Advanced Gas Chromatography

[bookmark: _Hlk83968398]Definition: The advanced use and application of gas chromatography for the determination of analytes.

	Level 2 Competency:  Support gas chromatography activities in the laboratory. 

Level 3 Competencies: 
· Teach gas chromatography to entry-level laboratory analysts – Communication 
· Promote the use of gas chromatography in the laboratory – Leadership
· Achieve optimal analyte separation – Programmatic 
· Apply gas chromatography techniques – Technical 




	Method Design

	BRAINSTORM
	· Choose stationary phase/column
· Calibration methods
· Retention indices
· Standards prep
· Use of gas
· Critical quality attributes
	· Types of gases
· Analyte solubility
· Detection method
· Lab developed tests
· Consumable optimization
· Meeting the “analytical target profile”
	· Ionization method
· Chemical properties
· Volatiles analysis
· Reference standards 
· Validation of GC methods
· Sample introduction




	
Definition: Selecting appropriate materials and techniques based on analyte and matrix.

[bookmark: _Hlk83968429]Level 4 Competency: Design a method based on the analyte/matrix.

Level 5 Competencies:
1. Choose analytical chromatographic techniques.
2. Identify materials needed for the analysis.
3. Select reference standards for the analysis.
4. Modify chromatographic conditions to achieve separation.
5. Use established protocols to validate GC methods.
6. Identify emerging approaches to enhance sustainability.


	[bookmark: _Hlk3897965]1. Level 5 Competency: Choose analytical chromatographic techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can consider the chemical and physical properties of the analyte.
2. The laboratory analyst can research methods including reference methods.


	2. Level 5 Competency: Identify materials needed for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can demonstrate a knowledge of vendors (source of liners, columns, etc.).
2. The laboratory analyst can demonstrate knowledge of materials’ properties and performance (e.g., graphite vs. graphite/vespel ferrule).


	3. Level 5 Competency: Select reference standards for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can successfully procure reference standards (i.e., find them, order them, etc.).
2. The laboratory analyst can explain the importance of certificates of analysis. 
3. The laboratory analyst can correctly prepare a reference standard (e.g., dissolved in right solvent).
4. The laboratory analyst can recognize the most common calibration methods (e.g., internal, external, matrix matched, standard addition).
5. The laboratory analyst can recognize proper storage conditions and the potential for analyte degradation.


	4. Level 5 Competency: Modify chromatographic conditions to achieve separation.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize the chemistry of the analyte.
2. The laboratory analyst can utilize the fundamental resolution equation.


	5. Level 5 Competency: Use established protocols to validate GC methods.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize method validation parameters based on certification requirements.
2. The laboratory analyst can recognize existing guidance and literature.
3. The laboratory analyst can validate a method based on an established protocol.


	6. Level 5 Competency: Identify emerging approaches to enhance sustainability. 

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can design approaches that minimize environmental and analyst impact.
2. The laboratory analyst can demonstrate broad knowledge on alternate approaches (e.g., helium to hydrogen).
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	Sample Prep

	BRAINSTORM
	· Multi-matrix proficient
· Solvent extractors
	· QuEchERS
· Green chemical approaches
	· SPME
· Isolation/Concentration techniques




	
Definition: Methods and techniques used to achieve extraction of analytes.

Level 4 Competency: Prepare a sample.

Level 5 Competencies:
1. Consider sample composition.
2. Describe the sample preparation approach.
3. Determine how the sample should be introduced into the system.


	1. Level 5 Competency: Consider sample composition.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can use available sources of information (list of ingredients, visual examination) to determine composition.
2. The laboratory analyst can recognize sample storage conditions to maintain sample and analyte integrity.
3. The laboratory analyst can demonstrate proficiency in multiple matrices.


	2. Level 5 Competency: Describe the sample preparation approach.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can outline the sequence of operations (homogenize, extract, isolate, and concentrate).
2. The laboratory analyst can perform each step in the sequence.
3. The laboratory analyst can demonstrate an understanding of adsorption mechanisms of different clean-up materials.
4. The laboratory analyst can choose and test clean-up materials to minimize matrix interference (e.g., C18, Ion exchange, PSA, etc.).
5. The laboratory analyst can recognize opportunities for automated sample preparation. 


	3. Level 5 Competency: Determine how the sample should be introduced into the system.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can distinguish between gas (SPME, headspace, airtight syringe) and liquid (syringe).
2. The laboratory analyst can recognize opportunities for automated injections.





	Sample Introduction

	BRAINSTORM
	· SPME 
· Head space analysis
· Multi-matrix
· Thermal desorption
	· Pyrolysis
· Retention gaps
· Cold on-column injection
· Splitless injection
	· PTV injection
· MMI injection
· Gas sampling valves
· Specialized liners




	
Definition: Techniques used to introduce samples into the system.

Level 4 Competency: Introduce a sample into the system.

Level 5 Competencies:
1. Choose a sample introduction system based on test requirements.
2. Choose appropriate materials for optimal sample introduction.
3. Operate different injection systems.


	1. Level 5 Competency: Choose a sample introduction system based on test requirements.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can determine which sample introduction system to use, given the test required (e.g., volatiles in water, semi-volatiles  in hexane extracts, etc.).
 

	2. Level 5 Competency: Choose appropriate materials for optimal sample introduction.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can choose a sample introduction technique. (e.g., liners, retention gaps, SPME fibers, head-space, syringe, split or split-less, etc.) 


	3. Level 5 Competency: Operate different injection systems.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can operate split/splitless, MMI, PTV, thermal desorption, cold on-column, and pyrolysis.
2. The laboratory analyst can perform maintenance and troubleshooting on injector systems.




	Chromatographic Parameters

	BRAINSTORM
	· Stationary/mobile phase
· Separation modes
· Column technology
	· Stationary phase design
· Specialized columns
· Change of temperature
	· Oven programming
· Transfer line temperature





	
Definition: Parameters which may be manipulated to achieve optimal analyte separation.

Level 4 Competency: Manipulate parameters for optimal analyte separation.

Level 5 Competencies:
1. Describe the concept of GC analysis.
2. Select stationary phase for the analysis.
3. Operate GC.
4. Optimize experimental conditions.
5. Utilize retention indices.


	1. Level 5 Competency: Describe the concept of GC analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can explain the intermolecular interactions between analyte and stationary phase.


	2. Level 5 Competency: Select stationary phase for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize a range of stationary phases.
2. The laboratory analyst can identify the appropriate stationary phase based on the properties of the analyte.
3. The laboratory analyst can recognize different column dimensions (e.g., length, diameter, film thickness).


	3. Level 5 Competency: Operate GC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can perform maintenance and troubleshooting on GC. 


	4. Level 5 Competency: Optimize experimental conditions.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can modify temperature programming to optimize separation.
2. The laboratory analyst can set gas flow rate.
3. The laboratory analyst can adjust column length. 
4. The laboratory analyst can adjust injection temperature. 
5. The laboratory analyst can predict temperature driven changes in retention times.


	5. Level 5 Competency: Utilize retention indices.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize the chemical interaction between the analyte and the stationary phase.
2. The laboratory analyst can predict the elution order based on retention index.











	Detectors

	BRAINSTORM
	· MS principles
· Detection method
· Analyte fragmentation
	· Ionization method
· Spectroscopic detectors
· Ion mobility detectors for GC
	· Element specific detectors
· Figures of merit (sensitivity, selectivity, response factor, linearity, limit of detection, etc.)




	
Definition: Detection systems used for gas chromatography.

Level 4 Competency: Discuss the use of detection systems for gas chromatography.

