GUIDANCE FOR

METHODSDEVELOPMENT

AND

METHODSVALIDATION

FOR THE

RCRA PROGRAM



PREFACE AND OVERVIEW
Test Methodsfor Evaluating Solid Waste, or SW-846, isthe compendium of analytical
and test methods approved by EPA's Office of Solid Waste (OSW) for use in determining
regulatory complianceunder the Resour ce Conser vation and Recovery Act (RCRA). SW-846
functions primarily as a guidance document setting forth acceptable, although not required,
methods to be implemented by the user, as appropriate, in responding to RCRA-related
sampling and analysis requirements.

There seems to be an impresson among methods developers and the regulated
community that thereissomeesoteric or mystical processthat must befollowed in order to get
an analytical method " approved” by regulatory agencieslikethe USEPA. In thisdocument,
OSW would liketo dispel these misconceptions, identify some basic principles, and present a
logical approach to methods development that is currently followed by OSW in developing
methods for SW-846. This approach is based on sound scientific principles, and methods
developed according to thisprocess should be acceptablefor usein other Agency programsas
well as OSW.

Two levels of methods development are covered in this guidance document, initial
" proof of concept” and aformal validation. Thisguidanceisapplicableto both new methods
submitted for potential inclusion in SW-846 or for adapting existing SW-846 methods for
additional applications. When measurementsfor RCRA applicationsarerequired for which
no validated methods exist, e.g., from unusual matrices or below the quantitation limits of
conventional SW-846or other appropriatemethods, qualified analystscan serveas" in-house'
methods developer sto modify existing methods to meet these regulatory needs following the
guidelines delineated in Elements 1 through 9.

The RCRA method development approach utilizes three basic principles for either
demonstrating " proof of concept” or for usein a formal validation. These basic scientific
principlesare:

1) Identify the scope and application of the proposed method, (What is this
method supposed to accomplish?)

2) Develop a procedure that will generate data that are consistent with the
intended scope and application of the method, and

3) Establish appropriate quality control procedures which will ensure that when
the proposed procedureisfollowed, the method will generate the appropriate
data from Step 2 that will meet the criteria established in Step 1.

I n some cases, such asa variation of an existing SW-846 method using new equipment
or a modified procedure, it is sufficient only to demonstrate validation to the " proof of
concept” stage. For new technologiesto beconsidered for inclusion in SW-846, it isnecessary
for the developer to perform the formal validation procedure including multilaboratory
validation.
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DEVELOPMENT AND VALIDATION OF SW-846 METHODS
PHASE 1: PRELIMINARY VALIDATION OR "PROOF OF CONCEPT"

Thetwo documentsincluded in thissection areletter sthat wer erequested by potential
methods developer s on how to begin a methods development project for submission to OSW
for inclusion in SW-846. Oneletter (dated April 6, 1992) addresses a preliminary validation
or " proof of concept” for new sample preparation methods, while the other (dated April 23,
1992) addresses a preliminary validation or " proof of concept” for new screening methods.

A shortened list of target analytes, representative of typical RCRA analyte classesfor
volatile organics, semivolatile organics, pesticides, and metals were included. These target
analytelistsprovidearangeof target analyte per for mance within existing methods. Theidea
in thispreliminary stage was that if the potential new method could successfully analyze the
target analyte listsincluded in these documents, it had potential applicability to successfully
analyzethecompoundson theextended RCRA tar get analytelists. Theseguidancedocuments
also recommend using multiple matrices, e.g., groundwater, TCLP leachate, and wastewater
for aqueous matrices, sand, loam, and clay for soil matrices, and multiple spiking
concentrations to demonstrate appropriate method perfor mance.

If anew technique performsadequately in this" proof of concept” phase, it isready for
the formal validation process. In this way, by doing a preliminary method development
screening, the developer can easily determineiif it isworth continuing to invest in a project
without alarge outlay of time or money.

In some cases, e.g., development of alter native equipment for an existing method, this
preliminary validation may be all that is necessary to demonstrate adequate method
performance for the intended method application.



April 6, 1992
Dear Colleague:

TheMethods Team of the Office of Solid Wasteisresponsiblefor the promulgation of
rugged and reliable analytical techniques in support of the Resource Conservation and
Recovery Act (RCRA) program. Themethodspublished in Test M ethodsfor Evaluating Solid
Waste, SW-846, are used to measur e the concentration of specific pollutants or to establish
whether awaste stream demonstratesa hazar douschar acteristic (e.g. ignitability, corrosivity,
reactivity or toxicity).

A number of sources have developed new methods for preparing samples that could
have application for the RCRA program. TheU.S. EPA iseager to adopt any new techniques
that providehigh quality datain areliable, reproducibleand cost-effectivemanner. Thisletter
providesdeveloper swith adescription of thetype of performancedatathat isrequired for an
effective initial evaluation of new SW-846 methods. If adeveloper's data supportsadoption
of a new method, the Methods Team will work through the SW-846 Work Group process to
promulgate it. This letter does not supersede or replace the more rigorous requirements
described in Test Method Equivalency Petitions, EPA/530-SW-87-008, OSWER Palicy
Directive No. 9433.00-2 (2/87). That document provides the requirements for a method
equivalency petition which may be used to promulgate a method outside of the Work Group
pr ocess.

In order to evaluate the performance of sample preparation procedures, data should
be submitted for samples prepared using the proposed technique, and analyzed using
approved SW-846 quantitative methods. Widely used, multi-analyte procedures such as
Method 8270 (GC/MS for semi-volatiles), Method 8081 (GC/ECD for organochlorine
insecticides), M ethod 8260 (GC/M Sfor volatiles), or Method 6010 (I CP/AESfor metals) should
generally be employed. New sample preparation techniques need not be validated for the
entiretarget list of amulti-analyte method, but a representative selection of tar getsshould be
measured. Examples of representativetarget analytes and some of therationale for selecting
them are provided in the attachments.

Developer sshould analyzethreedifferent typesof matrices. Samplesthat areanalyzed
should either be characterized reference materials or spiked matrices containing known
amounts of target analytes. In either case, bulk samples should be carefully homogenized to
reduce sub-sampling errors. The sample matrices should be selected to represent what is
regulated under RCRA (e.g. soil, oily waste or waste waters), not to provide the best
performance data. Blanks should be analyzed with each set of samples.

