the

lined screw cap. 4.1,2 PreUminary Determinations. Same as module from the tratrt, flghdy cap both ends.
3.3.I0 Silica Gel Lmpre_ated with section 4.12 of Method 5, label it, cover with alu.rainum foil, and 0tore lt

Sodium Hydrordde. Combine 39 g of I N 4.1.3 Preparation of Collect(oa Train. on lee for transport to the laboratory.
aodlura hydroxide with 100 g of silica gel In s 4.1.3.1 During preparation and assembly 4.z.3 Cyclone Catch. If the optional.
screw capped glass bottle and agitate of the sampling train, keep ali t_rain openings cyclone Is used. quanUtaUvely recover the
thoroughly. Disperse solids with a sti.,-rbLgrod where centare/nation c_an enle.r _ated until particulate into a glass contah_r and cap.

until • uniform mlxtur_ Is obtained. Store the Just prior to assembly or until sampling is 4.2.4 Container No. 2.. QuantitaUvely
mixture in glass container w'i:h a Teflon.lined about to begin, recover matertal deposited in the nozzle.,
screw cap.

3.3.IY Carbon/Ce[its. Combine 10.7 g el Note: Do not u_e sealant grease In probe transfer Lines. the h'ont half of the Filter
AX-21 carbon with 124 g of Celite 545 l.n a assemblh_ the train, holder, and the cyclone, li used, first by
25e-mi glass bottle with a Teflon-lined sca_,,v 4.1.3.2 Piace approxhnately 100 _ Oi brushing while rinsing three Uses each with
cap. Agitate the mixtur_ thorn ughly until a water in each of the first two Impln8era. leave acetone and then by rinsing the probe th_
uniform mixtm'e [s obtained. Store In the the third impinger empty, and transfer times with methylene chloride. Collect ali the
glass c_ntalner, approxl.matcly 200 to 300 g of preweighed rinses in Container No. 2.

3.3.t8 Nitrogen. Ultra high purity, silica gelft'ore Itsc.ontainet to the fourth Rhase the back half of the fdtet holder, the
3.3.1g Hydrogen. Ultra high purity. Lrnplnger. cxu_nectin8 line between the filter aral the
$.$.20 Internal Standard Solution. Prepare 4.1.3.3 I"laca the container in a dean place condenser, and the condenser, ff usi.rt8 a

a stock standard solution contalnln 8 the for later use lo the sample recovery, separate condenser and absorbent trap,
isotopl-caIly labelled PCIDI_ and PCDFa at Alternatively. the weight of the silica gel plus sequentially, three times each, with a,-.etona
the concentraUons shown In Table I under lmpinger may be determined to the nearest and methylene chloride. Collect aLI the rinses
the beadle. 8 "Internal Standard, a" in t0 ml of 0.5 8 and recorded, in Container No. Z and mark the level of the
isoc, ctttne. _.1.3.4 Assemble the traLa as =hewn in liquid on the container. ,

3,3.21 Surrogate Standard Solution. Ft,gum 23--1. 4.2.5 Container No. 3. Repeat the rinsing
Prepare, a stock standard solution containing 4,1.3.5 Tw'n oa tha adsorbent module and described in section 4.2.4 using toluene as the
the ls_toplcally labelled PCDI3_ snd PCDFs condenser coli rectrculating pump and begin rinse solvent. Collect the flnses in Contaffter
at the concentration, shown in Table 1 under monitoring th_ adsorbent module gas entry No. 3 and mark the level of the liquid on the
theheading "Surrogate Standards" ha 10 ml of temperature. F_nsu_ p_p_r sorbent container.
Isooctane. temperatm'e gas entry temperatur_ before '

$.3.22 Recovery Standard Solution. proceeding and before sampllx_ lt lrdtiated, lt 4.2-e lmpinger Water. Mea are the [/quid
Prepa.r_ s stock standard _duUon contatrdng la extremely h_portant that the XAD-2 in the _Lrst three [mptngers to w-irMa -t-I ml
tha IsotoplcaUy labelled PO)De and PCDFs adsorbent renin tempet'ature never excel:! by using a graduated cylinder or by weighir_
at the concentrations shows ha Table t under 50.C because thermal decomposition will lt to within ±0.5 by using a balance. Record
the heading "Recovery Standards" tn 10 ml of occur. During testir_g, the XAD-Z temperature the VokLme or weight of ilqtdd p_enL This
Isooctane. mu_t not exceed 20 _ for efficient capture of information la required to cn|cul_'athe

4. Prr_edur,e the TCDDs aud TC13Fs. moisture content of the ef_uent gs_.
4.1.4 Leak-Check Pro<edure. Same as Discard tha liquid after ,nc_suring and

_.1 SamplLrtg. The complexl_ d this Method 5, I ,lkL4. r aeordin8 the volume or weight. 4/..7 Silica
method ta Imch that, ha order to obtain ¢1.5 Sampla Train Operation. Same as (._L Nots the color of the mtficetin8 sillc_ gel
re/labia results, testanl ahottld be traL._sd :,=.d Method _, | _LI._. to detsrraine li lt has be-on completehy spent
experienced with the test procedur_ 4.2 Sample Reoovery. Proper cleanup and make a mention of its condition. Transfer

4.I.1 Pretest PreFaraUoo. procedure beSL,-m aa _oon es the probe la th_ silica gel [zom the fourth Impinger to it=
4.1.L1 C_eantn 8 G'la_n_are. Ali glass removed from the stack at the end oi the original container and seal. A funnel may