Level 5 Competencies:
1. Describe detector options for GC.
2. Select detector for the analysis.
3. Operate different detectors for GC.


	1. Level 5 Competency: Describe detector options for GC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can differentiate among detectors for specific applications.
2. The laboratory analyst can discuss the functionality of the detector (universal, selective, element specific, etc.).
3. The laboratory analyst can assess detector figures of merit (strengths such as high selectivity, high sensitivity, and linearity; weaknesses such as poor selectivity, poor sensitivity, poor linear range, noisy).
4. The laboratory analyst can recognize how to interpret data from the detector.
 

	2. Level 5 Competency: Select detector for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize the matrix and analyte’s chemical properties.
2. The laboratory analyst can recognize required figures of merit specific to the method of interest (sensitivity, selectivity, response factor, linearity, limit of detection, etc.).
3. The laboratory analyst can evaluate the operational readiness of the detector.


	3. Level 5 Competency: Operate different detectors for GC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can collect data using the most common detectors.
2. The laboratory analyst can perform maintenance and troubleshooting on a detector.





	Data Handling

	BRAINSTORM
	· Integration parameters 
· Statistical analysis
· Chromatographic analysis

	· Data analysis methods for GC
· Data presentation
· Machine learning
· Data mining
	· Artificial intelligence
· Measurement of uncertainty
· Data integrity
· DRS




	
Definition: Translating chromatographic data into useful information.

Level 4 Competency: Perform data handling activities.

Level 5 Competencies:
1. Interpret chromatographic data.
2. Determine integration parameters to improve quantification.
3. Apply statistical skills to data sets.
4. Evaluate QC.
5. Create graphical representations.


	1. Level 5 Competency: Interpret chromatographic data.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can identify analytes by comparison with reference standards (retention time, fragmentation pattern).
2. The laboratory analyst can compute the calibration curve accordingly (external standard, internal standard, matrix matched, standard addition).
3. The laboratory analyst can calculate concentration of analytes.


	2. Level 5 Competency: Determine integration parameters to improve quantification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize different integration parameters.


	3. Level 5 Competency: Apply statistical skills to data sets.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can calculate variation.
2. The laboratory analyst can employ appropriate statistical tests e.g., T test, Z test, confidence interval.
3. The laboratory analyst can calculate the measurement of uncertainty.


	4. Level 5 Competency: Evaluate QC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can ensure data integrity.
2. The laboratory analyst can identify an out-of-control sample batch.
3. The laboratory analyst can collate a data package.


	5. Level 5 Competency: Create graphical representations.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can create quality control charts, calibration graphics, and chromatograms.







	Operational Expertise

	BRAINSTORM
	· Troubleshooting
· Maintenance
· Installation
· Instrument performance
	· Quality control assurance
· Advanced troubleshooting
· Multi-vendor domain knowledge
· Optimized run time
	· Method implementation
· Waste handling
· Gas generators
· Safety
· Vendors




	
Definition: Knowledge and skills required to assure optimal day to day operation of GCs.

Level 4 Competency: Support the optimization of day to day operations.

Level 5 Competencies:
1. Operate instrumental software packages.
2. Maintain operational readiness.
3. Recognize instrument performance issues.
4. Demonstrate troubleshooting.
5. Implement method validation plan.
6. Transfer GC knowledge.


	1. Level 5 Competency: Operate instrumental software packages.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can operate software packages to collect and analyze data (e.g., Xcalibur, Tracefinder, Chemstation, MassHunter).


	2. Level 5 Competency: Maintain operational readiness.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can arrange and implement routine maintenance (e.g., having a checklist for when things need to be done).
2. The laboratory analyst can ensure that users are qualified (i.e., can evaluate primary and secondary analysts).
3. The laboratory analyst can meet safety and waste handling requirements.
4. The laboratory analyst can schedule preventive maintenance with vendors.
5. The laboratory analyst can maintain an inventory and ensure the availability of consumables.


	3. Level 5 Competency: Recognize instrument performance issues.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe how the system normally operates.
2. The laboratory analyst can recognize warning signs of potential problems (e.g., retention time shift, pressure out of bounds, peak shape, peak intensity).
3. The laboratory analyst can devise metrics of instrument performance (e.g., system suitability).


	4. Level 5 Competency: Demonstrate troubleshooting.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can determine root causes to problems.
2. The laboratory analyst can devise a decision tree for solving technical issues.


	5. Level 5 Competency: Implement method validation plan.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can determine accuracy, precision, recovery, linearity, and limit of detection.


	6. Level 5 Competency: Transfer GC knowledge.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can teach others (e.g., junior analysts, analysts from other labs, etc.) on GC instrument operations.
2. The laboratory analyst can teach others on GC sample preparation.
3. The laboratory analyst can deliver a presentation. 
4. The laboratory analyst can contribute to a manuscript.
5. The laboratory analyst can participate in analytical chemistry networks.







	Advanced Techniques

	BRAINSTORM
	· The theory of multi-dimensional methods
· Un-targeted analysis
· Prep-GC theory
· Theory of back-flush technology
	· Fast GC
· Portable GC
· LPGC
· Heart cut technique
	· GC x GC
· Comprehensive GC
· LCGC
· Hyphenation techniques




	
Definition: Emerging commercial technology in the GC field.

Level 4 Competency: Apply advanced GC techniques.

Level 5 Competencies:
1. Recognize the need for multi-dimensional separations (e.g., GCxGC, 2DGC)
2. Recognize the role of un-targeted screening approaches using mass spectrometry for analyte identification.
3. Recognize the role of hyphenated techniques (e.g., MS, HRMS, FTIR).
4. Identify additional GC-related technologies.


	1. Level 5 Competency: Recognize the need for multi-dimensional separations (e.g., GCxGC, 2DGC).

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize multi-dimensional approaches (e.g., 2DGC, heart cut, comprehensive??).
2. The laboratory analyst can recognize this trend in the analytical chemistry field. 
3. The laboratory analyst can identify sample sets that benefit from multi-dimensional techniques.


	2. Level 5 Competency: Recognize the role of un-targeted screening approaches using mass spectrometry for analyte identification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recognize impactful approaches for expanding analyte identification.


	3. Level 5 Competency: Recognize the role of hyphenated techniques (e.g., MS, HRMS, FTIR).

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe the basic theory of hyphenation techniques.
2. The laboratory analyst can describe the set-up of a hyphenation system.
3. The laboratory analyst can identify sample sets that hyphenation techniques benefit.


	4. Level 5 Competency: Identify additional GC-related technologies.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can identify the need to adopt additional technologies (e.g., Prep-GC, back-flush, Fast GC, Portable GC).
2. The laboratory analyst can integrate emerging technologies to solve current analytical issues.




















Advanced Laboratory Techniques

Definition: Advanced tools, materials, principles, and applications used for analytical work.

	Level 2 Competency:  Champion the use of advanced laboratory techniques.

Level 3 Competencies: 
· Teach other on the use of advanced laboratory techniques - Communication
· Promote the use of advanced laboratory techniques - Leadership
· Demonstrate the use of advanced laboratory techniques - Programmatic
· Apply advanced laboratory techniques - Technical




	Equipment / Instrument Management

	BRAINSTORM
	· Instrument maintenance
· Troubleshoot equipment malfunction
· Repair instruments
· Lab equipment at your facility
· Installation

	· Stability of electrical source
· Out of service 
· Calibration (thermometers, pipettes, etc.)
	· Column Maintenance
· Column degradation
· Dirty guard column
· Column cutting




	
Definition: Managing the performance of equipment/instrument.

Level 4 Competency: Manage equipment/instrument operations.