Method performance is established by analyzing seven replicate aliquots of three
different sample matrices spiked at two concentrations. Suggested spiking levelsare 5 times
the lower quantitation limit for the preparation/analysis method and 50 times the low
concentration. Asan alternative, specific concentrationsfor selected tar get analytesin soil are
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provided in the attachments to this letter. The low values are normal reporting limits for
routine analyses and the high value is 50 times the low. Recovery, precision, and matrix
method detection level must be calculated. Method bias (accuracy) is determined at both
concentr ations by calculating the mean recovery of the spiked (or characterized) analytesfor
the seven replicates.

bias = x X 100%

X

x = Mean value for the seven replicate deter minations
X = Spiked or characterized concentration

Method precision isdetermined by calculating the per cent relative standard deviation of the
spiked analyte recoveriesfor the seven replicates at each concentration.

precison =_s x 100%

X
x = Mean value for the seven replicate deter minations

s= Standard deviation for the seven replicates

The U.S. EPA requires methods that provide reliable measurements at or below
regulatory action levels. Thelowest level at which accur ate quantitation can beattained must
be determined for each matrix. To determine the Reliable Quantitation Limit (RQL), the
Method Detection Limit (MDL) isfirst calculated from the low concentration s determined
from seven replicate measurements (six degr ees of freedom):

MDL =3.143¢
The RQL iscalculated using the following equation:
RQL =4 MDL
To summarize, the Methods Team does not require an unreasonable body of data for

theinitial evaluation of new techniques. With the additional requirement of one blank per
matrix, 45 sampleswill have to be prepared and analyzed to complete the table below.



Type of sample bias precision MDL RQL

Matrix 1, low

Matrix 1, high

Matrix 2, low

Matrix 2, high

Matrix 3, low

Matrix 3, high

It is our belief that completion of this table represents only a small fraction of a
developer'seffort in developing a new method. If your technique will improve the quality of
EPA monitoring programs, submitting these data should expedite the SW-846 approval
process.

| look forward to working with you on thisimportant activity.

Sincerdly,

Barry Lesnik

Organic Methods Program M anager
USEPA Office of Solid Waste
Methods Team (5307W)

attachments



REPRESENTATIVE ORGANOCHLORINE PESTICIDES

Thefollowingchlorinated pesticidesfrom theBest Demonstrated Available T echnology
(BDAT) list arerepresentativeof analytesfor Method 8081. All should besufficiently resolved
to ensure good quantitation using two columns such as the DB-608 or DB-1701 (or
equivalents). Suggested low and high concentrations should be appropriate for relatively
uncontaminated solid matricessuch assoil. Higher concentrationsmay berequired for highly
contaminated samples.

COMPOUND LOW (ualk HIGH (uxa/kq)
Aldrin 5 250
B-BHC 5 250
0-BHC 5 250
v-BHC (Lindane) 5 250
«-Chlordane 5 250
y-Chlordane 5 250
4,4'-DDD 10 500
4,4 -DDE 5 250
4,4 -DDT 5 250
Diddrin 5 250
Endosulfan | 5 250
Endosulfan 1 5 250
Endrin 10 500
Endrin aldehyde 5 250
Heptachlor 5 250
Heptachlor epoxide 5 250



REPRESENTATIVE SEMIVOLATILE COMPOUNDS

The following compounds ar e representative of analytesfor Method 8270. Although
many of these compounds are consider ed difficult, all can be extracted from waste matrices
using conventional techniques. Suggested low and high concentrationsshould beappropriate
for relatively uncontaminated solid matrices such as soil. Higher concentrations may be
required for highly contaminated samples. Phthalate esters are not spiked but should be

reported as a measure of contamination.

COMPOUND LOW (ualk
Phenol 250
0-Cresol 250
2-Methyl phenal 250
2,4,6-Trichlorophenol 250
Pentachlor ophenol 250
1,2-Dichlor obenzene 250
Naphthalene 250
2-Chloronaphthalene 250
Anthracene 250
Chrysene 250
Benzo(a)anthracene 250
Benzo(a)pyrene 250
Fluoranthene 250
Indeno(1,2,3-cd)pyrene 250
Benzo(g,h,i)perylene 250
o-Toluidine 250
p-Nitrotoluene 250
2,6-Dinitrotoluene 250
2-Nitroaniline 250
Di-n-propylnitrosamine 250
4-Bromophenyl phenyl ether 250
3,3 -Dichlorobenzidine 250

HIGH (na/kq)

12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500
12,500

In addition, surrogates should be added such that 50 xg or 100 g would be present in final

extracts assuming 100% recovery.

Nitrobenzene-d, 50
2-Fluorobiphenyl 50
p-Terphenyl-d,, 50
Phenol-d, 100
2-Fluor ophenal 100
2,4,6-Tribromophenaol 100



REPRESENTATIVE VOLATILE COMPOUNDS

The following compounds ar e representative of analytes for Method 8260; many are
TCLP analytes. All can be purged from waste matrices using Methods 5030 or 5035.
Suggested low and high concentrations should be appropriatefor relatively uncontaminated
solid matrices such as soil. Higher concentrations may berequired for highly contaminated
samples.

COMPOUND LOW (una/k HIGH (ng/kq)
Vinyl chloride 5 250
Dibromochloromethane 5 250
1,1-dichloroethane 5 250
Chloroform 5 250
Carbon tetrachloride 5 250
Trichloroethylene 5 250
1,1,1-Trichloroethane 5 250
Benzene 5 250
Toluene 5 250
Ethylbenzene 5 250
Chorobenzene 5 250
Nitrobenzene 5 250
Methyl ethyl ketone 5 250
Carbon disulfide 5 250

Thefollowingcompoundsar er epr esentativeof non-pur geablevolatileswhich currently
requireazeotropicdistillation. Suggested low and high concentrationsshould be appropriate
for relatively uncontaminated solid matrices such as soil. Higher concentrations may be
required for highly contaminated samples.

COMPOUND LOW (ua/k HIGH (ng/kq)
1,4-Dioxane 10 500
n-Butanol 10 500
iso-butanol 10 500
Ethyl acetate 10 500
Pyridine 10 500
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REPRESENTATIVE METALS

The following metalsinclude the TCL P analytes except mercury. Suggested low and
high concentrations are based on ICP analysis and should be appropriate for relatively
uncontaminated solid matricessuch assoil. Higher concentrationsmay berequired for highly
contaminated samples.

