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Referee – which are the correct results? 

 

Which are the correct results?  This is one of the questions our customers ask when trying to sort out 

disagreement between the analytical results, such as when: 

 

• Comparing data from a new method and a previous method (or procedure, or equipment). 

• Getting different results from the analysis of an identical sample by two laboratories. 

 

Whenever someone is asking which the correct results are, following traditional QA/QC approaches will help 

to insure confidence in the data.  

 

Data quality is judged based on factors such as accuracy (bias) and precision.  Standard Methods for the 

Examination of Water and Wastewater defines accuracy as how close a measurement is to the true value. 

Accuracy is often expressed as % recovery.   Precision is defined as the measure of agreement among 

replicate analyses of one sample, usually expressed as standard deviation or % difference. 

 

1. How to check accuracy? 

 

• Standards - after the calibration, measure an independent standard or calibration verification standard 

near the middle of the calibration range.  Such a standard should be prepared from a separate stock 

from the one used to prepare the calibration standards.  Calculate percent recovery*; results should 

agree with desired criteria for that method. 

• Spikes - run a matrix spike (MS) and matrix spike duplicate (MSD).  A matrix spike is an aliquot of 

sample spiked with a standard of known concentration of the target analyte.  To prepare a matrix spike, 

use the same stock standard that was used to prepare calibration standards.  It is recommended that the 

spike volume be no more than 5 – 10 % of the sample volume.  Add a small amount of the 

concentrated standard to the sample to double the concentration, or add the standard at a mid-level 

concentration (if sample concentration is unknown).  Measure and calculate the difference between the 

sample result and the spiked sample result.  Calculate the percent recovery of the spike*.  Recovery 

should agree with desired criteria for that method. 

• QC sample - obtain a known quality control (QC) sample and test using the same procedure as for the 

samples being analyzed.  When possible, choose a QC sample with a matrix similar to the matrix of 

your samples.  The result of the QC sample test should fall within the certified range.  QC samples are 

available from numerous sources, such as NIST (http://www.nist.gov/index.html), Fisher Catalog 

(http://www.fishersci.com/), ERA catalog (http://www.eraqc.com/), etc.  They can be searched and 

found using the following terms: quality control samples (QC) or proficiency testing samples (PT). 

• Blind QC – use a standard, a sample, and a spiked sample.  Split each sample into two portions and test 

by each method or by each lab, without revealing the expected results to the analysts.  The standard 

should read within the expected range of acceptable results. The spiked sample should read higher than 

the sample by the spike amount.  

 
*See calculations on page 2.  
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2. How to check precision?  

 

• Duplicate samples – two portions of the same sample are tested using the same procedures.  Relative 

percent difference (%RPD) is calculated*.  The %RPD should agree with desired criteria for that 

method. 

• MS/MSDS - matrix spike and the matrix spike duplicate (MSD) are analyzed to check the precision 

of analytical procedures.  Two aliquots of the sample (the MS and MSD) are spiked with a standard 

solution (see the details above).  These spiked samples are analyzed, and the percent recovery and 

relative percent difference (%RPD) are calculated*.  The %RPD should agree with desired criteria 

for that method. 

 

3. How to decide which are the better results? 

• Check results of the accuracy indicators – recovery of standards, spikes, QC samples, and Blind QC 

samples.  Do the data show that the results are accurate?   

• Check results of the precision indicators – duplicate samples and/or duplicate spikes.  Do the data 

show that the results are precise? 

• If both sets of data show good accuracy and precision, be aware that certain factors may contribute 

to differences in results.  For example, temperature or aeration of a sample, sample shelf life, sample 

preservation, method interferences, method concentration range and detection limits, dilutions and 

dilution factors, contamination during sampling, handling, transportation, preparation, testing, etc.  

Look into these factors, if necessary, to resolve differences. 

 

*Calculations 

1. Accuracy is expressed as percent recovery of a known standard being analyzed: 

 

Percent recovery = (Measured concentration/True concentration of known standard)*100 

 

2. Percent recovery for the spiked sample: 

 

Percent recovery = [(Measured concentration after spiking - Measured concentration before spiking)/True 

concentration of the spike]*100 

 

3. Relative percent difference as a difference between two measurements expressed as percent: 

 

Relative percent difference =  

{(Concentration of the sample - Concentration of the duplicate sample)/[(Concentration of the sample + 

Concentration of the duplicate sample)/2]*100} 

 

 

 