Level 5 Competencies:
1. Perform equipment / instrument maintenance.
2. Diagnose equipment / instrument failures.
3. Apply root cause techniques.
4. Resolve minor equipment / instrument issues.
5. Evaluate need for equipment / instrument service.
6. Coordinate for outside equipment / instrument repairs.
7. Manage out-of-service equipment / instruments.
8. Oversee equipment / instrument installation.

	7. Level 5 Competency: Perform equipment / instrument maintenance.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can perform unscheduled maintenance.
2. The laboratory analyst oversees scheduled vendor maintenance.
3. The laboratory analyst tracks preventive maintenance (record keeping).
4. The laboratory analyst can maintain columns.
5. The laboratory analyst can calibrate equipment/instruments.


	2. Level 5 Competency: Diagnose equipment / instrument failures.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can identify issues with equipment components.
2. The laboratory analyst monitors equipment consumables.
3. The laboratory analyst can diagnose column failures.
4. The laboratory analyst can identify software issues.
5. The laboratory analyst can perform troubleshooting.
6. The laboratory analyst can identify electrical function issues.


	3. Level 5 Competency: Apply root cause techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. 

	4. Level 5 Competency: Resolve minor equipment / instrument issues.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	

	5. Level 5 Competency: Evaluate need for equipment / instrument service.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can recommend equipment / instrument.
2. The laboratory analyst can justify the need for new or replacement equipment/ instruments.
3. The laboratory analyst can draft equipment/instruments specifications.
4. The laboratory analyst can request quotes from organizational approved vendors for new or replacement equipment/instruments.


	6. Level 5 Competency: Coordinate for outside equipment / instrument repairs.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. 

	7. Level 5 Competency: Manage out-of-service equipment / instruments.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can tag out-of-service equipment / instruments.
2. The laboratory analyst can adjust work schedules/workload based on availability of equipment/instruments.


	8. Level 5 Competency: Oversee equipment / instrument installation.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can evaluate equipment/instrument performance vs required specifications.
2. The laboratory analyst can perform platform validation.
3. The laboratory analyst can recommend the approval of paying for new or replacement equipment/instruments.




	[bookmark: _Hlk80014794]
Reagents

	BRAINSTORM
	· Prepare reagents
· Radio labeled internal standards
· Proper storage
· Disposal
	· Combine chemicals
· Quantitative transfer
· Synthesis
· Method suitability
	· Extinction coefficients
· Purity
· Standardization
· Equipment suitability
	




	
Definition: Reagent management.

Level 4 Competency: Assess suitability of reagents.

Level 5 Competencies:
1. Evaluate reagents.
2. Determine method suitability.
3. Prepare reagents.
4. Perform reagent standardization.
5. Utilize internal standards.
6. Utilize safe reagent handling techniques.


	1. Level 5 Competency: Evaluate reagents.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can evaluate reagent purity.
2. The laboratory analyst can monitor reagent expiration dates.
3. The laboratory analyst can interpret certificates of analysis. 


	2. Level 5 Competency: Determine method suitability.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average
1. The laboratory analyst can identify interferences.
2. The laboratory analyst can identify contaminants.


	3. Level 5 Competency: Prepare reagents.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can perform quantitative transfers.
2. The laboratory analyst can synthesize reagents.
3. The laboratory analyst can draft a reagent preparation procedure based on:
a. Literature reference
b. Method


	4. Level 5 Competency: Perform reagent standardization.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can utilize extinction coefficients for reagent standardization.
2. The laboratory analyst can utilize primary standards for reagent standardization.
3. The laboratory analyst can utilize buffers for reagent standardization.


	5. Level 5 Competency: Utilize internal standards.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can utilize radiolabeled standards.


	6. Level 5 Competency: Utilize safe reagent handling techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can maintain a safe environment by mixing chemicals in the proper order.
2. The laboratory analyst can recognize chemical incompatibilities.
3. The laboratory analyst stores reagents safely.
4. The laboratory analyst can dispose of reagents in a safe manner.




	Extraction Techniques

	BRAINSTORM
	· Centrifuge
· Extraction clean-up
· Filtering substrate, vacuuming filtration
· Fractional distillation
· Super critical fluid
· High temperature pressure
	· Column overload
· Co-extractives
· Analyte recovery
· Saturation
· Partition coefficients
· pH
· ELISA
	· Polarity
· Ionic strengths 
· Rotovap
· SPE
· Automated extraction techniques
· Enzymes
· Antibodies




	
Definition: Extraction of analyte from matrix.

Level 4 Competency: Perform extraction techniques.

Level 5 Competencies:
1. Describe the purpose of extraction.
2. Describe types of extraction principles.
3. Compare extraction techniques.
4. Utilize extraction equipment.
5. Describe parameters that impact extraction efficiency.
6. Evaluate extraction performance.
7. Recognize extraction safety requirements.


	1. [bookmark: _Hlk80014224]Level 5 Competency: Describe the purpose of extraction.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. 

	2. Level 5 Competency: Describe types of extraction principles.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can identify different extraction principles:
a. Liquid/liquid
b. Liquid/solid
c. Acid/base


	3. Level 5 Competency: Compare extraction techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can differentiate between extraction techniques:
a. Filtration
b. Automated
c. Rotovap
d. SPE
e. Distillation
f. Centrifuge
g. Quechers
h. Digestion
i. Derivatization
j. Syringe
k. Fractional distillation
l. Super critical fluid
m. Liquid nitrogen
2. The laboratory analyst determine which extraction technique is appropriate for the analysis.


	4. Level 5 Competency: Utilize extraction equipment.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can perform extractions using the following equipment:
a. Rotovap
b. Sorptive
i. SPE
c. Centrifuge
d. Vacuum filtration
e. Microwave 
f. Ultrasonic
g. Flasks
i. Mojonnier
ii. Soxhlet
iii. Separatory funnels
iv. Kuderna Danish
h. Shakers
i. Nitrogen evaporators
j. Genogrinder
k. Digesters/heating blocks
l. Water baths
m. Steam baths
n. Super critical fluid


	5. Level 5 Competency: Describe parameters that impact extraction efficiency.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst recognizes factors which affect extraction efficiency:
a. Co-extractives
b. Saturation 
c. Polarity
d. Ionic strengths
e. Column overload
f. Partition coefficients
g. pH
h. Particle size
i. Surface area


	6. Level 5 Competency: Evaluate extraction performance.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. 

	7. Level 5 Competency: Recognize extraction safety requirements.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can identify safety issues involved in extraction processes:
a. Pressure
b. Heat block




	Other Techniques

	BRAINSTORM
	· Microscopy
· ELISA
· LFDs
· LAMP
· NGS/WGS
· qPCR
· ddPCR
· rtPCR
 
	· Electrophoresis
· Gel permeation chromatography
· Qualitative tests
· MALDI-TOF
· QTOF
· ICPMS
· ICPMS-MS
· ICPOES
· IC-MS

	· Hybrid techniques
· TLC
· Paper chromatography




	
Definition: Advanced analytical techniques.

Level 4 Competency: Perform advanced analytical techniques.

Level 5 Competencies:
1. Perform complementary testing.
2. Manage complementary test methods. (e.g., molecular, spectroscopy, immunoassay)
3. Perform microscopy examination.
4. Perform qualitative chemical tests.