ELEMENT LOW (ua/k HIGH (ng/kq)
Arsenic 2500 75,000
Barium 100 5,000
Cadmium 200 10,000
Chromium 350 17,500
Copper 300 15,000
Lead 2000 100,000
Silver 350 17,500
Zinc 100 5,000

Mercury isgenerally analyzed by cold vapor AA.

Mercury 100 5,000
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April 23,1992
Dear Colleague:

TheMethods Team of the Office of Solid Wasteisresponsiblefor the promulgation of
rugged and reliable analytical techniques in support of the Resource Conservation and
Recovery Act (RCRA) program. Themethodspublished in Test M ethodsfor Evaluating Solid
Waste, SW-846, are used to measur e the concentration of specific pollutants or to establish
whether awaste stream demonstratesa hazar douschar acteristic (e.g. ignitability, corrosivity,
reactivity or toxicity).

SW-846 currently providesreliable and sensitive laboratory methods for the analysis
of Appendix VIII analytes. However, some of these methods may betoo costly or requiretoo
much analysistimefor someapplications. TheM ethodsTeam alsorecognizesthe savingsthat
could be achieved by sending only contaminated samples to analytical laboratories for
guantitative analysis. Therefore, the M ethods Team hasrecognized the need for morerapid,
less expensive field screening procedures.

A number of sources have developed reliable, reproducible and cost-effective field or
screening procedureswith potential application for the RCRA program. Thisletter provides
developerswith adescription of thetype of performancedatathat isrequired for an effective
initial evaluation of screening or field procedures. If adeveloper'sdata supportsadoption of
a new method, the Methods Team will work through the SW-846 Work Group process to
promulgate it. This letter does not supersede or replace the more rigorous requirements
described in Test Method Equivalency Petitions, EPA/530-SW-87-008, OSWER Policy
Directive No. 9433.00-2 (2/87). That document provides the requirements for a method
equivalency petition which may be used to promulgate a method outside of the Work Group
pr ocess.

While screening procedures need not be fully quantitative, they should measure the
presence or absence of target analytesat or below regulatory action levels. Therefore, initial
demonstration of method perfor mance involves measuring the per centage of false negatives
and false positives gener ated using the procedurefor a single sample matrix. Data should be
submitted for split samplesanalyzed usingthedeveloper'stechniqueand an approved SW-846
guantitative method. A candidate procedure should ideally produce no false negatives.
Definition of a false negative is a negative response for a sample that contains the tar get
analyte(s) at or above the stated action level of the method. A candidate procedure should
produce no morethan 10% false positives. Definition of afalse positiveisa positiveresponse
for a sample that contains the target analyte(s) below the stated action level of the method.
Between 20 and 50 samples spiked at one half the detection level should betested to establish
theper centage of false positives. Between 20 and 50 samplesspiked at twicethedetection level
should be tested to establish the percentage of false negatives. It is recommended that a
sufficient volume of each spiked sample be prepared to complete each test with one lot of
material. Sufficient randomly selected aliquots of each spiked matrix should be analyzed by
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appropriate SW-846 methods to demonstrate sample homogeneity and to characterize the
samplein termsof target analytes and potential interferences.

A separate study should also be conducted to establish the effect of non-target
interferences. A screening procedure should produce no morethan 10% false positivesfor a
set of 20 samplesthat containsa 100 fold excessof interferences. Positiveinterferencesshould
beselected that arechemically related tothetar get analytesand areenvironmentally relevant.
Negative interferences (i.e. masking agents) should also be investigated whenever they are
suspected.

Developers should also analyze three different types of samples to provide matrix-
specific performancedata. These samplesshould either be characterized reference materials
or spiked matricescontaining known amountsof target analytes. In either case, bulk samples
should be car efully homogenized to reduce sub-sampling errors. The sample matricesshould
be selected to represent what isregulated under RCRA (e.g. soil, oily waste or waste water s),
not to providethebest performancedata. Blanksshould be analyzed with each set of samples.

M atrix-specific performance data, including detection limits and dynamic range, are
gathered by analyzing ten replicate aliquots of three different sample matrices spiked at two
concentrations. |f spiked samples are used, suggested spiking levels are the matrix-specific
detection limit and 50 timesthedetection limit. Positiveor negativeresultsshould bereported
for thelow concentration samples. Resultsfor high concentration samplesshould bereported
aseither semi-quantitativeresultsor aspositive/negative with thedilution factor used for the
samples. As an alternative to establishing matrix-specific detection limits, specific spiking
concentrationsareprovided for selected tar get analytesin the attachmentstothisletter. The
low values are normal reporting limitsfor routine analyses and the high valueis 50 timesthe
low concentrations. The M ethods Team recognizesthat it may not be appropriateto spikeall
of the target analytes listed within a chemical class.

If the developer hasfield data, the Methods Team would welcome the opportunity to
compare the results obtained using the screening procedure with sample concentrations
determined in a laboratory using SW-846 methods.

To summarize, the Methods Team does not require an unreasonable body of data for
theinitial evaluation of new techniques. Data will need to be submitted on the per centage of
false negatives, per centage of false positives, sensitivity to method interfer ences, and matrix-
specific performancedatain order to completethetable below. In addition to thesedata, the
developer should also provide a description of the procedure and a copy of any instructions
provided with the test kits.
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Type of sample

Number of
samples

number of samples number of samples
greater than the lessthan the
detection limit detection limit

semi-quantit-ative
results/
dilution factor

False positive 20-50
False negative 20-50
Interference 20
Matrix 1, low 10
Matrix 1, high 10
Matrix 2, low 10
Matrix 2, high 10
Matrix 3, low 10
Matrix 3, high 10

It is our belief that completion of this table represents only a small fraction of a
developer's effort in developing a new method. If your technique will improve the quality of
EPA monitoring programs, submitting these data should expedite the SW-846 approval

process.

| look forward to working with you on thisimportant activity.

attachments

Sincerdly,

Barry Lesnik

Organic Methods Program M anager

USEPA Office of Solid Waste

Methods Team (5307W)
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REPRESENTATIVE ORGANOCHLORINE PESTICIDES

Thefollowingchlorinated pesticidesfrom theBest Demonstrated Available T echnology
(BDAT) list arerepresentativeof analytesfor Method 8081. All should besufficiently resolved
to ensure good quantitation using two columns such as the DB-608 or DB-1701 (or
equivalents). Suggested low and high concentrations should be appropriate for relatively
uncontaminated solid matricessuch assoil. Higher concentrationsmay berequired for highly
contaminated samples.