compo_aant_ of the train upstream _ ansi aamplLr_ period. Seal the no'tab er',dof the make ft eas_ex to pod.tr the si}tca 8el witho_
Lnduding tha adsorbent mbdala thall be samplL_8 probe with Teflon tape or alunainum spilling. A rubber policeman may be used as
cleaned as de,o'ibed In =,,_'tton lA of the fotl. en aid In re._mov_ng the silica get from the
Manual or Arutlyl:lca.l Mathod_ foe the When th.s prt;b_ can be safely handled, tmptnger.
An_lysL_ of Peatl_dss ha Human atut wipe off aB rx-_enud particulate matt_" us,_
F_vl.romnental lh,spies. 8pedal car, ahall b_ thetlp of the prob_ Remove the prob_ from g, A.ntsl},=_
devoted to the removal o/t'mddnal afllcon_ the tnatn anal canes off both ends with 5.1 Sample F..xtr_,cllon.
grea_e sealant= on gromad glue ooanect(oru_ alumbaum foJ1,Bed off the tn_et m th_ train 5.1.1 C.ont_;Lner No. l. P_ace s glass
td _ 81asrwtt_ ,stay t_aldu,_ ahadl be _lth Teflon trope, s ground ght_ cap, c_ axttacttcm thtmbh, a.ad 1 IIIof silica 8,el and a
removed by wakin,II that ldar.._'trll fat st, anl aluminum fo,tL plull o4'glas_ wool tqto the .e_xhl_ ='[,_par",_. ,
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charge the g,pparitus with toluene, and reflux silica gel. 4 8 of add-modified silica gel, and 1 5.3.2.4 Monitoring Mtxie, 8elec/ed Ion
for s mintnitun of S hours. Remove the toluene ! of silica geL Wash the column with 80 ml of monJtorbxS. A list of the various ions to be
and discard IL but retain tbe silica eel. hexane and discard it. Add the sample monitored is summarized in Table 4.
Suspend the adsorbent module directly over extract, dissolved in 5 ml of hexane to the 5.3.Z_ ldentlflcation Criteria. The
the extracOon thimble described in imctinn column with two additional Ibml dnao¢. Elute foUowtn8 |dentlficatlon criteria shall be =sad
6.1.1. The slasa L-itof the module ,hould be la the column with an additional 90 ml oi' for the characterization of polychlorinated
the up position The thimble tj contained In a hexane au_i retstn the entire eluete, dibenzodioxLr_ and dibenzofuranL
clean beaker, which will ser'va to catch the Concentrsta this solution to a volume of t. The integrated Ion-abundance rstlo
solvent rinses. Usln8 a Teflon squeeze boule, si>out I ml usi_ tha nltrosen evaporative (NI +/M + 2 or M + 2/M +4) ,,hall be within 15
flush the XAD-2 into the thimble onto the bed concentrator (section 221,7). percent of the theoretical value, The
of cleaned silica gel. Thoroughly rinse the 5_.-Z Basic Altmzina Column. Shorten a acceptable ion-abundance ratio ranges for
glass module with toluene into the be.aket aS-m| disposable Pasteur pipette to about 16 the Identification of ch]orine-coutainln8
contalnln8 the 0dmble. Add the _ 81ass mL Pack tha lower _cfloo with sloes wool compounds are given in Table _.
wool plug to the thimble, add the contents of and 12 S of basic alumina. 'rrgnefer the 2. The retention time for the analytes
container No. 1, s,_d add the concentrate concentrated extract ft'am the silica Bcl must be within 3 seconds of the
from Sei_tion 5,1,.Z For low level samples, edd colu_rrm to the top of the basic alumina corresponding ssC-labeled internal _tandard.
L'Otd t,f the internal standard solution column and elute the cohmm sequentially surrogate or alternate standard.
(secUon 3._}.20), for high level samples, add with 120 ml of 0.5 percent methylene chloride S. The monitored Ions shown la Table 4 for
100 td of the ¢olutlon- Low level samples are In hexane followed by 120 ml of 35 percent a given analyle shell reach their maximam
those s_mples that contain less than 200 pg of methylene chloride In hexane. Discard the wi'ddn 2 seconds of each other, '
any TCDD of TCDF. Cover the XAD-2 hz the first 120 ml of eluate. CoLIo_ the second 120 4. The identification of specific tsomen,
thimble with the cleaned glass wool plug 1o ml of eluate and concentrate lt to about 0.5 ml that do not have corresponding _'C-labeled
prevent the resin from floating into the usin8 the nitrogen evaporative concentrator, standards Is done by comparison of the
solvent r_servolr of the extractor. If the resin 5.2.3 a,.X-21 Carbon/Cellte 545 Column. relative retention time {RR'I} of the analyie to
1=wet. effective extraction cml be Remove the bottom 0.5 inch fxom the tip of a the nearest internal standard retention time
accomplished by loosely pac.Iran the resin In 9-ml disposable Pasteur pipette. Insert a filter with reference {i.e., within 0.005 RRT urdts) to
the thimble. The thimble ts placed In the paper disk in the top of the pipette 7.5 cm
extractor, end the toluene contained in the from the constriction. Add ruffle;est carbon/ the comparable RRTa found tn the continuh't8calibration.

beaker is added to the solvent reservolx, celite mixture to form s Z cm column. Top 5. The e_gnal to noise for ali monitored ions
Additional toluene ie added to make the with a glass wool plug. Rinse the column in must be greater than 2.5.
reservoir"approximatelytwo--thirdsfullAdd sequence with2 ml of50 percentbenzene in 6.The confL,'mationofLS,7,8-TCDD and
Teflon boilix_ chips and assemble the ethyl acetate, 1 ml of 50 percent methylene Z,3,7,8-TCDF shaU satisfy ali of the above
apparatus. Adjust the heat source to cause chloride in cyclohexane and Z ml oi hexanc.
the extractor to cycle 5-6 times per hour. Dis',_rd these eluates. Transfer the identification criteria.
Extract the resin for 10 hours. After concentrate in 1 ml oi hexane from the basic 7. For the identification of PCT)Fs, no signal
extraction, allow the Soxhlet to cool. ahtmina column to the carbon/celite cohmm may be. found in the corresponding Pt_PEchannels.
Transfer the toluene extract and threc 10-ml along with 1 ml of hexane rinse. Elute the 5.3.2.6 Quantification. The peak areas for
doses to the rotary evaporator. Concentrate column sequentially with Z ml of'50 percent the two ions montton:d for each analyte are
theextractto approxbnately8 ml.Use methylene chloride inhexane end 2 ml of 50

, nitrogen evaporation to further reduce the percent benzene In ethyl acetate and diec.ard summed to yield the total response for each
sample to about 1 ml. Split the sample in half. these eluate_. Invert the column and sluts in analyte. Each internal standard ts used to
Store one half and analyze the other the reverse direction with 4 n'd of toluene, quantify the lndigcnous P(:2:)Ds or PCR)Fs h_
according to the procedures in sections 5.2 Collect thla eluate. Concentrate the eluate in [ts homologous series. For example the i =C,-
arl_t 5.3. e rotary evaporator at 50 "C to about I ml. 1,2%3,4-tetra chlorinatcd dibenzodioxin le used

5.1.2 Container Ns. t. Transfer the "Transfer the concentrate to a Reacfl-vial to calculate the concentrations of ali other

content, directly to the 8lass thimble of the usin 8 a toluene rinse and concentrate to a tetra chlorinated isomers. Recoveries of the
extractor and extract thcm simultaneously volume of 200 _l using a stream of N,, Store tetra- and peats- internal standards am
w'tLh the XAI)-.2 resin, e_tracts hl a freezer, shielded from light prior calculated using the _,Ct=.I,2,3,4-TCDD.

5.1.3 Container No. 2- Conccntrate the to ana!y_.s. Recoveries of the hexa- tlwou8 h nrts- interm, l

sample to a volume of about 1--5 ml using the 5.3 Analysis. Analyze the sample using a standards are calculated using a, C_,-
rotary evaporator apparatus, at a gas chromatograph coupled to • mass 1,2,3,7,8,9-1IxCDD. Recoveries of the
temperature of less than 37 "C Rinse tbr spectrometer (GC/MS} using the instrun,ental surrogate standards are calculated using the
sample container th_-ee times with small parameters in sections 5.3.1 and 5.3.2- A I to 5 correspondin 8 hessian from the internal
portions of methylene chloride and add these _1 aliquot of the extract Is injected into the standard.
to the concentrated solution ar,d concentrate CC Sample extracts are first analyzed u_ing 8. Calibration
further to near dryness. This residue contains the DB-5 capillary column to determine the
par_ictdate matter removed in the rinse of the concentration of each Isomer of PCDDe sod Same as Method S with the following
train probe and nozzle. Add the concentrate PCDFs (tetra-through acts-), li tetra- additions.
to the 51ter and '.he XAD-2 resin in the chlorinated dibenzofurans are detec'ed in 6.1 GC/MS System.