	1. Level 5 Competency: Perform complementary testing. 

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe the principles of complementary separation techniques:
a. TLC
b. Gel permeation chromatography
c. Electrophoresis
d. Resins
2. The laboratory analyst can prepare stationary phase:
a. TLC
b. Gel permeation chromatography
c. Electrophoresis
d. Resins
3. The laboratory analyst can evaluate the data from separation techniques.
a. Interferences


	2. Level 5 Competency:  Manage complementary test methods. (e.g., molecular, spectroscopy, immunoassay)

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe the principles of complementary test methods:
a. Molecular (e.g., PCR, NGS)
b. Immunoassay (e.g., ELISA, lateral flow) 
c. Spectroscopy (e.g., RAMAN, Infrared, fluorescence, scanning)
2. The laboratory analyst can select methodology/fit for purpose.
3. The laboratory analyst can interpret test results.
4. The laboratory analyst can describe limitations of 
a. Interferences
5. The laboratory analyst can troubleshoot methods.
6. The laboratory analyst can manage kit inventory (primers, probes, kits, conjugates, plates)
a. Monitor shelf-life



	3. Level 5 Competency: Perform microscopy examination. 

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe the principles of microscopy:
a. Optical
b. Electron
c. Scanning
d. X-ray
2. The laboratory analyst can prepare microscopy test portion.
3. The laboratory analyst can evaluate microscopy results.


	4. Level 5 Competency: Perform qualitative chemical tests.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe the role of qualitative tests.
2. The laboratory analyst can describe the importance of QC in qualitative testing.
3. The laboratory analyst can describe the importance of reference materials in qualitative testing.
4. The laboratory analyst can interpret qualitative test results.




	
Data Evaluation

	BRAINSTORM
	· Integration techniques
· Identification 
· Quantification
· Band broadening
· Peak resolution
· Peak shape
	· Baseline identification
· Noise
· LOD 
· LOQ
· Multi analyte method
	· Reporting limit
· Acceptance criteria
· Screening vs confirmation
· Statistical calculations
	




	
Definition: Data evaluation techniques.

Level 4 Competency: Perform data evaluation of advanced test methods.

Level 5 Competencies:
1. Validate test method.
2. Distinguish between screening and confirmation.
3. Characterize multi analyte methods.
4. Interpret test results.
5. Perform statistical calculations.
6. Describe integration techniques.


	1. Level 5 Competency: Validate test method.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can validate LOQ.
2. The laboratory analyst can validate LOD
3. The laboratory analyst can validate reporting limit.


	2. Level 5 Competency: Distinguish between screening and confirmation.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can explain screening methods.
2. The laboratory analyst can explain confirmation methods.


	3. Level 5 Competency: Characterize multi analyte methods.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst recognizes that method is a compromise in performance of all the analytes.
a. Sensitivity
b. Recovery
2. The laboratory analyst can describe method selectivity.
3. The laboratory analyst can make contrasts between the benefits and challenges of multi analyte methods.


	4. Level 5 Competency: Interpret test results.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can apply acceptance criteria.
2. The laboratory analyst can determine confidence limits.
3. The laboratory analyst can utilize identification criteria.
4. The laboratory analyst can compare reference standards for identification.
5. 

	5. [bookmark: _Hlk80015455]Level 5 Competency: Perform statistical calculations.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can explain statistical calculations, such as:
a. Regressions
b. Uncertainty
c. Database techniques
d. Discriminant analysis


	6. Level 5 Competency: Describe integration techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can list various integration issues, such as:
a. Peak height
b. Peak area
c. Peak width
d. Baseline identification
e. Noise
f. Shoulders
g. Peak smoothing
2. The laboratory analyst can interpret integration events. 
3. The laboratory analyst can explain ethical scientific integrity:
a. Don’t rely solely on automated data handling
b. Have integrity when making manual integrations
c. Responsibility to evaluate automated data handling






	[bookmark: _Hlk80015019]
QC

	BRAINSTORM
	· Calibrate (thermometers, pipettes, etc.)
· Traceability
	· Data calculations
· Control charts
· Internal standards
· Periodic calibration
· Single point calibration
	· Bracketing
· Degraded calibration standards
· Statistical calculations
	




	
Definition: Quality control in advanced techniques.

Level 4 Competency: Maintain traceability records.

Level 5 Competencies:
1. Maintain traceability records.
2. Perform equipment calibration.
3. Authenticate reference material identification.
4. Incorporate QC in test methods.
5. Perform techniques for calibration.
6. Evaluate performance of controls.


	1. Level 5 Competency: Maintain traceability records.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1.  The laboratory analyst can organize traceability records, such as:
a. Metrological
b. Supply
c. Documentation
d. Certificate of analysis
e. Chemical
2. The laboratory analyst can trace reference material to the test sample.






	2. Level 5 Competency: Perform equipment calibration.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can calibrate equipment, such as:
a. Thermometers
b. Pipettes
c. Balances
d. Ovens
e. Refrigerators
f. Centrifuges
g. Autoclaves


	3. Level 5 Competency: Authenticate reference material identification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can verify qualitative identification.
2. The laboratory analyst can show documentation.
3. The laboratory analyst can determine variability.
4. The laboratory analyst can verify pattern recognition.
5. The laboratory analyst can verify stability.


	4. Level 5 Competency: Incorporate QC in test methods.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can choose calibration standards that are:
a. Traceable
b. Stable
c. Not expired


	5. Level 5 Competency: Perform techniques for calibration.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can describe various techniques used in calibration, such as:
a. Single point
b. Periodic
c. Bracketing
d. Regression analysis
e. Internal standards
i. Similar chemistry
ii. Does not interfere
iii. Radio labels


	6. Level 5 Competency: Evaluate performance of controls.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can interpret control charts.
2. The laboratory analyst can perform a trend analysis.
3. The laboratory analyst can identify outliers.




	
Education

	BRAINSTORM
	· Training mentoring/shadowing
· Researching new techniques
	· Use the library - literature search

	· OJT
	




	
Definition: Expanding the knowledge base.

Level 4 Competency: Facilitate continuing education activities.

Level 5 Competencies:
1. Perform training.
2. Utilize training techniques.
3. Research new analytical techniques.


	1. Level 5 Competency: Perform training.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1.  The laboratory analyst can lead training in different venues, such as:
a. In house
b. Outside of organization
c. Workshops
d. Conferences
e. Professional development
f. Networking
g. University
2. The laboratory analyst can teach advanced techniques.
3. The laboratory analyst can lead training related to advanced techniques, such as:
a. ELISA
b. TLC
c. Electrophoresis
d. Chromatography
e. Microscopy
f. Spectrometry


	2. Level 5 Competency: Utilize training techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst is well versed in training techniques, such as:
a. Mentoring
b. Shadowing
c. OJT
d. Internship
e. Job rotation
f. Classroom
g. Vendor
h. Online
i. Video


	3. Level 5 Competency: Research new analytical techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	1. The laboratory analyst can utilize literature searches.
2. The laboratory analyst can research:
a. Methods
b. Equipment
c. Instruments








Advanced Liquid Chromatography

Definition: The advanced use and application of liquid chromatography for the determination of analytes.

	Level 2 Competency:  Support liquid chromatography activities in the laboratory.

Level 3 Competencies: 
· Teach liquid chromatography to entry-level laboratory analysts - Communication
· Promote the use of liquid chromatography in the laboratory - Leadership
· Achieve optimal analyte separation - Programmatic
· Apply liquid chromatography techniques - Technical




	Method Design

	BRAINSTORM
· Method development
· Optimize instrument parameters
	
· Quantification approach (internal v external)
· Analyte characteristics
	
· Method validation parameters

	
Definition: Selecting appropriate materials and techniques based on analyte and matrix.

Level 4 Competency: Design a method based on the analyte/matrix.

Level 5 Competencies:
1. Choose analytical chromatographic techniques.
2. Identify materials needed for the selected LC mode.
3. Select reference standards for the analysis.
4. Modify chromatographic conditions to achieve optimal separation.
5. Use established protocols to validate LC methods.
6. Identify emerging approaches to enhance sustainability.