COMPOUND LOW (ualk HIGH (uxa/kq)
Aldrin 5 250
B-BHC 5 250
0-BHC 5 250
v-BHC (Lindane) 5 250
a-Chlordane 5 250
y-Chlordane 5 250
4,4'-DDD 10 500
4,4 -DDE 5 250
4,4 -DDT 5 250
Diddrin 5 250
Endosulfan | 5 250
Endosulfan 1 5 250
Endrin 10 500
Endrin aldehyde 5 250
Heptachlor 5 250
Heptachlor epoxide 5 250
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REPRESENTATIVE SEMIVOLATILE COMPOUNDS
The following compounds ar e representative of analytes for Method 8270. Although
many of these compounds are consider ed difficult, all can be extracted from waste matrices
using conventional techniques. Suggested low and high concentrationsshould beappropriate
for relatively uncontaminated solid matrices such as soil. Higher concentrations may be
required for highly contaminated samples. Phthalate esters are not spiked but should be
reported as a measure of contamination.

COMPOUND LOW (ualk HIGH (uxa/kq)
Phenol 250 12,500
0-Cresol 250 12,500
2-Methyl phenol 250 12,500
2,4,6-Trichlorophenol 250 12,500
Pentachlor ophenol 250 12,500
1,2-Dichlor obenzene 250 12,500
Naphthalene 250 12,500
2-Chloronaphthalene 250 12,500
Anthracene 250 12,500
Chrysene 250 12,500
Benzo(a)anthracene 250 12,500
Benzo(a)pyrene 250 12,500
Fluoranthene 250 12,500
Indeno(1,2,3-cd)pyrene 250 12,500
Benzo(g,h,i)perylene 250 12,500
o-Toluidine 250 12,500
p-Nitrotoluene 250 12,500
2,6-Dinitrotoluene 250 12,500
2-Nitroaniline 250 12,500
Di-n-propylnitrosamine 250 12,500
4-Bromophenyl phenyl ether 250 12,500
3,3 -Dichlorobenzidine 250 12,500

In addition, surrogates should be added such that 50 ng or 100 g would be present in final
extracts assuming 100% recovery.

Nitrobenzene-d 50
2-Fluor obiphenyl 50
p-Terphenyl-d,, 50
Phenol-d, 100
2-Fluorophenol 100
2,4,6-Tribromophenaol 100
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REPRESENTATIVE VOLATILE COMPOUNDS

The following compounds ar e representative of analytes for Method 8260; many are
TCLP analytes. All can be purged from waste matrices using Methods 5030 or 5035.
Suggested low and high concentrations should be appropriate for relatively uncontaminated
solid matrices such as soil. Higher concentrations may be required for highly contaminated
samples.

COMPOUND LOW (una/k HIGH (ng/kq)
Vinyl chloride 5 250
Dibromochloromethane 5 250
1,1-dichloroethane 5 250
Chloroform 5 250
Carbon tetrachloride 5 250
Trichloroethylene 5 250
1,1,1-Trichloroethane 5 250
Benzene 5 250
Toluene 5 250
Ethylbenzene 5 250
Chlorobenzene 5 250
Nitrobenzene 5 250
Methyl ethyl ketone 5 250
Carbon disulfide 5 250

Thefollowingcompoundsar er epr esentativeof non-pur geablevolatileswhich currently
requireazeotropicdistillation. Suggested low and high concentrations should be appropriate
for relatively uncontaminated solid matrices such as soil. Higher concentrations may be
required for highly contaminated samples.

COMPOUND LOW (ua/k HIGH (ng/kq)
1,4-Dioxane 10 500
n-Butanol 10 500
iso-butanol 10 500
Ethyl acetate 10 500
Pyridine 10 500
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REPRESENTATIVE METALS

The following metalsinclude the TCL P analytes except mercury. Suggested low and
high concentrations are based on ICP analysis and should be appropriate for relatively
uncontaminated solid matricessuch assoil. Higher concentrationsmay berequired for highly
contaminated samples.

ELEMENT LOW (ua/k HIGH (ng/kq)
Arsenic 2500 75,000
Barium 100 5,000
Cadmium 200 10,000
Chromium 350 17,500
Copper 300 15,000
Lead 2000 100,000
Silver 350 17,500
Zinc 100 5,000

Mercury isgenerally analyzed by cold vapor AA.

Mercury 100 5,000
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DEVELOPMENT AND VALIDATION OF SW-846 METHODS
PHASE 2: FORMAL VALIDATION

If a methods developer successfully demonstrates that the method appears to be
applicable for itsintended application(s) through the " proof of concept” stage, as described
in the previous section of thisdocument, OSW will then consider incor porating the proposed
method into SW-846 after it has completed the formal validation process. The document
included in this section describes OSW's formal validation process and documentation
requirementsfor new methods submissions. Multilaboratory validation dataisnecessary for
a method to be considered for inclusion in SW-846.

Thedocument included in this section delineates OSW' s basic appr oach to developing
and validating analytical methods for the RCRA Program. It isbased on the performance-
based approach to RCRA regulatory policy, i.e., the generator must demonstrate the ability
to measure the analytes of concern in the matrices of concern at the regulatory limits. It
involvesthe same elementsfor method development that RCRA requiresfor ademonstration
of analyst and method proficiency in the standard Quality Assurance Project Plans (QAPj P)
described in Chapter One and thetechnique-specific methods, e.g., Method 8000 in SW-846.

The RCRA method development approach utilizesthree basic principles:

1) Identify the scope and application of the proposed method, (What is this
method supposed to accomplish?)

2) Develop a procedure that will generate data that are consistent with the
intended scope and application of the method, and

3) Establish appropriate quality control procedures which will ensure that when
the proposed procedure is followed, the method will generate the appropriate
data from Step 2 that will meet the criteria established in Step 1.

A developer must also meet two other specific criteria before a method will be
considered for inclusion in SW-846 are: 1) Isthere either an existing or anticipated RCRA
regulatory need for this method, and 2) Isit significantly different in principle or approach
from existing SW-846 methods?

OSW hasidentified eleven key elements essential to a sound method development and
validation effort. Thesearelisted in Table 1 on the next page.

These principles should also befollowed when an analyst usesthe built-in flexibility of
SW-846 to modify methods for particular applications. Qualified analysts should be
considered as" in-house” methodsdeveloper s (Elements1to 9) when measurementsareto be
madefrom unusual matricesor below thequantitation limitsprovided with conventional SW-
846 or other appropriate methods.



