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Topics 
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1. Data Review Process 
• Define verification and validation 
• Roles and responsibilities 

2. Verification and Validation Steps 
• Review of Data Records 
• Examples 

3. A Recap from Recent Audits 
• Audit of Data Quality 
• Parameter Specific Tips 
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Data Verification and Validation Overview 
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• Quality Systems Documents 
 QAPP 
 QMP 
 Monitoring Network Plan 

• Monitoring Activities 
• SOPs 
• Data Generation 
• Data Verification & Validation 

• Technical Assessments 
• Internal/External Audits 
• Ongoing Demonstration of Capabilities 

• Take action to continually improve 
performance 

• Develop/improve standardized methods for 
improvement 

Air Monitoring Quality Paradigm 

Plan Do 

Check Act 
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Two Key Elements of the Data Review Process 
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Step 2: Validation Step 1: Verification 

Are you collecting the correct data? 

Examination that the 
particular requirements for a specific 
intended use (i.e., monitoring objectives) 
are fulfilled. 

Goal is to determine the quality of the data 
relative to the end use. 

Are you collecting the data correctly? 

Evaluates the completeness, correctness, 
and conformance of data against method, 
procedural, and/or contractual 
specifications. 

Goal is to ensure and document that the 
reported results reflect the activities 
performed and measurements acquired 
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What is your role? 

• Analysts and site operators perform self review 
routinely to verify recorded information 

• QA Staff perform technical review to verify data 
meet acceptance criteria, documentation is 
complete, flags are appropriately applied 

• Data validators perform higher level data 
analysis to ensure data are comparable, 
accurate, and defensible 
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Define in QAPP or 
SOP 

Procedures 
People Involved 

Frequency 

Cradle-to-Grave 
Data Review 

Staff are trained in 
elements of data 

review 

Documentation 

Who, When, What 
Electronic Data 

Redundancy 
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Tiered Data Review Approach 

Level 0 

• Daily checks of QC criteria 
• Review of automated data collection systems 
• Self/Peer review of records 

Level 1 

• Review data for gaps, errors, inconsistencies 
• Clearly document events that impact data quality (audit reports, corrective action reports) 
• Outlier and statistical checks, trace documentation to investigate potential 

nonconformances 

Level 2 

• Verify Level 1 review occurred and sufficient documentation to support decision making 
• Ensure data meets QA/QC requirements and objectives to intended use 
• Assessment of temporal and historical data (weeks, months, and longer) determines validity 

of dataset 

Level 3 

• Verify the Level 1 and 2 reviews and supporting documentation 
• Approving and releasing data to AQS 
• Spatial representativeness and consistency 
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Validation 

Verification 
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Data Verification 

• Data review occurring frequently and 
comprehensively 
 Data are complete and correct 

 Data were collected according to SOP 

 Data meet acceptance criteria 

 Calibrations and calculations correct 

 QC samples meet criteria 
− Precision 

− Blanks 

− Standards 

• Specific verification activities 
prescribed in SOP(s) 
 Verify these processes are followed and 

documented 

• Incorporates self-review and peer 
review 

• Activities are to be documented 
• Opportunity to correct, qualify, or 

invalidate data 
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Data Validation 
Occurs after data verification 

• Incorporates examining many data sources 
• Data validators independent from those 

collecting and verifying data 
• Compares data over time for consistency 

and reasonability 
• Record the: 
 Software tools 

 Products prepared 

 Responsible individuals 
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Validation Tools 

• AirVision 
• DART 
• DR DAS (Envidas and Evista) 
• Open-Source Data Tools 
 R, Rstudio, and Rmarkdown, R OpenAir 