 

	8. [bookmark: _Hlk143603754]Level 5 Competency: Choose analytical chromatographic techniques.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	6. The laboratory analyst considers the chemical and physical properties of the analyte.
7. The laboratory analyst can research methods including reference methods.
8. The laboratory analyst can determine the mode of analysis (e.g., reverse phase, ion pairing).


	3. Level 5 Competency: Identify materials needed for the selected LC mode.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	7. The laboratory analyst can demonstrate knowledge of various stationary phase properties (e.g., types of columns).
8. The laboratory analyst can demonstrate knowledge of various mobile phase properties (e.g., buffers, solvents).


	9. Level 5 Competency: Select reference standards for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate the successful procurement of reference standards (e.g., find them, order them).
2. The laboratory analyst can explain the importance of certificates of analysis.
3. The laboratory analyst can demonstrate the correct preparation of reference standard (e.g., dissolved in the right solvent).
4. The laboratory analyst can demonstrate knowledge of the most common calibration methods (e.g., internal, external, matrix matched, standard addition).
5. The laboratory analyst has an awareness of proper storage conditions and potential for analyte degradation.


	10. Level 5 Competency: Modify chromatographic conditions to achieve optimal separation.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can discuss the chemistry of the analyte and interaction with the stationary/mobile phase (e.g., pKA).
2. The laboratory analyst can discuss relevant chromatographic parameters (e.g., fundamental resolution equation, peak shape, peak efficiency, peak capacity).
3. The laboratory analyst can choose appropriate extract solvent to enhance LC performance.





	11. Level 5 Competency: Use established protocols to validate LC methods.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	5. The laboratory analyst can recognize method validation parameters based on certification requirements.
6. The laboratory analyst can demonstrate knowledge of existing guidance and literature.
7. The laboratory analyst can validate a method based on an established protocol.


	6. Level 5 Competency: Identify emerging approaches to enhance sustainability.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4. The laboratory analyst can design approaches that minimize environmental and analyst impact.
5. The laboratory analyst can demonstrate broad knowledge on alternate approaches (e.g., solvent minimization).



	
Sample Preparation

	BRAINSTORM
· Solid Phase Extraction (SPE) (online/offline)
· Extract/solvent composition
· Liquid/liquid extractions
· Solubility
	
· Protein precipitation
· Protein digestion
· Multi-analyte QuEChERS
· Green chemical approaches
	
· Derivatization procedures
· Antibody based purification e.g., magnetic beads
· Filtration

	
Definition: Methods and techniques used to achieve extraction of analytes.

Level 4 Competency: Prepare a sample.

Level 5 Competencies:
1. Consider sample composition.
2. Describe the sample preparation approach.


	2. Level 5 Competency: Consider sample composition.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4. The laboratory analyst uses available sources of information (e.g., list of ingredients, visual examination) to determine composition. 
5. The laboratory analyst has an awareness of sample storage conditions to maintain sample and analyte integrity.
6. The laboratory analyst is proficient in multiple matrices.


	2. Level 5 Competency: Describe the sample preparation approach.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	3. The laboratory analyst can outline the sequence of operations (e.g., homogenize, extract, isolate, and concentrate).
4. The laboratory analyst can perform each step in the sequence.
5. The laboratory analyst can demonstrate an understanding of adsorption mechanisms of different clean-up materials.
6. The laboratory analyst can demonstrate an understanding of performing SPE manually (e.g., online).
7. The laboratory analyst can choose and test clean-up materials to minimize matrix interference (e.g., C18, Ion exchange, PSA, QuEChERS).
8. The laboratory analyst has an awareness of opportunities for automated sample preparation (e.g., online).
9. The laboratory analyst has an awareness of other techniques (e.g., protein purification, digestion).




	
Separation Science

	BRAINSTORM
· Different modes
· Reverse phase (RP)
· Normal phase
	
· Size exclusion
· Ion exchange
· Hydrophilic interaction liquid chromatography (HILIC)
	
· Ion pairing
· Mixed mode
· Retention mechanisms
· Chromatographic software e.g., Drylab

	
Definition: Knowledge of diverse techniques to retain compounds in LC.

Level 4 Competency: Describe techniques used to retain compounds in LC.

Level 5 Competencies:
1. Differentiate between various retention modes.
2. Select a retention mode for a particular analyte.
3. Tailor the separation to the method goals.
4. Recognize software-based approaches to optimize separations.





	8. Level 5 Competency: Differentiate between various retention modes.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst has a working knowledge of reverse phase, normal phase, size exclusion, ion exchange, HILIC, ion pairing, mixed mode.
2. The laboratory analyst has an awareness of basic optimization parameters.


	9. Level 5 Competency: Select a retention mode for a particular analyte.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	2. The laboratory analyst has a working knowledge of reverse phase, normal phase, size exclusion, ion exchange, HILIC, ion pairing, mixed mode.
3. The laboratory analyst considers the properties of analyte (e.g., hydrophobicity, pKa, polarity, molecular weight, charge state, chirality).
4. The laboratory analyst has an awareness of mobile phase and mobile phase additive selection based on selected mode.


	10. Level 5 Competency: Tailor the separation to the method goals.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	3. The laboratory analyst has knowledge of the chosen mode.
4. The laboratory analyst has an awareness of method goals (e.g., achieving selectivity for 400 pesticides in a single run vs one analyte in a single run). 


	11. Level 5 Competency: Recognize software-based approaches to optimize separations.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst has an awareness that software approaches exist.






	Instrumental Design, Layout, & Function

	BRAINSTORM
· Hardware knowledge
· Degassers
· Pulse dampeners
	
· Nano flow
· HPLC vs UHPLC
	
· Column switching
· Flow path design
· Dwell volume measurement

	
Definition: Knowledge of different approaches to optimize analyte flow path.

Level 4 Competency: Discuss different approaches to optimize analyte flow path.

Level 5 Competencies:
1. Recognize the range of solvent delivery system designs.
2. Describe instrument components.
3. Minimize extra column dispersion.
4. Assess dwell volume.


	5. Level 5 Competency: Recognize the range of solvent delivery system designs.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4. The laboratory analyst has a working knowledge of designs, such as:
a. Nano flow
b. Micro flow
c. PHLC (standard)
d. UHPLC (faster)
e. UPLC (super fast)
5. The laboratory analyst can discuss the pros and cons between solvent delivery system designs. 


	6. Level 5 Competency: Describe instrument components.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	7. The laboratory analyst can describe the function of instrument components, such as:
a. Pump
b. Degasser
c. Pulse dampeners
d. Mixer
e. Calibrated column compartment
f. Injector
8. The laboratory analyst can recognize how the components are configured.
9. The laboratory analyst can troubleshoot problems with various components.
10. The laboratory analyst can maintain instrumental components (e.g., pump seals, check valves)


	7. Level 5 Competency: Minimize extra column dispersion.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4. The laboratory analyst has knowledge of what contributes to optimal resolution, such as:
a. Inner diameter and length of connecting tubing
b. Detector flow cell volume
c. Low volume fittings
5. The laboratory analyst can recognize the effects on separation, such as:
a. Peak broadening
b. Reduced efficiency/plate count
c. Compromised resolution (secondary effect)
6. The laboratory analyst has the ability to arrange instrument components when needed.


	8. Level 5 Competency: Assess dwell volume.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	5. The laboratory analyst can design an instrument protocol to measure dwell volume (dependent on detector).






