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Explaining QC Parameters on Laboratory Reports

Purpose of this Presentation

To Explain: 

• How Data Quality Objectives impact data and method 

choice.

• Various Quality Control Parameters on a Lab Report

• Possible Qualifiers due to non-conformances

• Impact of non-conformances on data
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Black Box Theory
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out

Testing 
Occurs…



Black Box Theory
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Samples Go in Results come 
out

Testing 
Occurs…

What are the data quality objectives?

Laboratory must follow promulgated 
rules as set by EPA and States.



Quality Control Parameters

ALS Environmental 5

Method

Med• Sensitivity
• Linear 

Range
• Calibration

Batch
• Method 

Blank
• LCS
• MS/MSD
• Duplicates

Batch Sample

• Surrogates
• MS/MSD
• Internal 

standards



Method Sensitivity and Reporting Limit 

Ø Method Detection Limit (MDL)

• Statistically derived limit based 

7 replicates (40CFR part 136 B).

• Statistically different than a 

blank.  Qualitative, not quant.

• RL is the low point on the curve.  

Accuracy and precision can be 

determined.  Within linear 

range.
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Method - Calibration and Verification

• A calibration curve plots known concentration versus instrument 

response. Linearity of the method determines the concentration 

range.
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Method - Linear Range
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Method - Calibration and Verification

QC associated with the Calibration:

• Linearity – limits on how much the points of the curve deviated 

from expected (RSD limits from average RF) or from a line (CC).  

• ICV – a different source of standard – to verify the standard used 

for the initial calibration curve.  Performed immediately after 

initial calibration.
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Method - Calibration and Verification

Continuing Calibration Verification (CCV)

• The Calibration Verification Standard (CCV) is performed at 

defined times to verify that the instrument is still producing the 

expected response compared to the initial calibration.

• Initial calibrations may be good for hours, days, months, or even 

years depending on the stability of the system.

• CCV is expected to perform within a defined criteria. A CCV that 

exceeds the expected range indicates a potential bias and 

requires re-calibration and sample analysis.
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Batch Quality Control

• Quality Control (QC) are the analytical processes used to 

determine accuracy and precision of data.

– Accuracy (Laboratory Control Samples, surrogates)

• Measure of the closeness of a measurement to the actual value.

• Determined from control samples each batch.
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Quality Control

– Precision (Duplicates, MS/MSD, LCS/LCSD))

• The ability of an analytical method to 

reproduce its own measurement ( i.e. a 

measure of variability).  Aka Bias.

• Measured using replicate sample.
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What should I expect from the lab?

Choose methods based on data needs.



Batch Quality Control 

• Batch requirements

– Defined by SOP and method

Generally:

– Method blank (MB)

– Laboratory Control Sample (LCS)

– Matrix spike (MS)

– One of the following:  Matrix spike duplicate (MSD), sample 

duplicate (DUP), or LCS duplicate (LCSD)

May be others that are method-defined or project-specific. 
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Method Blank (MB)

• Purpose:  to check for possible analyte contamination.

• Procedure:  an aliquot of reagent water or other analyte-

free matrix is prepared and carried through the entire 

sample preparation and analysis.

– Method blank analysis with all samples

• Demonstrates that the analytical system itself does not introduce 

contamination into the analysis

• Demonstrates that positive sample results are not false positives. 

• Is reported to Reporting Limit, unless requested to MDL
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Method Blank
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Impact on Data:

Ø If target analytes are 
detected in the MB 
above the Reporting 
Detection Limit, 
detections in the 
samples may be due to 
laboratory 
contamination.

Ø If an analyte is detected 
in the MB but NOT in the 
sample, data is not 
impacted.



Method Blank

Ø If the concentration of a 

sample analyte is 

greater than 10x the 

concentration on the 

MB, the affect of any 

potential contamination 

is judged to be non-

significant from a 

laboratory perspective.
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Laboratory Control Sample (LCS)

• Purpose:  to document laboratory performance.