Table 1. Key Elementsfor Regulatory Methods Development
Element 1. Identification of Scope and Application and Regulatory Need
Element 22 QA/QC Requirements
Element 3: Analytical Approach
Element 4: Method/Instrument Sensitivity
Element 5: Method Optimization and Ruggedness Testing
Element 6: Accuracy, Precison and Repeatability (Clean Matrix)
Element 7: Effect of Interferences
Element 8: Matrix Suitability
Element 9: Quantitation and Detection Limits

Element 10: Laboratory Reproducibility (Multiple Operators and Multiple
Laboratories)

Element 11:. Document Submission and Workgroup Evaluation
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METHODSDEVELOPMENT AND VALIDATION FOR THE RCRA PROGRAM
| ntr oduction

There seems to be an impression among methods developers and the regulated
community that thereissomeesoteric or mystical processthat must befollowed in order to get
an analytical method " approved” by regulatory agencieslikethe USEPA. In thisdocument,
OSW would liketo dispel these misconceptions, identify some basic principles, and present a
logical approach to methods development that is currently followed by the Office of Solid
Waste (OSW) in developing methodsfor SW-846. Thisapproach isbased on sound scientific
principles, and methods developed according to this process should be acceptable for usein
other Agency programsaswell as OSW.

Basic Principles

The basic principles involved in analytical methods development are very smple
adaptations of the scientific method and can be summarized in the following three steps:

1) Identify the scope and application of the proposed method, (What is this
method supposed to accomplish?)

2) Develop a procedure that will generate data that are consistent with the
intended scope and application of the method, and

3) Establish appropriate quality control procedures which will ensure that when
the proposed procedure is followed, the method will generate the appropriate
data from Step 2 that will meet the criteria established in Step 1.

Two other specific criteria that a developer must also meet before a method will be
considered for inclusion in SW-846 as a separate method are: 1) Isthereeither an existing or
anticipated RCRA regulatory need for this method, and 2) Is it significantly different in
principleor approach from existing SW-846 methods? Therest of thisdocument will provide
mor edetail, including eleven key elementsfor methodsdevelopment, and two examplesof how
this approach has been used successfully in the development of methods for SW-846.

The Natur e of Requlatory Analysis

Regulatory analyses cover a wide variety of applications from regulatory compliance
to informational data gathering. Some analyses are used to satisfy legal requirements, while
othersare used for monitoring of internal waste streams within a generator'sfacility.

Analyses used to deter minethe extent of contamination of a grossly contaminated site
in thehigh ppm tolow % rangedo not need to be perfor med with the samedegr ee of precision
and accur acy asanalysesper for med todemonstratecompliancewith corr ectiveaction cleanup
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levelsin the low ppm to ppb range. Other factorsto be considered in performing regulatory
analyses include intended use of the data generated (i.e., project data quality objectives),
method ruggedness and sensitivity, analyte/matrix interactions, laboratory performance,
availability of equipment, and cost. All of thesefactorsand morearetaken into consideration
when developing methods for regulatory pur poses.

Key Elementsfor Regulatory Methods Development

M ethods developer s should address the following eleven elements, which arelisted in
Table 1, when developing methods for OSW and other regulatory programs:

1 | dentification of Scope and Application and Regulatory Need

The key factor that a developer must establish before proceeding with a method
development project is a clearly defined scope and application for the proposed method.
Factorsto be considered should include type of method, (i.e., screening or assay), applicable
tar get analytes, appropriatematrices, sensitivity, biasand precision, availability of equipment,
and cost. It isadvisableto limit the scope of most potential new methods, because a method
that workswell for a few specific applicationsis usually much more useful (and marketable)
than one which is marginal for a large number of applications. Also, remember that it is
usually much easier to develop and market a method that is designed around commercially
available equipment. Cost is also a significant factor in determining whether a method has
potential utility and marketability. Very few laboratories are prepared to buy expensive
equipment today when comparable methods will do an adequate job at a much more
affordable cost.

When establishing the scope and application for a potential new method, it isessential
that the method developer identify that thereisaregulatory need for the method. Thiscan
beacurrent or anticipated program officeregulatory requirement deter mined by themethods
staff, a Regional need, or a need for a method improvement identified by calls to Agency
information servicessuch asthe MICE line. A method may be scientifically elegant, but it has
very littlevalueif thereisno application for itsusein theregulatory program for which it is
intended. For example, tissue samples and nutrients, e.g., ammonia and nitrate, are not
usually of concern tothe RCRA program. Therefore, methodsaddressing these matricesand
analytes would be of low priority to OSW, although they may be of great interest to other
Agency programs.

2. Quality Control Requirements

When developing a method, the developer needs to identify the appropriate quality
control procedures that must be performed to unequivocally demonstrate that the data
generated by the method will meet the objectives defined in the scope and intended
application(s). General QC proceduresfor RCRA analyses can be found in Chapter One of
SW-846. Technique-specific QC proceduresareincluded in theover view methodsin SW-846,
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e.g., Method 8000 (Chromatography), Method 3500 (Extraction), Method 3600 (Sample
Preparation for Volatile Organics), Method 4000 (Immunoassay) and M ethod 7000 (Atomic
Absorption). Method-specific QC proceduresareincluded in the Quality Control section of
theindividual methods. When an appar ent contradiction between QC criteria occursin SW-
846, the order of precedenceisasfollows. method-specific QC criteria have precedence over
technique-specific QC criteria which have precedence over Chapter One QC criteria.

Examplesof QC factor sincludeappropriatecalibration or tuning criteria, theneed for
replicate analyses, appropriate surrogates, blanks and spikes. QC criteria specific to the
particular method should be well-documented and included in the QC section of the method
as well as the method development project report. General and technique-specific QC
requirements should beincluded in the Quality Assurance Project Plan (QAPjP) during the
planning stage and in the project report (Section 11).

3. Analytical Approach

In developing an analytical approach, the developer should keep in mind that the
ultimategoal of the project isto develop amethod that will be published for general useby the
analytical community. Therefore, it is essential that any analytical instrumentation or
equipment used in the development of the method needs to be commercially available to
potential usersat thetime of the publication of themethod. OSW encour agestheuseof either
conventional or innovativetechnology, provided that it isdemonstrated to be appropriatefor
theintended method application and provides data of sufficient quality to satisfy thecriteria
delineated in the scope of the method. OSW has been leading the effort to introduce new
innovative analytical technologies to EPA's regulatory programs. Examples of new
technologies first introduced in SW-846 include microwave digestion, potentiometric
voltammetry, HPL C/M S, Immunoassay, Super critical Fluid Extraction (SFE), and Acceler ated
Solvent Extraction (ASE). Thosewhocriticizeregulatory methodsbecausethey donot include
innovativetechnologiesarenot awar e of thelevel of review required for method promulgation.