S,oxhlet apparatus as describ.'d i_ section this analysis, then another aliquot of the 6.1.1 Initial C.alibratio;_. Calibrate the CC/
5.1.1. sample ts analyzed in a separate run. using MS system using the aet of five standards

5.?,.4 Container No. 3. Concentrate the the SP 2331 colunm to measure the 7.,3,7,8 shown in Table Z for low level samples or
sample to s volume of about 1_ ml using the tetra-chlorodibenzofuran isomer. Table _ for high level sampler. The relative
rotary evaporator apparatus, at a 5.3.1 Cns Chromatograph Operating standard deviation for the mean response
temperature of less than 37"C. Rinse the Conditions. factor ham each of the unlabeled analytes
sample container three times with small 53.1.1 tnjecgor. Configured for capillary {Table 2) and of the internal, surrogate, and
portmns of toluene and add these to O_e cohmm, splitless, 2.50 "C. alternate standards shall be less than or
concentrated solution and concentrate further 5.3.1.2: C.ar_ier Cns. Ilelium, 1-2 ml/grin, equal to the values in Table _. The signal to

to near dryness. Analyze the extract 5.3.1.3 Oven. lnltla!ly at 150 "C Raise noise ratio for the C,C signal present tn every
according to the procedure_ in sections 5.2 ballistically t_, "_'lg}"C and then at _ "C/mis up selected Ion current profile =hall be greater
and 5.3. to 300 "C. than or equal to 2.5. The ion abundance _atios

52. Sample Cleanup and Fractionation- 533, High Resolution Mass Spectrometer. shall be within the control limits in Table 5.
5.2.1 Silica Gel Column. Pack one end of a 5.3,2.1 Resolution. 80_-lOCr_O m/e. 6.1.Z Daily Performance Check.

glass c_lumax P£) mm x 230 mm, with 8lass 5.3.2.2 Ionization Mode. Electron tmpacL 61.Z.1 Calibration Check. Inject ooe p.I of
wool Add h, sequence, I 8 _l]tca get, 2 I; of 70 eV. solution number 4 from Table 2 or solution
sodtu.m hydroxide Impregnated silica gel. I 8 5.3.2.3Source Temperature ZbO"C. number 3 f_om Table 3 Calculate the rclati_ e
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response fsclo_ _-,RF'o} isr each compound Agency. Reaeorr..h Triassic Park, NC Z7711 0.5 Recovery of Internal Standards lR').

and compar_ each of them to th_ or by callir_ the S<_u'ca Test Audit R" =,, [A't m,,J A,. RF. ro'L) X 100_
correepondin8 mean RRF obtained dudl_ the Coordinator (STAC] at (0lO} 541-7834. The Eq. Z3-4

trdtlal caEbraUoa. The amdyr.ta" performaac= request for the audit sample must be made at O.0 Surn_late Compound Response
lo aocelptableIItheme•mu'sd RRI_s forthe 1oaJt 30 dayspriortothescheduled Factor.
l•beled sad unlabeled compounds for the compliance sample analysts.
daily run srr within the Ilmlta of the mean 8.4 Audit Results. Calculate the audit RRFs -_ A',_ mJ (A_ nl'_J E.q. Z3-5
values shown ta Tabla 6, la adtiltlon the los- sample concentration •ceordln8 to tha 9.7 Recovery of Stttrogata Compounds
ab_ndarw, e rat/o_ shall be wlthln the calculation proeedu._ deserlbed In the •udit (R,).
allowable control limit0 shown in Table S. instructions Included with the audit _mpla. R. - (A. m'J A', RRF. m.) X 100_

6.1.1.t Cohmm Sew•risa Check. Inject a Fill In the audit sample concentraLIon and the Eq. 23-6
solution of • mixture o| P(_De _tad PCDF| analyst's name oa the •udit respon_ form 9JI Theoretical Minimum Quantifiable
thai documents re_olaUon between 2,.,1,7,8.. Included with the audit lajtrucfloaJ. Send Level {TMQL).
TCDD and other TCDD LsomerL Resolution is one copy to the EPA regional office or the
defined ss a valley between peaks thai hl less appropriate erdorcemeat a8ency. The SI'AC TMQL - Ct V/R" Eq. 23-?
than Z.5%of tha lower of tl_ two peak=, will r_ktm the EPA response to the

g Biblio[lraphy
7. Quality Control laboratory being audited, Include this EPA

response with rho results of the compliance 1. American Society of Mechanical
7.1 Sarnplin 8 Train Collection KiIIclency samples In appropriate report= to the EPA F.ngineers. Sampling for the Determination of

Check. Art 100 pJ of the stu'r_ate standard_ regio_aaloffice at the appropriate C'_orinated Organic Compounds la Stack
ta Table I to the adsorbent cartridge oi each enforcement agency. Include this Information Emissions. Prepared for LJ.,q.Departmeot of
train before each test. . with subsequent analyses for any Energy ata] U.S. Eavtrotunenlal Protection

7.1 _ternal Standard Percent KecovedeL _rdorcement agency during the _even-day Agency. Washington DC. December 1984. 25
Recoveries oftheInternal standard= mtu_t be pedod, p.
between 40 to 130% for the tale'all:trough 2. American Society ofMecha'nlcal
hexaclxlodnated compounds while tha range g.CalcolaSoml Engineers. Analytical Procedures to Assay
is 25 to 130_ fatthehigh_ hepta- and Same as Method 5, section 0 wRh the Stack E[fluent Samples and Reatdual
octachlorinated homologueL ILlthe internal following additions. Combustion FToducts fat Polychlorinated
standards do not meet th_ recover/ 0.1 Nomenclature. Dibenzo-p-Dioxin_ _D} and

requirements, the data will still be acceptable Aa - Integrated Ion current of the two ions Polychlorinated Dibenzofurans (PCDF),
provided that the signal hl equal to or greater characteristic of compound 1In the Prepared for the U.S. Department of Energy
than ten times the nel.as level calibration standard, and U.._ Environmental Protection A_e_acy.

7.$ Surrogate Recoveries. The surrogate A',,,= Integrated Ion current of the two lens Washingtort. DC,. December 1084. 23 p.
recoveries are measured rdaUve to th_ characteristic of the Internal standard i 3. Thomason. ].R. (ed.}. Analysb, of
Internal standards and are a measure of la the calibration standard. Pesticide Residues in lluman and

collection efficiency. All recoveries shall be A',.., = Integrated Ion current of the two lens Envttonmental ga,mpleL U,S. Endrorm_eutal
between 70 and 130_. Poor recoveries far aU characteristic of surrogate compound I In Protection Agency. Research Triangle Park.
the surrogates may be an indication of the caLibration standard. NC 1974.

breakthroush in the sampling trala. II the Ai - Integrated ion current of the two lans 4. Triangle Laboratories. Case Study:
recove W of all standards ts below 70%. the characteristic of compound I ta _he Analysis of Samples ks" the Presenc_ of Tetra
sampling runs must be repeated. As an sample. Throu, sh Octachloco-p_Dibenzodloxins and
alternative the sampling runs do not have to A't - Integrated Ion ctwreot cd the two Ior_ Dibenzofurans. Research Triangle Park. NC
be repeated Lfthe final results are divided by characteristic st lo.tar-nal standard I ta 1988. 20 p.
the fraction of surrogate recovery. Poor Ota sample- _. U.S. Envttonmental Protection A_en,:y.
recoveries of Isolated surrogate compounds A_ - Integrated ion current of the two Ions Method 82aO--The Analysis of
should not be grounds for rejoctin 8 sn entlro characteristic of the recovery standard, Polychlorinated Diben,zo-pdioxin and
set of samples. A,_ =- h_tegrated ion current of the two lens PolychlorinatedDibenzofaran.s. Lh: Test