• Procedure:  an aliquot of analyte-free matrix is spiked with 

a known concentration of target compounds and carried 

through the entire sample preparation and analysis 

procedure as part of the analytical batch.

• Evaluation:  recovered concentrations are compared to the 

true spiking concentrations and evaluated against 

predetermined acceptance criteria. 
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Laboratory Control Sample

• Impact on Data:

Ø Recoveries above acceptance limits indicate the potential for a 

high bias with analytical results and recoveries below acceptance 

limits indicate the potential for a low bias with analytical results.

Ø If the LCS recovery is above acceptance limits but the target 

analyte is not detected in the sample, data is not impacted.
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Surrogate

• Purpose:  to identify chemical or physical interferences in a 

sample matrix.

• Procedure:  Surrogates are analyzed as part of most organic 

methods. Surrogates are compounds which are similar to 

the target analytes in chemical composition and behavior, 

but which are not normally found in environmental 

samples. Surrogate compounds are not present in the 

collected sample; they are added to the sample at the time 

of preparation or analysis by the laboratory and are used 

and included for quality assurance purposes only.
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Surrogate

• Evaluation:  Recovered surrogate concentrations are 

compared to the true spiking concentrations and evaluated 

against predetermined acceptance criteria. 
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Surrogate

• Impact on Data:

Ø Recoveries above acceptance limits indicate there could 

potentially be a high bias with analytical results and recoveries 

below acceptance limits indicate there could potentially be a 

low bias with analytical results. 

Ø Because non-conformances related to surrogate recoveries are 

the result of chemical or physical interferences present in the 

sample, the lab may not be able to eliminate the bias.  The lab 

attempts to reduce or eliminate interferences by cleanups 

and/or dilution.
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Matrix Spike and/or Matrix  Spike Duplicate 
(MS/MSD)

• Purpose:  to identify chemical or physical interferences 

inherit in a sample matrix.

• Procedure:  an aliquot of sample is spiked with a known 

concentration of target compounds and analyzed.

• Evaluation:  recovered concentrations are compared to the 

true spiking concentrations and evaluated against 

predetermined acceptance criteria. 
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Matrix Spike and/or Matrix  Spike Duplicate
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• Impact on Data:

Ø Recoveries above acceptance limits indicate an interference 

that could potentially result in a high bias with analytical 

results and recoveries below acceptance limits indicate an 

interference that could potentially result in a low bias with 

analytical results. 

Ø Because non-conformances related to spike recoveries are the 

result of chemical or physical interferences present in the 

sample, these interferences must be identified and removed to 

obtain acceptable spike recoveries. In some instances, this may 

not be possible.



Relative Percent Difference (RPD)

• Purpose:  to evaluate the reproducibility or precision 

associated with the sample analysis.

• Procedure:  the relative percent difference  between a 

sample and sample duplicate or a matrix spike and matrix 

spike duplicate 

% RPD = |(R1 - R2)|       x  100

(R1 + R2) ÷2 

where: R1 = sample or spike result

R2 = duplicate or spike duplicate result
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Relative Percent Difference

• Evaluation: calculated relative percent differences are 

evaluated against predetermined acceptance criteria.  
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Relative Percent Difference

§ Impact on Data:

Ø Relative percent differences above the acceptance limit indicate 

a potential matrix effect, such as sample non-homogeneity, 

that may be affecting the ability to reproduce analytical results. 

Ø Because non-conformances related to relative percent 

difference are the result of interferences present in the sample, 

these interferences must be identified and removed to obtain 

acceptable spike recoveries. In some instances, this may not be 

possible.
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Non-Conformances

• Non-conformances and Corrective Action

• There will be times when things don’t go as planned.  

Each analytical SOP details procedures to deal with 

non-conforming events (where analyses failed, QC 

failed, etc.).  

• Analysts involve the Project Manager 

• Documentation of non-conformances is required.  
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Qualifiers

Symbols used as a reference to a table of explanations.
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QC Parameters on Laboratory Reports

Any Questions?
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