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Foreword	

This standard provides the minimum requirements for selecting, developing, validating, and 
verifying test methods in forensic toxicology laboratories.  

Different options are often considered when a forensic toxicology laboratory needs a new test 
method to enhance or broaden its testing capabilities. It can use a standard test method as 
published or with modification, or it can use a non-standard test method, including one developed 
in-house. These options enable laboratories to maintain flexibility and adaptability in their testing 
approaches, allowing them to meet their diverse analytical needs. 

Method development is the process of designing and optimizing procedures for conducting 
qualitative or quantitative analyses in forensic toxicology. It involves identifying the most effective 
technique, instrument, parameters, and conditions to achieve the needed sensitivity, bias, precision, 
or efficiency of the method. 

Method validation is the process of performing experiments to obtain objective evidence 
establishing that the developed method is fit for purpose and to identify the method's limitations 
under normal operating conditions.  

Method verification is a type of assessment limited to a laboratory’s use of an unmodified standard 
test method. Method verification experiments enable a laboratory to demonstrate its ability to use 
the standard test method and ensure it performs as intended by meeting or exceeding the 
published parameters. 

Revalidation is necessary when modifications are made to a previously validated method. Possible 
modifications include adding compounds to a method’s scope, adjusting the calibration range or 
model, or upgrading instrumentation. Full revalidation is necessary unless an abbreviated 
revalidation is justified.  

This 2nd Edition includes substantive changes from the 1st Edition. A section was added to address 
method selection. The method development section was enhanced to provide detailed 
recommendations. The method validation section added a requirement for determining rates of 
false positives and negatives for qualitative methods. A section was added to address the 
verification of standard test methods. Detailed development, validation, and verification 
instructions were moved into separate annexes. The examples contained within the annexes of the 
1st Edition are now included in a separate guidance document, ASB Guideline 236, Guideline	for	
Conducting	Test	Method	Development,	Validation,	and	Verification	in	Forensic	Toxicology. 

The American Academy of Forensic Sciences established the Academy Standards Board (ASB) in 
2015 with a vision of safeguarding Justice, Integrity and Fairness through Consensus Based 
American National Standards. To that end, the ASB develops consensus based forensic standards 
within a framework accredited by the American National Standards Institute (ANSI), and 
provides training to support those standards. ASB values integrity, scientific rigor, openness, 
due process, collaboration, excellence, diversity and inclusion. ASB is dedicated to developing 
and making freely accessible the highest quality documentary forensic science consensus 
Standards, Guidelines, Best Practices, and Technical Reports in various forensic science 
disciplines as a service to forensic practitioners and the legal system. 
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The Toxicology Consensus Body of the AAFS Standards Board revised, prepared, and finalized this 
document as a standard.  

Questions, comments, and suggestions for improving this document can be sent to the AAFS-ASB 
Secretariat at asb@aafs.org or 401 N 21st Street, Colorado Springs, CO 80904.  

All hyperlinks and web addresses shown in this document are current as of the publication date 
of this standard. 

ASB procedures are publicly available, free of cost, at www.aafs.org/academy-standards-board. 
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Standard	for	Test	Method	Selection,	Development,	Validation,		1 
and	Verification	in	Forensic	Toxicology	2 

1 Scope	3 

This document delineates minimum requirements for selecting, developing, validating, and 4 
verifying test methods used in forensic toxicology that target specific analytes or analyte classes. It 5 
is specifically intended for the subdisciplines of postmortem forensic toxicology, human 6 
performance toxicology, non-regulated workplace drug testing, and court-ordered toxicology. This 7 
document does not address calibration or testing in breath alcohol programs. 	8 

2 Normative	References	9 

The following references are indispensable for applying this standard. For dated references, only 10 
the edition cited applies. For undated references, the document's latest edition (including any 11 
amendments) applies.  12 

ANSI/ASB Standard 017, Standard	for	Metrological	Traceability	in	Forensic	Toxicology	a  13 

ANSI/ASB Standard 098, Standard	for	Mass	Spectral	Analysis	in	Forensic	Toxicology	a 14 

ANSI/ASB Standard 113, Standard	for	Identification	Criteria	in	Forensic	Toxicology	a 15 

ANSI/ASB Standard 119, Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	Toxicological	16 
Testing	of	Blood	in	Medicolegal	Death	Investigations	a 17 

ANSI/ASB Standard 120, Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	Toxicological	18 
Testing	of	Blood	in	Impaired	Driving	Investigations	a 19 

ANSI/ASB Standard 121, Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	Toxicological	20 
Testing	of	Urine	in	Drug‐Facilitated	Crime	Investigations	a	21 

ASB Technical Report 208, Forensic	Toxicology:	Terms	and	Definitions	a 22 

3 Terms	and	Definitions	23 

For purposes of this document, the following terms and definitions apply. Additional applicable 24 
terms are defined in ASB Technical Report 208,	Forensic	Toxicology:	Terms	and	Definitions.  25 

3.1 	26 
calibration	range	27 
The range of concentrations between a quantitative method’s lowest and highest calibrators. 28 

3.2  29 
fortified	matrix	sample	30 
A blank matrix sample spiked with target analyte and/or internal standard using reference 31 
materials. 32 

 
a Available from https://www.aafs.org/academy-standards-board. 
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3.3  33 
ionization	suppression/enhancement	34 
The direct or indirect alteration or interference in the instrument response due to the presence of 35 
co-eluting compounds and background components. 36 

3.4  37 
upper	and	lower	limits	of	reliability		38 
The limits within which the rate of false negatives and false positives are such that the obtained 39 
results are deemed to be reliable.	40 

4 Requirements	for	Method	Selection	41 

4.1 Forensic toxicology laboratories often need to establish test methods to improve, expand, or 42 
adjust their scope of testing. When a new test method is required, different options may be 43 
considered: 44 

 standard test methods that are used without modification; 45 

 standard test methods used outside the intended scope or otherwise modified; or 46 

 non-standard test methods, to include laboratory-developed test methods. 47 

4.1.1 Test methods specified in law or regulations shall be followed per those requirements. 48 

4.1.2 Standard test methods should be used, if available.  49 

4.2 The type of test method selected directly impacts how a laboratory demonstrates its ability to 50 
use the test method and achieve the defined performance specifications. 51 

4.2.1 At a minimum, method verification experiments shall be performed when unmodified 52 
standard test methods are selected (see Section 7).  53 

NOTE  Method verification allows the laboratory to demonstrate its ability to use the standard test method 54 
within its intended scope and achieve the method’s defined performance specifications. 55 

4.2.2 When modified standard, non-standard, or laboratory-developed test methods are selected, 56 
method development (Section 5) and method validation (Section 6) experiments shall be 57 
performed. 58 

5 Requirements	and	Recommendations	for	Method	Development	59 

5.1 General	60 

Method development enables a laboratory to establish a development plan, define how 61 
metrological traceability will be established, optimize the steps for sample preparation and 62 
instrumental analysis parameters, and determine how observations, data, or calculations will be 63 
interpreted.	64 
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5.2 Method	Development		65 

Method development shall occur before method validation. 66 

NOTE 1  It is recognized that the results of validation experiments may trigger further method development. 67 

NOTE 2   Data acquired during method development may be used toward validation requirements, provided 68 
they are documented and the method has not changed after the data are generated. 69 

5.3 Requirements	for	Establishing	a	Method	Development	Plan	70 

5.3.1 A plan shall be established and approved before initiating method development. 71 

5.3.2 The method development plan shall address the questions to be answered by the test 72 
method to include, as applicable: 73 

a) analyte(s); 74 

b) matrix or matrices; 75 

c) concentration range(s); 76 

d) decision point concentration(s); 77 

e) internal standard(s); 78 

f) sample preparation technique(s) ; 79 

g) instrumentation; 80 

h) automation; 81 

i) customer needs for the method; and 82 

j) individual(s) assigned to conduct the method development experiments. 83 

5.3.3 The following documents shall be adhered to, as appropriate, for establishing the test 84 
method’s analytical scope and sensitivity in the method development plan: 85 

 ANSI/ASB Standard 119,	Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	86 
Toxicological	Testing	of	Blood	in	Medicolegal	Death	Investigations;	87 

 ANSI/ASB Standard 120, Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	88 
Toxicological	Testing	of	Blood	in	Impaired	Driving	Investigations;	89 

 ANSI/ASB Standard 121, Standard	for	the	Analytical	Scope	and	Sensitivity	of	Forensic	90 
Toxicological	Testing	of	Urine	in	Drug‐Facilitated	Crime	Investigations. 91 

5.3.4 Modifications to the original method development plan shall be approved and authorized.  92 
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5.4 Requirements	for	Conducting	Method	Development	Experiments	93 

5.4.1 General	94 

For the purposes of this document, method development is considered in three phases: 	95 

a) development and optimization of instrumental parameters;  96 

b) defining observations, data processing, and calculations; and  97 

c) development and optimization of sample preparation steps. 98 

NOTE  Method development experiments depend on numerous variables, so a defined minimum number of 99 
analyses for each experiment is unnecessary. Ultimately, the laboratory will be required (in Section 6.4) to 100 
conduct validation experiments with a specified minimum number of samples. Failure to fully assess a phase 101 
listed above during method development may lead to failures during method validation.	102 

5.4.2 Development	and	Optimization	of	Instrumental	Parameters	103 

5.4.2.1 Instrumental parameters shall be established through analysis of reference materials of 104 
the analyte(s) of interest to achieve the required instrumental performance. 105 

5.4.2.1.1 For chromatography-based test methods, the following parameters shall be established 106 
during method development: 107 

a) column (e.g., guard column, composition, dimensions, temperature program); 108 

b) mobile phase (e.g., composition, flow rate, gradient) or carrier gas (e.g., type, flow rate); 109 

c) injection type and volume. 110 

NOTE  Additional chromatography conditions may need to be optimized based on the type and manufacturer 111 
of the instrument. 112 

5.4.2.1.2 For mass-spectral test methods, the following parameters shall be established during 113 
method development: 114 

a) source type and conditions; 115 

b) data collection mode [e.g., scan, selected ion monitoring (SIM), multiple reaction monitoring 116 
(MRM)]; 117 

c) mass range or diagnostic ions; 118 

d) voltages; 119 

e) temperatures; 120 

f) gas flows; 121 

g) cycle/dwell times. 122 
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NOTE  Additional mass spectral conditions may need to be optimized depending on type and manufacturer of 123 
the instrument. 124 

5.4.2.1.3 For all other instrument-based test methods, applicable parameters (e.g., wavelength 125 
range) shall be established.  126 