7.4, Toluene Quality Assuranc.o Rinse. characterisUc of surrosate compound 1 in Methods for Evaluath_ SoLid Waste-
Report the re_u.hsof the toluene quality the sample. Washington, DC. SW--a4& September. 19a&
assurance rinse _eparately from the total C, =- Concentration of the compound of 54 p.
sample catch. Do not add it to the total Interest In the most dilute calibration

sample, solution.pg/t_l. ]',,aLE 1.--CoMPosITw)N OF THE SAMPLE
& Quality Assurance m,=t,- Mass at compound I In the calibration

standard Injected Into the analyzer, pg. FORTIFICATION AND RECOVERY STANO-
8.1 Applicability. When the method ts m'., - Mass of labeled compound t In tlm RRGS SOLUTIONS

used to armlyz= samples to demo_trate caLibraUon standard Injected Into the
compliance with s sourca omlaslon analyzer, pg. C_,n-
regulation, sn audtt sample mt._t be analyzed, m', _= Mass ofLntemal standard I added to _ ,r,,_k>n
&Z Audit Procedure. The audit sample the_,mple.p_ ._ (O_V_d)

contains tetra through oct_ Isomers of PCDD m,_ -, Mass of recovery standard In the
and PCDF. Concurrently, analyze theaudit calibration standard Injected into tha Intetrud_sa'xtardt:
sample and • _ of compliance sample_ ht analyzer, pg. ,. C,-L._r.a-W, OO ............... _00
the _am,_ manner to _rv=luate the techrdque o_ ms - Mass of surrogate compound itn tha _' C_-_2-._.7._ 100
the analyst and the standarda preparer/efg calibration standard. ,: C,,.1,.,?..3.e.r.a--t-t_O .......... _OO

C_r 1.2.3.4.6, ]r.8-_"lpC,l.,_O ............ t e0

Tns =atr_ analy_ ,malytlcal reagents, and RRFt - Reletiv_ response factor. '" C,,-2._kLa-rCt3_ _OO
analytical e3_tem =hall be used both for the RRF, - Recovery standard respottsa factor. " C,r_ ,z,3,r,a-r-eCl_ ....... I00
compliance _mple-= and the EPA audit V ,- Final extract volume, FL - _,. _.2.:l.a,l._->,-t_C,O¢..... lee

sample, ff thla condition tsmet. audttln 8 of 0.,! Relativ_ Response Factor. "C_r.:L.lkt.tk/,a _gK',O¢.............. 100subsequent complines= ana}y=e= for any S_vo_a_ S_
en/orcementegeacy withinseven day_ le not _ -- l/a _ /_ m'._ (A'= Ix'ta) _q. "' C_,-2.:_7._ .............................tO0

l_,tllr_ Z3.-| ' ' t._rt ,2,3.4.7.8-t_¢C._)O ............... 100

8._ Amiit _an_l_ Avaflal_fltty. The audit _ Concentration of t_ PCDIM and ' ' C,r,?.:_.I,T,0-_P_ ................. tOO
sample may be obtained by writing: PC'DF_. '" C_.x.3,4.r,a_ ................ _0o"C,,.12.3A, l.I_4-g_O_ tO0
Source T_t Audit Cootdlnatat _--771_. C_ - m', AJ (A', RRF, V.(,,,.,0I Eq. Z3-. "............

Quality A_e.ac.e Division. Atmospheric Z "C,,-t.2_,a.,_ TC,(_ .....................
Research and Exposu_ro A_sessmemlt 0.4 Recovery Standard Response Factor. "C,,-12.3.7.e,_,_e_X>O ..................... 500
t._botstory, U_ E.nvtronrnentalP_otectlon R.R_, - A',=_ (/_ m'_l EtI.2.3-3 .......................................................................................
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com_u_o Le_--,s_ _,-
, ..... _ ..... _ ,.

1 2' S 4 $

t,_rd_mJk_m._
_L3.TJI-TCX:X)............... 0.51 , s, ,im]
2..%7,1-1nCOF__.................. o.l| ' ,- s, so, ,oo
,.._.7_ IJ,I ,. a_s, lr_o! T_o
1.2.s,7._ ..... _ _ 5. _s: =soI so<;
2.3.4.7.S-P'IK:_F ............. LJ54 I,, _ I 250 _ 1500
1,2,,3,4.7+S-+tx<::_X:)- 2+Ji_ S _ J_ I ldi,O '500
t2+3,n.7_ ............... ,t.s I 4ba _s I S_50 5oo

1.2.3,7.S.I+q=CCX).... ' .?.l....1| s _ 1esI _ '000

' %,_,4.7.A_::_ ...... _-.-: U l.I _1 2_Pq ,500

1,2,3,7.e,9-HxCCX_ S t 25 I 250q So0

,.2.S,.4.e,.,.S-H_ ............ ,£ --, +'_i "_

,.P..S,4.,.¢e,-_o<_ ........ ,, +' _I '5°°...... 6 4 sol ".SOl 1o(>o
__, 5 I SOl 501 _ 1000

1 t"C_r,Y.3,7,8-TCO0____ 100 100 i 100 I qO0 _100
"" C.,,-_.P..._,7_ ..... :: 1100 _ ! 100 _ 1130 100

'_' C._r1,2.,3._7_F'b¢[_)O, |_ t |OOJ qLO0l 14_J "1+
.e C_rt_.3,4,G.7_,-H_- |DOJ _D0 J 200 J :_00 '
'_'__ .......... 2'001 2'00 I 200
a. C_r2_3,7J_+ ..... 100 J 100 J 100 | ,10<:) 100

tSC_rl_3,6,7_ ...... !' 100 ' 100 1 I00 ! 100 100
:_ C_rl_S.4,6,7.8-1_oCOF.............................. 100 J 100 I 100 I 100 100

,= C.-,?..3,,.7.8-PeC_F......... 2.51 61 251 2'50 50o

': C_-1,2J,4,7,B_:- _LSI S I 25 1 2+",,,+'0 50(:)
_JC_rl,P..$,4.7.8.O-HpCOF.... 2.5 1 5 I 25 I 2,50 500

Al_e_rvde._t_n<Jw-d: I=e,C,rl,2,$,7,B,9'A-{xCOF___ 2...5 . 5 I ' 25 I 250
i::3e¢o've_o:ta_da..ds: - ,

="C._r-I,,_$,4-TCO0 100 : 100 I 100 I 100 100
s=C.ur.I,2-,$,7,8,___. 100 100 ! 100 I 100 ; 100

- + .......

TABLE 3.--'-COMPOSITION OF THE INITIAL CALIBRATION SOLUTIONS (HIGH) "

......