In order to beconsidered for inclusion is SW-846, amethod must be practical, i.e., has
the potential for general use in the environmental analytical community, address a RCRA
regulatory need, and be significantly different from existing SW-846 methods. Neutron
Activation is a technique which has been used for analysis of metalsfor RCRA compliance.
However, it isnot an appropriate candidatefor inclusion in SW-846 as a gener al-use method,
sincerelatively few analytical laboratories have ready accessto a nuclear reactor.

4. M ethod/Instrument Sensitivity

The method sensitivity requirements for a proposed new method are influenced by
several factors. Theseincludetheinstrument detection limits, method quantitation limits, and
the regulatory requirements for the proposed applications. RCRA regulations basically
requirethat an analyst demonstrate the ability to measur ethe analytes of regulatory concern
inthematricesof concern at theregulatory levels. Therefore, amethod must exhibit analytical
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sensitivity appropriatefor itsintended application, as delineated in the scope of the method,
before it will be considered for inclusion in SW-846. Many applicationsin the RCRA and
other EPA programsdo not requirethe use of methods at their extreme limits of instrument
or method sensitivity. Pertinent performanceinformation submitted in the methods package
should includetheinstrument or method detection and quantitation limits, i.e., theminimum
mass of analyte which can be quantitated (or detected, in the case of screening methods), the
instrument or method calibration rangefor all tar get analytes, and infor mation asto whether
thecalibrationsarelinear or non-linear (per thecriteriain Method 8000). At thisstagein the
methods development process, the analyst should demonstrate the appropriate analytical
parameter s and procedure on clean standards of known concentr ation.

5. M ethod Optimization and Ruggedness Testing

After determining that the chosen analytical approach should work for itsintended
application with appropriate sensitivity, the method developer should begin to optimize the
method and deter minewhether it possessessufficient ruggednesstobeconsidered for inclusion
in SW-846. Thisisalso accomplished using known standards.

The initial parameters should be chosen according to the analyst's best judgment.
These are varied systematically (usually using Youden pairs as described in J. K. Taylor,
Quality Assurance in Analytical Measurements) to obtain the greatest response, least
interference, greatest repeatability, etc. Developers must deter mine those variables which
should not be changed without adver sely affecting method performance. Potential operator -
sensitive steps, e.g., color development timein colorimetric methodsor other timed reactions,
also need to be identified at this stage.

6. Accuracy (Bias), Precision, Repeatability (or Long-term Precision) in a Clean M atrix

Accuracy, or in most cases method bias, is defined as nearness to the true value.
Precision isdefined asthedispersion of resultsaround themean value. Repeatability (or long-
term precision) isdefined astheability toreproduceameasur ement from oneweek tothenext.

Bias is measured by determination of % recovery of target analytes spiked into the
matrix of concern. An acceptable spike recovery range for most method development
applicationsisfrom 80% to 120%. Precision ismeasured asrelative % difference of target
analyte concentration(s) between duplicatesor duplicate spikes, and should usually be <20%.
Repeatability is measured as long-term, e.g., weekly, precision, when the instrument is
calibrated using compar able standar ds, and on a different day should not vary by mor ethan
15%.

Thesearekey method performancefactor swhich determinehow amethod can beused
in real world situations. Theinitial determination of bias, precision and repeatability should
bemadein aspiked clean matrix which issimilar toareal environmental matrix, but freefrom
interferences, e.g., reagent water, sand, soil (for inorganic methods), ver miculiteor ash. These
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valuesshould be obtained using multiplereplicatesat both high and low spike concentrations.
Guidance on bias and precision deter minations and preliminary method evaluation for new
sample preparation and screening methods is available from the Office of Solid Waste.

7. Effect of Interferences

The determination of method interferences, both positive and negativeis a key factor
in method development. It isacritical e ement in methods development for the developer to
determine the effects of potential analytical interferences and to develop techniques to
minimizeor eliminatetheseinterferences. In chromatographic methods, interferencesinclude
coeluting peaks and/or analyte degradation due to interaction with either theinjector port,
transfer lineor column. In spectroscopic methods, interferences can result from overlapping
gpectral lines causing either positive or negative signal enhancement. In immunoassay
methods, interfer encesinclude cross-reacting compounds.

Method interferencesshould bedeter mined in aspiked clean matrix. Developer sshould
determinethe effects of interferencesin a potential new method between tar get analytes and
other compounds reasonably expected to be present in waste matrices.

Falsenegativerates, i.e., theper centagethat amethod gener atesanegativer esult when
thesamplecontainsthetar get analytesat or abovetheaction level and falsepositiverates, i.e.,
the percentage that a method generates a positiveresult when the sample containsthe tar get
analytes below the action level, are critical factors which will determine the utility of a
potential method for itsintended application.

Documentation of interferencesshould includeany coelution of or with tar get analytes,
any enhancement or suppression of target analyte signals caused by interferences, any
necessary or optional cleanup procedures to minimize the effect of interferences, and any
matrix-specific difficulties.

8. Matrix Suitability

The previous elements of the methods development process involved the use of either
known standardsor target analytes spiked into clean matrices, designed to indicate potential
method performancein real RCRA matrices. Oncethe potential new method has passed all
of the preliminary tests, it is now ready for the most important demonstration in the entire
methods development process, i.e., how it will perform in thereal world matricesfor which it
isintended to be used.

The method should be suitablefor avariety of matrix types. Therefore, the developer
should choose appropriate RCRA matricesfor thedemonstration of method perfor mance. By
matrix types, OSW refer stodifferent matriceswithin aparticular medium, e.g. water, soil and
ash. AppropriateRCRA water matricesincludegroundwater, TCL Pleachateand wastewater,
whileappropriate RCRA soil matricesincludesand, loam and clay. Appropriateash matrices
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include bottom ash, fly ash and/or combined ash. The method should perform adequately in
a variety of spiked matrices and then in a variety of well-characterized natural samples or
standard reference materials (SRMs) when SRM sareavailable. Performancedataincluding
matrix, precision, bias, quantitation limits (see next section), and any other pertinent data
should bedocumented in appropriatetables. A summary of thesingle-laboratory per for mance
data should beincluded in tabular format in the method whilethedetailed performancedata,
including QC, should beincluded in the supporting document (Section 11).