5.4.3 Defining	Observations,	Data	Processing,	and	Calculations		127 

5.4.3.1 The acceptance criteria for observations, data processing, and calculations shall be 128 
defined.  129 

5.4.3.2 The following shall be defined:  130 

a) data processing parameters (e.g., integration parameters, chromatographic smoothing, 131 
preliminary calibration model); 132 

b) requirements for identification and quantitation: 133 

1) chromatographic requirements (e.g., peak shape, retention time tolerance, signal-to-noise); 134 

2) mass spectral requirements (e.g., ion ratios, library match scores) according to ANSI/ASB 135 
Standard 098, Standard	for	Mass	Spectral	Analysis	in	Forensic	Toxicology; 136 

3) visual observations (e.g., color change); 137 

4) bias and precision acceptance criteria; 138 

5) calculations to be performed; 139 

c) identification points (e.g., the number of identification points the test method will contribute to 140 
the overall identification) according to ANSI/ASB Standard 113, Standard	for	Identification	141 
Criteria	in	Forensic	Toxicology. 142 

5.4.4 Development	and	Optimization	of	Sample	Preparation	Steps	143 

5.4.4.1 The sample preparation technique shall be established using reference materials of the 144 
analyte(s) and internal standard(s) in matrices of interest. 145 

NOTE  This step demonstrates that the sample preparation steps allow for adequate clean-up and extraction 146 
of the analyte(s) from the matrices of interest. 147 

5.4.4.2 The following shall be established for the sample preparation steps that will be used in 148 
the test method: 149 

a) equipment;b 150 

b) homogenization; 151 

 
b ISO/IEC 17025, 6.4.1 “… equipment (including, but not limited to, measuring instruments, software, 
measurement standards, reference materials, reference data, reagents, consumables or auxiliary 
apparatus) …” 
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c) sample hydrolysis; 152 

d) sample amount or volume and routine need for dilutions; 153 

e) extraction technique (e.g., solvent extraction, solid-phase extraction) and related materials (e.g., 154 
solvents, volumes, buffers); 155 

f) sample derivatization; 156 

g) reconstitution solvent and volume; 157 

h) ionization suppression/enhancement (see Annex F); 158 

i) recovery (see Annex L); 159 

j) processed sample stability (see Annex J); 160 

k) upper and lower reliability limits for assays that rely on decision point concentrations to 161 
determine if the sample will be “positive” or “none detected” (Annex M); 162 

l) calibration range; c 163 

m) automation parameters (e.g., sample extraction robotics). 164 

5.5 Requirements	for	Establishing	a	Statement	of	Metrological	Traceability		165 

5.5.1 The method development documentation shall include a statement identifying how 166 
metrological traceability will be established for the test method, when applicable. 167 

5.5.2 Metrological traceability shall comply with the requirements stated in ANSI/ASB Standard 168 
017,	Standard	for	Metrological	Traceability	in	Forensic	Toxicology.		169 

6 Requirements	for	Method	Validation	170 

6.1 General	171 

Method validation experiments shall be performed when modified standard, non-standard, or 172 
laboratory-developed test methods are selected. 	173 

6.2 Historical	Methods	174 

6.2.1 For historical methods in use, laboratories shall meet all requirements for method 175 
validation in this document.  	176 

6.2.2 Historical calibration and control data, as well as previously analyzed casework sample 177 
results, may be used in method validation experiments.  178 

 
c The calibration range typically includes those concentrations expected in daily casework. 
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6.2.3 Historical data shall have used the same instrumental parameters and sample preparation 179 
steps as the method being validated. 180 

6.2.4 In the absence of sufficient historical data, appropriate validation experiments shall be 181 
conducted to ensure compliance with this document. 182 

6.3 Requirements	for	Establishing	a	Method	Validation	Plan	183 

6.3.1 A plan shall be established and approved before initiating validation experiments. 184 

NOTE 1  The experiments included in method validation will depend upon the circumstances in which the 185 
method is to be used (i.e., the scope of the method).  186 

NOTE 2  Data acquired during method development may be used toward method validation experiment 187 
requirements, provided they were documented and the method used to gather the data was the same as the 188 
method being validated.  189 

6.3.2 The method validation plan shall include the sample preparation steps and instrumental 190 
parameters(s) to be used, the validation experiments to be conducted, and the acceptance criteria 191 
for each assessment that will allow the method to be considered fit-for-use. 192 

6.3.3 Required	Validation	Experiments	Based	on	the	Scope	of	the	Method—The scope of forensic 193 
toxicology methods is classified into two categories: qualitative and quantitative. 194 

6.3.3.1 The following performance characteristics shall be assessed based on the method’s scope. 195 

NOTE  The normative Annexes in this document provide detailed requirements for conducting method 196 
validation experiments. 197 

a) Qualitative Methods:	198 

1) carryover (see Annex C); 199 

2) interference studies (see Annex E); 200 

3) ionization suppression/enhancement for applicable techniques, such as LC/MS (see Annex 201 
F); 202 

4) limit of detection (see Annex G); 203 

5) processed sample stability (see Annex J); and 204 

6) rates of false positives and false negatives (see Annex K). 205 

b) Quantitative Methods:	206 

1) bias (see Annex A); 207 

2) calibration model (see Annex B); 208 

3) carryover (see Annex C); 209 
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4) dilution integrity (if applicable) (see Annex D); 210 

5) interference studies (see Annex E); 211 

6) ionization suppression/enhancement for applicable techniques, such as LC/MS (see Annex 212 
F); 213 

7) limit of detection (see Annex G); 214 

8) lower limit of quantitation (see Annex H); 215 

9) precision (see Annex I); and 216 

10) processed sample stability (see Annex J). 217 

c) If a laboratory will use a quantitative method in a qualitative manner, false positive and 218 
negative rates shall be established. 219 

6.4 Requirements	for	Conducting	Method	Validation	Experiments	220 

6.4.1 All method validation experiments shall utilize the same instrumental parameters and 221 
sample preparation steps as the final developed method. 222 

NOTE  Daily instrument performance requirements used for casework shall be met for conducting method 223 
validation experiments.  224 

6.4.2 All method validation experiments shall be conducted using fortified samples for each 225 
matrix type for which the method is intended unless otherwise noted within this document.  226 

NOTE 1  It may be appropriate to include previously analyzed samples for some method validation 227 
experiments (e.g., interference studies). 228 

NOTE 2  Blood products (i.e., whole blood, serum, plasma) are different matrix types. 229 

Example:	230 

A	method	for	blood	and	urine	specimens	would	include	complete	validation	experiments	using	231 
fortified	blank	blood	samples	and	complete	validation	experiments	using	fortified	blank	urine	232 
samples.	233 

6.4.2.1 For methods that include the analysis of postmortem and antemortem specimens, 234 
validation experiments should be conducted using both types of specimens. 235 

Example:	236 

A	method	for	postmortem	and	antemortem	blood	is	best	conducted	with	validation	experiments	237 
using	fortified	blank	postmortem	blood	samples	and	separate	validation	experiments	using	238 
fortified	blank	antemortem	blood	samples.	239 

6.4.3 Blank matrix used during method validation experiments shall represent the quality of 240 
samples typically encountered in casework. 241 
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6.4.4 Reference materials used to prepare calibrators and fortified matrix samples shall be 242 
obtained in the following preferential order to achieve the greatest level of independence:  243 

a) from different manufacturers; 244 

b) from the same manufacturer but from different lot numbers; or 245 

c) from the same manufacturer’s lot number but prepared by different analysts.	246 

6.4.5 Validation experiments should be conducted over multiple days by different analysts on all 247 
instruments to be utilized for the assay.  248 

7 Requirements	for	Method	Verification	249 

7.1 Verification	of	a	Standard	Test	Method	250 

7.1.1 Method verification experiments shall be performed when a standard test method is 251 
selected. 252 

NOTE  A laboratory may prefer to exceed this requirement and conduct its own validation of the standard test 253 
method. 254 

7.1.2 The method performance characteristics to be evaluated for verifying a standard test 255 
method will depend on whether the method is qualitative or quantitative.  256 

7.1.3 All verification experiments shall utilize the same instrumental parameters and sample 257 
preparation steps listed in the standard test method. 258 

7.1.4 For a historical standard test method in use, laboratories shall meet all requirements for 259 
method verification in this document.   260 

7.1.4.1 Historical calibration and control data, as well as previously analyzed casework sample 261 
results, may be used in method verification experiments.  262 

7.1.4.2 Historical data shall have used the same instrumental parameters and sample preparation 263 
steps as the standard test method being verified. 264 

7.1.4.3 In the absence of sufficient historical data, appropriate verification experiments shall be 265 
conducted to ensure compliance with this document. 266 

7.2 Requirements	for	Establishing	a	Method	Verification	Plan	267 

7.2.1 A plan shall be established and approved before initiating method verification. 268 

7.2.2 The method verification plan shall include the sample preparation steps and instrumental 269 
parameters to be used, the verification experiments to be conducted, and the acceptance criteria for 270 
each assessment that will allow the method to be considered fit for use.  271 
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7.3 Required	Verification	Experiments	Based	on	the	Scope	of	the	Method	272 

7.3.1 The scope of forensic toxicology methods is classified into two categories: qualitative and 273 
quantitative.	274 

7.3.2 The following performance characteristics shall be assessed based on the method’s scope  275 

NOTE   The normative Annexes in this document provide detailed requirements for conducting method 276 
verification experiments. 277 

a) Qualitative Methods:	278 

1) carryover (see Annex C); 279 

2) interference studies (see Annex E); 280 

3) limit of detection (see Annex G); and 281 

4) rates of false positives and false negatives (see Annex K). 282 

b) Quantitative Methods:	283 

1) bias (see Annex A); 284 

2) calibration model (see Annex B); 285 

3) carryover (see Annex C); 286 

4) interference studies (see Annex E); 287 

5) limit of detection (see Annex G); 288 

6) lower limit of quantitation (see Annex H); and 289 

7) precision (see Annex I). 290 

7.3.3 If a laboratory uses a method in both a qualitative and quantitative manner, all required 291 
experiments in 7.3.2.a) and 7.3.2.b) shall be completed. 292 

7.4 Requirements	for	Conducting	Method	Verification	Experiments	293 

7.4.1 All method verification experiments shall be conducted using fortified samples for each 294 
matrix type for which the method is intended unless otherwise noted within this document.  295 

NOTE 1  It may be appropriate to include previously analyzed samples for some method validation 296 
experiments (e.g., interference studies). 297 

NOTE 2  Blood products (i.e., whole blood, serum, plasma) are different matrix types. 298 
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Example:	299 

A	method	to	analyze	blood	and	urine	specimens	would	include	all	required	verification	300 
experiments	using	fortified	blank	blood	samples	and	all	required	verification	experiments	using	301 
fortified	blank	urine	samples.	302 

7.4.2 Blank matrix used during method verification shall represent the quality of samples 303 
typically encountered in casework. 304 

