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1. SCOPE AND APPLICATION

 1.1. This SOP describes the application of the Toxicity Characteristic Leaching Procedure
(TCLP),  SW846 Method 1311. The Toxicity Characteristic (TC) of a waste material
is established by determining the levels of  8 metals and 31 organic chemicals in the
aqueous leachate of a waste. The TC is one of four criteria in 40 CFR Part 261 to
determine whether a solid waste is classified as a hazardous waste.   The other three
are corrosivity, reactivity and ignitability.  The TC Rule utilizes the TCLP method to
generate the leachate under controlled conditions which were designed to simulate
leaching through a landfill.   EPA’s “worst case” waste disposal model assumes
mismanaged wastes will be exposed to leaching by the acidic fluids generated in
municipal landfills.  The EPA’s model also assumes the acid/base characteristics of
the waste will be dominated by the landfill fluids.  The TCLP procedure directs the
testing laboratory to use a more acidic leaching fluid if the sample is an alkaline waste,
again in keeping with the model’s assumption that the acid fluids will dominate
leaching chemistry over time.

 1.2. The specific list of TC analytes and regulatory limits may be found in Appendix A.
 Note:   The list in Appendix A does not include the December 1994 EPA rule for

Universal Treatment Standards for Land Disposal Restrictions.  Those
requirements include 216 specific metallic and organic compounds and, in
some cases, lower detection limit requirements (see 40 CFR 268.40).  TCLP
leachates are part of the new Universal Treatment Standards, but the
conventional analytical methods will not necessarily meet the new regulatory
limits.  Consult with the client and with STL® Technical Specialists before
establishing the instrumental methods for these regulations.

 1.3. This SOP also describes the application of the Synthetic Precipitation Leaching
Procedure (SPLP) which was designed to simulate the leaching that would occur if a
waste was disposed in a landfill and exposed only to percolating rain water.  The
procedure is based on SW846 Method 1312.  The list of analytes for SPLP may extend
beyond the toxicity characteristic compounds shown in Appendix A.   With the
exception of the use of a modified extraction fluid, the SPLP and TCLP protocols are
essentially equivalent.   Where slight differences may exist between the SPLP and
TCLP they are distinguished within this SOP.

 1.4. The procedure is applicable to liquid, solid, and multiphase wastes.

 1.5. The results obtained are highly dependent on the pH of the extracting solution, the
length of time that the sample is exposed to the extracting solution, the temperature



SOP No. CORP-IP-0004
Revision No. 1
Revision Date: 02/01/00

TCLP and SPLP Leaching Procedure Page: 4 of 55

 during extraction, and the particle size/surface area of the sample.  These parameters
must be carefully controlled.

 1.6. The reporting limits are based on the individual samples as well as the individual
analysis techniques.  However, the sample is determined to be hazardous if it contains
any analyte at levels greater than or equal to the regulatory limits.

 1.7. If a total analysis of the waste demonstrates that individual analytes are not present in
the waste, or that they are present but at such low concentrations that the appropriate
regulatory levels could not possibly be exceeded, the procedure need not be run. If the
total analysis results indicate that TCLP is not required, the decision to cease TCLP
analysis should be remanded to the client.

 1.8. If an analysis of any one of the liquid fractions of the procedure leachate indicates that
a regulated compound is present at such a high concentration that, even after
accounting for dilution from the other fractions of the leachate, the concentration
would be equal to or above the regulatory level for that compound, then the waste is
hazardous and it may not be necessary to analyze the remaining fractions of the
leachate.  However, the remaining analyses should not be terminated without the
approval of the client.

 1.9. Volatile organic analysis of the leachate obtained using a bottle extraction, normally
used for extractable organics and metals, can be used to demonstrate that a waste is
hazardous, but only the ZHE option can be used to demonstrate that the concentration
of volatile organic compounds is below regulatory limits.

 2. SUMMARY OF METHOD

 2.1. For liquid wastes that contain less than 0.5% dry solid material, the waste, after
filtration through 0.6 to 0.8 µm glass fiber filter, is defined as the TCLP leachate.

 2.2. For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is
separated from the solids and stored for later analysis.  The particle size of the
remaining solid phase is reduced, if necessary.  The solid phase is extracted with an
amount of extraction fluid equal to 20 times the weight of the solid phase.  For TCLP,
the extraction fluid employed for extraction of non-volatile analytes is a function of
the alkalinity of the solid phase of the waste.  For SPLP, the extraction fluid employed
is a function of the region of the country where the sample site is located if the sample
is a soil.  If the sample is a waste or wastewater the extraction fluid employed is a pH
4.2 solution.  Two leachates may be generated:  a) one for analysis of non-volatile
constituents (semi-volatile organics, pesticides, herbicides and metals and/or b) one
from a Zero Headspace Extractor (ZHE) for analysis of volatile organic constituents.
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Following extraction, the liquid leachate is separated from the solid phase by filtration
through a 0.6 to 0.8 µm fiber filter.

 2.3. If compatible (i.e., multiple phases will not form on combination), the initial liquid
phase of the waste is added to the liquid leachate and these are prepared and analyzed
together.  If incompatible, the liquids are analyzed separately and the results are
mathematically combined to yield a volume-weighted average concentration.

 3. DEFINITIONS

 3.1. “Leachate” is used to refer to the TCLP solution generated from this procedure.

 3.2. “Percent Wet Solids” is that fraction of a waste sample (as a percentage of the total
sample) from which no liquid may be forced out by an applied pressure.

 4. INTERFERENCES

 4.1. Oily wastes may present unusual filtration and drying problems.  As recommended by
EPA (see Figure 3), oily wastes will be assumed to be 100% liquid and analysis for
total concentrations of contaminants will be performed.  This applies specifically to
samples containing viscous non-aqueous liquids that would be difficult to filter.

 4.2. Wastes containing free organic liquids (i.e., those with separable non-aqueous liquid
phases) will be assumed to be 100% liquid and totals analysis will be performed to
determine if the oil exceeds TCLP limits.

 4.3. Solvents, reagents, glassware and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All these materials must be
demonstrated to be free from interferences under the conditions of the analysis by
analyzing method blanks as described in the Section 9.0 and the individual
determinative SOPs.

 4.4. Glassware and equipment contamination may result in analyte degradation.  Soap
residue on glassware and equipment may contribute to this. All glassware and
equipment should be rinsed very carefully to avoid this problem.

 4.5. Phthalates may be eliminated by proper glassware cleanup and by avoiding plastics.
Only glass, Teflon or Type 316 stainless steel tumblers may be used for leachates to be
analyzed for organics.  Plastic tumblers may be used for leachates to be analyzed for
the metals.
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 4.6. Overexposure of the sample to the environment will result in the loss of volatile
components.

 4.7. Potential interferences that may be encountered during analysis are discussed in the
individual analytical methods.

 5. SAFETY

 5.1. Procedures shall be carried out in a manner that protects the health and safety of all
STL® associates.

 5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan),
laboratory coat, and appropriate gloves must be worn while samples, standards,
solvents, and reagents are being handled.  Disposable gloves that have been
contaminated will be removed and discarded; other gloves will be cleaned
immediately.

 5.3. The health and safety hazards of many of the chemicals used in this procedure have
not been fully defined.  Additional health and safety information can be obtained from
the Material Safety Data Sheets (MSDS) maintained in the laboratory.  The following
specific hazards are known:

 5.3.1. Chemicals that have been classified as carcinogens, or potential
carcinogens, under OSHA include:

 Methylene chloride

 5.3.2. Chemicals known to be flammable are:

 Methanol

 5.3.3. The following materials are known to be corrosive:

Hydrochloric acid, nitric acid, sulfuric acid, acetic acid, sodium hydroxide

The following materials are known to be oxidizing agents:

Nitric Acid.

 5.4. Gas pressurized equipment is employed in this procedure.  Be sure all valves and
gauges are operating properly and that none of the equipment, especially tubing, is
over-pressurized.  CAUTION:  Do not open equipment that has been pressurized until
it has returned to ambient pressure.
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 5.5. A rotary agitation apparatus is used in this procedure.  Certain samples may break the
glass jars used in the procedure.  For these samples, extra caution, including plastic or
polyethylene overwraps of the glass jar, may be necessary.

 5.6. Secure tumbler and extraction apparatus before starting rotary agitation apparatus.

 5.7. During sample rotation, pressure may build up inside the bottle.  Periodic venting of
the bottle will relieve pressure.

 5.8. Exposure to chemicals must be maintained as low as reasonably achievable, therefore,
unless they are known to be non-hazardous, all samples must be opened, transferred
and prepared in a fume hood, or under other means of mechanical ventilation.  Solvent
and waste containers will be kept closed unless transfers are being made.

 5.9. The preparation of standards and reagents and glassware cleaning procedures that
involve solvents such as methylene chloride will be conducted in a fume hood with the
sash closed as far as the operation will permit.

 5.10. All work must be stopped in the event of a known or potential compromise to the
health and safety of a STL® associate.  The situation must be reported immediately to
a laboratory supervisor.

 5.11. Due to the potential for ignition and/or flammability, do not attempt to dry non-
aqueous liquid samples in an oven.

 6. EQUIPMENT AND SUPPLIES

 6.1. Extraction vessels

 6.1.1. For volatile analytes - zero-headspace extraction (ZHE) vessel, gas-pressure
actuated, Millipore YT3009OHW or equivalent (see Figure 2).

 6.1.2. For metals - either borosilicate glass jars (1/2 - 1 gallons, with Teflon lid
inserts) or 1 L HDPE (Nalgene or equivalent) bottles may be used.

 6.1.3. For non-volatile organics - only borosilicate glass may be used.

 6.2. Vacuum filtration apparatus, capable of 0 - 50 psi and stainless steel pressure filtration
apparatus (142 mm diameter), capable of 0 - 50 psi.

