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and Appendix D
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Overview of Lesson #2
Data Validation and Verification
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• Overview of data quality objective (DQO) process
• Defining data validation and verification and 

reviewing the various data validation methods
• Understanding the use of EPA’s validation templates 

as part of the validation program and method quality 
objectives (MQO)

• Review the various data validation examples and 
their applicability to real world data sets 
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Lesson Concepts

 Suggestions on acquiring and preparing data sets for 
analysis

 Data preparation is sometimes more difficult and could 
be more time consuming than data analyses.

 Data 
 It is vital to carefully construct a data set so that data 

quality and integrity are assured.
 In the process of constructing and validating data, the 

data analyst gains important insight into patterns and 
trends that may help direct and facilitate the analyses.
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EPA’s QA Handbook

Data Review, Verification and Validation 
Section 17  and Appendix  D 

“Data review, verification and 
validation are techniques 
used to accept, reject or 
qualify data in an objective 
and consistent manner.”



Areas Associated With Data Validation 
and Verification Process
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Data Review
Areas

Sampling Design

Sample Collection
Procedures

Sample Handling

Analytical
ProceduresQuality Control

Calibration

Data Reduction 
and Processing



Why should validation and 
verification be performed?

• Monitoring agencies are 
responsible for all aspects 
of their programs including 
any difficulties that might 
affect measurements

• Policy decisions ultimately 
are based on data obtained

• Important for management 
actions

• Potentially used in litigation
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Air Quality Monitoring Data

 Each observation is 
influenced by numerous 
things

 Each observation should 
have 
documentation/metadat
a to explain – or help 
explain 

 Data review, assurance 
and control at every step 
leading to AQS endpoint

Sample
Value

e.g. O3

Equipment 
repair

Light

Calibration

Wind 
Direction
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Data Quality Objectives (DQOs) 
• Qualitative and quantitative statements 

derived from the DQO Planning Process that 
clarify: 
• The purpose of the study
• Define the most appropriate type of information to collect, 
• Determine the most appropriate conditions from which to collect 

that information 
• Specify tolerable limits on decision errors which will be used as the 

basis for establishing the quantity and quality of data needed to 
support the decision

• http://www.epa.gov/quality1/qs-docs/g4-final.pdf

DQI
• Precision 
• Accuracy/Bias 
• Detection Limit 
• Completeness 
• Comparability 
• Representativeness

http://www.epa.gov/quality1/qs-docs/g4-final.pdf
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Data Verification

• The process for evaluating the completeness, correctness, and 
conformance/compliance of a specific data set against the 
method, procedural, or contractual specifications. It essentially 
evaluates performance against pre-determined specifications, 
for example, in an analytical method, or a software or hardware 
operations system.

• Verification is the inspection of data and requirements - not an 
analysis
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Data Validation
• Data validation is defined as the process of determining the 

quality and validity of observations.  
• Purpose: to detect and verify any data values that may 

not represent the actual physical and chemical 
conditions at the sampling station before data are used 
in analysis. There are different levels…

• Validation guidelines are built on knowledge of typical air 
emissions sources; formation, loss, and transport processes; 
chemical relationships; and site-specific knowledge.

• The primary objective is to produce a database with values 
(data) that are of a known quality, and acceptable quality,
or an acceptable level of uncertainty given the analyses 
intended to be conducted.
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Data Validation
• Sample-specific process that extends the evaluation of data 

beyond method, procedure, or contractual compliance to 
determine the quality of a specific data set relative to the end 
use. 

• Process focuses on the project’s specifications or needs, 
designed to meet the needs of the decision makers/data users 
and should note potentially unacceptable departures from the 
QA Project Plan. The potential effects of the deviation will be 
evaluated during the data quality assessment.

• Process must include a comparison to CFR requirements, and 
possibly: 

• a comparison to the MQOs found in the data validation 
templates

• comparison to QAPP requirements, review of electronic 
strip charts (i.e., minute data), and so forth.   
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Data Validation Tools
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Data Verification and Validation
Potential Flow Process



Data Validation Levels
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• The identification of outliers, errors, or biases is typically 
carried out in several stages or validation levels
 Level 0:  Routine verification of raw data that
 Level I: Internal consistency tests 
 Level II:  Comparisons of current data with historical (from 

the same site) to examine over time.
 Level III:  Parallel consistency tests with other data sets with 

possibly similar characteristics (e.g., the same region, period 
of time, background values, air mass) to identify systematic 
bias. 



Data Validation
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• A data analyst performs Level 1 steps, and performs 
additional validation when other data sets are available.

• Data validation is improved by understanding air toxics 
emissions, formation, transport, and removal processes.

• There is no substitute for:
• The local (a priori) knowledge of monitoring sites
• Operators or those who have extensive knowledge of the area 

are a unique resource for data analysts.  
• Spatial data and maps with topography, emissions source, and 

roadway information are excellent tools for understanding site 
characteristics.

• Site and monitor specific validation processes 

Specialized knowledge is a key in validation (Level II and III 
especially)
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Things to Consider When Evaluating Your Data
 Levels of Other Pollutants 

A high concentration of benzene may be valid when concentrations of all mobile 
source air toxics in the sample are also elevated

 Time of Day/Year 
Higher concentrations of some air toxics are expected in the summer than in the 
winter (such as formaldehyde) and vice versa for benzene

 Observations At Other Sites
Higher concentrations of a pollutant at several sites in an area on the same date 
may indicate a real emission event (spatial distribution) 

 Audits And Inter-Laboratory Comparisons
If data are from differing sources or equipment, how well did the concentrations 
compare between labs?  Did audits show some specific “problem” pollutants?