 R Shiny Dashboards 

 EPA AQS API 

 EPA PAMS Dashboard 

Benefits of Data Validation Software 
• Customizable to meet data needs 
• Automates review process 
• Continuous and non-continuous 

methods 
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More information on validation tools is available in the PAMS Webinar Series 
Contact Corey Mocka or Berkley Hillis at EPA OAQPS to access 
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Data Review Checklists 
Benefits 
• Simplifies complex data reviews 
• Can be used as a training tool 
• Provides documentation 
Developing Checklists 
• Reference Documents Contain 

Validation Tables 
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Verification Steps 
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Step 1: Verify Sample Information 
Monitoring Site 

Sample collection forms 
− Ensure the proper information is recorded (not overlooked) 

− Dates match sampling calendar 

− Sample volumes are correct 

− Routine maintenance and unusual conditions are recorded 

− Refrigerated storage 

Sampler operation 
− Reasonability checks for running samplers 

− Error codes 
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Step 1: Verify Sample Information 
Laboratory 
Sample receipt forms 
− Ensure the proper information is recorded 

− Receipt temperature, pressure, and hold times 

Sample preparation records 
− Digestion and extraction batches 

Support equipment calibration forms 
− Thermometers 

− Mechanical pipettes 

− Analytical balances 

− Mass flow controllers 
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Step 2: Review Calibrations 
Monitoring Site 

 Verify calibration of equipment 
− Ensure proper information recorded and 

criteria met 

− Orifice Certifications and Calibration 

− NIST traceable flow standard Certification 
and Flowrate Verification 

 Verify calculations 
− Manual check of automated functions and 

spreadsheets 
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Level 0
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Step 2: Review Calibrations 
Laboratory 
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 Verify calibration inputs from the COA 
 Review records for standard preparation 
 Review calibration curves 
 Verify acceptance criteria 
− Response factors, retention times 

 Manual calculation to confirm 
spreadsheet or automated calculations 

Level 0 
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Step 3: Review Raw and QC Data 

 LIMS outputs 
− Manual calculation verification 

 Manual integrations 
 MDLs 
 Compound identification based on 

retention time 

 QA Flow Audits 
− Separate flow transfer standards, 

equipment 

− Independent auditor performs routine flow 
check 

 Blanks 
− Field blanks, lot blanks, laboratory blanks 

 Precision Data 
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Raw Data QC Data 
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Step 3: Review QC Data 
Precision 
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1 

2 Replicate: 
Multiple Injections from Same Sample 

Duplicate: Single Pathway 

Collocated: Separate Pathway 
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Step 4: Apply Qualifiers 

Laboratory & monitoring site 
agency work together to ensure 
all qualifiers are applied 

• Review corrective action reports 
− Unresolved CARs that impact data 

• Review maintenance records 
• Generate AQS strings and perform 

independent review for accuracy 
 Automatically or manually generated? 

− Independent review to confirm manual 

− Routine verification of automatic process 

19 
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Validation Examples 
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Data validation activities build on the data 
verification process 

• Should only be conducted on data which have gone through data verification 
• May identify data which require further investigation which may include repeating 

some steps of the data verification process 
• Examination of the data set for internal, historical, and spatial consistency 

21 
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NATTS Data Validation Tables 
Refer to Section 7.0 of the NATTS TAD 
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Field Lab 

https://www.epa.gov/system/files/documents/2022-08/NATTS-TAD-Revision-4-Final-July-2022-508.pdf
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NATTS Data Validation Tables 
TAD Revision 4, Section 7.0 

Critical Criteria must be met for reported results 
to be valid. If not met, samples are 
invalidated. 
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NATTS Data Validation Tables 
TAD Revision 4, Section 7.0 

MQO 
(Measurement Quality Objective) 

Required NATTS Measurement Quality 
Objective which must be attained. 