 6.3. Borosilicate glass fiber filters, 0.6 - 0.8 µm (Whatman GF/F 14.2 cm, 0.7 µm or
equivalent).  When analyzing for metals, wash the filters with 1 N nitric acid and de-
ionized water prior to use.  As an alternative, certified pre-washed filters may be used.
Glass fiber filters are fragile and should be handled with care.
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 6.4. Rotary agitation apparatus, multiple-vessel, Associated Design and Manufacturing
Company 3740-6 or equivalent (see Figure 1).   The apparatus must be capable of
rotating the extraction vessel in an end-over-end fashion at 30 ± 2 rpm.

 6.5. ZHE Extract Collection Devices are used to collect the initial liquid phase and the
final extract of the waste from the ZHE device, either of the following may be used:

 6.5.1. Gas-tight syringes, 100 mL capacity, Hamilton 0158330 or equivalent, or

 6.5.2.   Tedlar bags

 6.6. Top loading balance, capable of 0 - 4000 ± 0.01g (all measurements are to be within ±
0.1 grams).

 6.7. pH meter and probe capable of reading to the nearest 0.01 unit, and with automatic
temperature compensation.

 6.8. pH probes.

 6.9. Magnetic stirrer/hotplate and stirring bars.

 6.10. VOA vials, 20 mL, with caps and septa.

 6.11. Glass jars, 1/2 - 1 gallon, with Teflon lid-inserts.

 6.12. Nalgene plastic bottles, 1 liter.

 6.13. Miscellaneous laboratory glassware and equipment.

 7. REAGENTS AND STANDARDS

 7.1. Reagent water for non-volatile constituents must be produced by a Millipore DI
system or equivalent.  For volatile constituents, water must be passed through an
activated carbon filter bed (Milli-Q or tap water passed through activated carbon).
Reagent water must be free of the analytes of interest as demonstrated through the
analysis of method blanks.
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 7.2. Hydrochloric acid, 1 N:  Carefully add 83 mL concentrated reagent grade HCl to 800
mL reagent water, cool and dilute to 1 liter with reagent water.  Cap and shake to mix
well.

 7.3. Nitric acid, 1 N:  Carefully add 64 mL concentrated reagent grade HNO3 to 800 mL of
reagent water, cool and dilute to 1 liter with reagent water.  Cap and shake to mix well.

 7.4. Sodium hydroxide, 1 N:  Carefully add 40 g reagent grade NaOH pellets to 800 mL
reagent water, stir until the pellets are completely dissolved, cool and dilute to 1 liter
with reagent water.

CAUTION:  Heat is generated during this process.

 7.5. Acetic acid, glacial:  concentrated, reagent grade liquid (HOAc).

 7.6. pH calibration solutions:  buffered to a pH of 4, 7, and 10.  Commercially available.
Fresh buffer solution must be used each day of analysis.

 7.7. TCLP Leaching Fluids

 7.7.1. General Comments

 7.7.1.1. The pH of both solutions listed below should be monitored daily and
the pH probes are to be calibrated prior to use.

 7.7.1.2. The leaching fluids MUST be prepared correctly.  If the desired pH
range is not achieved and maintained, the TCLP may yield erroneous
results due to improper leaching.  If the pH is not within the
specifications, the fluid must be discarded and fresh extraction fluid
prepared.

 7.7.1.3. Additional volumes of extraction fluids listed above may be prepared
by multiplying the amounts of acetic acid and NaOH by the number of
liters of extraction fluid required.

 7.7.2. TCLP Fluid #1:  Carefully add 5.7 mL glacial acetic acid and 64.3 mL of 1 N
NaOH to 500 mL reagent water in a 1 liter volumetric flask.  Dilute to a final
volume of 1 L with reagent water, cap and shake to mix well.  When
correctly prepared, the pH of this solution is 4.93 ± 0.05.

 7.7.3. TCLP Fluid #2:  Carefully add 5.7 mL glacial acetic acid to 500 mL reagent
water in a 1 liter volumetric flask.  Dilute to a final volume of 1 L with
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reagent water, cap and shake to mix well.  When correctly prepared, the pH
of this solution is 2.88 ± 0.05.

 7.8. Nitric acid, 50% solution:  Slowly and carefully add 500 mL concentrated HNO3 to
500 mL reagent water.  Cap and shake to mix well.

 7.9. Sulfuric acid / nitric acid (60/40 weight percent mixture) H2SO4/HNO3.  Cautiously
mix 60 g of concentrated sulfuric acid with 40 g of concentrated nitric acid.

 7.10. SPLP Leaching fluids

 7.10.1. SPLP solutions are unbuffered and exact pH may not be attained.  The pH of
TCLP and SPLP fluids should be checked prior to use.  If not within
specifications, the fluid should be discarded and fresh fluid prepared.

 7.10.2. SPLP fluid #1:  Add 60/40 weight percent mixture of sulfuric and nitric acids
to reagent water until the pH is 4.20 ± 0.05  This fluid is used for soils from a
site that is east of the Mississippi River and for wastes and wastewaters.

 7.10.3. SPLP fluid #2:  Add 60/40 weight percent mixture of sulfuric and nitric acids
to reagent water until the pH is 5.00 ± 0.05.  This fluid is used for soils from
a site that is west of the Mississippi River.

 7.10.4. SPLP fluid #3:  This fluid is reagent water  and is used for leaching of
volatiles.   Additionally, any cyanide-containing waste or soil is leached with
fluid #3 because leaching of cyanide containing samples under acidic
conditions may result in the formation of hydrogen cyanide gas.

 7.11. Methanol and methylene chloride - used to aid in cleaning oil contaminated
equipment.

 8. SAMPLE COLLECTION, PRESERVATION AND STORAGE

 8.1. Samples being analyzed for non-volatile organic compounds should be collected and
stored in glass containers with Teflon lid liners.   Chemical preservatives shall NOT be
added UNTIL AFTER leachate generation.

 8.2. Samples being analyzed for metals only can be collected in either glass or
polyethylene containers.

 8.3. When the waste is to be evaluated for volatile analytes, care should be taken to
minimize the loss of volatiles.  Samples shall be collected and stored in a manner
intended to prevent the loss of volatile analytes (e.g., samples should be collected in
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Teflon lined septum capped vials with minimal headspace and stored at 4 ± 2 o C).
Samples should be opened only immediately prior to extraction.

 8.4. Samples should be refrigerated to 4 ± 2 o C  unless refrigeration results in irreversible
physical changes to the waste.  If precipitation occurs, the entire sample (including
precipitate) should be extracted.

 8.5. The minimum TCLP sample collection size is determined by the physical state or
states of the waste and the analytes of concern.  The amount of waste required varies
with the percent solids.  The lower the percent solids, the more waste will be required
for preliminary and final testing.   For aqueous samples containing between 0.5 and
10% solids, several kilograms of sample are required to complete the analyses.   The
general minimal requirements when the samples are 100% solids include: 1 - 32 oz jar
for semi-volatile organic analysis and metals, and 1 - 4 oz jar for volatile organic
analysis.  Low density sample materials, such as rags or vegetation, will require larger
volumes of sample.  For liquid samples (less than 50% solids), minimum requirements
are 2 - 32 oz jars for semi-volatile organic analysis and metals, and 2 - 8 oz jars for
volatile organic analysis. If volatile organic analysis is the  only requested parameter,
2 separate jars are required.  If matrix spike or duplicate control samples are requested,
additional sample volume  is required.  If sufficient sample volumes were not received,
analyses cannot be started and the client should be notified as soon as possible.

 8.6. TCLP leachates should be prepared for analysis and analyzed as soon as possible
following extraction.  Leachates or portions of leachates for metallic analyte
determinations must be acidified with nitric acid to a pH less than 2, unless
precipitation occurs.  If precipitation occurs upon addition of nitric acid to a small
aliquot of the leachate, then the remaining portion of the leachate shall not be acidified
and the leachate shall be analyzed as soon as possible.  All other leachates should be
stored under refrigeration (4 ± 2 °C) until analyzed.    ZHE leachates must be stored in
VOA vials filled to eliminate all headspace.

 8.7. Samples are subject to appropriate treatment within the following time periods:

 Table 1 - Holding Times (days)
 

Parameter
 Collection to Start
of  TCLP Leach

 End of TCLP Tumble
to Preparation

 Start of TCLP Leach or
Semi- volatile Prep

Extraction to Analysis

 Total Elapsed
Time

 Volatiles:  14  N/A  14  28

 Semi-volatiles:  14  7  40  61

 Mercury:  28  N/A  28  56

 Other Metals:  180  N/A  180  360
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 NOTE:  The initial holding time is measured from date of collection to date TCLP extraction started.  (This should be the
TCLP extraction date in QuanTims.)  Semi-volatile method prep holding time is measured from the day tumbling is complete
to the start of method extraction. Subsequent analysis holding times are measured from the date extraction (TCLP or method
prep) starts.  If sample holding times are exceeded, the values obtained will be considered minimal concentrations.
Exceeding holding times is not acceptable in establishing that a waste does not exceed the regulatory level.  Exceeding the
holding time will not invalidate characterization if the waste exceeds the regulatory limit.  The Total Elapsed Time is to be
used as guidance. If preps are initiated at the last possible moment of a holding time, the elapsed times may  be exceeded.

 

 9. QUALITY CONTROL

 9.1. Quality Control Batch (QC Batch) - QA-003 defines a QC Batch as a set of up to 20
field samples of similar matrix that behave similarly and are processed using the same
procedures, reagents and standards within the same time period.   The same lot of
reagents must be used within a batch.   A minimum of one TCLP extraction blank
(Method Blank), one Laboratory Control Sample (LCS), one Matrix Spike (MS), and
one Matrix Spike Duplicate (MSD) will be prepared with each TCLP leachate batch.

 9.2. Batching Samples - Groups of samples with visibly different bulk matrices (e.g.,
petroleum sludge and soil samples) must be batched separately for QC testing
purposes.