9. M ethod Detection and Quantitation Limits

In a new method submission, OSW is most concer ned about the performance of the
method in the RCRA matrices of concern. Thedeveloper should generate estimated method
guantitation (EQL) and method detection limits (MDL) for the analytes of concern in the
matrices of concern following the guidelines established in Chapter One of SW-846. The
practiceof generating M DL sbased on reagent water isnot usually avery useful parameter for
most RCRA methods.

M ethod detection and quantitation limitsfor adeter minativemethod ar eusually based
on a specific sample size and a specific sample preparation scheme. Thelimitsdetermined in
clean matricesindicatethelimitsof theacceptable performancefor themethod. Matrix effects
may affect the achievable quantitation limits on real world samples. However, the method
guantitation limits for the target analytes in the target matrices must meet the analytical
requirementsof theintended application, asdefined in the scope of the method, beforeit can
be considered for inclusion in SW-846. Quantitation limits for the target analytes in
representative matrices should be included in summary tables in the methods, while the
rationale for and details of the MDL and EQL concentrations should be included in the
supporting document (Section 11).

10. L aboratory Reproducibility (Multiple Operators and Multiple L aboratories)

The final stage in the method development process, prior to the submission of the
method for Agency review, is the determination of laboratory reproducibility. By
reproducibility, OSW meansthat multiple operator sand multiplelaboratoriesshould beable
to obtain compar able performance data on split samples using the method. Since all of the
previous elements involved single operators or single laboratories, it is necessary to
demonstratethat satisfactory method per formanceisnot limited totheindividual operator or
laboratory that developed the method.

The minimum number of laboratories that are needed to participate in a
multilaboratory method validation isthree, with preferably more. In previousyears, whenthe
Agency budget permitted, multilaboratory validations of new methods wer e funded by the
Agency. Large numbers of laboratories were paid to participate in these studies with EPA
doing the" data-crunching". Agency funding can nolonger support thesetypesof studies, so
developersof new methodstoday need todo alimited multilabor atory evaluation and provide
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the individual laboratory and summary performance data in the method submission.
Developersareencour aged to consult with the appropriate regulatory agency when planning
a multilaboratory study.

In order to minimize the number of variables involved in method validation, the
developer needsto follow afew simple guidelinesto demonstrate appropriate multilabor atory
method performance. When validating a sample preparation method, the participating
laboratories should only perform the sample preparation procedure. The collected samples
should then be sent to one laboratory for analysis. The analysis should be done by a single
operator on a singleinstrument in a single batch to minimize analytical variability inherent
to the determinative method. Conversely, if a deter minative method isto be validated, the
developer should have a single operator perform all of the sample preparation operationsin
order to minimize operator and laboratory variability inherent to the sample preparative
procedures. Thesampleextractsshould then besplit and sent tothelaboratoriesparticipating
in the validation study for the analytical deter mination.

11. Document Submission and Workgroup Evaluation

When the method project is completed, the developer must assemble a package of
documentsdescribingtheproject, and submit it tothe Agency for review and evaluation. This
documentation packageshould includel) draft copies, both har d and electr onic, of themethod
in an appropriate Agency format; 2) a supporting document describing the rationale behind
themethodsdevelopment effort and how thekey elementsof themethodsdevelopment pr oj ect
asdescribed in thisdocument wer e addr essed; 3) a data package containing both theraw and
summarized singlelaboratory and multilabor atory data; 4) any specific equipment diagrams
and chromatograms, spectr a, etc. pertinent to the demonstr ation of appropriate per formance
for theintended application of the method; 5) copies of any referenceslisted in the method;
and 6) any method-specific quality control criteria.

The OSW Methods Team reviews the methods submission package for completeness
and quality, and then decides whether the method is ready to be sent to the SW-846
Workgroup for review or back to the developer for additional work. OSW has several
standing SW-846 M ethods W or kgr oupswhich meet for mally each July toreview themethods
packages submitted by developersfor potential inclusion in SW-846. Workgroup members
are Agency scientists from the EPA Program Offices, Regional Laboratories, Office of
Research and Development (ORD), and the National Enforcement Investigations Center
(NEIC) who evaluate the procedures and performance data submitted by the methods
developers. Workgroup members provide the benefit of their own experiencein performing
and evaluating analyses. Workgroup comments address both the written method and the
completenessof the perfor mancedata, other method documentation, and inter pretation of the
data. Methods which the Workgroups accept for inclusion in SW-846 are edited based on
Workgroup comments. After editing, the OSW-Methods Team distributes them as draft
methods until the SW-846 Update package of which they area part isready to be submitted
for Agency approval through the official regulatory " notice and comment" process. The
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supporting documentation for each method is then put into the RCRA Docket for public
review immediately before theinitial proposal of the new SW-846 Update package.

Conclusion

OSW believes that the information provided here clarifies the RCRA method
development process. Qualified analysts should be considered as "in-house® methods
developers (Elements 1 to 9) when measurements are to be made from unusual matrices or
below the quantitation limits provided with conventional SW-846 or other appropriate
methods. The need for such a demonstration of analyst/laboratory proficiency has been
implicit in SW-846 Chapter One and Method 8000. These implicit requirements have been
clarified and made explicit in M ethod 8000B, which isincluded in Update 3.

Practical Examples of M ethods Developed Using the RCRA Validation Process

This section of the document provides two examples of methods developed for and
included in Update 3 of SW-846. Example Number One is of a sample preparation method
developed for use with existing SW-846 deter minative methods. Example Number Two is of
a screening method for determining the range of concentrations of PAHs in soils.

Examplel: Method 3545 - Accelerated Solvent Extraction (ASE)

The Accelerated Solvent Extraction Method (M ethod 3545) was developed by Dionex
as a rigorous, rapid sample preparation method for extractable organic analytes in solid
matricesusing small quantitiesof solvent. Thefollowing paragraphsprovideabrief overview
of how M ethod 3545 wasdeveloped using theanalytical approach discussed in thisdocument:

1) ASE was developed as a general-purpose, rigorous extraction procedur e for
RCRA extractable analytes amenable to the Soxhlet technique, either manual
or automated, and with comparable performance. It also uses much less
extraction solvent than the existing gener al-pur posetechniques, thushelpingto
promote the Agency's policy of pollution prevention in analytical methods.

2) No method-specific QC procedures are necessary.