-I-- ' i-+ ' '+
°"+"''+

,r.3,7_,._'(:::oo....... _ 5o! too 5oo tooo

1,2+3.7_ : .,_0, .5Oo/ 25oo

I,._,._.7_ ..... 2S 250 500 2500 6000

1.2.32A.044xCO0___._,_._.__ ............... 25 250 500 2500 5000
1,2.9.4,.7.S-HxC;t_ 25 +2"+0 500 2500

I,Z,_.7._,I_I,_ ........................ 25 250 5.00 2500 15<X)0
2.3A.6,7,___._ ' 25 250 500 2500 5000
1.2.3,4.e.,7,0-Hi:X:O0...................... _ : : 25 250 500 2500 5000
1,2.,3,4,0_7_ ,...__......_ _ 2:5, 250 _ 2500
1_?_i,4.7_B.g_pC_:)F____ _i
_-- "1 25 25O 5OO 25OO 5ooo50 5OO 1000 5OOO 10000
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T^aLE 3.,--COMPO_'T_N OF THE INm_. CAUBRATION SO(.UTtONS (HIGH).--ConURuo_
'4

: co_-o,w=tk_¢__ No.--

.....
_,,_mo I 2 $ 4 5

......... , _

0 :)F_ 5O 5OO 1000 50OO 10O0O
INeen_ Itan<hm_

- weCu_J,?,_.TCOO : ..................... 100 _00 100 t00 100
ta( w-t_.,_!,7,(_3OO _,..._ 100 100 100 100 100
JSC,ur1,2,3,6,7,B..Hzd:_::)O............ ............. :::-::-......- .......... 100 100 100 100 100
t_(_rl,2,3,4,e,7,8..HpCC)O.......... . ...... - .... . .......... :......... -- ::.: : - -- 100 100 100 100 100
s_OCOO .___.__. 200 200 200 200 200
s8C_.2_I,7,8.TCOF..___ I(;0 100 100 100 100
s_C_.t,2,3,7,S-peCOF ............... 100 100 100 100 100
s= _.. t ,2,3A?,8-HxCOF.................-...... -: 100 100 100 100 100
ts _r t_,4,_7_ _:)F--. 100 100 100 100 100

+Curro_te =ta,'_lard=
s,( ,_.?_3,7,_T(:::_0....... ............ § .50 100 600 1000
| s( hr ___I,4.p.8_o+C_F ........... 25 2_>0 _ 2500 5000
__,ur 12,3,4.7,_-:---.--. 25 250 600 2500 5000
__ _r _,2,3,4,7,8-Hx(X'_...... 25 250 600 2500 5000
__r I_P_3._.7.O.I_II_OF..... 25 250 500 2500 5000

A.'_ernst__ , '

_s; _-1 _P_I._TCOO 100 10_ 100 100 100

s* _I.z-I,2,3,7J_,9-HxCOO:.......... ;:. ....... ' ............................ + _-- _ • 100 100 100 100 100• ........
• .

TABLE 4.--ELEMENTAL COMPOSI'II'tO_S AND EXACT MASSES OF THE IONS I_4JONITOREDBY HIGH RESOLUTION MASS SPECTROMETRY
: FOR PCDOSANDPCOFS

OeK_ No. Aco..'.te_ iont,m= E_.z,,_ co,r_>Ct_ Anah_

I.: 303.901_ M C,=H,'*Ct,0 TCDF
"" 305.8987 M + 2 C_.=H_'_:I"'0 TCOF

315.P,419 M __._,H_s_3_0 TCOF (S)
;, , 317.938g M+2 S_l_,l_ssC_svC::10 TI:::::[_(5")

• 319.8965 M C_=H_=*C_ TCOO
32t.8936 M +2 Cul_SSC_s_ClO TCOO
327.6847 M " C.H_s'_C_O_' TCOO CS).;
331.e0_ M =N3u_="Ct, O, TCO0 (S)
333,9339 M+2 ' _,._=H_s'_CI"CIO_ .... TCOO (S)
3'75.8364 M _-2 _=H,S_K::_s'cI0 HxCOPE

2 330.8597 M+2 _ sK:_s'_C:IO PECOF
341Jt_7 M+4 C,_sHI=.S'N::_='_C_0 PeCOF
351.9000 M 42 =_,3,H=s=cI_s_ct0 P_C:OF(S)
353.8970 M+4 ssC_=H_ssctso_C_sO PeCOF (S)
355.8546 M+2 C.,_t'_sR::_s'CIO_ PeCOO
357.851_ 1,4+4 C_,Hssa'C_s _Cl_s _rCOO
3_7.8940 M+2 =sc.l% s_::_*'CIO_ _ (S)
3G9,8019 M+4 ' a_.__AsssC_s _C_,O_ P,ICOO(S)
400.7974 M+2 _l%=_:_s_ClO
354.9792 LEX_ C_ PFK

3 373.8208 M +2 C_sHs'sCIs"CIO HxCr_
375.8170 M+4 C,__H,SN:_s'(:::_ Hx(:_F
383.86,39 M ssC..I._ssCtsO _ (S)
385.8_10 M+2 ' 'C_.H_S'<:_"Ci0 HxCOF(5")
389.8157 . M+2 C,_sI_s_s s 'ClOs HxCOO
391_t27 M+4 C.._J,sssC_s 'Cts0_
401.8559 M4'2 s_C_.H.s"CI.' ' t,,',,',,',,',,',,'_ _ (5")
403.8529 M +4 ' _,_.H.SN"_*'C'AR HxCOO(Si
445.7555 M+4 CuH_SSO_S_CSsO OCDPE
430._72o LOCK iC.,,F. PFK

4_ 407.781_ M+2 Cs_SS(_s"ClO
. , 409.7789 M+4 C.H'sCIs" _;_) Hp(X)F

417J_I M __,_..Hs_Ck0 • _ (5")
41g.82:20 M+2 ' mC_sN:_s'cI0 ' ' HpCI_ (S)
4_.776_ M +2 C_H'_k*'C:30, tkX:OO
425.7737 M +4 Cs_'tmSC_sS_C_Os HpCOO
435.8169 M +2 ' ssC,._HSN:_s'Ct0_ HpCOO(S}
437.8140 M+4 _a_:,_.H**C_°_Cls0s _ _S)
479.7165 M+4 C_,H=_'Ct=O NCPOE
430.9729 LOCK _4,F_, PFK

K 441,7428 M+2 C,u=e_Jk__C_ OCOF
' 443.7399 M+_ C_"Ct.'CI.0 OCOF

457.7377 M + 2 C_sS'CI_s'C_ (X;OO
450.7348 M+4 C_'_:_ o'C_O_ OCOO
469.7779 M+2 ' "C_"Ck'_ _ tS')
471.7750 M,4 ' sCts_%'_"C_)s OC1X_(S)





APPENDIX G

C_LARACT[RIZATION AND TESTING:

EPA METHOD 26: HYDROCHLORIC ACID
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rather than neutral or be,_c coUecu_a

soh,ltlons, greatly reduces the chance oi
dissolving any chlorine preeenL This method
dees not experience a .Igrd/ieant bin, when
,ampl_g • 400 ppm HC_ ga, atream
contstnLn8 _ ppm C_. Samp_.'_ 8 • L:'0 ppm
HCI gas stream c_nt_tnLn8 aB0 ppm C_
resultJ In a positive bias of 3.4 percent Lathe
HCf measuremenC

1,4 Precision _.nd Bias. 'The w/thin,.
laboratoryrelativeHand.td deviationssre
63, and 33,percent at lHC] concentrations of
3.9 ,sd 15.3 ppm. respectige!y. "/'hemethod
dees not exhibit ablas to Cia when sampliztg
st ca)ncentrations lea|, than 50 ppm.