If not met, does not necessarily 
invalidate data, but may compromise 
data and result in exclusion from trends 
analysis. 
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NATTS Data Validation Tables 
TAD Revision 4, Section 7.0 

Operational 
Failure to meet criteria does not 
invalidate reported results; results are 
compromised and may require 
qualification on a case-by-case basis; 
guidance on qualifiers is provided in 
the tables. 
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NATTS Data Validation Tables 
TAD Revision 4, Section 7.0 

Practical If not met, does not invalidate 
reported results. Results may be 
compromised but do not require 
qualification. 
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Create Visualizations to Assess Trends 

Historical Trends 
• Weekly, Monthly, and 

Longer 
• Seasonal trends 
• Annual comparisons 
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Geographical Trends 
• Identical or similar 

technologies 
• Local or regional trends 
• Validation of outlier data 

Internal Consistency 
• Validation of outlier data 
• Investigate one-point 

maximum outliers 
• Co-contaminant trends 
 e.g., things that trend 

together, things that trend 
opposites 
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Reasonability Checks 
Does the data make sense? 

28 
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Reasonability Checks 
Does the data make sense? 
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Verify suspect data against 
logbooks and other records 

If it’s not documented, did it really happen? 
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PAMS 
Visualizing Data to Identify Issues 
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• Review and verify data frequently 

• ~1400 data points each day 

• Configure data processing method to 
minimize manual data processing 

• Identification 

• Integration 

• Check previous day’s data each day 

• QC samples 

• Minimally 3 ambient hours 

• Expected data files recorded 

• Catches problems before losing data 
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Control Charting 
• Laboratory Quality Control Charting 
 NATTS TAD Rev. 4, Section 6.5 In-House Control Limits 

 ±2 Standard Deviations – Warning Limits 
− Exceedance should prompt monitoring 

− Troubleshooting, corrective actions should be taken for repeated exceedance 

 ±3 Standard Deviations – Control Limits 
− Troubleshooting, corrective action is required when exceeded 

• Proficiency Testing Charting 
 NATTS TAD Rev. 4, Section 2.1.4.1 Assessing Laboratory Bias – Proficiency Testing 

• Control charting to understand when maintenance is required 

31 
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Control Charting 
Control charts of laboratory QC 

• Quarterly tracking of laboratory QC 
samples 
• Continuing Calibration Verifications (CCV) – 

Analyzed at beginning, middle, and end of   
every sequence 

• Internal Standards (IS) – Either deuterated 
isotopes or target analytes or analytes that 
behave similarly to, but are not, targets. 

• Blanks and Blank Spikes 

• Results assessed against acceptance 
criteria ranges and standard 
deviations from the mean 

32 
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Control Charting 
Track PT performance 

33 

NATTS TAD Requirements: 
When two consecutive failed PTs for a given analyte, measurement data for any analyte(s) are to 
be qualified when reported to AQS. 

QA Qualifier LK or LL indicating a high or low bias, respectively 
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Lessons Learned from Technical Systems Audits 

34 
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Audit of Data Quality 

What? 
Independent review of reported data from cradle to grave 

How? 
Select a result for an example parameter in AQS and trace the result 

back to the measurement and instrument calibration 

Who? 
QA Managers/Staff independent of data generation 

35 
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Records Assessed During an ADQ 
Monitoring Site Records and Data 

• Review sample collection information: 
 Dates: Set up date, sampling date, collection date 

 Sampling Media: initial canister pressure, media hold times, canister 
cleaning date, date of PUF surrogate addition 

 Sample Volume: Flow rates, elapsed run time 

 Supporting Records: Electronic run file to confirm any errors, logbooks 

 Sample Custody: Receipt and transfer dates, storage/shipping temperature   

• Review sampler information: 
 Sampler certifications 

 Calibration, flow rate verification, independent flow rate audit 

 Maintenance 

36 

Evidence of data 
verification is 

ALWAYS part of an 
ADQ! 
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Records Assessed During an ADQ 
Laboratory Records and Data 

• Sample Custody: 
 Receipt date 

 Condition upon receipt (temperature, 
damage, final canister pressure) 

 Data input from the COC (IDs and sample 
volume) 

• Media Preparation (Before shipment 
to the site) 
 Canister qualifications, canister cleaning 

batch evaluation 

 PAH surrogates 

• Sample and Standard Preparation 
Batch: 
 QC samples included with the 

extraction/digestion batch and their results 

 Hold time requirements 

 Review of standards including calculations, 
certificate of analysis, and results 
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Evidence of data 
verification is 

ALWAYS part of an 
ADQ! 
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Records Assessed During an ADQ 
Laboratory Records and Data 

• Analytical Results: 
 Calibration curves 
− How many standard levels are used? 