 9.3. TCLP Extraction Blanks - A minimum of one blank (using the same extraction fluid as
used for the samples) must be prepared and analyzed for every batch of samples
extracted in a particular vessel type.   The blanks are generated in the same way as the
samples (i.e., blanks will be tumbled and filtered with the samples).  Extraction vessels
will be uniquely numbered.   Each time a new batch is set up the blank should be
rotated sequentially to the next vessel to ensure all vessels are periodically checked.
Consult the STL® QC Program and the individual analysis SOPs for blank acceptance
criteria.

 9.4. Laboratory Control Sample (LCS) - A LCS is required with each batch of 20 or fewer
samples.  The LCS shall be generated after a batch of TCLP leachates have been
generated (i.e., at the time of the preparative digestion or extraction) by spiking an
aliquot of the appropriate extraction fluid used for that batch.  Consult the individual
analysis SOPs for  additional LCS guidance (i.e., spike amounts, spike levels, recovery
criteria, etc.).

 9.5. Matrix Spike (MS/MSD) -  Matrix spikes are used to monitor the performance of the
analytical methods on the matrix and to assess the presence of interferences.  A
MS/MSD pair are required with each batch of 20 or fewer samples.

 9.5.1. Matrix spikes are to be added after filtration of the TCLP leachate.  Spikes
are not to be added prior to the TCLP leaching.  For metals, matrix spikes are
to be added before preservation with nitric acid.
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 9.5.2. The use of internal calibration or alternate methods may be needed when the
recovery of the matrix spike is below the expected performance (see  Section
9.6.2).

 9.5.3. Consult the individual analysis SOPs for additional guidance on spike
compounds and levels.

 9.6. Corrective Actions

 9.6.1. Consult the STL® QC Program and individual analysis SOPs for corrective
action for blanks and LCS

 9.6.2. Method of Standard Additions (MSA) shall be used for metals if all of the
following conditions are met:

• Recovery of the analyte in matrix spike is not at least 50%,

• the concentration of the analyte does not exceed the regulatory
level, and

• the concentration of the analyte measured in the sample is within
20% of the appropriate regulatory level.

 If the matrix spike recovery is 5% or less due to dilution or matrix interference,
contact the project manager and client for guidance.  The client should also be
contacted prior to initiation of any MSA steps.  Refer to the individual analysis
SOPs for details on how to perform MSA analysis.

 10. CALIBRATION AND STANDARDIZATION

10.1. Refer to appropriate analysis SOPs.

11. PROCEDURE

11.1. GENERAL COMMENTS

11.1.1. One-time procedural variations are allowed only if deemed necessary in the
professional judgment of supervision to accommodate variation in sample
matrix, radioactivity, chemistry, sample size, or other parameters.  Any
variation in procedure shall be completely documented on a
Nonconformance Memo kept in the project file and described in the final
report.  The variation must be approved by a project manager, Technical
Specialist and QA Manager.  Any unauthorized deviations from this
procedure must also be documented as a nonconformance, with a cause and
corrective action described.

11.2. PRELIMINARY SAMPLE EVALUATIONS (Refer to Flow Chart #1, Appendix D)
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11.2.1. Preliminary TCLP evaluations (percent solids, particle size, selection of
extraction fluid, and fluid/leachate compatibility) are required to be done
using  a minimum of a 100 gram aliquot of waste.  This aliquot may also
undergo the actual TCLP or SPLP extraction for Non-volatiles ONLY IF it
has NOT been oven dried.  If the solid portion is oven dried, a separate
aliquot must be used for the actual leaching procedure.

11.2.2. Consult the holding times for the appropriate tests (Section 8.7) and prioritize
extractions such that holding times are not exceeded.

11.2.3. Determine the total volume of TCLP leachate (solid phase leachate + liquid
filtrate) that needs to be generated for analysis according to the following:

Table 2.   Minimum Required Leachate Volume

Analysis
Required Volume

(mL)

Volatiles 3 x 20

Semi-volatiles 400

Pesticides 200

Herbicides 200

Metals 300

11.2.3.1. SPLP - similar volumes are required for volatiles and metals.  If
semivolatiles, pesticides or herbicides  are required, a full 1 L
volume must be prepared for each test requested.

11.2.3.2. For TCLP and SPLP samples used for matrix spike and matrix
spike duplicate analysis, three times the listed volumes are
required.

11.2.4. Sample Description (enter data on Worksheet 1)

11.2.4.1. Record the number of phases observed in the sample. It is common
that when more than one container of multi-phasic materials is
received from the field, each container will show different amounts
of each phase.

11.2.4.1.1. If the sample has multiple phases and is received in
more than 1 bottle then the contents of each bottle
should be combined in a single larger container prior
to processing the sample further.   If this is not
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possible, then the alternate procedure described in the
following section should be used.

11.2.4.1.2. Properly record the relative amounts of each phase by
measuring the depth of the layers in each container
after the contents have been allowed to settle.
Determine the combined volume of each phase for all
containers.  Then mark the phase composition on a
single container, mix thoroughly to obtain a
representative subsample, and  accurately measure the
phase composition according to the following
procedure.  The two sets of values (combined volumes
per phase and phase composition for one container)
are used to determine the correct volume/mass
adjustments on the final result.  This procedure is not
appropriate if testing will be done for volatile organic
compounds.

11.2.4.2. Solid - record the visible presence of a solid material heavier than
water.  If the sample contains more than one solid phase (e.g.,
wood and sediment mixed with water), attach additional
documentation to Worksheet 1, line A1.

11.2.4.3. Liquid - record the number of liquid phases observed in the sample
according to apparent density.  It may be impossible to distinguish
apparent density if only one liquid phase is observed and there is
no indication on the COC form.  If this is the case, record it as
aqueous material and let the subsequent analytical record show if
the liquid is organic.

11.2.5. Percent Solid Phase (enter data on Worksheet No. 1)

11.2.5.1. Percent Solids and ZHE Extractions - The ZHE filtration apparatus
cannot accurately determine percent solids less than 5%.  If  an
extraction is to be performed solely for volatile organic compounds
and the percent solids concentration is apparently greater than 5%,
proceed to Section 11.4 (Procedure: ZHE Extraction Procedure,
Volatile Constituents).  Otherwise, continue with the steps in this
section. The aliquot of sample used here cannot be used again for
the ZHE extraction.

11.2.5.2. Determine Type of Filtration Apparatus Needed
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11.2.5.2.1. If the waste will obviously yield no free liquid when
subjected to pressure filtration (i.e., it is 100% solid),
then proceed to Section 11.2.6 (Particle-size
Reduction).

11.2.5.2.2. If the sample is mostly a non-viscous liquid (water or
non-viscous organic liquid) of low solids content
(<10%) or a highly granular, liquid containing waste
vacuum filtration may be used.

11.2.5.2.3. If the sample is viscous (sludge or has high solids
content), use pressure filtration.

11.2.5.3. Weight of filter - Measure and record this value before loading the
filter into the filter holder (Worksheet 1, line B1).

11.2.5.4. Weight of subsample and filtrate for percent solids measurement

11.2.5.4.1. Assemble the filtration apparatus (use blunt forceps to
handle the 0.6 to 0.8 µm filter membrane).

11.2.5.4.2. Homogenize the waste, transfer a minimum of a 100 g
subsample to the weighing vessel.  Measure and record
the gross weight (Worksheet 1, line B2a).

11.2.5.4.3. Measure and record the tare weight of the filtration
vessel (Worksheet 1, line B3b).

11.2.5.4.4. Transfer the sample to the filtration device attempting
to spread the waste sample evenly over the surface of
the filter.  Measure and record the tare weight of the
empty weighing vessel and any residual sample
(Worksheet 1, line B2b).

11.2.5.4.5. Calculate and record the net weight of sample used for
testing (Worksheet 1, line B2c).

11.2.5.5. Filtration for percent solids

11.2.5.5.1. Slowly apply gentle pressure or vacuum of 10 psi to
the filtration apparatus.  Allow the sample to filter
until no SIGNIFICANT additional liquid has passed
through the filter during a 2 minute period.
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11.2.5.5.2. Repeat previous step by increasing the pressure in 10
psi increments until a maximum of 50 psi is reached.
Stop the filtration when no additional filtrate is
generated within a 2 minute period.

Note:  Some samples will contain liquid material that
does not filter (e.g., oil).  Do not attempt to filter
the sample again by exchanging filters.  Viscous
oils or any wastes which does not pass through
the filter is classified as a solid.

11.2.5.5.3. Remove the filtrate collection vessel, weigh and record
the gross weight (Worksheet 1, line B3a).

11.2.5.5.4. Calculate and record the net weight of filtrate
(Worksheet 1, line B3c).  This result will be used in
the percent solids calculation.

11.2.5.5.5. Pour the filtrate into a graduated cylinder.  Measure
and record the volume of the aqueous phase
(Worksheet 1, line B7).  Measure and record the
volume of any organic phase (Worksheet 1, line B8).
If more than one organic phase is observed, enter “see
below” and provide a description at the bottom of
Worksheet 1.  These results will be used in the final
sample calculations (Worksheets 5 & 6).

11.2.5.5.6. Retain the filtrate for use in Section 11.2.8
(Determination of Filtrate/Extraction Fluid
Compatibility), and for possible recombination with
the filtrate obtained in Section 11.3.

11.2.5.6. Percent of Wet Solids

11.2.5.6.1. Calculate the total weight of wet solids using Equation
0 on Worksheet 1 and record the result on line B4.

11.2.5.6.2. Calculate the weight percent of wet solids using
Equation 1 on Worksheet 1 and record the result on
line B5.

11.2.5.6.3. If the percent wet solids result is ≥ 0.5%  and  < 5.0%,
and it is noticed that a small amount of the aqueous
filtrate is entrained in the wetting of the filter, proceed
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to Section 11.2.5.7 to complete the percent solids
measurement on a dry-weight basis.
Note:  If obviously oily (non-aqueous) material is
entrained on the filter, do not dry the filter; proceed to
Section 11.2.6  (Particle-Size Reduction).

11.2.5.6.4. If the percent wet solids result is greater than 5.0%,
proceed to Section 11.2.6 (Particle-Size Reduction)
and mark “≥0.5%” on Worksheet 1, line B6c.