1.5 Stability. The collected ,emp!es can

be stored for up to 41,weekJ before snelykis.
1,6 Detection Limit.The =nalyl.ica|

, . . . . detection |i.rnttof the method IGCl _g/ml.

.Z Apporotus

l_etbod Zr.,--Detormlaa_oa of H)'dzogen 2.1 SamplinS. The sampl2r_ train tl _howrt
Chloride Em.l.sdor_s 'From Statlonsa'y Seine.es In Figure 20-1, and component part, are

disc'•eased below.

I. ,_pplicobiliO', PH=c/pie, lnls'fore=ees. 2:.1._ Probe. Borosilicate g_as,k
Pt_cis/ot_ Biaa_ and Stobilil_, app_xlmately %-t_ {9-mm) LD, with •

heaLLn8 oy=tem to prevent moisture
1.1 Applicability. This method Is condensation. A %-I_. 1.]3. Teflon elbow

applicable. J'or determining hyd_'ogen c_lodde should he attached to the lade! of the probe
(HC]) eml=sls,ml lTe,ra stationary Imurce=. and • l._. [ES.mm] length of %.t_. l D. Teflon

13, Prl.nc[ple. ^.n i_teSraled =ample ts kzbLr_ thould be attached to lhc open end of
extracted fiorn the =,tacka_d passed t_ro,u_h the elbow to pem_it the openin 8 oF the probe
d,U0te ,mlft_r_c ,tld. In Ihe dilute acid. the tIC= to be turned away h'om the £as stream. This
ga, ts del,dyed tad ferron c}dorfde (CJ'} lena. , rt,_lur.esthe amo_mt o.fp_rt[cdate enterirq¢
The C_" tsa_nIyzed by fen chr_nu_tography the tra_. "l'hl=probe con F_ration _ould be
[IC_. used when the c.oncentraUon oi paz_cuhte

1_ /_tederet_ces. VolaLUe materials matter Lnthe emil=tufa tsh_ _en h._T_
which p_>dtzcec_or_de to,ns upon dtz,.o,tut_on _,.;o,nceintr_tlor|,s•r_ net pre_ent, the Te/_on
du_l_ I_amplir_ are obvtou.= _terferences. elbow [I not _ecasssry, and the probe Lrdet
AJ_other l_ely hdederent Is allele,atc c_or_e may be p,erp.e,ndicu]ar to the ga,, irt ;am, A
(C_.} gas wl_ react, to form HCJ and lOSS* woo,I plug mh,o_ld _,ot be u.,ed to |_move
hypo_hlorot_, ,tid [l_OCJl upon di, m.ol',rtr_ta p,u_culate m.i_ter alac_ a negative bi.a,, ha tJr_,e.
water, However, Ch gal ex.E_b.il.sa [_ow data coutd resulL Instead. a Teflon filter [,es
ll,olub!'l_{y _n water •r_d the u,=,eof ll,cldtc. | 2.1.5) sh,o,u._dbe tn,mtet'l,ed at the Inlet {|'or
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,r_ck tempemtuJeee.<:300"n orout.let{for

2.1.2 _wsy Stopcock.A b_rosillc4te.
_reo.wQy 81100|top_,,k with ii belHbt_
ayaitemto pneventmolatu_ condentatJon.
TI_ heated.to_ shouldconaectdJl_dy
to theoutIeto_'the probeand the Inlet oi the
5rlt _L_5-'_.° The bestln8,systemshouldbe
cspabl_,_lrpreventlal condensltion up to the
Inlet 04 the_t Lmpb_er.SIUconegreue may
be o.._e(:l,ii'ntceleary, to pr_ent |esko8e.

Z.1.3 _p_serl. Four30-mlmidset
lmplzql_ with 'teak-free6]0.0 connectors.
Silicone 8z_euemax b_ used.Li'neceesary,to
prevent leakase.
IlPUJN4COOE_

_m
m
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For samplina athlghalo%turesou,reesor for 3.1 Sampling. equlv_-!r'nLinthedryingtube orM,_eWest
samplingtimesgreaterthanone hour.a 3.1.1 Water.Delonized.distilledwater [mplnger.
mldget h'npingarwith a shorteneditem (such thatconforms toAS_'M SpecificationD I193- 4.1.ZLeakCheck Procedures.t.eak-c.heck
that the gas sample does not bubble through 77, Type 3. the probe and th;ee-way stopcock before
the collectedcondensate]shouldbe used In 3.l.Z AbsorbingSolution,0.IN Sulfuric insettingtheprobeintothe stack.Cormect
front of the first Impinger. Acid (li=SO d. To prepare 100 ml of the the stopcock Iu the outlet of the probe, and

2.t.4 Drying Tube or Impla8er. Tube or abtorbinll solution for the front [mpinger pair, connect th_ sample |ins to the needle valve.
lmplnger, of Mae West design, FdJed with e-- slowly add 0.28 ml of concentrated lt=SO, to Plug the probe inleL turn on the sample pump,
to l_-mesh indicating type silica gel or about gO ml of water while 0Urring, and and pull a vacuum of at least 250 nun ilg (10
equdva[enL to dry the gas sample end to adlust the ft.nal volume lo 100 ml using bL t[g}. Turn off the needle valve, and note
protect the dry gas meter and pump. li the additional water. Shake weU to mix the the vacuum gauge reading.The vacuum
siUca gel has been used previously, dry at 175 soluOon, should remain stable for at least 30 seconds.
"C (350 "F'}for 2 hours. New silica gel may be $.1.$ Chlorine Sr.rubber Solution, 0.l N Place the probe in _e stack at the sampling
used as received. Alternatively, other types "Sodium l[ydroxide (NaOt{}. 'ro prepare lO0 IocaUon. and adjust the probe and stopcock
of desiccants (equivalent or belier) may ba l_ of the sca'ubber solution for the back pair heating system to a temperature sufficient to
used. of tmpingers, dissolve 0.40 g of solid Nai)ii in prevent water condensation. Connect thefirtt

L1..$ Filter. A 2..5-mm Teflon mat, Paliflex about go ml of water, and adjust the final lmpinger to the stopcock, and connect the
TX¢01LIT5 or equivalent. Locate between the solution volume to 100 ml usmg additional sample line to the last tmpinger and the
probe liner and Teflon elbow h_ a gla _,qr water. Shake well to mix the solution, needle valve. Upon completion of a sampling
quartz Fdter holder In a filter box hsa ed to 3.Z Sample |_'eparatlon and Analy'is. run. remove the probe from the stack and
2..50 "F. 32-1 Water. Same aa in Section %1.1. leak-check as described above. II a leak has

2.1.6 Sample Line. Leak-free, with 3.z.z Blank Solution. A separa_¢j blank occurred, the sampl/ng run rous| be voided.
compatible fittings to connect the last solution of the absorbing reagent should be Alternately, the portion of the train behLnd
impinger to the needle valve, prepar, d for analysis wt!h the field _amples.