7.4.3 Reference materials used to prepare calibrators and fortified matrix samples shall be 305 
obtained in the following preferential order to achieve the greatest level of independence:  306 

a) from different manufacturers; 307 

b) from the same manufacturer but from different lot numbers; or 308 

c) from the same manufacturer’s lot number but prepared by different analysts.	309 

8 Revalidation	of	Changes	to	Previously	Validated	Methods	310 

8.1 After validation has occurred, methods may be revised. The extent and frequency of 311 
revalidation of previously validated methods will depend upon the nature of the intended changes 312 
or laboratory policy.  313 

8.2 A laboratory shall evaluate the impact on performance characteristics listed in 6.3.3.1 when 314 
changes are made to a previously validated method. 315 

Examples of typical changes include: 316 

 compounds added to a method’s scope; 317 

 changes to the calibration range or calibration model; 318 

 sample preparation modifications (e.g., change in extraction technique, different internal 319 
standard, change in reconstitution volume); 320 

 instrumentation or instrumental parameter changes (e.g., newer model, different vendor, 321 
different chromatographic parameters, additional mass spectral acquisition parameters); or 322 

 data processing updates (e.g., switch in qualification and quantitation ions, software updates). 323 

8.3 A full revalidation shall be conducted unless the elimination or reduction of some validation 324 
experiments is justified by logically assessing the change’s impact on specific method performance 325 
characteristics. 326 

9 Documentation	Requirements	for	Method	Development,	Validation,	and	Verification		327 

9.1 The records generated during method development (e.g., method development plan, activities 328 
conducted, data, results) should be retained for at least 10 years after the method is retired. 329 
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9.1.1 Method development records should summarize the experiments conducted and their 330 
results.  331 

9.2 The records generated during method validation and verification (e.g., validation/verification 332 
plan, activities conducted, data, results) shall be retained for at least 10 years after the method is 333 
retired. 334 

9.2.1 Method validation and verification records shall include a summary of the experiments 335 
conducted and their results.  336 

9.2.2 The summary shall minimally include the following: 337 

a) scope (e.g., qualitative vs quantitative; specific matrices included; analytes); 338 

b) validation/verification plan that describes the experiments conducted and justification for any 339 
required experiments that were not conducted; 340 

c) validation/verification results; 341 

d) statement as to the method’s fitness for intended use and any identified limitations of use; and 342 

e) documentation of management’s review and approval. 343 

9.2.3 The method validation and verification records shall also contain specific details regarding 344 
the experiments conducted, including: 345 

a) individuals involved in the method validation/verification; 346 

b) sample preparation steps used; 347 

c) specific instrumentation and parameters; 348 

d) raw instrumental data; 349 

e) calculations; and 350 

f) dates of validation/verification experiments. 351 

	  352 
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Annex	A	353 
(normative) 354 

Requirements	for	Assessing	Bias	355 

A.1	 General	Requirements	for	Assessing	Bias 356 

NOTE  Annex B (B.1.6.2), Annex D (D.1), and Annex F (F.2.3) contain requirements that may impact the design 357 
of bias experiments. 358 

A.1.1	 The same data generated from bias experiments may also be used for precision 359 
experiments. 360 

A.1.2	 Bias shall be evaluated with at least three fortified matrix concentration pools for each 361 
matrix type at low, medium, and high concentrations.  362 

A.1.2.1	 If significant ionization suppression/enhancement has been demonstrated, at least three 363 
unique sources of blank matrices for each matrix type shall be used (see Annex F.2.3). 364 

A.1.2.2	 Low concentrations shall be no more than approximately 3 times the lowest calibrator.  365 

A.1.2.3	 High concentrations shall be no less than approximately 80% of the highest calibrator.  366 

A.1.2.4	 Medium concentrations shall be near the midpoint of the low and high concentrations. 367 

A.1.3	 A single bias value shall be calculated for each concentration using the following formula: 368 

Bias ሺ%ሻ at Concentrationx = ൤
Grand Mean of Calculated Concentrationx  െ Nominal Concentrationx

Nominal Concentrationx
൨  × 100	369 

A.2	 Specific	Requirements	for	Method	Validation		370 

A.2.1	 Bias experiments shall be carried out for all quantitative methods for each matrix type for 371 
which the method is intended to be used.  372 

A.2.2	 Bias shall be evaluated using a minimum of triplicate analysis per concentration pool in 373 
each of five or more independently calibrated analytical runs.  374 

NOTE  In some instances, analyte instability may preclude the ability to use concentration pools of fortified 375 
samples (e.g., cocaine in unpreserved whole blood). A laboratory may fortify different samples with each 376 
independent run in these instances. 377 

A.2.3	 The maximum acceptable bias at each concentration shall be ±10% for ethanol and ±20% 378 
for all other analytes.  379 

A.3	 Specific	Requirements	for	Method	Verification		380 

A.3.1	 Bias experiments shall be carried out for all quantitative standard test methods for each 381 
matrix type designated within the method.  382 
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A.3.2	 Bias shall be evaluated using a minimum of quintuple analysis per concentration pool in 383 
each of three or more independently calibrated analytical runs.  384 

NOTE  In some instances, analyte instability may preclude the ability to use concentration pools of fortified 385 
samples (e.g., cocaine in unpreserved whole blood). A laboratory may fortify different samples with each 386 
independent run in these instances. 387 

A.3.3	 The maximum acceptable bias at each concentration shall be no more than that listed within 388 
the standard test method.  389 

	  390 
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Annex	B	391 
(normative) 392 

Requirements	for	Assessing	Calibration	Model	393 

B.1	 General	Requirements	for	Assessing	Calibration	Model	394 

B.1.1	 The appropriate calibration model shall be determined or verified for all quantitative 395 
methods. 396 

NOTE  The selection of an appropriate model (i.e., weighted or unweighted; linear or quadratic) is necessary 397 
for accurate and reliable quantitative results. 398 

B.1.2	 The origin shall not be included as a calibration point. 399 

B.1.3	 A minimum of six different non-zero concentrations shall be used to evaluate the calibration 400 
model. 401 

B.1.4	 The simplest calibration model that best fits the concentration-response relationship shall 402 
be used. 403 

B.1.4.1	 An unweighted regression shall be used when there is constant variance over the entire 404 
concentration range (homoscedasticity).  405 

B.1.4.2	 When there is a significant difference between variances at the lowest and highest 406 
concentrations (heteroscedasticity), a weighted regression shall be applied (e.g., 1/x, 1/x2). 407 

NOTE  Data are generally heteroscedastic when the concentration range exceeds one order of magnitude. 408 

B.1.4.2.1	 Presence of heteroscedasticity should be evaluated via statistical means, such as 409 
hypothesis tests (F-test, Levene's test) or plots (variance plots, residual plots). 410 

B.1.4.2.2	 In the presence of heteroscedasticity, an adequate weighting factor should be selected 411 
via statistical means, such as the total weighted normalized variance, variance plots, or weighted 412 
residual plots. 413 

B.1.4.3	 A linear least squares regression shall be used unless it can be demonstrated that a non-414 
linear (e.g., quadratic) regression better fits the data. 415 

B.1.4.3.1	 The presence of non-linearity should be evaluated via statistical means (e.g., partial F-416 
test, significance of the second-order term of a quadratic model, residual plot).  417 

B.1.5	 The selected calibration model shall be evaluated for goodness of fit. 418 

B.1.5.1	 A calibration model shall not be evaluated simply via its correlation coefficient (r) or 419 
coefficient of determination (r2 or R2). 420 

B.1.5.2	 Goodness of fit shall be evaluated via statistical means, such as hypothesis tests (e.g., 421 
normality testing of the residuals (Kolmogorov-Smirnov, Cramer-von Mises)) or residuals plot. 422 

B.1.6	 After the calibration model has been established, the number of calibrators required for 423 
daily use of the method may be reduced. 424 
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B.1.6.1	 The lowest and highest calibrator concentrations used to establish the model shall remain 425 
when the number of calibrators is reduced. 426 

B.1.6.1.1	 No fewer than four non-zero calibrators shall be used with linear calibration models. 427 

B.1.6.1.2	 No fewer than six non-zero calibrators shall be used with non-linear calibration models. 428 

B.1.6.2	 Bias and precision studies shall be conducted using the decreased number of calibrators 429 
and the same concentrations. 430 

B.1.7	 Matrix-matched calibrator samples (for each unique matrix) should be used. 431 

NOTE  Annex A (Bias) and Annex I (Precision) require bias and precision studies to be performed using 432 
samples prepared in the matrices intended for the method. This still applies when non-matrix-matched 433 
calibrator samples are used. For example, blood alcohol methods may use aqueous calibrator samples, 434 
provided they demonstrate acceptable bias and precision with whole blood controls. Likewise, blood 435 
calibrator samples may be used to quantitate analytes in tissue samples once it has been demonstrated that 436 
acceptable bias and precision can be achieved using the blood calibrators with tissue-based controls. 437 

B.2	 Specific	Recommendations	for	Method	Development	 438 

B.2.1	 Calibrator samples should be analyzed to determine a calibration range and preliminary 439 
calibration model.  440 

B.2.2	 A minimum of three replicates per concentration should be used, which may be analyzed in 441 
the same or separate runs. 442 

B.3	 Specific	Requirements	for	Method	Validation	and	Method	Verification	 443 

B.3.1	 Calibrator samples spanning the calibration range shall be analyzed to establish the 444 
calibration model.  445 

B.3.2	 For method validation experiments, a minimum of five replicates per concentration shall be 446 
used, which may be analyzed in the same or separate runs. 447 

B.3.3		 For method verification experiments, a minimum of five replicates per concentration shall 448 
be used; however, two replicates from each concentration may be reinjected with calibrator 449 
samples.  450 

NOTE  All replicates may be analyzed in the same or separate runs. 451 

 452 

 	453 
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Annex	C	454 
(normative) 455 

Requirements	for	Assessing	Carryover	456 

NOTE  Analyte carryover into a subsequent sample may lead to an inaccurate qualitative or quantitative 457 
result when using instrumental methods. 458 

C.1	 For	Method	Validation		459 

C.1.1	 Carryover shall be evaluated during method validation of qualitative and quantitative 460 
methods by analyzing blank matrix samples immediately after high-concentration samples or 461 
reference materials for each analyte in the test method. 462 

C.1.2	 The laboratory shall define what constitutes unacceptable carryover for the method (e.g., 463 
exceeds 10% of the LOD and all detection criteria are met).  464 

NOTE  In quantitative assays, a laboratory may limit the carryover study to the highest point of the calibration 465 
curve. 466 

C.1.3	 The highest concentration without carryover for each analyte shall be determined in at least 467 
five separate analytical runs using at least one blank matrix sample for each matrix type per run. 468 

C.1.4	 Carryover shall either be eliminated through method modification or	addressed through 469 
quality assurance practices during method use. 470 

