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• Definition: A type of quantitative analysis approach whereby the standard is added 
directly to the aliquots of analyzed sample
– Internal calibration model (as opposed to an external calibration model)

• Various scientific areas use standard addition

• Mechanism to provide accurate and reliable quantitative                                       
results in the absence of a traditionally validated assay
– Rarely encountered substances
– Novel Psychoactive Substances (NPS)
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Standard Addition



• Briefly… how standard addition works:
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Standard Addition

Linear plot/trendline
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• Briefly… how standard addition works:
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Standard Addition

Concentration of drug (initial)



• Can be difficult to impossible (at times)
– Use screening data for estimation

• General approaches:
– If you know estimated concentration:

• I.e., approximately 10 ng/mL
• Up-spike at 50%, 100%, and 200%
• More specific, but less comprehensive and 

more time consuming

– If you know ball-park concentration:
• I.e., somewhere around 1-10 ng/mL
• Up-spike at 0.2, 2, and 20 ng/mL for all
• Span two orders of magnitude or more, can 

be comprehensive, can drop data point*

• Good:
– Estimated concentration: 7 ng/mL
– Up-spike at 4, 10, and 20 ng/mL
– Actual concentration: 5.8 ng/mL

• Bad:
– Estimated concentration: 500 ng/mL
– Up-spike at 2, 5, and 10 ng/mL
– Actual concentration: ??? ng/mL
– OR
– Estimated concentration: ??? ng/mL
– Up-spike at 5, 10, and 50 ng/mL
– Actual concentration: 0.2 ng/mL

• Up-spikes should bracket your final conc.
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Selecting “Up-Spike” Concentrations



CONSIDERATIONS



• The Good and The Bad:

• Pros:
– “Self-validating” approach
– Different requirements for validation
– Resource savings on small scale
– When executed properly, more accurate

• Cons:
– Consumed sample volume (2+ mL per assay)
– Need to know a ballpark quantitative value
– For 10+ samples, can become time 

consuming and resource consuming

• Additional Considerations:
– Desired quantitative range
– Instrumentation

• GC-MS vs. LC-MS/MS vs. LC-HRMS
– Matrix type

• Tissue, vitreous, bile, etc.

– Matrix effects
• Can you replicate postmortem blood?

– Internal standard
– Etc.
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Considerations

• Standard addition can not be applied without 
assessment of the analytical technique

https://doi.org/10.1039/b717660k

https://doi.org/10.1039/b717660k


EXPERIMENTATION



• Method development and workflow (same a traditionally validated assay)
– Analytical method
– Spiking mixes / internal standard
– Sample preparation protocol / extraction

• Example:
– SCIEX TripleTOF® 5600+ LC-MS/MS System 
– Column, mobile phase, and gradient
– MRM transitions / MS parameters
– Isotonitazene and fentanyl-D5 / 0.1 and 1 ng/µL
– Liquid-liquid extraction
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Experimentation



• Method verification (or “validation”)
– Modeled after ASB Standard 036: Standard Practices for Method Validation in Forensic Toxicology
– These are our proposed experiments to assess the use of standard addition
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Experimentation

Required:
• Linearity (target range)
• Limit of detection
• Carryover
• Interferences

May be required:
• “Controls” (accuracy 

and precision)
• Stability studies
• Recovery

Not required:
• Ion suppression / 

enhancement
• Dilution integrity



IMPLEMENTATION
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Implementation

[Screening] – Analysis of sample(s) by LC-QTOF-MS

Method development and verification

[Confirmation] – Application to authentic sample(s)

Calculation of concentration (x-intercept)
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Unknown sample: 6069 area

Standard (10 ng/mL): 1054 area

Approx. concentration: 5 ng/mL
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Implementation

Verification Data ↑
“Authentic” Sample à
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Butonitazene Quantitation

Sample ID Concentration (ng/mL) Peak Area Ratio (Response) [Butonitazene] (ng/mL
Standard Addition 1.1 (Blood) 0 0.197

Standard Addition 1.2 0.5 0.228
Standard Addition 1.3 5 0.554 Blood
Standard Addition 1.4 50 3.402 3.3

Standard Addition 2.1 (Serum) 0 0.196
Standard Addition 2.2 0.5 0.234
Standard Addition 2.3 5 0.687 Serum
Standard Addition 2.4 50 4.58 2.4

Standard Addition 3.1 (Urine) 0 1.134
Standard Addition 3.2 0.5 1.186
Standard Addition 3.3 5 1.713 Urine
Standard Addition 3.4 50 6.641 10



• Standard addition is a scientifically valid approach 
for quantitation in forensic toxicology
– Toxicologists should consider its utility in their labs

• Sample volume consumed may be an issue

• Method assessment is still required

• Allows for quantitation when other methods or 
approaches are not available
– Particularly useful for new and emerging NPS

• There are other ways to perform standard addition

24

Conclusions / Take Aways



• Center for Forensic Science Research 
& Education (CFSRE)
– Dr. Barry Logan
– Melissa Fogarty
– Sara Walton

• NMS Labs
– Dr. Sherri Kacinko
– Joseph Homan
– Donna Papsun

• Forensic partners

• Provide Feedback or Insights
– We would love to hear from you
– Fellow colleagues are looking for different 

perspectives and innovative approached
– Email: alex.krotulski@cfsre.org

– Does your lab use standard addition?
– Do you have an assessment process?
– Do you use standard addition in a high-

volume, high-throughput environment?
– Do you have other ideas about 

implementation?
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