Z.I.7 Rate Meter. Rotameter, or Dilute 30 ml of absorbing nmlutlon to 100 ml the probe may be leak-checked between
equlvalenL capable of measuring flow rate to with water la a separate volumetric flask, multiple runs at the same site as follows:
within 2 percent of the selected flow rate of Z 3.2.3 Sodium Chiodde (NaCI) Stock C'losa the stopcock to the first tmptnger (sea
Liters/nda- Standard Solution. Solutions containing a Figure lA of Figure 26-1}. and turn on the

?..I.8 Purge Pump, Purge [Jnc, DryIrtg nominal certified concentration of I000 mg/1 sampling pump. [hill a vacuum of at _east 250
Tube, Needle Valve, and Rate Meter. Pump art commercially available as convenient mm }[g, turn off the needle valve, and note
capable of purging the sampling probe et 2 stock solutions from which war "king the vacuum gauge reading. The vacuum
1.iters/mi_ with drying tube, filled with silica standards can be made by appropriate should remain stable for at least 30 seconds.
gel or eq_xivalent, to protect pump, and a rate volumetric dilution. Alternately, concentrated Release the vacuum on the hnp[nger train by
meter capable of measuring 0 to 5 liters/sin, stock solutionsmay be produced from turning the stopcock to the vent position to

Z.l.g Stopcock Crease, Valve, Pump, reagent grade NaCI. The NaCI should he permit ambient air to enter (see Figure lH of
Volume Meter, Barometer', and Vacuum dried at 110 "C for Z or mo_ hours and cooled Figure Za--2}. If this procedure ta used. the full

Gauge. Same as Irt Method & § § 2-1,4, 2.1.7, to room temperature in a desiccator train leak-check described above must be
2-1& 2.1.10, 2,1.11, and 2-1.12, immediately before weighing. Accurately conducted follo',,,'Lng the final run. and ali

?..2 Sample Recovery. weigh 1.8 to 1.7 g of the dried NaCI to within precediz_ sampli.n 8 runs musi be voided Ifa
2_2_1 Wash Bottles. Polyethylene or glass, 0,1 nLg. dissolve in water, and dilute to 1 liter, leak has occurTed.

5_-ml or larger, two. The exact CI" concentration can be t1.$ Purge Procedure. Inunediately beh_re
Storage Bottles. lOG-ml glass, with calculated uais_ Eq, 2(b-l. sampling, connect the pv.rge line to the

Teflon-Lt.ned Lids., to store lmph'tger samples Fg Cl-/nd =g of NaCIxI0'XS.S.453/S&¢4 stopcock, and turn the stopcock to permit the
(two per sampling run]. During clean-up, the Eq. 20--1 purge pump to purge the probe (see Figure lA
two front impinger contents [0.1 N lhsa,} Refrigerate the stock standard solution and of Figure 2_-1}. Turn on the purge pump, and
should be combined. The contents of the two =tore no longer than one month, adjust the purge rate to 2 literu/min.. Purge for
rear l,rnpingers {0.1 N Neat[} may be 3.2.4 Chromatographic F.3uent. Ir_lectivs at least S minutes before sampling.
discarded, as these solutions are included eluents for non-suppressed IC ualag a resin- 4.1.4 Sample Collection- "guamon the
only to absorb Cb, and thus protect the pump. or silica-based weak Ion exchange column 0ampli_Lg purr,p, pull a slight vacuum of

2.3 Sample Preparation arm Analysis. The are a _ mm potassium hydrogen phthalata approximately ",.5mm 1_{8(1 in- ltg} on the
materials t_quared fdr volumetric dilution and solution, adjusted to plt 4.0using a saturated [mpinger train, and turn the stopcock to
ch.mmatographic analysis of samples _re sodium borate solutiser, and a t mm 6- petn'tit stack gas to be pulled through the
desca'ibed below, hydroxy benzoate solution, adjusted to p|t 8._ lmpLnger train {_ee Figure lC of l"igtu'_ 26-3].

Z.3.I Volumetric Flasks. Class A, lOtYml using 1 N NaOtt. An effective eluent for Adjust fl_e sampling rate to 2 Ilters/mh'L as
size. _uppreosed Ion chtomato_'aphy ts a solution indicated by the rate meter, and maintain this

2.3.2 Volumetric Pipets. Class A, containing 3 nun sodium bicarbonate atm 2.(t rats to within lO percent during the entire
assortment. To dilute _amples into the mm sodium carbonate.Other diluteaoluOona sampling run. Take readings of the dry gas
calibration range of Lhe instrument, buffered to a similar plt and c.ontatain_ no meter volume and temperature, rate meter,

2.3.3 Ion CAromatograph. Suppres_d or tater[orbs 8 ions may be used. When using and vacuum gat_ga at least once every {'iva
non-suppressed, with a conductivity detecto¢ _ppressed ion chromatography, Lf the "water minute.s duzin8 the rmL A sampling time of
and electronic integrator operatin4t in the dip" resu]dn8 _._m sample injection one hour is re.commended. Shorter sampling
peak area mode. Other detectors, strip chart Interferes with the chloride peal use a Z mm times may introduce a significant negative
recorders, and peak height measurt, m_nta NaOI{/2.4 mm sodium bicarbonate eluent, bias la the ]iCI concentration. Al the
may be used provided the 5 percent conclusion of the sampling run. remove the
repeatability criteria for sample analysis and #, Procedure train from the _tac.k, seal and perform a leak-
the linearlty criteria for the calibration curve 4.1 Sampling. check a_ dear.abed in _ction 4.1,7_
can be inel 4.l.t Preparattan of C,ollecUon Train. 4.Z Sample Recovery. Disconnect the

Prepare the sampling train as follows: Pour t,S impingers after sampling. Quantitatively
3. Rc_gent.I ml of the abacrbin 8 to!utlon Into each of the transfer the contents of the first three

Unless otherwise indicated, aLI reagents first two lmpingers, and add 15 ml el Unpingers {the knockout imptnger and the
must conform to the specifications =ra-uhber solution to the thhd and fourlh two =bsorb_g ,,elution i mpingers) to a leak.
established by the Committee on Analytical tmpingers. Connect the ffnpinger_ in series free storage t._ttle. Add the wah:r riltses of
Reagents of the American Chemical ,cN,.clety with the knockout Impb_ler firtL fallowed by each o_ these tmpingert and connectin43
(AC3 reagent grade}. VVhan such the two U,npingers con',aining absorbing glassware to the storage bolus. The c.ontents
specifications era net available, the beat solution and the two conta(nLr_ the a_.rubber of the _a-ubber lmpingers and connectin 8
available grads shall be used. tolutlon. Piace a fresh charge of silica gel or glassw re rinses may be discarded. Tna
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sample botd_shouldbe sealed,shakeuto detm'mlnedh.omthediffm.encabetween _ e_m_xl,chromatogrsmfroma noo-
mtx.and bib,deal.The fluidMnmdshouldbe laRtaland final solutionbwslAandthisvalue _ ,}.sirenustnl i lSO-mmHamlltoa
marksdso that tfany samp_ to_ durts_ can bQ,aNdto oorrecttha ,uudytScalresults. PRP-XS00,a/oa oo_umm,, Zmllmtnflow rats
mmspmt ,, o_'ectiou _ _ottmlo/ Quant/tstlveb,trandmrflse**mpbsolut/outo o/',,4 mM4-hydro_ _azoatm soluttoa
volum_can_ appU_L iiS00dmlvolumotri_flask,linddilute ths lidJu_ItodtoapHofe.0lulnilINNsOFLa15o