	
Stationary Phase Characteristics

	BRAINSTORM
· Stationary phase chemistry
· Stationary phase parameters
· Column length
	
· Pore size
· Sub-micron packing
· Vendor knowledge
	
· Capillary columns
· Guard columns
· Delay columns

	
Definition: Considerations involved in choosing a stationary phase for efficient separation.

Level 4 Competency: Discuss considerations involved in choosing a stationary phase.

Level 5 Competencies:
1. Discern the analytical goals of the method.
2. Identify retention mode for the analysis.
3. Choose optimal commercial column.
4. Calculate column volume parameters (e.g., void/column volume).
5. Recognize optimal column handling.
6. Monitor column performance parameters.


	2. Level 5 Competency: Discern the analytical goals of the method.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	3. The laboratory analyst can recognize the interactions between stationary phase, mobile phase, analyte characteristics, extract solution composition, and detection.


	7. Level 5 Competency: Identify retention mode for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	3. The laboratory analyst has knowledge of analyte characteristics (e.g., solubility, polarity, pKa, molecular weight, hydrophobicity, charged state, chirality).
4. The laboratory analyst has knowledge of compatibility of extract solvent.
5. The laboratory analyst can estimate retention characteristics (e.g., expected elution times, capacity factors).


	8. Level 5 Competency: Choose optimal commercial column.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4. The laboratory analyst can recognize the impact of column dimensions on separation performance (e.g., length, inner diameter).
5. The laboratory analyst can recognize the impact of stationary phase parameters (e.g., pore size, particle size).
6. The laboratory analyst has an awareness of column types and vendors.
7. The laboratory analyst can identify the need for guard or delay columns.
8. The laboratory analyst has an awareness of the range of stationary phase packing design.
9. The laboratory analyst has knowledge of column design for specific applications (e.g., capillary column, nano flow, UPLC column).


	9. Level 5 Competency: Calculate column volume parameters (e.g., void/column volume).

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can devise protocol to measure void volume.
2. The laboratory analyst can estimate column volume and equilibration times. 


	10. Level 5 Competency: Recognize optimal column handling.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can describe optimal column handling, such as:
a. Mobile phase compatibility
b. Column wash procedures
c. Column storage solutions
d. Column lifetime
e. Appropriate temperature range of use


	6. Level 5 Competency: Monitor column performance parameters.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can run a quick test injection.
2. The laboratory analyst can run a text mix.
3. The laboratory analyst can monitor performance parameters through analytical runs.









	
Mobile Phase Parameters

	BRAINSTORM
· Buffer selection
· Mobil phase additives
· Characteristics of solvents
	
· Gradient vs isocratic delivery
· Compatibility of mobile phase
· Polar/non-polar
	
· Higher quality
· Flow rate

	
Definition: Considerations involved in choosing a mobile phase for efficient separation and detection.

Level 4 Competency: Discuss considerations involved in choosing a mobile phase.

Level 5 Competencies:
1. Discern the analytical goals of the method.
2. Select mobile phase components compatible for the retention mode.
3. Determine mobile phase delivery for method performance.


	2. Level 5 Competency: Discern the analytical goals of the method.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	4.  The laboratory analyst can recognize the interactions between mobile phase, stationary phase, analyte characteristics, extract solution composition and detection.


	4. Level 5 Competency: Select mobile phase components compatible for the retention mode.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can describe the impact of analyte characteristics on mobile phase selection, such as:
a. Solubility
b. Polarity
c. pKa
d. Molecular weight
2. The laboratory analyst can determine range of mobile phase compositions suitable for the selected retention mode.
3. The laboratory analyst can optimize phase components used for the specific separation by:
a. General considerations for selection of components (e.g., chemical characteristics, commercial quality, safety and handling) 
b. Specific considerations
i. Aqueous phase
ii. Organic solvents 
iii. Mobile phase additives
1. Chemical character (e.g., ion pairing agent)
2. Concentration
3. Buffered pH
4. Ionic strength
5. Solubility
iv. Injection volume


	5. Level 5 Competency: Determine mobile phase delivery for method performance.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	2. The laboratory analyst can optimize flow rate to achieve separation and detection.
3. The laboratory analyst can determine isocratic or gradient delivery.
4. The laboratory analyst can discuss gradient design if gradient delivery is selected.
5. The laboratory analyst can determine mobile phase equilibration time.






	
Detectors

	BRAINSTORM
· Absorbance (UV vis, Diode array detector)
· Fluorescence
· Mass spectrometry (MS/
· MS, ICP, HR-MS, QTOF)
	
· Electro-conductivity
· Circular dichroism
· Corona CAD
	
· Figures of merit
· Refractive Index
· Light scattering e.g., MALS, SAXS

	
Definition: Detection systems used for liquid chromatography.

Level 4 Competency: Discuss the use of detection systems for liquid chromatography.

Level 5 Competencies:
1. Describe detector options for LC.
2. Select detector for the analysis.
3. Operate different detectors for LC.


	1. Level 5 Competency: Describe detector options for LC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1.  The laboratory analyst can differentiate among detectors for specific applications.
2. The laboratory analyst can discuss the functionality of the detector (e.g., universal, selective, element specific, etc.).
3. The laboratory analyst can assess detector figures of merit (e.g., strengths such as high selectivity, high sensitivity, and linearity; weaknesses such as poor selectivity, poor sensitivity, poor linear range, noisy).
4. The laboratory analyst can demonstrate knowledge of how to interpret data from the detector.


	2. Level 5 Competency: Select detector for the analysis.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate knowledge of the matrix and analyte’s chemical properties.
2. The laboratory analyst can demonstrate knowledge of required figures of merit specific to the method of interest (e.g., sensitivity, selectivity, response factor, linearity, limit of detection, etc.).
3. The laboratory analyst has knowledge of suitable mobile phases for selected detector.
4. The laboratory analyst can evaluate the operational readiness of the detector.




	3. Level 5 Competency: Operate different detectors for LC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can interpret data using the most common detectors.
2. The laboratory analyst can perform maintenance and troubleshooting on a detector.
3. The laboratory analyst has awareness of emerging technology in the detection field (e.g., tandem QTOF).






	
Data Analysis

	BRAINSTORM
· Integration parameters 
· Statistical analysis
· Chromatographic analysis
	· Data analysis methods for LC
· Data presentation
· Machine learning
· Data mining
	· Artificial intelligence
· Measurement of uncertainty
· Data integrity

	
Definition: Translating chromatographic data into useful information.

Level 4 Competency: Perform data analysis activities.

Level 5 Competencies:
1. Interpret chromatographic data.
2. Determine integration parameters to improve quantification.
3. Apply statistical skills to data sets.
4. Evaluate QC.
5. Create graphical representations.
6. Utilize untargeted screening approaches for analyte identification.


	1. Level 5 Competency: Interpret chromatographic data.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1.  The laboratory analyst can identify analytes by comparison with reference standards (e.g., retention time, fragmentation pattern).
2. The laboratory analyst can compute the calibration curve accordingly (e.g., external standard, internal standard, matrix matched, standard addition).
3. The laboratory analyst can calculate concentration of analytes.


	2. Level 5 Competency: Determine integration parameters to improve quantification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate knowledge of different integration parameters.




	3. Level 5 Competency: Apply statistical skills to data sets.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can calculate variation.
2. The laboratory analyst can employ appropriate statistical tests (e.g., T test, Z test, confidence interval).
3. The laboratory analyst can calculate the measurement of uncertainty.


	4. Level 5 Competency: Evaluate QC.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can ensure data integrity.
2. The laboratory analyst can identify an out-of-control sample batch.
3. The laboratory analyst can collate data packages.


	5. Level 5 Competency: Create graphical representations.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can create quality control charts, calibration graphics, and chromatograms.