C.1.4.1 If the method is modified, all validation experiments previously conducted shall be repeated 471 
with the modified method, unless justified by logically assessing the change’s impact on the 472 
previously conducted experiments. 473 

C.2	 For	Method	Verification		474 

C.2.1	 Carryover shall be evaluated during method verification of qualitative and quantitative 475 
methods for each analyte in the standard test method.  476 

C.2.2	 Carryover studies shall be conducted for each unique matrix designated within the standard 477 
test method. 478 

C.2.3	 Injections of fortified samples or reference materials shall be immediately followed by 479 
injections of prepared blank matrix samples.  480 

C.2.3.1	This shall be repeated for at least three series of injections in one or more analytical runs. 481 

NOTE 1  The highest fortified concentration at which no analyte carryover is observed (above the method's 482 
LOD) in the blank matrix sample establishes the concentration at which the method is free from carryover. 483 

NOTE 2  It is acceptable to limit the carryover study to the highest concentration identified within a standard 484 
test method in which carryover was not observed. 485 
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C.2.4 If carryover is determined to occur at a concentration lower than that established within 486 
the standard test method, it shall be addressed through quality assurance practices during method 487 
use. 488 

	 	489 
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Annex	D	490 
(normative) 491 

Requirements	for	Assessing	Dilution	Integrity	492 

NOTE  Low specimen volumes may require a lower sample volume to be used for a method. In other 493 
instances, excessively high concentrations may be encountered that exceed the established calibration range. 494 
In both instances, sample dilution may be necessary.  495 

D.1	 If sample dilutions are performed for a quantitative method, the laboratory shall evaluate the 496 
impact of these dilutions on the method’s bias and within-run precision (see Annex A and Annex I) 497 
on at least one concentration pool during method validation experiments.  498 

D.2	 Commonly employed dilution ratios (e.g., 1:2; 1:5; 1:10) shall be evaluated to determine if 499 
performance criteria for bias and within-run precision are met after dilutions.  500 

 	501 



ASB Standard 036, 2nd Ed. 20XX 

20 

Annex	E	502 
(normative) 503 

Requirements	for	Assessing	Interferents	504 

E.1	 General	505 

Interference from the matrix, the internal standard, and non-method analytes shall be evaluated in 506 
all qualitative and quantitative methods, during method validation and method verification.  507 

NOTE  The laboratory may determine that an interferent below the LOD is insignificant. 508 

E.2	 For	Method	Validation		509 

E.2.1	 General	510 

E.2.1.1 Identified interferents shall either be eliminated through method modification or 511 
addressed through laboratory policies or procedures. 512 

E.2.1.2 If the method is modified, all validation experiments previously conducted shall be 513 
repeated with the modified method, unless justified by logically assessing the change’s impact on 514 
the previously conducted experiments. 515 

E.2.2	 Evaluating	Interference	from	Matrix		516 

E.2.2.1 Blank matrix samples without addition of internal standard (when used in the method) 517 
shall be analyzed to demonstrate the absence of common interferences from the matrix.  518 

E.2.2.2 When possible, a minimum of ten unique sources of blank matrix for each matrix type 519 
shall be used. 520 

NOTE  While this approach may detect the more common matrix interferents, it is recognized that less 521 
common interferents may not be detected. 522 

E.2.3	 Evaluating	Interference	from	Internal	Standard	523 

E.2.3.1 Interference from the internal standard shall be assessed for all qualitative and 524 
quantitative chromatographic methods by analyzing a single blank matrix sample, for each matrix 525 
type, fortified with internal standard at the concentration used in the method and monitoring the 526 
signal of the analyte(s) of interest.  527 

NOTE  Isotopically-labeled compounds may contain the non-labeled compound as an impurity for methods 528 
employing stable isotope internal standards. Additionally, the mass spectra of the labeled analogs may 529 
contain fragment ions with the same mass-to-charge ratios as the significant ions of the target analyte. In both 530 
instances, analyte identification or quantitation could be impacted. 531 

E.2.3.2	 For all qualitative and quantitative chromatographic methods, a single blank matrix 532 
sample, for each matrix type, fortified with the analyte(s) of interest at a high concentration shall be 533 
analyzed without an internal standard to evaluate whether there are relevant interferences by 534 
monitoring the signal of the internal standard.  535 
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NOTE  A high concentration for evaluating analytes interfering with the internal standard may be near the 536 
upper limit of the calibration range for quantitative methods or at the highest concentration expected in 537 
routine casework for qualitative methods. 538 

E.2.4	 Evaluating	Interferences	from	Non‐Method	Analytes	539 

E.2.4.1	 For all methods other than immunoassays, laboratories shall evaluate non-method 540 
analytes for their potential to interfere with the method’s analyte(s) of interest and internal 541 
standard(s).  542 

NOTE  Non-method analytes can include drugs, metabolites, and other chemicals other than those included in 543 
the scope of the method that are routinely encountered in casework. 544 

E.2.4.2	 This evaluation shall be accomplished by analyzing fortified matrix samples, previously 545 
analyzed case samples, or neat reference materials of the potential interference(s) at high 546 
therapeutic or lethal concentrations, depending on the analyte, the matrix, and the laboratory’s 547 
mission.  548 

E.3	 For	Method	Verification		549 

E.3.1	 General	550 

Identified interferents shall be addressed through laboratory policies or procedures. 551 

E.3.2	 Evaluating	Interferences	from	Non‐Method	Analytes	552 

E.3.2.1	 Laboratories shall evaluate undocumented non-method analytes in the standard test 553 
method for their potential to interfere with the method’s analyte(s) of interest and internal 554 
standard(s).  555 

NOTE  Undocumented non-method analytes can include drugs, metabolites, and other chemicals other than 556 
those already evaluated by the standard test method that are routinely encountered in casework. 557 

E.3.2.2	 This evaluation shall be accomplished by analyzing fortified matrix samples, previously 558 
analyzed case samples, or neat reference materials of the potential interference(s) at high 559 
therapeutic or lethal concentrations, depending on the analyte, the matrix, and the laboratory’s 560 
mission.  561 

  562 
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Annex	F	563 
(normative) 564 

Recommendations	and	Requirements	for	Assessing		565 
Ionization	Suppression/Enhancement	566 

NOTE  Co-eluting substances may suppress or enhance an analyte’s ionization in LC-MS applications. 567 

F.1	 For	Method	Development		568 

F.1.1	 General	569 

Laboratories shall assess the impact of ionization suppression/enhancement on all of the method’s 570 
target analytes and internal standards during method development experiments using one of the 571 
following approaches: 572 

NOTE  Monitoring a single precursor to diagnostic product ion transition for each target analyte and internal 573 
standard in LC-MS/MS applications is sufficient for assessing the degree of ionization 574 
suppression/enhancement. 575 

F.1.2	 Post‐Column	Infusion	to	Assess	Ionization	Suppression/Enhancement	576 

NOTE  This approach provides information on where ionization suppression/enhancement occurs within a 577 
chromatogram and estimates its significance. 578 

F.1.2.1	 Neat solutions at a low analyte concentration shall be prepared. 	579 

F.1.2.2	 A minimum of three unique blank matrix samples for each matrix type shall be processed 580 
following the sample preparation steps.	581 

F.1.2.3	 The baseline signal for the analyte shall be monitored using the low-concentration 582 
solution infused (using a syringe pump) into the column eluent via a post-column “T”-connector. 583 

F.1.2.4	 A solvent blank shall be injected to establish the impact of the solvent on the baseline 584 
signal.	585 

F.1.2.5	 The prepared blank matrix samples shall be sequentially injected into the LC/MS, and 586 
changes in the baseline signal should be monitored, looking for changes that are greater than those 587 
observed from the solvent blank. 	588 

F.1.2.6 A >25% change in the infused analyte signal at the retention time of the analyte shall be 589 
considered as an indication of significant suppression/enhancement.  590 

NOTE  Modifying the chromatographic system or the sample preparation steps may be required to minimize 591 
the impact. 592 

F.1.3	 Post‐Extraction	Addition	to	Assess	Ionization	Suppression/Enhancement	593 

F.1.3.1	 This approach may be used during method development. It allows for the calculation of 594 
the extent of ionization suppression/enhancement that occurs during analyte elution. 595 
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F.1.3.2	 Two different sets of samples shall be prepared and analyzed. 596 

F.1.3.2.1	 “Set 1” shall consist of a neat standard prepared at a low concentration containing each 597 
target analyte and the internal standard.  598 

F.1.3.2.1.1 The neat standard shall be injected a minimum of three times. 599 

F.1.3.2.2	 “Set 2” shall consist of a minimum of three unique blank matrix sources for each matrix 600 
type. 601 

NOTE  Given the variety of sample conditions typically encountered in postmortem toxicology, additional 602 
matrix samples may be needed.  603 

F.1.3.3	 Each blank matrix source for Set 2 shall be extracted and reconstituted/fortified at the 604 
same low concentration used in Set 1.  605 

F.1.3.4	 The internal standard shall be added to all Set 2 samples at the method’s defined 606 
concentration.  607 

F.1.3.5	 Dilution effects shall be compensated for to ensure consistency between the 608 
concentrations evaluated in the Set 1 and Set 2 samples.  609 

F.1.3.6	 Each sample shall be injected one time. 610 

F.1.3.7	 The average peak areas of the neat standard (Set 1) shall be compared to the peak area of 611 
the individual Set 2 samples, as follows: 612 

Ionization suppression or enhancement ሺ%ሻ= ൬
Area of Individual Set 2 Samples

Average	Area of Set 1
൰ × 100 613 

F.1.3.8	 The individual ionization suppression/enhancement percentages for each matrix type 614 
shall be averaged, and the % CV should be calculated.  615 

NOTE    This will result in two average ionization suppression/enhancement percentages and % CVs for each 616 
matrix type: one for the low concentration and one for the internal standard. 617 

F.1.3.9	 An average instrumental response that drops to less than 75%, or increases to more than 618 
125%, or has a % CV exceeding 20% shall be considered an indication of significant 619 
suppression/enhancement.  620 

NOTE  Modifying the chromatographic system or the sample preparation technique may be required to 621 
minimize the impact. 622 
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F.2	 For	Method	Validation		623 

F.2.1	 General	624 

To address ionization suppression/enhancement during method validation experiments, 625 
laboratories shall do one of the following: 626 

a) assume ionization suppression/enhancement is present and follow the requirements of F.2.3 627 
below; or 628 

b) evaluate the significance of ionization suppression/enhancement via the post-extraction 629 
addition assessment approach. 630 

NOTE  Monitoring a single precursor to diagnostic product ion transition for each target analyte and internal 631 
standard in LC-MS/MS applications is sufficient to assess the degree of ionization suppression/enhancement. 632 

F.2.2	 Post‐Extraction	Addition	Approach	to	Assess	Ionization	Suppression/Enhancement	633 