11.2.5.6.5. If the percent wet solids result is less than 0.5%,
discard the solid phase.  No leaching will be
necessary; the filtrate is equivalent to the final
leachate.

11.2.5.7. Weight percent of dry solids (skip this step for oily samples).

Note:  These steps are required only if it is noticed that a small
amount of the filtrate is entrained in wetting of the filter
and the percent wet solids content is ≥ 0.5% and < 5.0 %.

11.2.5.7.1. Remove the filter with the wet solids from the
filtration apparatus.

11.2.5.7.2. Dry the filter and solid phase at 100 ±  20 ° C.

11.2.5.7.3. Remove the filter from the oven and allow to cool in a
desiccator.

11.2.5.7.4. Weigh and record the gross dry weight (Worksheet 1,
line B6a).

11.2.5.7.5. Repeat the drying step.  Weigh and record the second
gross dry weight (Worksheet 1, line B6b).  If the two
weightings do not agree within 1%, perform additional
drying and weighing until successive weighings agree
within 1%.

11.2.5.7.6. Calculate the weight percent of dry solids using
Equation 2 on Worksheet 1 and record the result on
line B6c.

11.2.5.7.7. If the dry solids result is ≥ 0.5% and the sample will be
extracted for non-volatile constituents, proceed to
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Section 11.2.6 (Particle Size Reduction) using a fresh
wet portion of waste.

11.2.5.7.8. If the percent solids result is less than 0.5%, discard
the solid phase.  No leaching will be necessary; the
filtrate is the TCLP leachate.  Proceed to Section
11.2.8 (Determination of Filtrate/Leachate
Compatibility) to determine whether or not the
material is a non-aqueous, immiscible liquid.

11.2.6. Particle-size Reduction for Fluid Selection (enter data on Worksheet 2)

11.2.6.1. The subsample used for fluid selection must consist of particles
less than 1 mm in diameter (versus the less than 1 cm requirement
for the material used for the actual extraction). The method
requires a smaller particle size to partially compensate for the
shorter duration of contact time with the leachate solution as
compared to the full extraction.  Inappropriate use of coarser
materials could result in the selection of the wrong fluid type.

11.2.6.2. Surface area exclusion - size reduction is not required if the sample
surface area is greater than or equal to 3.1 cm2 per gram.  Enter
“No” on Worksheet 2, line C1.

11.2.6.3. If the sample contains particles greater than 1 mm in diameter,
crush, cut, or grind the solids to the required size.  Enter “Yes” on
Worksheet 2, line C1.

11.2.6.4. Consult your supervisor or manager when dealing with unusual
sample matrices (e.g., wood, cloth, metal, brick).

11.2.7. Determination of Appropriate Extraction Fluid (Worksheet 2)

11.2.7.1. If the solid content is greater than or equal to 0.5%, and if the
sample is being analyzed for metals or nonvolatile organic
compounds, the type of leaching solution must be determined.

11.2.7.2. Follow times, temperature, and particle size specified in this
section as closely as possible.  If reaction time between the acid
solution and solid waste is too short or too long, the procedure may
produce false pH readings.

11.2.7.3. For SPLP, refer to Section 7.10 for fluid selection.  Matrix type
must be specified by the client.  Check special instructions or see
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the project manager, then put a check mark by the fluid type
selected (Worksheet 2, D).

11.2.7.4. The TCLP leaching fluid for all volatiles is Fluid #1.

11.2.7.5. For TCLP leach fluid determination for non-volatile analytes,
continue with the following steps.

11.2.7.6. Calibrate the pH meter with fresh buffer solution in accordance
with the pH SOP.

11.2.7.7. Weigh out a 5.0 ± 0.1 g subsample (less than 1 mm particle size) of
the solid phase into a 250-mL beaker, and enter a “ ” on
Worksheet 2, line C2.  If 5.0 grams not used, enter the actual
weight on line C2.

11.2.7.8. Add 96.5 ± 1.0 mL of reagent water, cover with a watchglass, and
stir for 5 minutes on a stirrer, and enter a “ ” on Worksheet 2, line
C3.  If a different volume used, enter the actual volume on line C3.

11.2.7.9. Measure and record the sample pH (Worksheet 2, line C4).
Note:  To avoid damaging the pH probe when organic liquid is

present, use narrow range pH indicator paper.

11.2.7.10. If the pH is less than or equal to 5.0, use Fluid #1 and proceed to
Section 11.2.8 (Fluid Compatibility).

11.2.7.11. If the fluid pH is greater than 5.0,  add 3.5 mL 1 N HCl, cover
with a watchglass.   Slurry the sample briefly then heat at 50 o C
for 10 minutes.  Enter a “ ” on Worksheet 2, line C5 and C6).
Note: The heating cycle is a critical step.  If the solid waste does

not remain in contact with the acidic solution under
specified time and temperature conditions, an erroneous pH
may be measured.

11.2.7.12.  Cool to room temperature.

11.2.7.13. Measure and record the pH immediately after the sample has
reached room temperature (Worksheet 2, line C7).

11.2.7.13.1. If the pH is less than or equal to 5.0, use Fluid #1.
Enter a “ ” on Worksheet 2, line D1.
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11.2.7.13.2. If the pH is greater than 5.0, use Fluid #2.  Enter a
“ ” on Worksheet 2, line D2.

11.2.8. Determination of Filtrate/Extraction Fluid Compatibility (skip this step
for SPLP extractions)

11.2.8.1. Place 5 mL of the appropriate leaching fluid (determined in the
previous step) into a 20-25 mL vial.

Note: Use fluid type # 1 if simply testing the filtrate for a sample
with less than 0.5% solids.

11.2.8.2. Add 5 mL of the initial filtrate, cap and shake.

11.2.8.3. If the phases are miscible, the initial filtrate and solid phase
leachate will be physically recombined upon completion of the
leachate generation.  Enter a “ ” on Worksheet 2, line D3 for
TCLP, or on line D1 for SPLP.

11.2.8.4. If the phases are NOT miscible, enter “No” on Worksheet 2, line
D3.  The initial filtrate and the solid phase leachate will be
prepared and analyzed separately and the results mathematically
combined (see Section 12.1.4).

11.2.9. For samples requiring analysis for semi-volatile organics, pesticides,
herbicides or metals proceed to Section 11.3.

11.2.10. For samples requiring analysis for volatile organics (ZHE), proceed to
Section 11.4.

11.3. BOTTLE EXTRACTION PROCEDURE:  NON-VOLATILE CONSTITUENTS:
SEMI-VOLATILES, PESTICIDES, HERBICIDES, METALS (Refer to Flow
Chart #2, Appendix D)

11.3.1. All masses should be recorded to the nearest 0.1 g.

11.3.2. The aliquot used in the Preliminary Evaluation MAY be used for this
procedure ONLY if it was not oven dried.   If the sample is 100% solid or if
the preliminary aliquot was not oven dried proceed directly to Section 11.3.7
(Particle Size Reduction).  If the Preliminary Evaluation aliquot was oven
dried then, using a fresh aliquot of sample, continue as described in Sections
11.3.3 through 11.3.6.
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11.3.3. Examine the sample and determine the type of filtration to employ per
Section 11.2.5.2.

11.3.4. Repeat the steps outlined in Sections 11.2.5.3 through 11.2.5.5.3.

11.3.5. Determine and record the volume (mass) of the initial filtrate.  Cover with
aluminum foil and retain for use as defined in Section 11.3.18.

11.3.6. Determine and record the “solid” phase mass by subtracting the mass of the
liquid filtrate from the mass of the subsample.

11.3.7. Evaluate the solid portion of the waste for particle size.  If it contains
particles greater than 1 cm in size, prepare the solid portion of the waste for
leaching by crushing, cutting, or grinding such that all particles are less than
1 cm in size (i.e., capable of passing through a 9.5 mm, 0.375 inch, standard
sieve).  Size reduction is not required if the sample surface area is greater
than or equal to 3.1 cm2 per gram.   If particle size reduction was required,
record this on Worksheet 3, line E1.

11.3.7.1. Consult your supervisor or manager when dealing with unusual
sample matrices (e.g., wood, cloth, metal, brick).  Scissors or
shears may be used to cut cloth, plastic or sheet metal.  Saws may
be used for wood or solid metal.  Bricks, rocks, or other solids
amenable to grinding should be subcontracted out for particle size
reduction.  (Contact PA or PM.)  Note that size reduction to fine
powder is not appropriate, and could invalidate results.  If
necessary, consult client for guidance.

11.3.8. Determine the minimum total volume of solid phase leachate that needs to be
generated.  Refer to Section 11.2.3.

11.3.9. Divide the total volume of solid phase leachate required by 20 to determine
the mass of solid phase required for leaching.  Round this mass UP to the
nearest 5g.

11.3.10. Weigh the required mass of solid phase into an appropriate bottle (plastic for
metals only, glass for all others) and slowly add 20 times its mass of
appropriate leaching fluid as determined under Section 11.2.7 (e.g., 20 g of
sample would require 400 g of leaching fluid).  Record the weight of the
sample aliquoted for the extraction on Worksheet 3, line E2 and the amount
of extraction fluid added on line F1.

11.3.11. Ensure any effervescence has stopped before capping the bottle tightly.
Secure in a rotary agitator and rotate end-over-end at 28-32 rpm for 16-20



SOP No. CORP-IP-0004
Revision No. 1
Revision Date: 02/01/00

TCLP and SPLP Leaching Procedure Page: 23 of 55

hours.  The temperature of the room should be 23 ± 2°C.    The room
temperature and time should be checked at both the start and end of the
extraction and recorded on Worksheet 3, lines G1 through G3.

NOTE:  As agitation continues, pressure may build up within the bottle for
some types of wastes.  To relieve excessive pressure, the bottle may be
removed and opened periodically in a properly vented hood to relieve any
built-up pressure.