	6. Level 5 Competency: Utilize untargeted screening approaches for analyte identification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can use appropriate software to determine analytes.
2. The laboratory analyst can demonstrate knowledge of mass spec databases used for untargeted screening.






	
Operational Expertise

	BRAINSTORM
· Troubleshooting
· Knowledge Transfer 
· Train chemists
	
· Evaluate QC
· Preventative maintenance
· Column storage
· Solvent handling
	
· Waste handling
· Software packages (Chemstation, Xcalibur, Empower, Tracefinder, MassHunter)

	
Definition: Knowledge and skills required to assure optimal day to day operation of LCs.

Level 4 Competency: Support the optimization of day-to-day operations.

Level 5 Competencies:
1. Operate instrumental software packages.
2. Maintain operational readiness.
3. Recognize instrument performance issues.
4. Demonstrate troubleshooting.
5. Implement method validation plan.
6. Transfer LC knowledge.


	1. Level 5 Competency: Operate instrumental software packages.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1.  The laboratory analyst can operate software packages to collect and analyze data (e.g., Xcalibur, Tracefinder, Chemstation, MassHunter, Empower).


	2. Level 5 Competency: Maintain operational readiness.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can arrange and implement routine maintenance (e.g., having a checklist for when things need to be done).
2. The laboratory analyst can ensure that users are qualified (e.g., can evaluate primary and secondary analysts).
3. The laboratory analyst adheres to safety and waste handling requirements.
4. The laboratory analyst can schedule preventive maintenance with vendors.
5. The laboratory analyst can maintain an inventory and ensures the availability of consumables.




	3. Level 5 Competency: Recognize instrument performance issues.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate knowledge of how the system normally operates.
2. The laboratory analyst can recognize warning signs of potential problems (e.g., retention time shift, pressure out of bounds, peak shape, peak intensity).
3. The laboratory analyst can devise metrics of instrument performance (e.g., system suitability).


	4. Level 5 Competency: Demonstrate troubleshooting.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can determine root causes to problems.
2. The laboratory analyst can devise a decision tree for solving technical issues.


	5. Level 5 Competency: Implement method validation plan.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can determine accuracy, precision, recovery, linearity, and limit of detection.


	6. Level 5 Competency: Transfer LC knowledge.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can teach others (e.g., junior analysts, analysts from other labs, etc.) on LC instrument operations.
2. The laboratory analyst can teach others on LC sample preparation.
3. The laboratory analyst can deliver presentations.
4. The laboratory analyst can contribute to a manuscript.
5. The laboratory analyst can participate in analytical chemistry networks.






	
Advanced Techniques

	BRAINSTORM
· Multi-dimensional chromatography
· 2D LC
· LCGC
	
· Hyphenated techniques
· LC-ICP-MS 
· UPLC
	
· Portable LC
· Multi-attribute methods
· Microfluidic devices

	
Definition: Emerging commercial technology in the LC field.

Level 4 Competency: Apply advanced LC techniques.

Level 5 Competencies:
1. Recognize the need for multi-dimensional separations. (e.g., LCxLC, 2DLC)
2. Recognize the role of un-targeted screening approaches using mass spectroscopy for analyte identification.
3. Recognize the role of hyphenation techniques. (e.g., MS, HRMS, FTIR, LCxGC).
4. Identify additional LC-related technologies.


	1. Level 5 Competency: Recognize the need for multi-dimensional separations (e.g., LCxLC, 2DLC).

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate knowledge of multi-dimensional approaches (e.g., 2DLC, heart cut, comprehensive).
2. The laboratory analyst can recognize this trend in the analytical chemistry field.
3. The laboratory analyst can identify sample sets that benefit from multi-dimensional techniques.


	2. Level 5 Competency: Recognize the role of un-targeted screening approaches using mass spectroscopy for analyte identification.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can demonstrate knowledge of impactful approaches for expanding analyte identification.


	3. Level 5 Competency: Recognize the role of hyphenated techniques (e.g., MS, HRMS, FTIR, LCxGC).

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can describe the basic theory of hyphenation techniques.
2. The laboratory analyst can describe the set-up of a hyphenation system.
3. The laboratory analyst can identify sample sets that hyphenation techniques benefit.


	4. Level 5 Competency: Identify additional LC-related technologies.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS 

	1. The laboratory analyst can identify the need to adopt additional technologies (e.g., LC-ICP-MS).
2. The laboratory analyst can integrate emerging technologies to solve current analytical issues.
3. The laboratory analyst has an awareness of online sample preparation options.
4. The laboratory analyst has an awareness of remote instrumentation control.
5. The laboratory analyst has an awareness of alternative sample introduction options compared to LC (e.g., Zipchip, microfluidic devices).



















Authenticity   

Description: Regulations and laboratory activities to ensure food authenticity.

	Level 2 Competency: Perform authenticity testing. 

Level 3 Competencies: 
· Articulate the importance of authenticity testing - Communication
· Promote the use of authenticity testing - Leadership
· Demonstrate the use of authenticity testing - Programmatic
· Apply authenticity testing methods - Technical




	Regulatory

	BRAINSTORM
	· Regulatory standard of identity
· Regulations
· Regulatory tolerances
· Trade standards
	· Trade name protection
· Consumer confidence 
· Quality measures
· Safety risks
· Genuine
	· Crime
· Purity
· Levels of concern
· Traceback
· Safety risks




	
[bookmark: _Hlk86664740]Description: Laws and standards describing authenticity.

Level 4 Competency: Utilize laws and standards for determining authenticity.

Level 5 Competencies:
1. Interpret authenticity standards.
2. Explain the purpose of authenticity testing.
3. Confirm identity.
4. Recognize potential for legal action.


	9. Level 5 Competency: Interpret authenticity standards.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	9. The laboratory analyst can discuss trade standards.
10. The laboratory analyst can discuss regulations.
11. The laboratory analyst can discuss regulatory tolerances
12. The laboratory analyst can discuss the importance of trade name protection.


	4. Level 5 Competency: Explain the purpose of authenticity testing.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	9. The laboratory analyst recognizes the importance of consumer confidence.
10. The laboratory analyst can describe the importance of trade name protection.
11. The laboratory analyst can describe truth in labeling
12. The laboratory analyst can recognize the importance of ensuring a level playing field.
13. The laboratory analyst can identify safety risks.


	12. Level 5 Competency: Confirm identity.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	6. The laboratory analyst can verify that a product meets the standard of identify.
7. The laboratory analyst can verify that a product meets the purity standard.
8. The laboratory analyst can verify that a product is genuine.


	13. Level 5 Competency: Recognize potential for legal action.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	4. The laboratory analyst can describe traceback activities.








	
Test Methods

	BRAINSTORM
	· Measuring techniques
· Comparative standards
· Contaminant screening
	· Targeted analysis 
· Non-targeted analysis
· Confirmatory analysis
· Physical characteristics
	· Standardized test methods
· DNA determination
· Allergen test kit
	




	
Description: Laboratory techniques and methods used for assessing food authenticity.

Level 4 Competency: Perform analyses to determine authenticity.

Level 5 Competencies:
1. Define relevant terms.
2. Describe the role of analytical testing in food fraud.
3. Characterize analytes in food authenticity testing.
4. Characterize the techniques used in food authenticity testing.
5. Identify test methods.


	3. Level 5 Competency: Define relevant terms.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	7. The laboratory analyst can define food authenticity.
8. The laboratory analyst can define food authenticity testing.
9. The laboratory analyst can define food fraud.