F.2.2.1	 Two different sets of samples shall be prepared and analyzed. 634 

F.2.2.1.1	 “Set 1” shall consist of two neat standards prepared at low and high concentrations 635 
containing each target analyte and the internal standard(s) at the method’s defined concentration. 636 
These neat standards shall be injected a minimum of three times each. 637 

F.2.2.1.2	 “Set 2” shall consist of at least ten unique blank matrix sources, per matrix type. 638 

NOTE  Given the variety of sample conditions typically encountered in postmortem toxicology, additional 639 
matrix samples may be needed.  640 

F.2.2.2	 Each blank matrix source shall be extracted in duplicate.  641 

F.2.2.3	 One replicate from each extracted blank matrix source shall be reconstituted/fortified at 642 
the low concentration used in Set 1 and the other replicate at the high concentration used in Set 1 643 
for each target analyte.  644 

F.2.2.4	 The internal standard(s) shall be added at the method’s defined concentration to all Set 2 645 
samples.  646 

F.2.2.5 Dilution effects shall be compensated for to ensure consistency between the 647 
concentrations evaluated in the Set 1 and Set 2 samples.  648 

F.2.2.6	 Each sample shall be injected one time. 649 

F.2.2.7	 The average peak areas of neat standards (Set 1) shall be compared to the peak area of the 650 
individual Set 2 samples, as follows: 651 

Ionization suppression or enhancement ሺ%ሻ= ൬
Area of Individual Set 2
Average	Area of Set 1

൰ × 100 652 

F.2.2.8	 The individual ionization suppression/enhancement percentages for each matrix type and 653 
at each concentration shall be averaged, and the % CV shall be calculated.  654 
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NOTE  This will result in three average ionization suppression/enhancement percentages and % CVs for each 655 
matrix type: low concentration, high concentration, and internal standard.  656 

F.2.2.9	 An average instrumental response that drops to less than 75%, increases to more than 657 
125%, or has a % CV exceeding 20% shall indicate significant suppression/enhancement.  658 

F.2.3	 Addressing	Significant	Ionization	Suppression/Enhancement	659 

F.2.3.1 If significant ionization suppression/enhancement is assumed or demonstrated, the 660 
influence on other validation experiments shall be determined by at least tripling the number of 661 
unique sources of blank matrices used for their evaluation. 662 

F.2.3.1.1 For a qualitative method, the influence of significant ionization 663 
suppression/enhancement shall be determined for the method’s LOD and rates of false positives 664 
and false negatives. 665 

F.2.3.1.2 For a quantitative method, the influence of significant ionization 666 
suppression/enhancement shall be determined for the method’s LOD, LLOQ, bias, and precision. 667 

 668 

	 	669 
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Annex	G	670 
(normative) 671 

Requirements	for	Estimating	Limit	of	Detection	672 

G.1	 For	Method	Validation		673 

G.1.1	 LOD experiments shall be performed for all method validations.  674 

G.1.2	 The LOD shall be evaluated over multiple runs using fortified samples prepared from at 675 
least three unique sources of blank matrix for each matrix type. 676 

Example: 677 

At	least	three	unique	blood	sources	are	needed	if	the	assay	is	to	be	used	for	blood	samples.		678 

G.1.3. The number of unique sources of blank matrix for each affected matrix type shall be 679 
increased to at least nine if a method demonstrates significant ionization 680 
suppression/enhancement (see Annex F.2.3). 681 

G.1.4	 The LOD shall be determined by one of the approaches in G.2 through G.6.  682 

G.2	 Estimating	LOD	for	Immunoassays	683 

G.2.1	 Using	Manufacturer’s	Specifications	684 

When a laboratory uses an immunoassay following all of the manufacturer’s specifications (e.g., 685 
same matrix, same target analyte, same cutoff concentration), the laboratory shall:  686 

a) use the manufacturer-stated cutoff concentration for the target analyte’s LOD, 687 

b) use the manufacturer-defined equivalent concentrations as an estimated LOD for other 688 
analytes, or 689 

c) use manufacturer-provided cross-reactivity data compared to the cutoff concentration of the 690 
target analyte (often as percentages) to calculate an estimated LOD for other analytes. 691 

Example: 692 

A	manufacturer’s	benzodiazepine	immunoassay	uses	oxazepam	at	50	ng/mL	as	the	target	analyte	693 
in	blood.	The	cross‐reactivity	for	clonazepam	is	80%.	To	estimate	the	clonazepam	LOD,	50	ng/mL	694 
is	divided	by	80%	(0.8)	to	yield	approximately	63	ng/mL.			695 

G.2.2	 Using	Modified	Manufacturer's	Specifications	696 

G.2.2.1	 When a laboratory modifies a manufacturer’s immunoassay method (e.g., different matrix, 697 
different target analyte, different cutoff concentration), the laboratory shall experimentally 698 
determine the LODs for individual analytes. 699 

G.2.2.2	 For the target analyte, the cutoff concentration shall be demonstrated as appropriate, as 700 
follows: 701 
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G.2.2.2.1	 The laboratory shall prepare a “cutoff sample” using a single blank matrix sample 702 
fortified with the cutoff concentration of the target analyte and analyze the sample at least three 703 
times to establish the within-run range of cutoff responses. 704 

NOTE  A single matrix type (e.g., blood) may be used to prepare the cutoff sample to validate other matrices 705 
(e.g., vitreous, urine, tissues).  706 

G.2.2.2.2	 For each matrix type being validated, at least three unique blank sources shall be 707 
analyzed at least three times each in a single run to establish individual blank responses. 708 

G.2.2.2.3	 The cutoff and blank samples shall be reanalyzed over a minimum of two additional 709 
independent runs.  710 

G.2.2.2.4	 The within-run range of cutoff responses from each run shall be evaluated for overlap 711 
with the individual blank responses from the same run.  712 

G.2.2.2.5	 The responses for the blank and cutoff samples shall not overlap in at least 95% of all 713 
samples. 714 

NOTE  The above experiments provide objective evidence of the immunoassay’s ability to distinguish blank 715 
matrix from the proposed cutoff concentration of the target analyte.  716 

G.2.2.3	 For analytes with cross-reactivities that are the same or better than the target analyte, the 717 
laboratory shall declare that the LOD for the analyte is the same as that of the target analyte. 718 

Example:   719 

A	manufacturer’s	benzodiazepine	immunoassay	uses	oxazepam	at	50	ng/mL	as	the	target	analyte	720 
in	blood.	The	lab	changes	the	cutoff	concentration	to	20	ng/mL.	The	cross‐reactivity	for	721 
alprazolam	is	150%.	The	LOD	for	alprazolam	is	set	at	the	same	modified	cutoff	concentration	of	722 
20	ng/mL.	723 

G.2.2.4	 For analytes with cross-reactivities that are poorer than the target analyte (i.e., <100%), 724 
the new LOD concentration for these analytes shall be estimated through calculations using the 725 
manufacturer’s provided data. 726 

Example:   727 

A	manufacturer’s	benzodiazepine	immunoassay	uses	oxazepam	at	50	ng/mL	as	the	target	728 
analyte	in	blood.	The	lab	changes	the	cutoff	concentration	to	20	ng/mL.	The	cross‐reactivity	for	729 
clonazepam	is	80%.	To	estimate	the	clonazepam	LOD	at	the	new	cutoff	concentration,	20	ng/mL	730 
is	divided	by	80%	(0.8)	to	yield	approximately	25	ng/mL.			731 

G.2.3	 Adding	Analytes	to	Immunoassay	Panels	732 

G.2.3.1	When an analyte is added to an immunoassay panel without the manufacturer’s cross-733 
reactivity or equivalent concentration data, the laboratory shall experimentally determine the LOD 734 
as follows: 735 

G.2.3.1.1 At least three unique blank matrix sources for each matrix type shall be fortified with 736 
decreasing concentrations of the new analyte or at a decision point concentration.	737 

G.2.3.1.2 Each fortified blank matrix sample shall be analyzed in a minimum of three runs.  738 
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G.2.3.1.3 The LOD shall be the lowest concentration of analyte that yields a positive result 739 
compared to the target analyte at the cutoff concentration in at least 95% of the replicate results.	740 

G.3	 Estimating	LOD	for	a	Non‐Instrumental	Method	741 

NOTE  This approach is often used when screening for the presence or absence of a specified analyte or class 742 
of analytes (e.g., color tests). 743 

G.3.1	 At least three unique blank matrix sources for each matrix type shall be fortified with 744 
decreasing analyte concentrations.	745 

G.3.2	 Each fortified blank matrix sample shall be analyzed by at least two analysts in a minimum 746 
of three runs. 	747 

G.3.3	 The LOD shall be the lowest concentration of analyte that yields a positive result in at least 748 
95% of the replicate results from all analysts.	749 

G.4	 Using	the	Lowest	Non‐Zero	Calibrator	as	the	LOD	750 

G.4.1	 At least three unique blank matrix sources for each matrix type shall be fortified with the 751 
analyte at the lowest non-zero calibrator concentration. 	752 

G.4.2	 Each fortified blank matrix sample shall be analyzed in a minimum of three runs. 	753 

NOTE  It is acceptable to use the same calibrator replicates used to establish the calibration model (Annex B) 754 
for this approach; however, additional samples/replicates may be needed to meet the minimum of nine data 755 
points, including at least three sources per matrix type. 756 

G.4.3	 The lowest non-zero calibrator shall be established as the method’s LOD if all detection and 757 
identification criteria are observed in at least 95% of the replicate results.	758 

G.5	 Using	the	Decision	Point	Concentration	as	the	LOD	759 

G.5.1	 The laboratory may define the LOD as an administratively-defined decision point.  760 

Example:	761 

A	laboratory	may	define	a	method’s	LOD	for	ethanol	as	0.02	g/dL	for	blood	based	on	the	762 
laboratory’s	administratively	defined	decision	point	for	reporting	this	analyte,	even	though	a	763 
lower	LOD	is	analytically	achievable.		764 

G.5.2	 At least three unique matrix sources for each matrix type shall be fortified with the analyte 765 
at the decision point concentration.  766 

G.5.3	 Each fortified blank matrix sample shall be analyzed in a minimum of three runs. 767 

G.5.4	 The decision point concentration shall be established as the method’s LOD if all detection 768 
and identification criteria are observed in at least 95% of the replicate results. 769 

G.6	 Estimating	LOD	Using	Background	Noise	770 

NOTE  The following approaches are only useful for instrumental methods demonstrating background noise.  771 
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G.6.1	 Estimating	LOD	Using	Reference	Materials 772 

G.6.1.1	 At least three unique matrix sources for each matrix type shall be fortified with the 773 
analyte at decreasing concentrations.  774 

G.6.1.2	 Each fortified blank matrix sample shall be analyzed in a minimum of three runs. 775 