11.3.12. Remove the bottle and filter the sample using vacuum or pressure filtration
by filtering through a new glass fiber filter as discussed in Sections
11.2.5.5.1 - 11.2.5.5.2.  For final filtration of the TCLP leachate, the glass
fiber filter may be changed, if necessary, to facilitate filtration.   Filters must
be acid washed if metals are to be determined (see Section 6.3).   The entire
sample need not be filtered; however, sufficient volume should be generated
to support the required analyses.   Record the date and time the filtration is
completed on Worksheet 3, Line G4.

11.3.13. If the waste contained no initial filtrate, this solution from 11.3.12 is defined
as the TCLP leachate.

11.3.14. If the waste did yield an initial filtrate, consult the worksheet for initial
filtrate/leachate compatibility.  If they are compatible, they are to be
combined in the correct proportions (see Section 12.1.4) and mixed well.
This combined solution is defined as the TCLP leachate.

11.3.15. If the individual phases are NOT compatible, they are to be prepared and
analyzed separately and the results combined mathematically.  See Section
12.1.5.

11.3.16 Measure and record the pH of the TCLP leachate on Worksheet 3, Line 5.
(Do not attempt to measure the pH of oily samples as the probe may be
rendered inoperable.)

11.3.17. Prepare subsamples for metals for MS/MSD quality control testing using the
appropriate TCLP spiking solution (do not spike for organics).  Refer to the
appropriate determinative SOPs for further guidance on the spike
components, levels and action criteria.

11.3.18. Immediately preserve the leachate as follows:

Metals            pH < 2 w/50% HNO3 for non-oils (do not acidify oils)
All others Refrigerate to 4 ± 2 oC
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Note:   Refer to Section 8.6 if precipitation occurs upon preservation.

11.3.19. Label each sample with the appropriate information and submit to the
appropriate analytical groups for prep and analysis with copies of the TCLP
preparation worksheets.

11.4. ZHE EXTRACTION PROCEDURE:  VOLATILE CONSTITUENTS (Refer to
Flow Chart #3, Appendix D)

11.4.1. Use the ZHE device to obtain a TCLP leachate for analysis of volatile
compounds only.  Leachate resulting from the use of the ZHE shall NOT be
used to evaluate the mobility of non-volatile analytes (e.g.,  metals,
pesticides, etc...).

11.4.2. Due to some shortcomings of the method, losses of volatile compounds may
occur.  Extra care should be observed during the ZHE procedure to ensure
that such losses are minimized.   Charge the ZHE with sample only once and
do not open the device until the final extract has been collected.   Do not
allow the waste, the initial liquid phase or the extract to be exposed to the
atmosphere any longer than necessary.

11.4.3. If the TCLP extraction is for volatile components only, refer to Section
11.2.5.1 before proceeding.

11.4.4. All masses should be recorded to the nearest 0.1 g.

11.4.5. Assemble the ZHE apparatus.  Test for leakage by closing all valves except
the gas inlet/outlet valve and pressurizing to 50 psi.  Allow to stand for 15
minutes and check the pressure on the built-in gauge to make sure it is not
leaking.  If the pressure is NOT 50 psi, consult your supervisor.

11.4.6. Adjust the ZHE piston in the ZHE body to the appropriate height (slightly
moisten the O-rings with leaching fluid if necessary).

11.4.7. Consult the worksheet and examine the sample.  If the sample appears to be
different from the preliminary information found on the worksheet, consult
your supervisor.

11.4.8. If the preliminary evaluations indicated the need for particle size reduction,
homogenize the waste, weigh out a sufficient size subsample and prepare for
leaching by crushing, cutting, or grinding such that all particles are less than
1 cm in size as measured with a ruler (Do NOT sieve the sample).  Size
reduction is not required if the sample surface area is greater than or equal to



ACID DIGESTION OF SOILS, SW846 METHOD 3050B SOP No. CORP-IP-0002
  Revision No.  2
 Revision Date: 07/02/99
APPENDIX A - TABLES Page: 21 of 26

TABLE II.  ICP and FLAA Soil Matrix Spike and Aqueous LCS Levels

ELEMENT
Working LCS/MS
Standard (mg/L)

Aqueous LCS/MS
Level* (ug/L)

Soil MS Level **
(mg/Kg)

Aluminum 200 2000 200
Antimony 50 500 50
Arsenic 200 2000 200
Barium 200 2000 200

Beryllium 5 50 5
Cadmium 5 50 5
Calcium 5000 50000 5000

Chromium 20 200 20
Cobalt 50 500 50
Copper 25 250 25

Iron 100 1000 100
Lead 50 500 50

Lithium 100 1000 100
Magnesium 5000 50000 5000
Manganese 50 500 50

Molybdenum 100 1000 100
Nickel 50 500 50

Phosphorous 1000 10000 1000
Potassium 5000 50000 5000
Selenium 200 2000 200

Silver 5 50 5
Sodium 5000 50000 5000

Strontium 100 1000 100
Thallium 200 2000 200

Vanadium 50 500 50
Zinc 50 500 50

Boron 100 1000 100
Silica 1000 10000 1000
Tin 200 2000 200

Titanium 100 1000 100

  *   Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or
matrix spike based on the addition of 1.0 mL working spike (7.3) to 100 mL of sample.

**   Final soil spike concentration based on  the addition of 1.0 mL working spike (7.3) to 1.0 g
of sample/100 mL final volume (assumes 100% solids).

TABLE III.   GFAA Soil Matrix Spike and Aqueous LCS Spike Levels
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3.1 cm2 per gram If particle size reduction was required record this on
Worksheet 4, Line H1.
Note:   To minimize loss of volatiles, samples for volatiles that require

particle size reduction should be  kept in sample storage (at 4 ºC)
until immediately before size reduction.  Aggressive reduction which
would generate heat should be avoided and exposure of the waste to
the atmosphere should be avoided to the extent possible.  Size
reduction to a fine powder is not appropriate. Also see Section
11.3.11.

11.4.8.1. Consult your supervisor or manager when dealing with unusual
sample matrices (e.g., wood, cloth, metal, brick).  Scissors or shears
may be used to cut cloth, plastic or sheet metal.  Saws may be used
for wood or solid metal.  Bricks, rocks, or other solids amenable to
grinding should be subcontracted out for particle size reduction
(Contact PA or PM).

11.4.9. Place the ZHE apparatus on the balance and tare the balance.

11.4.10. Determine the appropriate size subsample to weigh using the percent solids
information from Section 11.2.5 and record the weight used on Worksheet 4,
Line H2.

11.4.10.1. For wastes that are 100% solids, a 25 g sample is used.

11.4.10.2. For wastes containing < 0.5% solids the liquid portion of the
waste, after filtration, is defined as the TCLP leachate.   Filter
enough of the sample to support all of the volatile analyses
required.

11.4.10.3. For wastes containing  ≥  0.5% and < 5.0% solids, a  500 g
subsample of waste is recommended.

11.4.10.4. If the sample has ≥ 5.0% solids, the appropriate sample size should
be determined using the equation in Section 12.1.2.
Note:  For  wastes containing greater than 0.5% wet or dry solids

(Section 11.2.5), the “solids” value from the ZHE filtration
process may be used to determine the volume of fluid to
load into the ZHE.  This approach is recommended since
the solids value from Section 11.2.5 may differ from the
filtration solids due to sample variability or differences in
the filtration apparatus.
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11.4.11. Homogenize and transfer an appropriate size subsample of the waste into the
ZHE and record the mass on Worksheet 4, Line I1.

11.4.12. Carefully place the glass fiber filter between the support screens and secure
to the ZHE.  Tighten all the fittings.

11.4.13. Place the ZHE in a vertical position; open both the gas AND liquid
inlet/outlet valves.  Attach a gas line to the gas inlet/outlet valve.

11.4.14. If the waste is 100% solid, slowly increase the pressure to a maximum of 50
psi to force out as much headspace as possible and proceed to Section
11.4.18.

11.4.15. If the waste is < 100% solids, carefully apply gentle pressure of 10 psi (or
more, if necessary) to force all headspace slowly out of the ZHE.  At the
FIRST appearance of liquid from the liquid inlet/outlet valve, quickly close
the valve and discontinue gas pressure.

11.4.16. Assemble a syringe and place the plunger in all the way.  Adjust the tension
on the plunger to provide slight drag.  Attach the pre-weighed syringe or
Tedlar bag to the liquid inlet/outlet valve and open the valve.  Record the tare
weight of the collection device on Worksheet 4, Line 3b.

11.4.17. Carefully apply gas pressure of no more than 10 psi to force out the liquid
phase.  Allow the sample to filter until no SIGNIFICANT additional filtrate
has passed in a 2 minute period.

Note:  If the capacity of the syringe is reached, close the liquid inlet/outlet
valve, discontinue gas pressure, remove the syringe and return to
Section 11.4.15.

11.4.18. Repeat previous step increasing the pressure in 10 PSI increments until 50
psi is reached and no significant liquid has passed in a 2 minute period.
Remove the collection device and record the total weight of the collection
device with filtrate on Worksheet 4, Line 3a.  Close the valve and
discontinue gas pressure.  Transfer the filtrate to VOA vials and label
appropriately.  Calculate the weight of filtrate collected and record on
Worksheet 4, Line I3c.

Notes:    If the original waste contained less than 0.5% solids (Section
11.2.5), this filtrate is defined as the TCLP leachate and you may
proceed to Section 11.4.28.  Otherwise, save the vials by storing at
4 C under minimal headspace conditions, for recombination as in
Section 11.4.27.
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The material remaining in the ZHE is defined to be the “solid”
phase.  Calculate the weight of the solid phase using Equation 4.

11.4.19. Based on the information from Sections 11.2.5 and 11.4.11 and using the
formula in 12.1.3, determine the weight of  fluid to load into the ZHE on the
“solid” phase. The ZHE device has approximately a 500-mL capacity.  Based
on the need to add an amount of extraction fluid equal to 20 times the mass
of the “solid” phase, the ZHE can therefore accommodate a maximum of 25
grams of “solid”.