	7. Level 5 Competency: Describe the role of analytical testing in food fraud.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	10. The laboratory analyst can assess product identity:
a. Establish identify by comparison to references (e.g., reference sets, pure materials, libraries, standard reference materials, data bases)
i. Compare to legal standard
ii. Compare to label claims
b. Perform standardized test methods
c. Measure physical characteristics
d. Analyze chemical composition
e. Verify DNA profile
11. The laboratory analyst can identify compositional substitution:
a. Analyze for product purity
b. Analyze for known adulterants (melamine, added sugar)
c. Confirm findings of adulteration (confirmatory analyses)
12. The laboratory analyst can identify contamination:
a. Analyze for known chemical contaminants (targeted analyses)
b. Analyze for unknown chemical contaminants (non-targeted analyses
c. Contrast targeted and non-targeted analysis
d. Analyze for allergens
e. Analyze for microbial pathogens
f. Analyze for spoilage


	8. Level 5 Competency: Characterize analytes in food authenticity testing.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	6. The laboratory analyst can describe analytes such as:
a. Allergens 
b. GMOs
c. Elements
d. Species authentication
e. Color additives
f. PAH
g. PCB
h. Geographic origin
i. Additives
j. Pesticides


	9. Level 5 Competency: Characterize the techniques used in food authenticity testing.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	4. The laboratory analyst can describe techniques such as:
a. Physical methods
b. Chemical methods
c. Molecular biology
d. Stable isotope analysis
e. Fingerprinting/profiling
i. Multi – variate analysis
ii. Principal component analysis


	10. Level 5 Competency: Identify test methods.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	2. The laboratory analyst can describe test methods:
a. Standardized test methods
b. DNA determination
c. Allergen test kit
d. Contaminant screening
e. Measuring techniques
f. Note physical characteristics
g. Perform confirmatory analysis













	Authenticity Failures

	BRAINSTORM
	· Matrices
· Olive oil
· Honey
· Seafood
· Milk
· Wild game processing
· Fresh vs cooked vs processed
· Ground meats
· Fish
· Coffee
· Vanilla extract
· Wine
· Spices
· Fruit juice
· Rice
· Animal Food
	· Raw materials
· Genuine
· Purity
· Variety
· Geographic origin
	· Chemical treatment
· Species
· Preservatives
· Allergens
· Contamination




	
Description: Products that fail to meet authenticity standards (e.g., fail to meet label information, are adulterated or are misrepresented.)

Level 4 Competency: Describe adulterated or misrepresented products encountered in food laboratories.

Level 5 Competencies:
1. Characterize product substitution. (imitation, misbranding)
2. Identify adulterant additives. (intentional, extenders, quality enhancement)
3. Identify contaminants (unintentional, processing, unlabeled, environmental)



	12. Level 5 Competency: Characterize product substitution. (imitation, misbranding)

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	3. The laboratory analyst can list instances of product substitution:
a. Species substitution (seafood, meat)
b. Geographic origin (wine, Manuka honey)
c. Variety (oranges, olives, spices
d. Mix of fresh and aged product
e. Purity
f. Nutritional supplement composition
g. Organic


	13. Level 5 Competency: Identify adulterant additives. (intentional, extenders, quality enhancement)

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	5. The laboratory analyst can list potential adulterant additives:
a. Ripening chemicals
b. Color additives including dyes
c. Coatings (wax)
d. Clay, pebbles, stones, sand, chalk, marble chips, washing powder
e. Lower quality product (oil, protein(melamine), juices) 
f. Diluents (water, juices) 
g. Added Solids (starch, potatoes)
h. Sweetness (sugars, molasses, corn syrup)
i. Unapproved preservatives


	14. Level 5 Competency: Identify contaminants (unintentional, processing, unlabeled, environmental)

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	5. The laboratory analyst can list potential contaminants such as:
a. Metal filings, sharp objects
b. Filth (dirt, insect parts)
c. Packaging (bisphenol-A, plasticizers, microparticles)
d. Flame retardants
e. Microbials
f. Pesticides
g. inorganics (toxic metals, nitrates, nitrites, etc.)
h. nanoparticles
i. allergens
j. preservatives
k. Raw materials

	15. Level 5 Competency: Compile a list of foods known to be indicated in food fraud.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	2. The laboratory analyst can provide examples of foods involved in food fraud:
a. Honey
i. Counterfeit honey (e.g., cane sugar with honeysuckle fragrance and food coloring).
ii. Contamination with antibiotics
b. Olive oil
i. Dilution with peanut oil, vegetable oil or sunflower oil (peanut oil is a known allergen)
ii. Falsification/mislabeling of geographic origin
c. Ground meat
i. Substitution of horse meat
ii. Substitution of kangaroo meat
d. Orange juice (and other fruit juices)
i. Substitution of other fruit juices
ii. Adulteration with corn sugar
iii. Adulteration with fragrance and flavoring
e. Coffee
i. Mislabeling of geographic origin.
ii. Adulterated/diluted with barley, corn husks to increase weight
iii. (Instant coffee) Adulteration with cereals, starch, figs, etc.
iv. Misbranded as fair trade, sustainable or organic
f. Milk
i. Adulteration by dilution with water
ii. Adulteration with melamine, urea, whey or soya to increase N content
iii. Adulteration with vegetable oils, animal fat to increase fat content
iv. Substitution of high valued mils (sheep, goat, buffalo) with cow’s milk
g. Fish/Seafood
i. Mislabeling of species
ii. Adulteration with pork fat
h. Spices (saffron, pepper, others)
i. Counterfeit
ii. Adulterated/diluted with marigold flowers, corn silk, dyed onions, sandalwood dust, turmeric, starch, colored grass, stands of cotton, plastic thread
i. Other foods involved
i. Juices
ii. Wines
iii. Maple syrup
iv. Vanilla extract
v. Rice
vi. Baby food
j. Animal feed




	Fraud Motivation

	BRAINSTORM
	· Food fraud
· Substitution
· Unapproved enhancements
· Concealment
· Dilution
· Mislabeling
· Counterfeiting
· Grey market production
 
	· Economic adulteration
· Adulteration
· Contamination
· Forgery
· Deception

	




	
Description: Food fraud motivation, types and consequences.

Level 4 Competency: Debate the motivation behind food fraud, the types of food fraud and the consequences of food fraud.

Level 5 Competencies:
1. Explain motivation behind food fraud.
2. Recognize practices used in food fraud.
3. Characterize consequences of food fraud.




	9. Level 5 Competency: Explain motivation behind food fraud.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	6. The laboratory analyst can describe economic gain increasing value:
a. Cheaper substitution
b. Increase weight
c. Increase volume
d. Improve apparent quality
e. Improve physical appearance
7. The laboratory analyst can describe that economic gain can reduce the cost of production.
8. The laboratory analyst can describe the malicious behavior involved in food fraud.


	10. Level 5 Competency: Recognize practices used in food fraud.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	11. The laboratory analyst can describe methods that can be used in food fraud:
a. Substitution
b. Unapproved enhancements
c. Concealment
d. Dilution
e. Mislabeling
f. Counterfeiting/forgery
g. Grey market production


	11. Level 5 Competency: Characterize consequences of food fraud.

	Based on Level 5 competency – Not an all-inclusive list

	BEHAVIORAL ANCHORS Average

	7. The laboratory analyst can describe the economic consequences of food fraud.
8. The laboratory analyst can describe the human and animal health consequences (allergens, toxins) of food fraud:
a. Fails to meet nutritional value
b. Illness
c. Death
9. The laboratory analyst can describe the ethical consequences (religious concerns) of food fraud.
10. The laboratory analyst can describe the intended harm / purposeful contamination.
11. The laboratory analyst can describe criminal liability involved in food fraud.
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