− How was the curve evaluated and is it acceptable? 
- Retention Times 

 QC and precision samples 
− Continuing Calibration Verification (CCV) 

− Laboratory Control Samples (LCS) 

− Blanks, replicates, duplicates 

 MDL 
− How were MDLs determined? 

− Do MDLs meet NATTS (or PAMS) MQO? 

 Chromatography review to assess peak 
identification and manual integrations 

 Flagged data investigation 

 Lot Blanks 

 Calculations and confirmation of 
automated functions 
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Evidence of data 
verification is 

ALWAYS part of an 
ADQ! 
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Records Assessed During an ADQ 
How does the monitoring agency handle laboratory results? 

• How are laboratory reports stored? 
 Don’t rely on emails 

• What verification and validation 
activities are performed? 
 Comparison of lab results to field records 

 Sample collection 

 Sampler information 

• AQS strings 
 Who generates? Who verifies? 
− Manual entry or automated function 
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Evidence of data 
verification is 

ALWAYS part of an 
ADQ! 

Site A 
Site B 
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Verification of a Laboratory Report 
Performed by the Monitoring Agency 
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Summary of Results 

• Review and confirm 
information 

• Verify flagging information 

• Note: In most cases, data 
flags are only applied based 
on laboratory result. 
Knowledge about applicable 
field flags may not be 
available to the lab. 
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TO-15 VOC Data 
NATTS TAD Requirements with Qualifier Implications 

Sampling 
• Sampler Certification 
 Zero Air & Known Standard 

 Flag data for failing compounds for each 
sampling event 

• Sampler Flow Verification 
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Laboratory    
• Canister Qualification 
 Leak Check, Zero Air & Known Standard 

 Associated data flagging per canister 

• Canister Hygiene 
 Cleaning batch verification 

 Sample collection 30 days from cleaning 

 Sample analysis 30 days from collection 
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Canister Tracking 

Recommendation: Establish a canister tracking 
system to easily query canisters which may 
require qualification on a per analyte basis 

• Failing Zero-Air Challenge? Qualify with… 
 CF to indicate canister failed qualification 

 And LK to indicate high bias 

 Or EC if exceeds 5x MDL – Null code to indicate 
exceedance of critical parameter 

• Failing Known Standard Challenge? Qualify 
with… 
 CF to indicate canister failed qualification 

 And LL or LK to indicate low or high bias 

42 
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PM10 Metals 
Missing or Incomplete QC Data 

• Filter Lot Blanks 
 Lot blank subtraction is not permitted 

• Gravimetric Analysis 
 Are filter handling procedures documented? 

 Gravimetric lab meet NATTS Quality 
Systems requirements? 

 Are filters analyzed for metals <180 days? 
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Carbonyl Data 
Sampling 
• Sampler Certification 
 Zero Air 

 Data flagging for each sampling event 

• Sampler maintenance 
 Denuder change/recharge; filter change 

• Data download 
• Correct collection of a field blank 
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Laboratory 
• Perform lot blank analysis 
• Hold time exceedance 
• DNPH chromatography evaluation 
 DNPH peak is present 
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Documentation 
Records are incomplete, missing, or not reviewed 

“If it hasn’t been documented, did it 
even happen?” 

• Update forms to include a sign-off for 
secondary review 

• Store hard copy forms with redundancy so 
they can be easily accessed later 
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Questions and Open Discussion 
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