S_mplePr,pa_tloaft_Amdysl¢. ¢olut/oato100mlwttkwstsf. /¢I_mpl4loop._ aooadu_.Ivltyd,,t_or

detm'mln_IIany _tmple w_ k_t durtn41 ¢4.1 willdependupon _t mml.O_q full_ca!_b _o_ InFt_r_
shipment.U • noUceebleamoumto/hmkaq_ m_lytlc_ _tumm_ aadwhether . L
has occum_ the volumeIoetcan b_ suppressedor noo.euppressedlCis used. An _ cooa ssee.4o_



1.957

0.799 Chloride

N
Figure 26..2. Example Chromatogram
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4.4.2 Def_ samp|e Lnslysllt. establish a lot the audit _tmple_ mura be made at least Methodology lm' Determination of Itydro_n
stable bat_e]t_. NexL lnjecl a _mp)e o| _ day1 prior to tbr _/hadak, d oompllauc, Chloride Emtmiotut from Municipal a_a.d
water, and deteimine tj trw CI- appears la sam.pie atutb'tes. Haurdotu, Waatl Indne_torL" UJ_
I,h4tcbjomatogrtm, li CI- 14 pc_tenL repeat (Li ,Audit Results. Calculate the Environmental Proteqctinla A4gcqacy.Of][k_e of
the _ad/inJec/ion proc_urs until no El" kt ¢oacentratlorut la m&/&K:m uaLn8 the Re4earch and Deve_ _ No. SO_
weeent. At _ pobaL the insUrxtment ts ready specified sample vohmm ta tha JUan! Ib4_/0e4. April 1gag,
lot' use. Imttrucflono, Z. f,4_ts oi"C,alilomia, Air Restorers

4L4L$ Fl_L inlest the calibration standards Not,,: huficatioa of eooeFtable results may Method 421, "Detematnatlou oi Hydrochloric
coveri"ll an appropriate concentration nmge, be obtained tmawd_tel7 by _ thl Acid F..mlsslmu, [mm Stationary Souxx_t"
startlt_ with the lowest concentsit/oa audit results tn m_dJcan and _,_mlpliance March 1_. 1_.
standard. Next. inject la duplicat,. • QC results in total p41HCl/eamphe to the 3. Entropy Envtronme_talhtta lhc.
sample followed by a water blank and the responsible enforcement agency. "Laboratory EvskmUon of a Bamplm8 and
field samples. Fh'taUy. repeat the injection of Include the results of both audit samples. Analysts Method fm' By&ages Chloride
calibration standards to allow compennUon their Identification numbers, and the Emissions _om Stationary Sam:am: hatedm

for any drift in the _struznen! duds8 analysis analy, t's name with the results o! the Report." EPA Contract No. t,l_41Z-44412,
of the field samples. Measure the CA- peak compliance determhmtkm samples in Research Trlmlgle Pa-lt, North Carolina.
areas or helghtJ of the sample_, Use the appropriate reportJ to the I_A Rgtonad office January 22.
averages re_pon_ from the duplicate or the appropriate e_eut agency.
injections to dete.rmhxe thefietd san_le Inc.]uricthis tnformatio4a with subsequent .....
concentration, ush_ a linear calibration analyse, for the same euforoemenl agency
curve generated fr,oa the standards, during the 3S-day period.

4.5 Audit Analysis. There ts currently ao The concenLmtiorm of the audit samples
validated audit ,ample Isr this method, lt b obtained by the ans|y_l shaU agrea within 10
recommended to analyze s QC sample along percent Of the aclxta] c:onoenU'atiomk [f lha '113
with the field samples as described above, percent specification Is not met, reanaly_

the complianc_ samples and audit _ampht,
& Colilu'ation and Lnclude initial and reantlysls values In

5.1 Dry Gis b{eterin8 System. the test report. .
Thermometers, Rate Meter, and Barometer. Failure to meet tke 10 percent specification
Same as in Method 0, sections 5.1. 5.2. 5.3. may requite retests until the audit problems
and 5AL sre. resolved. However, if the audit results do

C.alihmUon Curve fo_ Ion not sffec:l the compliance or noncompliance

_matograp_ To prepare calibration state, of the affected f_acility, the
standards, dilute given volumes (1.13ml at Admirdstratox may waive the reanab_sL_
greater) of the stock etaz_dard solution_ with requirement, further audits, or reseats and
0.1 N I hS£3h (sectian 1.1.2) to convenient accept the resttlt_ of the compliance test.
volumes. _pare at least four standards that While step, axe beha 8 taken ta resoDe audit
sre within the linear range oi t]_e instrument analysis problems, the Adaxtinistratmr may
and which cover the expected concentration also choose to use the data to determine the
ren6,e of the field samples. Analyze the compliance ox aonc.omplLanc, e status of the
standards ss h'mtructed in section 4.4.3. affected facility.
begirudng with the lowest concentration 7. Calculations
standard- Determine the peak meaattretnents,
and plot individual values _ersus C.I- Retain at [east one extra decimal figurebeyond those contained in the available data
concentrath,_ Latag/mL Draw s smooth curve in Intermediate ca|culatioua, and round off
through the ;,uinta. U,e tinear reg_asion to only the final answer' appi'opriately.
calculate a formula desc_biag the re_ulting 7.1 Sample Volume, Dry Basis, Corrected
linear c_.uwe, to Standard C,onditions. Calculate the sample

& Quality Assurr.:m.'e volume using Eq, @-.I of Method 6`
7.2 Total tr8 HCI Per Sample.

6.1 Applicability. When the method is
used to a.naly't.e samples to demonstrate m =tS- B)(100}(3_.¢0)/
c.omplianoe w_th a source emission 135.453)._{102-041(S--B} F-.q.
reg_.lstlon, a set of two audit samples must be Where:
arudyzed, m ,,,Mass of ttC_ la sample./_.

6`.2 Audit Procedw¢. The audit samples S=,Concentrotion ofeample, _g CI-/mL
are chlort_k _lutiona. Concurrently analyze B= Concentration of blank, F8 t"A-/mL
the two audit samples and a set of 100 = Volume of filtert_t and diluted
compliance sampl_ ha the same manner to sample, mL
evaluate the _echnique oi' the analyst end the 30AO=Molecular weight of HCL FglPg" .
standards preparation. The same analyst, mole.
analytical reagents, and analytical system 35.453 -Atomic weight of CL I_gl_tg.mole.
shall be urgedboth for compliance ,naples 7.3 C,oncentration of LtCI in the Flue Cns-

" and the EPA audit samples. If this condition C_ K m/V_ Etl. ?..6--3
ts met, auditing of sub,eq,.,ent comp:ieace X'd_ere:.

analyse, Isr the same enforcement agency C-Concentration of HCL dry basis, nag/
within 30 days is not required. An audit dec=ro.

sample set may not be used to validate K_ lO-S m_/Fg'.
different eeta of comp_ianf_ samples under m-Mass of |tO t_ sample. F8.
the lur_d_tio4a of different enlorc_emeat V,t,_- Dry gas volume measus'ed by the
agent, unless prior errartgements are made ch-y gas meter, corrected to shmdard
with bol]_ enforx:ement agencies, conditions, d_cm.

6.3 Audit Sample AvailabiLity. The audit
samples may be obtained by wrttJn_ or 7. 5iblic_grophy
calling the EPA regional office or the 1. Steinsberger. S,C, and ].tL Margeson.
appropriate enforcetv_-d agency. "]'he request "I.ahoratory and Field Evaluation of s