Note:  The TCLP ZHE prep uses only TCLP fluid #1; the SPLP ZHE prep
uses only SPLP fluid #1.

11.4.20. Load the fluid transfer reservoir with an excess of Fluid #1 and preflush the
transfer line to eliminate air pockets.  Be sure the required volume remains.

11.4.21. Attach the transfer line to the liquid inlet/outlet valve and open the valve.
Carefully pump the required volume into the ZHE and close the valve.
Disconnect the transfer line.

11.4.22. Check the ZHE to make sure all the valves are closed and manually rotate the
ZHE (end-over-end) 2 or 3 times.  Reposition the ZHE in the vertical
position.

11.4.23. Pressurize the ZHE to 5-10 psi.  Allow to stand for 10 minutes, and then
recheck the pressure.  If the ZHE appears to be leaking, follow the corrective
action protocols recommended by the manufacturer and repeat the analysis.

11.4.24. Slowly open the liquid inlet/outlet valve to bleed out any headspace that  may
have been introduced during the introduction of the Fluid.  Upon the first
sign of liquid from the valve, close the valve.

11.4.25. Repressurize the ZHE to 5-10 psi and place in the rotary agitator. Rotate at
28-32 rpm for 16-20 hours.  Room temperature should be 23 ± 2 °C.    The
room temperature and time should be checked at both the start and end of the
extraction and recorded on Worksheet 4, lines J1, J3 and J4.

11.4.26. Confirm that the pressure of 5-10 psi was maintained throughout the
leaching.  If it was NOT maintained, return to Section 11.4.1 and repeat the
leachate with a new aliquot of sample.

11.4.27. Attach a syringe or Tedlar bag and open the liquid inlet/outlet valve to
collect the aqueous leachate and proceed as outlined in 11.4.19 - 11.4.20.
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Record the volume/mass of the leachate and any oil phase on Worksheet 4,
Lines J7 and J7a.  Record the date and time the filtration is completed on
Worksheet 4, Line J6.

Notes:   If the waste contained an initial liquid phase, the liquid may be
filtered directly into the same collection device holding the initial
liquid phase of the waste.

A separate filtrate collection container must be used if combination
would create multiple phases or there is not enough volume left
within the filtrate collection container.

11.4.28. If the waste contained an initial filtrate (Section 11.4.18) that is miscible with
the solid phase leachate (as determined in Section 11.2.8), the solid phase
leachate and the initial filtrate are directly recombined in the correct
proportions (see Section 12.1.4).  If the individual phases are NOT
compatible, they are to be collected, prepped and analyzed separately.

Note:  Chill the filtrate and receiving vessels before recombining.

11.4.29. Following collection, store the TCLP leachate in 3 20-mL VOA vials with
minimal headspace at 4 ± 2 oC and prepare for analysis as soon as possible
using the appropriate organic extraction procedure (see Section 16.3).

11.4.30. If the individual phases are analyzed separately, combine the results
mathematically by using the recombination calculation in Section 12.1.5.

12. DATA ANALYSIS AND CALCULATIONS

12.1. Calculations

12.1.1. Calculation of Percent Wet Solids:

Percent Wet Solids Mass solid phase
Mass initial subsample

=








100 ," "

,

12.1.2. Calculation of weight of waste to charge to ZHE:

Weight of waste to ch e to ZHE
wet solids

arg
%

=








100 25

12.1.3. Calculation of weight of extraction fluid to use:
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Weight of Extraction fluid x wet solids x weight of waste to be extracted
=

20
100

%

12.1.4. Calculation of volume of initial filtrate phase to recombine with solid phase
leachate:

)( Volume of filtrate for recombination =  
Weight of solids leached

Total weight of solids

Leachate re ered

Fluid added
Volume of initial aqueous filtrate
















cov

12.1.5. Mathematical recombination of analytical results:

( ) ( )
Final AnalyteConcentration

V C V C
V V

=
× + ×

+
1 1 2 2

1 2

V1 = total volume of the initial filtrate phase (L).
C1 = analyte concentration in initial filtrate phase (mg/L).
V2 = volume of the theoretical solid phase leachate (L).
C2 = analyte concentration in solid phase leachate (mg/L).,

12.2. REPORTING REQUIREMENTS

12.2.1. Follow these reporting conventions for multi-phase samples:

12.2.1.1. If both phases have positive results, use the values from each phase
to calculate the recombined result.  Use the reporting limit for each
phase to calculate the recombined reporting limit.

12.2.1.2. If both phases are “ND,” not detected, the recombined result is
“ND,” and the reporting limit is calculated from the reporting limit
for each phase.

12.2.1.3. If one phase is “ND” and the other phase has a positive result, use
the reporting limit for the “ND” phase and the positive value for
the other phase to calculate the combined result.  The combined
reporting limit is based on the reporting limit for both phases.  If
the combined result is less than the combined reporting limit, then
supply a footnote to indicate that “a positive result was detected
below the calculated detection limit.”
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12.2.2. Units - regardless of the nature of the sample, all  TCLP and SPLP results are
reported in units of mg/L.

12.2.3. For limits and significant figures, consult the appropriate analytical methods
(Section 16.3).

12.2.4. Anomalies - all anomalies observed during the leach procedure must be
noted on the worksheet or an anomaly form.  Some examples of such
anomalies are:

12.2.4.1. Sample was monolithic - subsample was obtained by crushing,
cutting, grinding, sawing, etc.

12.2.4.2. Insufficient sample - less than the required 100 g minimum was
available.

12.2.4.3. Multiple phases - “X” phases were present.

12.2.4.4. Sample was oil - single phase.

12.2.4.5.    Sample contained liquid which did not filter under test conditions.

12.3. REVIEW REQUIREMENTS

12.3.1. Review all applicable holding times.  If a holding time was exceeded,
confirm that a holding time violation form was properly documented and
routed.

12.3.2. If Total analysis results are available, those results may be compared with the
TCLP analysis results according to the following:

Total TCLP≥ ×20

NOTE:  Assumes the sample is 100% Solids.

12.3.3. Total constituent analysis results can be used to demonstrate the TCLP
protocol is unnecessary.  In performing a TCLP analysis, there is a 20:1
dilution of the original sample with the leaching solution.  Thus, if the “total
constituent” result is less than 20 times the TC level, it is impossible for the
leachate to “fail” and the TCLP does not need to be performed.  For example,
the TC level for lead is 5.0 mg/L (ppm).   Therefore, if a sample of  lead-
contaminated soil contains less than 100 ppm total lead, a TCLP test need not
be run for lead.
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13. METHOD PERFORMANCE

13.1. Refer to individual analysis SOPs.

13.2. Training Qualification:
The group/team leader has the responsibility to ensure that this procedure is performed
by an associate who has been properly trained in its use and has the required
experience.

14. POLLUTION PREVENTION

14.1. This method does not contain any specific modifications that serve to minimize or
prevent pollution.

15. WASTE MANAGEMENT

15.1. Waste generated in this procedure must be segregated and disposed according to the
facility’s hazardous wastes procedures.  The Environmental Health and Safety
Director should be contacted if additional information is required.

16. REFERENCES

16.1. Method 1311, Toxicity Characteristic Leaching Procedure, Revision 0, July 1992,
SW-846 Final Update I.

16.2. Method 1312, Synthetic Precipitation Leaching Procedure, Revision 0, November
1992, SW-846 Proposed Update II.

16.3. Related Documents

16.3.1. Toxicity Characteristic: Corrections to Final Rule. Method 1311, Federal
Register, Vol. 55, No. 126, Friday, June 29, 1990.

16.3.2. Toxicity Characteristic: Final Rule.  Method 1311, Federal Register, Vol. 55,
No. 61, Thursday, March 29, 1990.

16.3.3. Technical Background Document and Response To Comments, Method
1311, Toxicity Characteristic Leaching Procedure, USEPA/OSW, April,
1989.

16.3.4. QA-003, STL® QC Program

16.3.5. CORP-IP-0003:   Acid Digestion of Aqueous Samples by SW846 and
MCAWW 200 Series Methods.
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16.3.6. CORP-MT-0001: Inductively Coupled Plasma-Atomic Emission
Spectroscopy, Spectrometric Method for Trace Element Analysis, Method
6010A and Method 200.7.

16.3.7. CORP-MT-0003: Graphite Furnace Atomic Absorption Spectroscopy,
SW846 Method 7000A and MCAWW 200 Series Methods.

16.3.8. CORP-MT-0005: Preparation and Analysis of Mercury in Aqueous Samples
by Cold Vapor Atomic Absorption, SW-846 7470A and MCAWW 245.1.

16.3.9. CORP-IP-0003:  Acid Digestion of Aqueous Samples by SW846 and
MCAWW 200 Series Methods.

16.3.10. CORP-MS-0002: Determination of Volatile Organics by GC/MS based on
Methods 8240B and 8260A.

16.3.11. CORP-MS-0001 : GC/MS Analysis Based on Method 8270B, SW846.

16.3.12. CORP-GC-0001:  Gas Chromatographic Analysis Based on Methods 8000A,
8010B, 8020A, 8080A and 8150B, SW846.

16.3.13. CORP-OP-0001:  Extraction and Cleanup of Organic Compounds from
Waters and Soils, Based on SW846 3500 Series, 3600 Series, 8150 and 600
Series Methods.

17. MISCELLANEOUS

17.1. Modifications/Interpretations from Reference Methods

17.1.1. Section 8: Preliminary Evaluations.  Section 7.1 of the source method states
that the sample aliquot used for the preliminary evaluation “...may not
actually undergo TCLP extraction.”     Section 7.1.5 of the source method
indicates that the portion used for the preliminary evaluation may be used for
either the ZHE or non-volatile extraction if the sample was 100% solid.
Section 7.1.5 further indicates that if the sample was subjected to filtration
(i.e., < 100% solid) that this aliquot may be used for the non-volatile
extraction procedure only as long as sufficient sample is available (minimum
100 g).  Samples which have been subjected to the oven drying step may not
be  used for TCLP extraction because solid phase degradation may result
upon heating.