G.6.1.3	 The signal-to-noise ratio shall be determined through software or manual calculations.  776 

G.6.1.3.1	 If manually calculated, the following equation shall be used: 777 

Signal-to-Noise=
height of analyte
height of noise

	778 

G.6.1.4	 The LOD shall be established as the lowest concentration that yields:  779 

a) responses greater than or equal to 3.3 times the noise level of the background signal in each of 780 
the replicates, and 781 

b) detection and identification criteria observed in at least 95% of the replicate results.   782 

G.6.2	 Estimating	LOD	Using	Statistical	Analysis	of	Background	Noise 783 

G.6.2.1	 Two sets of samples shall be prepared and analyzed in triplicate in at least three runs. 784 

G.6.2.1.1	 “Set 1” shall consist of at least three unique blank matrix sources for each matrix type. 785 

G.6.2.1.2	 “Set 2” shall consist of the same blank matrix sources fortified with the analyte at 786 
decreasing concentrations. 787 

G.6.2.2	 The average signal (e.g., integrated signal area at the analyte’s retention time) from the 788 
Set 1 data of a given matrix type and respective standard deviation shall be calculated.  789 

G.6.2.3	 For each matrix type, the average signal from the Set 1 samples plus 3.3 times the 790 
respective standard deviation shall define the threshold signal. 791 

G.6.2.4	 The LOD shall be defined as the lowest concentration where 95% of the individual Set 2 792 
samples yield a signal greater than the threshold signal for that matrix. 793 

G.6.3	 Estimating	LOD	Using	a	Linear	Calibration	Curve	794 

G.6.3.1	 This technique shall only be used for quantitative methods that follow a linear calibration 795 
model.  796 

G.6.3.2	 At least three unique matrix sources for each matrix type shall be used to estimate the 797 
LOD using this approach.  798 

G.6.3.3	 For each matrix type, a minimum of three independent calibration curves shall be 799 
constructed across the calibration range of the test method in different runs.  800 

G.6.3.4	 The LOD shall be calculated using the standard deviation of the y‐intercept and the 801 
average slope: 802 
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LOD =
 (3.3 × standard deviation of the y-intercept)

average slope
 803 

G.7	 For	Method	Verification		804 

G.7.1	 LOD studies shall be performed for all method verifications.  805 

G.7.2	 The LOD specified in a standard test method shall be used as an administratively-defined 806 
decision point concentration.  807 

G.7.3	 At least three unique matrix sources for each matrix type shall be fortified with the analyte 808 
at the decision point concentration.  809 

G.7.4	 Each fortified blank matrix sample shall be analyzed in triplicate in one or more runs. 810 

G.7.5	 The decision point concentration shall be verified as the method’s LOD if all detection and 811 
identification criteria are observed in at least 95% of the replicate results. 812 

  813 
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Annex	H	814 
(normative) 815 

Requirements	for	Assessing	Lower	Limit	of	Quantitation	816 

H.1	 For	Method	Validation		817 

H.1.1	 LLOQ experiments shall be performed for method validation of all quantitative methods.  818 

H.1.2	 The LLOQ shall be evaluated over multiple runs using fortified matrix samples prepared 819 
from at least three unique sources of blank matrix for each matrix type.  820 

Example:	821 

At	least	three	unique	blood	sources	are	needed	if	the	assay	is	to	be	used	for	blood	samples.		822 

H.1.3. The number of unique sources of blank matrix for each affected matrix type shall be 823 
increased to at least nine if a method demonstrates significant ionization 824 
suppression/enhancement (see Annex F.2.3). 825 

H.1.4	 The LLOQ shall be determined by one of the approaches in H.2 and H.3.  826 

H.2	 Using	the	Lowest	Non‐Zero	Calibrator	as	the	LLOQ	827 

H.2.1	 At least three unique blank matrix sources for each matrix type shall be fortified with the 828 
analyte at the lowest calibrator concentration. 	829 

H.2.2	 Each fortified blank matrix sample shall be analyzed in a minimum of three runs. 	830 

NOTE  It is acceptable to use the same calibrator replicates used to establish the calibration model (Annex B) 831 
for this approach; however, additional samples/replicates may be needed to meet the minimum of nine data 832 
points including at least three sources per matrix type. 833 

H.2.3	 The lowest non-zero calibrator shall be established as the method’s LLOQ if bias and 834 
precision for these fortified samples remain within the requirements specified for the method.	835 

H.3	 Using	the	Decision	Point	Concentration	as	the	LLOQ	836 

H.3.1	 The laboratory may define the LLOQ as an administratively-defined decision point.  837 

Example:			838 

A	laboratory	may	choose	to	define	a	method’s	LLOQ	for	GHB	as	5	mg/L	for	antemortem	blood	839 
based	on	the	laboratory’s	administratively	defined	decision	point	for	reporting	this	analyte,	even	840 
though	a	lower	LLOQ	is	analytically	achievable.	841 

H.3.2	 At least three unique matrix sources for each matrix type shall be fortified with the analyte 842 
at the decision point concentration.  843 

H.3.3	 Each fortified blank matrix sample shall be analyzed in a minimum of three runs. 844 
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H.3.4	 The decision point concentration shall be established as the method’s LLOQ if bias and 845 
precision for these fortified samples remain within the requirements specified for the method. 846 

H.4	 For	Method	Verification		847 

H.4.1	 LLOQ studies shall be performed for all quantitative method verifications.  848 

H.4.2	 The LLOQ specified in a standard test method shall be used as an administratively-defined 849 
decision point.  850 

H.4.3	 At least three unique matrix sources for each matrix type shall be fortified with the analyte 851 
at the decision point concentration.  852 

H.4.4	 Each fortified blank matrix sample shall be analyzed in triplicate in one or more runs. 853 

H.4.5	 The decision point concentration shall be verified as the method’s LLOQ if bias and 854 
precision for these fortified samples remain within the requirements specified for the method. 855 

  856 
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Annex	I	857 

(normative) 858 

Requirements	for	Assessing	Precision	859 

I.1	 General	Requirements	for	Assessing	Precision	860 

NOTE  Annex B (B.1.6.2), Annex D (D.1), and Annex F (F.2.3) contain requirements that may impact the design 861 
of precision experiments. 862 

I.1.1	 Precision experiments may be carried out concurrently with bias experiments. 863 

I.1.2	 Both within-run and between-run precision shall be evaluated. 864 

I.1.3	 Precision shall be evaluated with at least three fortified matrix concentration pools for each 865 
matrix type at low, medium, and high concentrations. 866 

I.1.3.1 If significant ionization suppression/enhancement has been demonstrated, at least three 867 
unique sources of blank matrices for each matrix type shall be used (see Annex F.2.3).	868 

I.1.3.2	 Low concentrations shall be no more than approximately 3 times the lowest calibrator.  869 

I.1.3.3	 High concentrations shall be no less than approximately 80% of the highest calibrator.  870 

I.1.3.4	 Medium concentrations shall be near the midpoint of the low and high concentrations. 871 

I.1.4	 Precision shall be expressed as the coefficient of variation (% CV) using the mean and 872 
standard deviation (std	dev)	for each concentration using the following formula:  873 

% CV=
std dev
mean

 × 100	874 

I.2	 Within‐Run	Precision	Calculations	875 

Each concentration shall have one within-run precision calculated per run using the following 876 
formula: 877 

Within-run CVሺ%ሻ=
std dev of a single run of samples

mean calculated value of a single run of samples
×100 878 

I.3	 Between‐Run	Precision	Calculations	879 

Each concentration shall have a between-run precision calculated using the following formula: 880 

Between-run CVሺ%ሻ=
std dev of all observations for each concentration

grand mean for each concentration 
×100 881 
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I.4	 One‐Way	Analysis	of	Variance	(ANOVA)	Approach	to	Calculate	Within‐Run	and	882 
Between‐Run	Precision	883 

I.4.1	 Instead of the formulas listed in sections I.2 or I.3, within-run and between-run precisions 884 
may be calculated using the one-way ANOVA approach with the run number as the grouping 885 
variable.  886 

NOTE  The ANOVA calculations may be performed using a spreadsheet or a statistical software program.	887 

I.4.1.1	 Within-run precision using the ANOVA approach shall be calculated for each 888 
concentration as: 889 

Within-run CVሺ%ሻ= ቈ
ඥMSwg

grand mean for each concentration
቉ ×100 890 

where MSwg is the mean square within groups obtained from the ANOVA table. 891 

I.4.1.2	 Between-run precision using the ANOVA approach shall be calculated as: 892 

Between-run CV(%)=

⎣
⎢
⎢
⎡ ටMSbg + ሺn-1ሻ × MSwg

n
grand mean for each concentration

⎦
⎥
⎥
⎤

×100 893 

where MSbg is the mean square between groups obtained from the ANOVA table and n is the 894 
number of observations in each group (e.g., n=3 if doing triplicate analyses per run). 895 

I.5	 Specific	Requirements	for	Method	Validation		896 

I.5.1	 Precision experiments shall be carried out for all quantitative methods for each matrix type 897 
for which the method is intended to be used. 	898 

I.5.2	 Precision shall be evaluated using a minimum of triplicate analysis per concentration pool 899 
in each of five or more independently calibrated analytical runs. 900 

NOTE  In some instances, analyte instability may preclude the ability to use concentration pools of fortified 901 
samples (e.g., cocaine in unpreserved whole blood). A laboratory may fortify different samples with each 902 
independent run in these instances. 903 

I.5.3	 The maximum % CV shall be 10% for ethanol and 20% for all other analytes at each 904 
concentration. 905 

I.5.4	 The largest within-run % CV for each concentration pool and the between-run % CV for 906 
each concentration pool shall be used to assess the acceptability of precision. 907 

I.6	 Specific	Requirements	for	Method	Verification		908 

I.6.1	 Precision experiments shall be carried out for all quantitative standard test methods	for 909 
each matrix type designated within the method.  910 
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I.6.2	 Precision shall be evaluated using a minimum of quintuple analysis per concentration pool 911 
in each of three or more independently calibrated analytical runs. 912 

NOTE  In some instances, analyte instability may preclude the ability to use concentration pools of fortified 913 
samples (e.g., cocaine in unpreserved whole blood). A laboratory may fortify different samples with each 914 
independent run in these instances. 915 

I.6.3	 The maximum acceptable % CV at each concentration shall be no more than that listed 916 
within the standard test method. 917 

	918 

 	919 
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Annex	J	920 
(normative) 921 

Requirements	for	Assessing	Processed	Sample	Stability	922 

NOTE  Processed samples are typically analyzed in batches on the same day of preparation; however, 923 
circumstances may arise in which they cannot be analyzed within a reasonable amount of time due to atypical 924 
events (e.g., instrument failures or loss of power). Analyzing processed samples the following day or even 925 
later may be necessary. 926 