 Site Characteristics
High concentrations may be expected for a pollutant emitted by a nearby source

 Unique Events (e.g., Holiday Fireworks)
High concentrations of trace metals associated with fireworks are seen around 
the Fourth of July and New Years Day at many sites
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Initial Approach
• Look at your data—Visual inspection is vital.
• Manipulate your data

• Sort it, graph it, map it—so that it begins to tell a story.  
Often, important issues or errors in the data will 
become apparent only after someone begins to use the 
data for some purpose. Some call this data exploration

• Examples of useful graphics and summaries include 
scatter plots, time series plots, fingerprint plots 
(i.e., sample composition), box-whisker plots, and 
summary statistics.

Data Validation
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Data Validation
Initial Approach Continued
• Several checks may be made during the beginning 

stages of data validation to single out odd data
• Range Checks:  Check minimum and maximum 

concentrations for anomalous values. 
• Attribute range validation daily?

• Buddy Site Check: Compare concentrations at one site to 
nearby sites 

• Explain or verify differences/variability.
• Sticking Check: Check data for consecutive equal data 

values
• Could indicate problem with equipment/malfunction

• Comparison to Remote Background Concentrations:  
Urban air toxics concentrations should not be lower than 
remote site/location background concentrations.

• Temporal Consistency and co-pollutants
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Tips and Tricks
• Inspect Time Series For The Following:

• Large “jumps” or “dips” in concentrations which 
may indicate a change in analysis method or MDL.

• Periodicity of peaks.  
• Is there a pattern?  Can the pattern be related to 

emissions or meteorology?
• Expected seasonal behavior 

• Photochemically formed species concentrations usually 
peak during summer.

• Expected relationships among species.
• Equipment/calibration – issues/sensors/etc.

Data Validation 
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• To Further Investigate Outliers:
• Use wind direction data 

• Do outliers occur from a consistent wind direction?

• Use subsets of data 
• Inspect high concentration days vs. other days for differences in 

meteorology or emissions.

• Investigate industrial or agricultural operating schedules, 
unusual events, etc. 

• Were high metals data associated with a dust event?

• Determine local traffic patterns 
• When does peak traffic occur?  Is there a recreational area or event 

venue nearby?
• If no explanation is forthcoming, try contacting staff that collected data; 

they may have realized a problem too recently to report it,  or your question 
may alert them to a problem with data collection, analysis, or reporting

Data Validation 
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•Level 0
• Essentially raw data obtained from the data 

acquisition software (DAS) 
• Data have been reduced, but are unedited and un-

reviewed, nor adjusted  
• Field and laboratory operations were conducted in 

accordance with standard operating procedures
(SOPs)

• Consistency and data gaps check (completeness 
requirements)

Data Verification and Validation (1)
Levels of Validation



Level 1
• Identifies values in data that appear atypical when 

compared to values in the entire data set.  
• Checks are performed by DAS software

Screening programs
Qualitative checks are performed by field staff
Quality control flags are assigned

• Did the value exceed the preset maximum or 
minimum limit?

• Rate of change check? 
• DAS/Database import process scripts? R/SQL/Oracle

Data Verification and Validation (2)
Levels of Validation
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•Level 2 
• Comparisons with independent data sets, such as 

meteorological and ambient pollution data 
• Utilize database screening tools, SAS or SQL

•Level 3
• Detailed analysis and final screening
• Validate so there are no inconsistencies among related 

data 
• Graphics programs used examine the overall consistency

(If you have metadata use it to validate your data!!!)

Data Verification and Validation (3)
Levels of Validation
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Data Verification and Validation (4)
Handling Suspected Data
• During the process of data validation, the analyst 

may identify data as suspect but not be able to 
prove that the data are invalid.  

• Analysts may decide to exclude these suspect data 
from central tendency computations (e.g., annual 
average) or other analyses.   

• These data may warrant additional investigation 
using case studies (i.e., inspection of individual 
dates).

• Flag possible data (database)
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Level 3:  Statistical & Graphic Analysis
EPA’s Burden’s Creek NCore Site
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Level 3:  Statistical & Graphic Analysis
EPA’s Burden’s Creek NCore Site
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Level 3:  Statistical & Graphic Analysis
EPA’s Burden’s Creek NCore Site



Measurement Quality Objectives (MQOs)
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• MQOs are QA performance and operational 
criteria that are used to evaluate the 
acceptability of QA/QC data, which evaluate 
the acceptability of the network monitoring 
data

• Three (3) Subsets of MQOs in Data Validation 
Tables (Appendix D of Handbook, Updated 
2016):
• Critical Criteria Table 
• Operation Evaluations Table
• Systematic Issues Table



Method Quality Objectives and 
Data Validation Tables
(Appendix D of Handbook, Updated 2017)

• Critical
• Every point or subset of hourly values must 

meet each criteria
• Operational

• There might be a problem, and there must be 
justification for using these data  

• Systematic
• Important for interpreting the set data
• https://www3.epa.gov/ttn/amtic/qalist.html

29



30

Lesson 2:  Data Validation and 
Verification Summary

 Verification and Validation are a process
 Utilize all of your tools

 Collected instrument diagnostics
 Use of DAS screening techniques
 Review of DAS field and database screening tools
 Manually review of data
 Use graphic displays 
 Use central database tools 
 Use validation MQO tables

Data are ready to go into AQS!! 
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