17.1.2. Section 11.2.5.6.3:  Percent Solids Determination.  Section 7.1.2 of  the
source method indicates that “if the percent wet solids is ≥ 0.5% and it is
noticed that a small amount of the filtrate is entrained in wetting of the filter”
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that the filter should be oven dried to determine percent dry solids “.   Drying
of oil or organic matrices can both be hazardous and inappropriate.
Additionally, it may be impossible to achieve a constant weight when
performing this step.   Due to safety concerns, if obviously oily or heavy
organic matrices are entrained on the filter, the filter  is not oven dried.

17.1.3. Section 11.2.8: Preliminary Determination of Filtrate/Extraction Fluid
Compatibility.  Section 7.2.13 of the source method provides no guidance as
to how to make this determination.  As a result, the procedure herein was
developed and incorporated into the Preliminary Determinations section.

17.1.4. Section 9.2: TCLP Extraction Blanks.  Section 8.1 of the source method
states that a minimum of one blank for every 20 extractions “...that have been
conducted in an extraction vessel.”  STL® has interpreted this to mean one
blank per twenty samples leached per TYPE of leaching vessel (i.e., Bottle or
ZHE) per leach fluid used.

17.1.5. Section 11.2.7.9:  Determination of Appropriate Extraction Fluid.  Method
1311 does not address the appropriate approach to take if the pH equals 5.0.
This SOP requires that Fluid #1 must be used if the pH is less than or equal
to 5.0.

17.1.6. Section 9.4: QA/QC - Matrix Spikes.  Section 8.2 of the source method states
“A matrix spike shall be performed for each waste type...” and “A minimum
of one matrix spike must be analyzed for each analytical batch.”     Further,
Section 8.2.3 of the source method also states  “The purpose of the matrix
spike is to monitor the performance of the analytical methods used, and to
determine whether matrix interferences exist.”  The standard STL® QAPP is
designed to address the performance monitoring of analytical methodology
through the LCS program.  A minimum of one MS and MSD will be
prepared for each TCLP leachate batch.   The MS/MSD results are used to
determine the effect of a matrix on the precision and accuracy of the
analytical process.  Due to the potential variability of the matrix of each
sample, the MS/MSD results have immediate bearing only on the specific
sample spiked and not all samples in the batch.

17.1.7. Section 8.2.2 of the source method states that “In most cases, matrix spikes
should be added at a concentration equivalent to the corresponding
regulatory level.”  The method also states “If the analyte concentration is less
than one half the regulatory level, the spike concentration may be as low as
one half of the analyte concentration but may not be less than five times the
method detection limit”.   For several analytes, spiking at the regulatory level
is inappropriate to the range of analysis afforded by the determinative
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methods.  Due to the wide range in these levels, STL® spikes at the levels
specified in the determinative SOPs.

17.2. Modifications from Previous SOP

None

17.3. Facility Specific SOPs
Each facility shall attach a list of facility specific SOPs or approved attachments (if
applicable) which are required to implement this SOP or which are used in
conjunction with this SOP.  If no facility specific SOPs or amendments are to be
attached, a statement must be attached specifying that there are none.  Refer to the
Appendices for any facility specific information required to support this SOP.

17.4. Documentation and Record Management

The following documentation comprises a complete TCLP preparation raw data
package:

• Completed worksheets (Appendix C).
• Non-conformance summary (if applicable).
• Anomaly documentation (if applicable).
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Table 3 - Toxicity Characteristic Analytes and Regulatory Levels (Final Rule)

Contaminant mg/L
Arsenic 5.0
Barium 100.0
Benzene 0.5
Cadmium 1.0
Carbon tetrachloride 0.5
Chlordane 0.03
Chlorobenzene 100.0
Chloroform 6.0
Chromium 5.0
o-Cresols 200.0
m-Cresols 200.0
p-Cresols 200.0
Total Cresols (used if
  isomers not resolved)

200.0

2,4-D 10.0
1,4-Dichlorobenzene 7.5
1,2-Dichloroethane 0.5
2,4-Dinitrotoluene 0.13
1,1-Dichloroethylene 0.7
Endrin 0.02
Heptachlor (& epoxide) 0.008
Hexachlorobenzene 0.13
Hexachlorobutadiene 0.5
Hexachloroethane 3.0
Lead 5.0
Lindane 0.4
Mercury 0.2
Methoxychlor 10.0
Methyl ethyl ketone 200.0
Nitrobenzene 2.0
Pentachlorophenol 100.0
Pyridine 5.0
Selenium 1.0
Silver 5.0
Tetrachloroethylene 0.7
Toxaphene 0.5
Trichloroethylene 0.5
2,4,5-Trichlorophenol 400.0
2,4,6-Trichlorophenol 2.0
2,4,5-TP (Silvex) 1.0
Vinyl chloride 0.2
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Figure 1 & 2 - Rotary Agitation Apparatus and Zero Headspace Extraction Vessel (ZHE)
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Figure 3 - US Environmental Protection Agency Memorandum #35, Page 1
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Figure 3 - US Environmental Protection Agency Memorandum #35, Page 10
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TCLP/SPLP Worksheet 1 - Sample Description

Lot Number
Laboratory Sample No.

A. Sample Description
Number of phases
1. Solid
2. Liquid

a. lighter than water
b. water
c. heavier than water

B. Percent Solid Phase
1. weight of filter (g)
2. weight of subsample

a. gross weight (g)
b. tare weight (g)
c. net weight (g)

3. weight of filtrate
a. gross weight (g)
b. tare weight (g)
c. net weight (g)

4. total weight wet solids0

5. weight percent wet solids1 (%)
6. weight percent dry solids (%)

a. gross dry weight (g)
b. final gross dry weight (g)
c. percent dry solids2 (%)

7. volume of initial aqueous filtrate (mL)
8. volume of initial organic filtrate (mL)

( )cB-cB=  solids wetof Weight Total 32
0

1
100

4

2
Weight percent wet solids =  

Total weight wet solids B

Weight of subsample B c

,

,









) ( )(2
100

6 1

2
Weight percent dry solids =

Gross dry weight B b weight of filter B

Weight of subsample B c

, ,

,

−











Comments: _____________________________________________________________________________
       _________________________________________________________________

Analyst:      _________________________    Date: _________________
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TCLP/SPLP Worksheet 2 - Selection of Extraction Fluid

 TCLP
Lot Number.

Laboratory Sample No.
C. Extraction Fluid Determination—does not apply to determination of volatile organic
components.

1. particle size reduction?
yes/no (<1 mm)

2. sample weight, ✓  if 5.0 ± 0.1 g
3. volume of water, ✓  if 96.5 ± 1.0 mL
4. initial pH (after 5 min. mixing time)
5. if pH >5.0, ✓  if 3.5 mL 1N HCL
6. ✓  if heated and held at 500C for

ten minutes
7. secondary pH (at room temperature)

D. Selection of Extraction Fluid
1. ✓  if pH from § C (4) or § C (7) is

<5.0, use extraction fluid No. 1.
2. ✓  if pH from § C (7) IS >5.0, use

extraction fluid No. 2
3. ✓  if filtrate and fluid are miscible

SPLP
Laboratory Sample No.

Field Sample No.

D. Selection of Extraction Fluid (✓  one)
Fluid 1: Soils—East of the Mississippi

River; Wastes; or Wastewaters.
Fluid 2: Soils—West of Mississippi

River
Fluid 3: If VOCs or Cyanide containing

wastes.
1. ✓  if filtrate and fluid are miscible

Comments: _____________________________________________________________________________
        ________________________________________________________________

Analyst:      _________________________    Date: _________________
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TCLP/SPLP Worksheet 3 -   Extraction for Metals, Semi-Volatile Organic Components and
Pesticides/Herbicides

Lot Number
Laboratory Sample No.

E. Determination of Samples Size for Leach Testing—the method requires a minimum 100 gram sample
size for extraction

1. particle size reduction?
yes/no (<9.5 mm)

2. weight of wet solids after filtration (g)
F. Determination of Amount of Extraction Fluid—the selection of the correct extraction fluid is found in
Section D., Worksheet No. 2

1. Fluid weight = 20 x solids weight (g)
G. Record of Extraction Test—the extraction period is specified as 18 ± 2

1. room temperature              initial (oC)
                                                      final     (oC)
       2.  vessel number

3. extraction start time
4. extraction stop time
5. date and time filtration complete
6. pH of leachate
7. volume of leachate (for multiphase

samples only) (mL)
8. volume of initial aqueous filtrate for

recombination3 (mL)
9. combined initial aqueous + leachate

(mL)

)( 7,
1,

7,cov

4,

2,3
BfiltrateaqueousinitialofVolume

FaddedFluid

GeredreLeachate

BsolidsofweightTotal

EleachedsolidsofWeight
 = ionrecombinat for used filtrate of Volume 

















Comments: _____________________________________________________________________________
           _________________________________________________________________

Analyst:      _________________________    Date: _________________
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TCLP/SPLP Worksheet 4 - Zero Headspace Extraction (ZHE)

Lot Number
Laboratory Sample No.