J.1	 Processed sample stability experiments shall be performed during method development or	927 
method validation when a laboratory will allow samples to be analyzed more than 24 hours after 928 
processing (e.g., extracted).  929 

NOTE  The following approach provides a means of evaluating the loss of analytes in stored, processed 930 
samples at low and high concentrations that could impact the ability to detect, identify, and quantify them 931 
accurately.	932 

J.2	 Processed sample stability assessments shall evaluate the length of time processed samples 933 
can be maintained before they undergo unacceptable changes.   934 

J.3	 For qualitative methods, the laboratory shall define acceptable limits for processed sample 935 
stability experiments. 936 

J.4	 For quantitative methods, the method’s bias requirements (as defined in the method 937 
development or method validation plan) shall serve as the acceptable limits for processed sample 938 
stability experiments. 939 

Example:			940 

A	method’s	bias	requirement	is	±15%,	and	the	time	zero	average	signal	is	100,000.	The	941 
laboratory’s	processed	samples	are	placed	into	different	autosampler	vials	and	are	analyzed	942 
repeatedly	for	up	to	72	hours.	For	this	example,	the	processed	sample’s	analyte	is	considered	stable	943 
until	the	average	signal	falls	outside	of	the	85,000	–	115,000	range	(±15%	of	the	time	zero	944 
average	signal).	945 

J.5	 Processed sample stability experiments shall utilize blank matrix samples fortified at low and 946 
high concentrations. 947 

J.6	 A single source of blank matrix for each matrix type may be used to evaluate processed 948 
sample stability.  949 

J.6.1	 The samples may be: prepared by the laboratory, purchased from a commercial source, or 950 
previously analyzed, pooled samples.  951 

J.6.2	 A large enough sample volume should be used to complete the studies. 952 

J.7	 Numerous aliquots from each concentration set shall be processed (e.g., extracted) using the 953 
method under validation.  954 
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J.8	 The processed samples for a given concentration pool shall be combined, mixed, and then 955 
divided into different (autosampler) vials for instrumental analysis.  956 

J.9	 The first vials of each concentration shall be immediately analyzed in triplicate to establish 957 
the time zero responses.  958 

J.10	 All remaining vials shall be maintained as they would typically be stored during routine 959 
analysis (e.g., at refrigerated or room temperature on autosampler).  960 

J.11	 The remaining vials shall be analyzed in triplicate at different time intervals, representing the 961 
typical time range expected for processed samples to wait before being analyzed.  962 

J.12	 The analyte shall be considered stable until the average signal (e.g., peak area or ratios of 963 
analyte peak area to internal standard peak area) compared to the time zero average signal falls 964 
outside established limits. 965 

NOTE  For each concentration pool, a plot of the average response against each time point with linear 966 
regression allows for an assessment of trends.  967 

	968 

 	969 
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Annex	K	970 
(normative) 971 

Requirements	for	Assessing	Rates	of	False	Positives	and	False	Negatives	972 

NOTE  False positive and false negative rates provide information about the probability of a mischaracterized 973 
result in qualitative methods. 974 

K.1	 General	975 

K.1.1	 Determination of false positive and false negative rates (expressed as percentages) shall be 976 
carried out for all qualitative methods, as well as for all quantitative methods used qualitatively, 977 
during method validation and method verification.  978 

K.1.2	 The assessment of rates of false results shall be conducted over no less than three days. 979 

K.2	 Assessing	Rates	of	False	Positives	and	False	Negatives	for	Immunoassays	980 

K.2.1	 A sample shall be prepared in a blank matrix fortified with the cutoff concentration of the 981 
target analyte and analyzed at least three times to establish the average response for this 982 
concentration. 983 

NOTE  A single matrix type (e.g., blood) may be used to prepare the cutoff concentration sample to validate 984 
other matrices (e.g., vitreous, urine, tissues). 985 

K.2.2	 A minimum of 10 unique blank matrix sources for each matrix type shall be obtained. 986 

K.2.3	 Each of the unique blank matrix sources shall be divided into two subsamples. 987 

K.2.3.1	 The first subsample for each unique blank matrix source shall be fortified with the 988 
immunoassay’s target analyte at approximately 50% below its cutoff concentration. 989 

K.2.3.1.1	 The first subsamples shall serve as “negatives.” 990 

K.2.3.1.2	 Each negative subsample shall be analyzed an approximately equal number of times to 991 
reach at least n analyses as defined in Table K-1.  992 

NOTE 1  “Analyzed” refers to samples independently prepared and tested. 993 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 994 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 995 
rate. 996 

Example:			997 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	998 

K.2.3.1.2.1	 The number of data points below the average response of the cutoff concentration 999 
shall be recorded as “true negatives” (TN). 1000 
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K.2.3.1.2.2	 The number of data points above the average response of the cutoff concentration 1001 
shall be recorded as “false positives” (FP). 1002 

K.2.3.2	 The second subsample for each unique blank matrix source shall be fortified with the 1003 
immunoassay’s target analyte at approximately 50% above its cutoff concentration.  1004 

K.2.3.2.1	 The second subsamples shall serve as “positives.” 1005 

K.2.3.2.2	 Each positive subsample shall be analyzed an approximately equal number of times to 1006 
reach at least n analyses as defined in Table K-1.  1007 

NOTE 1  “Analyzed” refers to samples independently prepared and tested. 1008 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 1009 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 1010 
rate. 1011 

Example:			1012 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	1013 

K.2.3.2.2.1	 The number of data points above the average response of the cutoff concentration 1014 
shall be recorded as “true positives” (TP). 1015 

K.2.3.2.2.2	 The number of data points below the average response of the cutoff concentration 1016 
shall be recorded as “false negatives” (FN). 1017 

K.3	 Assessing	Rates	of	False	Positives	and	False	Negatives	for	Other	Qualitative	1018 
Methods	Using	a	Decision	Point	as	the	Limit	of	Detection	1019 

K.3.1	 A sample shall be prepared in a blank matrix fortified with the decision point concentration 1020 
of the analyte and analyzed at least three times to establish the average response for the decision 1021 
point concentration. 1022 

NOTE 1  “Analyzed” refers to samples independently extracted or prepared and tested. For instrumental 1023 
techniques, they are not reinjections of the same sample. 1024 

NOTE 2  A single matrix type (e.g., blood) may be used to prepare the decision point concentration sample to 1025 
validate other matrices (e.g., vitreous, urine, tissues).  1026 

K.3.2	 A minimum of 10 unique blank matrix sources for each matrix type shall be obtained. 1027 

K.3.3	 Each of the unique blank matrix sources shall be divided into two subsamples. 1028 

K.3.3.1	 The first subsample for each unique blank matrix source shall be fortified with the analyte 1029 
at a concentration that is no less than half of the decision point concentration.  1030 

Example:		1031 

If	a	method’s	decision	point	concentration	is	set	at	10	ng/mL,	the	first	subsample	could	be	fortified	1032 
at	a	concentration	of	no	less	than	5	ng/mL.	1033 
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K.3.3.1.1	 The first subsamples shall serve as “negatives.”   1034 

K.3.3.1.2	 Each negative subsample shall be analyzed an approximately equal number of times to 1035 
reach at least n analyses as defined in Table K-1.  1036 

NOTE 1  “Analyzed” refers to samples independently extracted or prepared and tested. For instrumental 1037 
techniques, they are not reinjections of the same sample. 1038 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 1039 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 1040 
rate. 1041 

Example:			1042 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	1043 

K.3.3.1.2.1	 Each data point with a response below the average response of the decision point 1044 
concentration shall be recorded as a “true negative” (TN). 1045 

K.3.3.1.2.2	 Each data point with a response above the average response of the decision point 1046 
concentration shall be recorded as a “false positive” (FP). 1047 

K.3.3.2	 The second subsample for each unique blank matrix source shall be fortified with the 1048 
analyte at a concentration no more than 1.5 times the decision point concentration. 1049 

Example:			1050 

If	a	method’s	decision	point	concentration	is	set	at	10	ng/mL,	the	second	subsample	could	be	1051 
fortified	at	a	concentration	of	no	more	than	15	ng/mL.	1052 

K.3.3.2.1	 The second subsamples shall serve as “positives.”  1053 

K.3.3.2.2	 Each positive subsample shall be analyzed an approximately equal number of times to 1054 
reach at least n analyses as defined in Table K-1.  1055 

NOTE 1  “Analyzed” refers to samples independently extracted or prepared and tested. For instrumental 1056 
techniques, they are not reinjections of the same sample. 1057 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 1058 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 1059 
rate. 1060 

Example:		1061 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	1062 

K.3.3.2.2.1	 Each data point with a response above the average response of the decision point 1063 
concentration shall be recorded as a “true positive” (TP). 1064 

K.3.3.2.2.2	 Each data point with a response below the average response of the decision point 1065 
concentration shall be recorded as a “false negative” (FN). 1066 
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K.4	 Assessing	Rates	of	False	Positives	and	False	Negatives	for	Qualitative	Methods	1067 
that	Do	Not	Use	Decision	Points	as	the	Limit	of	Detection		1068 

K.4.1	 A minimum of 10 unique blank matrix sources for each matrix type shall be obtained. 1069 

K.4.2	 Each of the unique blank matrix sources shall be divided into two subsamples. 1070 

K.4.2.1	 The first subsample for each unique blank matrix source shall remain blank (unfortified). 1071 

K.4.2.2	 The first subsamples shall serve as “negatives.”  1072 

K.4.2.3	 Each negative subsample shall be analyzed an approximately equal number of times to 1073 
reach at least n analyses as defined in Table K-1.  1074 

NOTE 1  “Analyzed” refers to samples independently extracted or prepared and tested. For instrumental 1075 
techniques, they are not reinjections of the same sample. 1076 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 1077 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 1078 
rate. 1079 

Example:		1080 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	1081 

K.4.2.3.1	 Each data point not meeting the method’s predefined detection and identification 1082 
criteria shall be recorded as a “true negative” (TN). 1083 

K.4.2.3.2	 Each data point that meets the method’s predefined detection and identification 1084 
criteria shall be recorded as a “false positive” (FP). 1085 

K.4.2.4	 The second subsample for each unique blank matrix source shall be fortified with the 1086 
analyte at a concentration no more than 1.5 times the LOD concentration. 1087 

Example:			1088 

If	a	method’s	LOD	concentration	is	100	ng/mL,	the	second	subsample	could	be	fortified	at	a	1089 
concentration	of	no	more	than	150	ng/mL.	1090 

K.4.2.4.1	 The second subsamples shall serve as “positives.” 1091 

K.4.2.4.2	 Each positive subsample shall be analyzed an approximately equal number of times to 1092 
reach at least n analyses as defined in Table K-1.  1093 