3) Theanalytical approach usesconventional solventsastheextractionfluid rather
than supercritical CO,, whileutilizingthebasic operationsof supercritical fluid
extraction (SFE), e.g., elevated temperature, elevated pressure, and minimum
void volume. Dionex hasdemonstrated that these conditionsprovidearigorous
extraction of thetar get analytesfrom asolid matrix in minutesinstead of hours.

4) The method sensitivity using standard determinative methods, i.e, Methods
8270, 8081, 8082, 8141, and 8151, is comparable to Soxhlet using the same
sample size.
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5)

6)

7)

8)

9)

10)

11)

Example 2:

The method was optimized using about a 10-minute extraction with the
appropriateextraction solventsfor thetar get analytes, e.g., methylenechloride,
hexane:acetone, etc., at a temperature of about 100°C and a pressur e of about
2000 psi (arelatively low pressurefor SFE). Sample size can be varied without
changing the extraction conditions by varying the size of the extraction vessels
used.

Recoveries(bias) in asandy soil, aloam, and a clay wer e compar ableto Soxhlet
extraction, while precision (% RSD) was a little better than standard Soxhlet
and about the same as Automated Soxhlet. Repeatability was not a problem.

ASE did not appear to generate any additional interferences other than those
commonly encountered in Soxhlet procedures.

Method 3545 was validated in a variety of soil matrices ranging from sand to
clay and demonstrated performance compar able to that of automated Soxhlet
extraction. Duetotimeand cost factors, the method wasnot evaluated in other
RCRA matrices. However, OSW believesthat it should be appropriate for all
RCRA matrices for which Soxhlet extraction is currently used, based on the
per formance data submitted with the method.

Quantitation and detection limits based on Method 3545 recovery data from
soilsfor thestandar d deter minativemethodswer ecompar abletothoseobtained
using automated Soxhlet extraction.

The method was performed in three laboratories, all of which obtained
acceptable results.

Method 3545 was reviewed by the SW-846 Organic Methods Workgroup in
July, 1994, and was accepted for inclusion in Update 3 of SW-846. Dionex
submitted a second documentation package containing performance data for
additional analytesin November, 1994. Both reportsareincluded inthe RCRA
Docket supporting Update 3.

M ethod 4035 - Screening Method for PAHs in Sail by | mmunoassay

The PAH immunoassay method was developed by EnSys as a screening method for
PAHsin soilsat cleanup levels. It wasthefirst method included in RCRA's second group of
immunoassay methods accepted for incluson in Update 3 of SW-846. The following
paragraphsprovideabrief over view of how M ethod 4035 was developed using the analytical
approach discussed in this document:
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1)

2)

3)

4)

5)

6)

7)

M ethod 4035 was devel oped as a screening method for PAHs containing 3- and
4-ringed PAHsat thenominal RCRA/CERCLA cleanup action level of 1 ppm.
It was also one of a series of methods which addressed the Agency's need for
low-cost, rapid, effective screening methods which could be used either on-site
or in afixed laboratory. Thetarget false negativeratefor screening methodsis
0%, while the tar get false positiverateis 10%.

Standard QC requirementsapply toimmunoassay testing. However, thereare
some specific QC criteria for immunoassay methods which must be followed.
These include 1) do not use test kits past their expiration date; 2) do not use
tubes or reagents designated for use with other kits; and 3) use the test kits
within the specified storage temper atur e and oper ating temper atur e limits.

The analytical approach used was an inverse colorimetric method utilizing a
competitive antibody technique sensitive to the target PAHS, i.e., color was
discharged when the target PAHs were present at or above the action level.

Thesensitivity of thetest isinfluenced by thebinding of thetar get analyteto the
antibodiesused in thekit. Thecommercial PAH kit used for evaluation of this
method ismost sensitivetothethree- (i.e., phenanthrene, anthracene, fluor ene)
and four- (i.e. benzo(a)anthracene, chrysene, fluoranthene, pyrene) ring PAH
compoundslisted in Method 8310, and also recognizesmost of thefive- and six-
ring compoundslisted. Themethod can be used for screening thetarget PAHs
at various predetermined action levelsdown to 1 ppm.

M ethod 4035 (EnSys) wasoptimized for PAHscontaining 3- and 4-ringed PAHs
in avariety of soil matrices.

Screening data correlated >95% with the reference method used (Method
3540/8270) for thetarget analytes.

Interferencesfor immunoassay methodsarereferred toascrossreactivity. The
target compound for the EnSys PAH kit with a crossreactivity of 1 was
phenanthrene. The other 3- and 4-ringed compounds had similar responses.
All of the 16 RCRA target compounds had a cross-reactivity within one order
of magnitude of phenanthrene, except for naphthalene (200),
dibenzo(a,h)anthracene and benzo(g,h,i)perylene (both >200). The kit was
optimized torespond to threeand four ring PAHs. Thesensitivity of thetest to
individual PAHsishighly variable. Naphthalene, dibenzo(a,h)anthracene, and
benzo(g,h,i)perylenehave0.5 per cent or lessthan ther eactivity of phenanthrene
with the enzyme conjugate. Thealkyl-substituted PAHSs, chlorinated aromatic
compounds, and other aromatichydr ocar bons, such asdibenzofuran, havebeen
demonstrated to be cross-reactive with the immobilized anti-PAH antibody.
The presence of these compounds in the sample may contribute to false
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8)

9)

10)

11)

positives.

The EnSys PAH kit wasdesigned for usein soil matrices. It wasdemonstrated
to be applicable to a cross-section of soil types from sand to loam to clay.

Method 4035 isdesigned to act asa screening method at apredeter mined action
level (usually 1 ppm). Usingthetest kit from which thismethod was developed,
>95% of samples confirmed to have concentrations of PAHs below detection
l[imitswill produce a negativeresult in the 1 ppm test configuration.

Multiplefield trialsinvolving split sampleswer econducted at apower plant site
and on a variety of well-characterized samples from Region 10 ranging in
concentration from <0.1 ppm to >200 ppm. Several operatorsand laboratories
participated in the studies. Actual false negative rates were <5%, while false
positive rates ranged between 10 and 15%.

Method 4035 was reviewed by the SW-846 Organic Methods Workgroup in
July, 1993, and was accepted for inclusion in Update 3 of SW-846. Themethod
has been available in draft form from OSW since early in 1994. The original
data submission package and the Region 10 study results are included in the
RCRA Docket supporting Update 3.
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