H. Determination of Sample Size for Leach Testing—maximum 25 grams
  1. particle size reduction?

yes/no (<9.5 mm)
  2. weight of wet solid (g)
I. Determination of Amount of Extraction Fluid No. 1
  1. weight of material added to ZHE (g)
  2. volume of filtrate in syringe (mL)
  3. weight of filtrate in syringe

a. gross weight (g)
b. tare weight (g)
c. net weight (g)

  4. wet solids in ZHE4 (g)
  5. weight of fluid to add5 (g)
J.    Record of ZHE Extraction Text—the extraction period is as 18 ± 2 hours.
  1. room temperature                initial  (°C)
                                                  final    (oC)
  2. ZHE vessel number
  3. extraction start date & time
  4. extraction stop date & time
  5. ✓  if still under positive pressure
  6. filtration completed date & time
  7. volume of filtrate recovered after

leaching (mL)
a. volume of oil recovered after
   leaching (mL)

  8.  volume of initial aqueous filtrate for
recombination6 (mL)

  9. combined initial aqueous + leachate  (mL)

( ) ( )4
1 3Solids remaining in ZHE = , -Material added I Weight of filtrate in syringe I,                   ( )5

20 4Weight of fluid to add = Wet solids in ZHE I,

( )6 4

4

7

5
7Volume of filtrate used for recombination =  

Weight of solids leached I

Total weight of solids B

Leachate re ered J

Fluid added I
Volume initial aqueous filtrate B

,

,

cov ,

,
,
















Comments: _____________________________________________________________________________
              _________________________________________________________________

Analyst:      _________________________    Date: _________________
TCLP/SPLP Worksheet 5 - Organic Results
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TCLP/SPLP ZHE Worksheet No. 5
Organic Results

Sample Number: ______________________________

Organics Preparation Volume Units
Combined initial Aqueous/Leachate  from § J9 VA mL
Oil phase Volume for Calculations7 VO mL

Analyte Oil Phase Combined Initial Aqueous/Leachate Final Results

Compound Std.
Reporting

Limit
(mg/L)

Dilution
Factor

Result
CO

Reporting
Limit

Dilution
Factor

Results
CA

Reporting
Limit

Result
CFinal

Reporting
Limit

( ) ( )
C

C V C V

V V
Final

A A O O

A O

=
× + ×

+

( ) ( )7 4

4

7

5
8 7Volume of oil phase for calculation =

Wet solids leached I

Total solid B

Leachate re ered J

Fluid added I
Initial volume of oil B Oil re ered from leaching J a

,

,

cov ,

,
, cov ,














 +

Comments: _____________________________________________________________________________
    _________________________________________________________________

Analyst:      _________________________    Date: _________________
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TCLP/SPLP Worksheet 6 - Metals Results

Metals Results

Sample Number : ______________________________

Metals Preparation Volume Units
Combined Initial Aqueous/Leachate  from §G8 VA mL
Oil phase volume for calculations8 VO mL

Analyte Oil Phase Combined Initial Aqueous/Leachate Final Results

Element Std.
Reporting

Limit
(mg/L)

Dilution
Factor

Result
CO

Reporting
Limit

Dilution
Factor

Results
CA

Reporting
Limit

Result
CFinal

Reporting
Limit

Arsenic 0.5
Barium 10
Cadmium 0.1
Chromium 0.5
Lead 0.5
Mercury 0.0002
Selenium 0.25
Silver 0.5

( ) ( )C
C V C V

V VFinal
A A O O

A O
=

× + ×
+

( ) ( )aGleachingfromeredreOilBoilofvolumeInitial
FaddedFluid

GeredreLeachate

BsolidTotal

EleachedsolidsWet
=ncalculatio for phase oil of Volume 7,cov8,

1,

7,cov

4,

2,8
+

















Notes:     If sample contains no solids, volume of oil phase (V0) is the volume of the initial organic filtrate

In cases  where analytes are detected in only one phase, a footnote indicating a result reported below the reporting limit
should be included.

Comments: _____________________________________________________________________________
    _________________________________________________________________

Analyst:      _________________________    Date: _________________
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Does 100 g of waste
yield liquid when
pressure filtered

(50 psi)?

Is % wet solids <
0.5%?

Waste is 100% solids.

Will solids pass 1 mm*
standard sieve for

solution determination?

Weigh 5.0 g solids into 500 mL
beaker or erlenmeyer flask.
Add 96.5 mL reagent water.

Cover and stir vigorously for 5
min.  Measure and record pH.

Is pH < 5.0?

Use Extraction Fluid
#1.  pH = 4.93

Sample filtrate = TCLP
test solution.  No

further preliminary
tests are needed.  Go

to start of Flow Chart 2
or 3 for preservation,

combination with
leachate and storage.

Crush, cut, or grind
solids to pass a 1 mm*

sieve (not req'd if
surface area > or = 3.1

cm2/g

Add 3.5 mL 1 N HCl,
mix, cover, heat to

50oC for 10 min.  Cool.
Measure pH.  Is pH <

5.0?

Use Extraction Fluid
#2.  pH = 2.88

Yes

Yes

No

Yes

No

No

*Note:  1 mm size is used only for determination
of leachate solution.  3.1 sq. cm or 1 cm diameter
is used to determine need for size reduction.

Yes

No
Yes

Flow Chart 1.  Preliminary Sample Evaluation
(Section 11.2)

Is % wet solids > 0.5%
and < 5.0%?

Perform dry weight
determination.  Is %

dry solid < 0.5%?

No

Yes

No
No

Yes
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Complete preliminary determinations
(Flow Chart 1).

Multiphase sample.  Filter a weighed amount of
sample to produce enough solids which, when
extracted, will create sufficient extract for all

analyses.  (100 g minimum.)  It may be necessary
to perform % solids on exact sample used for this

extraction due to subsampling error.

Sample is 100% solids.

Weigh out at least 100 g
of sample.

Solids are < 0.5% of sample.
Filter enough sample to
provide for all analyses.
Discard solids.  Filtrate =

TCLP extract.

If particle size reduction is needed, decrease size
until waste solids will pass a 9.5 mm sieve (3/8").

Note:  Particle size reduction not required if surface
area > 3.1 cm2/g.

Quantitatively transfer solids to an extraction
vessel.

Add an appropriate amount of extraction fluid to the
extraction vessel.

(Fluid weight = 20 x solids weight)

Close extraction vessel using Teflon tape and
secure in rotary agitation device.  Rotate at 30 + 2

rpm for 18 + 2 hrs.  Ambient temperature of
extraction room shall be 23 + 2oC.

Filter slurry through glass filter fiber (acid wash if
metals are measured).  Several filters may be

used.  Discard solids.  Collect filtrate.

Is filtrate miscible with initial
filtered liquid if sample was

multiphase?

Retain filtrate.  Store at
4oC.

Analyze liquids separately
and combine results

mathematically according
to volume ratio of original

phases.

Immediately after TCLP extract is produced, record
the pH of the extract.  (For immiscible liquids, record
the pH of each.)  Aliquot and preserve the extract.
Unless analyzed immediately, store aliquot at 4oC

until analyzed.

Liquid
Phase

Solid

No
Combine initial liquid with
filtrate.  This becomes the

TCLP extract.
Yes

Flow Chart 2.  Bottle Extraction, Non-Volatile Constituents
(Section 11.3)
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Complete preliminary solids
determination (Figure 1).

Solids are < 0.5% of sample.
Filter sufficient sample

through ZHE to provide for
all analysis.  Discard solids.

Filtrate = TCLP extract.

Store at 4oC under minimal
headspace and analyze.

Is the amount of filterable solids > 0.5%?

Place the ZHE piston in body of the ZHE and adjust
position of piston to minimize distance piston will travel

when charged with sample.

Waste is 100%
solids.  Weigh

25 g.

% solids are
between 0.5%

and 5%.  Weigh
500 g.

Solids are > 5%.
Weigh (2500 /

% solids).

Adjust particle size of solids, if necessary, so size is < 1
cm in its narrowest dimension.  DO NOT SIEVE,

measure with ruler.  Adjust without heat production and
with minimal air exposure.  Note:  Particle size reduction

not required if surface area > 3.1 cm2/g.

Quantitatively transfer sample quickly to ZHE.  Secure
filter and support screen to top flange and attach top

flange to body of ZHE.  Tighten all fittings.  Place
vertically with gas inlet/outlet valve down.

Does sample contain liquid phase?

Attach the gas line, open the gas inlet/outlet
valve and apply gentle pressure (1-10 psi)
to force all headspace from ZHE.  When

liquid first appears, close liquid inlet/outlet
valve and discontinue pressure.

Sample is 100% solids.  Attach gas line to gas inlet/
outlet valve.  Open liquid inlet/outlet valve, and

gradually apply pressure in 10 psi increments until
50 psi is reached.

Add an appropriate weighed amount of Extraction
Fluid #1 by pumping in through the liquid inlet/outlet

valve.  (Fluid weight = 20 x solids weight)

Rotate ZHE end-over-end 2 or 3 times.  With liquid
inlet/outlet valve pointed up, pressurize ZHE to 5-10

psi, and bleed off any air which might have been
introduced with the extraction fluid.  Close the liquid

inlet valve and pressurize to 5-10 psi again.

YesNo

Yes No

Attach pre-weighed filtrate collection
container to liquid inlet/outlet valve.  Open
liquid valve and gradually apply pressure in
10 psi increments until 50 psi is reached.
After no further liquid is expelled after 2

minutes at 50 psi, close valves, disconnect,
and weigh filtrate collection container.

Store filtrate at 4oC under minimal
headspace.  See Flow Chart 3 (Continued).

Connect preweighed filtrate/
extract collection container
to liquid inlet/outlet valve.

Apply up to 50 psi in 10 psi
increments.  See Flow Chart

3 (Continued).

Place ZHE in rotary device and rotate at 30 + 2 rpm
for 18 + 2 hrs. in a room held at 23 + 2oC.

Liquid Phase

Check pressure in ZHE by
quickly opening and closing

the gas inlet valve.  Is
pressure present?

ZHE leaked.
Re-extract sample.Yes No

Solid Phase

Flow Chart 3.  ZHE Extraction, Volatile Constituents
(Section 11.4)
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Store initial filtrate at
4oC under minimal

headspace.

Connect preweighed filtrate/
extract collection container
to liquid inlet/outlet valve.

Apply up to 50 psi in 10 psi
increments.  Collect the

extraction filtrate.

Analyze liquids separately
and combine results

mathematically according
to volume ratio of original

phases.

Is filtrate miscible with
initial filtered liquid if

sample was
multiphase?

No

Combine initial liquid with
filtrate.  This becomes the

TCLP extract.

Yes

Store at 4oC under minimal
headspace prior to analysis.

Flow Chart 3.  ZHE Extraction
(Continued)
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