NOTE 1  “Analyzed” refers to samples independently extracted or prepared and tested. For instrumental 1094 
techniques, they are not reinjections of the same sample. 1095 

NOTE 2  Per Table K-1, a minimum of 22 samples must be analyzed to claim no more than a 10% false result 1096 
rate; 45 samples for no more than a 5% false result rate; and 230 samples for no more than a 1% false result 1097 
rate. 1098 
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Example:		1099 

Ten	unique	matrix	sources	analyzed	six	times	each,	resulting	in	60	data	points.	1100 

K.4.2.4.2.1	 Each data point that meets the method’s predefined detection and identification 1101 
criteria shall be recorded as a “true positive” (TP). 1102 

K.4.2.4.2.2	 Each data point not meeting the method’s predefined detection and identification 1103 
criteria shall be recorded as a “false negative” (FN). 1104 

K.5	 False	Positive	and	False	Negative	Rates	1105 

K.5.1	 False positive or false negative rates of "no more than F% at the C% confidence level" shall 1106 
be reported, with F and C established based on the validation experiment carried out (Table K-1). 1107 

K.5.2	 False positive or false negative rates of 0% shall not be claimed, as they are not statistically 1108 
supported. 1109 
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Table	K.1—Minimum	Validation	Design	to	Claim	Different	False	Result	Rates	at	Different	1110 
Confidence	Levels	1111 

Claimed	False	
Result	Rate	

Confidence	
Level	

Minimum	Number	
of	Samples	Tested	

Accepted	Number	
of	Failures	

10% 

90% 

22 ≤1 
44 ≤2 
66 ≤3 
88 ≤4 

95% 
29 ≤1 
58 ≤2 
87 ≤3 

99% 
44 ≤1 
88 ≤2 

5% 

90% 
45 ≤1 
90 ≤2 

95% 
59 ≤1 

118 ≤2 
99% 90 ≤1 

1% 
90% 230 ≤1 
95% 299 ≤1 
99% 459 ≤1 

Examples:		1112 

 If	1	false	positive	and	0	false	negative	results	were	observed	after	testing	59	negative	and	59	1113 
positive	samples,	the	laboratory	can	claim	the	method	has	a	“false	result	rate	of	no	more	than	1114 
5%	at	the	95%	confidence	level”.	1115 

 If	2	false	positive	results	were	observed	after	testing	59	negative	samples,	the	laboratory	1116 
cannot	claim	the	method	has	a	5%	false	positive	rate	at	the	95%	confidence	level.	1117 

 If	2	false	positive	and	1	false	negative	results	were	obtained	after	testing	59	negative	and	59	1118 
positive	samples,	the	laboratory	can	claim	the	method	has	a	false	positive	rate	of	no	more	than	1119 
10%	at	the	95%	confidence	level	and	a	false	negative	rate	of	no	more	than	5%	at	the	95%	1120 
confidence	level.	1121 

NOTE  The most relevant combinations of false result rates and confidence levels were included in Table K-1. 1122 
Other minimum study designs may be defined using the relationship log(1-C)/log(1-F), which yields the 1123 
minimum number of samples to be analyzed, with a maximum of one allowed to fail. 1124 

 1125 
	 	1126 
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Annex	L	1127 
(normative) 1128 

Requirements	for	Assessing	Recovery	1129 

L.1	 For	Method	Development		1130 

L.1.1	 General	1131 

Laboratories shall assess the recovery of the method’s target analytes and internal standards 1132 
during method development. 1133 

NOTE  Monitoring a single precursor to diagnostic product ion transition for each target analyte and internal 1134 
standard in LC-MS/MS applications is sufficient for assessing recovery. 1135 

L.1.2	 Post‐Extraction	Addition	to	Assess	Recovery	1136 

L.1.2.1	 Two different sets of samples shall be prepared and analyzed. 1137 

L.1.2.1.1	 “Set A” shall consist of at least three unique blank matrix sources, per matrix type. 1138 

NOTE 1  For LC/MS methods, this approach may be performed in combination with ionization 1139 
suppression/enhancement assessments. Set A above is the equivalent of Set 2 for Ionization Suppression and 1140 
Enhancement experiments (Annex F). 1141 

NOTE 2  Given the variety of sample conditions typically encountered in postmortem toxicology, additional 1142 
matrix samples may be needed.   1143 

L.1.2.1.1.1	 Each sample of Set A shall be extracted, fortified at the low concentration used in Set 1144 
B (below) for each target analyte and the internal standard, and then analyzed. 1145 

L.1.2.1.2	 “Set B” shall consist of at least three unique blank matrix sources for each matrix type 1146 
fortified at a low concentration for each target analyte and at the method’s defined concentration 1147 
for each internal standard.	1148 

L.1.2.1.2.1	 Each sample of Set B shall be extracted and analyzed.  1149 

L.1.2.2	 Each sample shall be injected at least once; however, the same number of injections shall 1150 
be used for all samples. 1151 

L.1.2.3	 The peak areas shall be averaged for Set A to create two values (i.e., Set ALow and Set AInt 1152 
Std). 1153 

L.1.2.4	 The average peak areas for the Set A samples shall be compared to the average peak areas 1154 
of the Set B samples, as follows: 1155 

Recovery ሺ%ሻ ൌ ൬
Average Area of Bଡ଼ 

Average Area of Set Aଡ଼
൰ ൈ  100 1156 

	1157 
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Annex	M	1158 
(normative) 1159 

Requirements	for	Assessing	Upper	and	Lower	Reliability	Limits	1160 

NOTE  Understanding the reliability limits of analytical methods that depend on a decision point 1161 
concentration to determine whether a result is classified as “positive” versus “negative” is fundamental to the 1162 
method's overall effectiveness and credibility. 1163 

M.1	 General	1164 

M.1.1	 For qualitative methods that use a decision point concentration as the estimated limit of 1165 
detection, upper and lower reliability limits shall be assessed during method development.  1166 

M.1.2	 Laboratories shall define appropriate false positive and false negative rates (expressed as 1167 
percentages) above which the results obtained will be considered unreliable (e.g., 1%, 5%, 10%). 1168 

M.1.3	 There are two ways a laboratory can assess upper and lower reliability limits: 1169 

M.2	 Assessment	via	Fortified	Samples	1170 

M.2.1	 A sample shall be prepared in a blank matrix fortified at the decision point concentration of 1171 
the analyte and analyzed at least three times to establish the average response for the decision 1172 
point concentration. 1173 

NOTE  A single matrix type (e.g., blood) may be used to prepare the decision point concentration sample used 1174 
to evaluate other matrices (e.g., vitreous, urine, tissues).  1175 

M.2.2	 Laboratories shall fortify concentration levels surrounding the decision point concentration 1176 
for each matrix.  1177 

Example:	1178 

For	a	decision	point	concentration	of	10	ng/mL,	a	laboratory	may	choose	to	assess	concentration	1179 
levels	of	5	ng/mL,	8	ng/mL,	12	ng/mL,	and	15	ng/mL	(for	each	intended	matrix	of	the	method)	to	1180 
determine	which	concentrations	can	meet	the	predefined	false	positive	and	false	negative	rates.		1181 

M.2.3	 A minimum of 10 unique blank matrix sources shall be obtained. 1182 

M.2.4	 Each of the unique blank matrix sources shall be divided into subsamples based on the 1183 
number of concentrations evaluated. 1184 

M.2.4.1	 Each subsample shall be fortified with one of the chosen concentration levels. 1185 

M.2.4.1.1	 The subsamples fortified at concentrations below the decision point shall serve as 1186 
“negatives” and be analyzed at least once.  1187 

NOTE  This will result in at least 10 data points for each “negative” concentration. 1188 
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M.2.4.1.1.1	 Each data point with a response below the average response of the decision point 1189 
concentration shall be recorded as a “true negative” (TN). 1190 

M.2.4.1.1.2	 Each data point with a response above the average response of the decision point 1191 
concentration shall be recorded as a “false positive” (FP). 1192 

M.2.4.1.2	 The subsamples fortified at concentrations above the decision point shall serve as 1193 
“positives” and be analyzed at least once.  1194 

NOTE  This will result in at least 10 data points for each “positive” concentration. 1195 

M.2.4.1.2.1	 Each data point with a response above the average response of the decision point 1196 
concentration shall be recorded as a “true positive” (TP). 1197 

M.2.4.1.2.2	 Each data point with a response below the average response of the decision point 1198 
concentration shall be recorded as a “false negative” (FN). 1199 

M.2.5	 Calculating False Positive and False Negative Rates: 1200 

M.2.5.1	 From the data collected, false positive rates shall be calculated for each concentration 1201 
below the decision point as: 1202 

False Positive Rate (%) =	
FP

FP+TN
×100	1203 

M.2.5.2	 From the data collected, false negative rates shall be calculated for each concentration 1204 
above the decision point as: 1205 

False Negative Rate (%) = 
FN

FN+TP
×100	1206 

M.2.6	 The calculated false positive and false negative rates shall be compared to the predefined 1207 
(“appropriate”) false positive and false negative rates. 1208 

M.2.7	 The highest concentration meeting the pre-established rate for false positives is the lower 1209 
reliability limit, and the lowest concentration meeting the pre-established rate for false negatives is 1210 
the upper reliability limit.  1211 

M.3	 Assessment	via	Standard	Deviation	of	the	Decision	Point	Signal	1212 

M.3.1	 A blank matrix fortified with the decision point concentration of the analyte shall be 1213 
prepared in at least three replicates and analyzed once each to establish the average response and 1214 
its standard deviation at the decision point concentration. 1215 

NOTE  There is value in repeating this process with each matrix type (e.g., vitreous, urine, tissues) included in 1216 
the method scope. 1217 

M.3.2	 The standard deviation of the signal at the decision point shall be multiplied by a coverage 1218 
factor (k) corresponding to the one-tailed t-value at the significance level equal to the false 1219 
positive/negative rate established in Section M.2 and then added to or subtracted from the average 1220 
decision point signal. 1221 
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SignalUpper= Average Decision Point Signal + (k ×std dev) 1222 

SignalLower= Average Decision Point Signal െ  (k ×std dev) 1223 

NOTE  If a laboratory chooses a 5% false positive and negative rate and does the minimum of three replicates, 1224 
the coverage factor (k) will be 2.920 from a one-tailed Student’s t distribution table. 1225 

M.3.3	 The lower and upper reliability limits (in concentration units) shall be obtained by 1226 
multiplying the signals obtained in Section M.3.2 by the decision point concentration and dividing 1227 
by the average response at the decision point concentration.  1228 

Reliability LimitUpper= 
SignalUpper ×Decision Point Conc 

Average Response for Decision Point Conc
 1229 

 1230 

Reliability LimitLower= 
SignalLower ×Decision Point Conc 

Average Response for Decision Point Conc
 1231 

 1232 

  1233 
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