Module 1: Overview of QA/QC Frameworks

NEW! 
📘 Welcome to Module 1
Every radon measurement result carries consequences.
A single inaccurate test can:
· trigger unnecessary mitigation expenses, 
· delay real estate transactions, 
· undermine public trust, 
· or worse — falsely reassure occupants that a hazardous environment is safe. 
Quality Assurance (QA) and Quality Control (QC) exist to prevent those failures.
This module introduces the scientific, procedural, and professional framework that supports defensible radon measurement practices under ANSI/AARST standards and NRPP requirements.
Throughout this course, we will examine not only what QA/QC requires — but why it matters in real-world practice.

/*REMOVED !Section outline
· 
· This module is designed to provide a clear and practical foundation for understanding the structure, purpose, and regulatory context of Quality Assurance (QA) and Quality Control (QC) in radon measurement, particularly as applied to ANSI/AARST standards and NRPP requirements.*/
Learning Objectives :
By the end of this module, participants will be able to:
· Define the purpose and scope of QA and QC in radon measurement.
· Identify key components of a compliant QA/QC Plan.
· Recognize how ANSI/AARST standards and NRPP policies inform and require QA/QC protocols.
📍 Field Case Example:
When Improper Placement Nearly Triggered Unnecessary Mitigation
During a large-building radon survey, several classrooms tested above 20 pCi/L — significantly higher than surrounding rooms.
Initial interpretation suggested widespread radon intrusion and potential mitigation costs exceeding six figures.
However, duplicate QA measurements showed inconsistent results. Investigation revealed the original detectors had been placed directly beneath HVAC supply vents, violating deployment protocols.
Follow-up testing confirmed that most rooms were actually below action levels.
This incident demonstrates an important principle:
QA/QC is not administrative paperwork — it is the foundation of scientifically defensible decision-making.
Without proper QA procedures:
· inaccurate data may drive expensive decisions, 
· public confidence may erode, 
· and legitimate health risks may be overlooked.

· 1.1 What Is QA/QC and Why It Matters
REVISED INTRODUCTION
Quality Assurance (QA) and Quality Control (QC) are closely related but serve different purposes within a professional radon measurement program.
Quality Assurance (QA)
QA refers to the planned systems, policies, and procedures designed to ensure that measurements are scientifically valid, repeatable, and defensible before field work begins.
Examples include:
· written SOPs, 
· technician training, 
· calibration schedules, 
· documentation policies, 
· and internal audit procedures. 
QA is proactive.

Quality Control (QC)
QC refers to the operational techniques used to evaluate whether the QA system is functioning properly during actual measurement activities.
Examples include:
· duplicates, 
· spikes, 
· blanks, 
· control charts, 
· and performance checks. 
QC is reactive and verification-focused.

Why This Matters
A robust QA/QC framework:
· improves measurement reliability, 
· reduces human and instrument error, 
· strengthens legal defensibility, 
· supports NRPP compliance, 
· and ultimately protects public health.

· /* REMOVE! Quality Assurance (QA) refers to the planned and systematic activities implemented to ensure that the radon measurement process is reliable and that results are defensible, repeatable, and scientifically valid. QA is proactive.
Quality Control (QC) includes the operational techniques and activities used to verify that requirements for quality are fulfilled. QC is reactive and focused on identifying and correcting problems.
A robust QA/QC system:
· Ensures measurement results are accurate and precise.
· Helps identify equipment failures, procedural deviations, or environmental interferences.
· Builds legal and professional defensibility.
· Is required by both NRPP and ANSI/AARST for credentialed professionals.*/
Side-by-side columns showing key differences
	Quality Assurance (QA)
	Quality Control (QC)

	Proactive process
	Reactive inspection

	Focused on process
	Focused on output/data

	Prevents issues
	Detects issues

	Includes SOPs, training
	Includes checks, reviews

	Implemented system-wide
	Task- or sample-specific


· ✅ Quick Knowledge Check
· Which of the following is considered a Quality Control activity?
· A. Writing a Standard Operating Procedure
B. Conducting technician onboarding
C. Reviewing duplicate measurement precision
D. Developing annual training requirements
· ✅ Correct Answer: C
· Explanation:
· QC activities evaluate whether field measurements and systems are performing correctly in practice.

🔬 Ms. Holder’s Field Note
“One recurring issue I’ve observed during QA reviews is that many procedural failures begin long before the measurement itself. Inconsistent documentation, rushed deployments, and assumptions about ‘routine’ jobs often create the conditions for larger QA failures later.”
“The most effective QA programs are not simply compliant — they create a culture of consistency.”

· 1.2 Key Documents Defining QA/QC Requirements
· ANSI/AARST Standards
These consensus-based standards are the foundation of technical protocols for radon professionals. Two of the most relevant for this course are:
· MAH-2023: Protocol for Conducting Measurements of Radon and Radon Decay Products in Homes.
· MALB-2023: Measurement in Multifamily, Schools, and Large Buildings.
Both require specific QA/QC measures including minimum duplicate rates, spike testing frequency, and documentation procedures.
NRPP Policy Documents
The National Radon Proficiency Program (NRPP) requires certified professionals to:
· Implement a written QA/QC Plan.
· Follow calibration, duplication, and quality documentation procedures.
· Maintain defensible records subject to audit or legal review.
NRPP compliance aligns directly with ANSI/AARST standards and includes enforcement mechanisms, including audits and certification revocation for persistent QA/QC failures.
· 
· 1.3 Core Elements of a QA/QC Framework
· 
	Element
	QA Role
	QC Role

	QA/QC Plan
	Describes all policies, protocols, and schedules for QC activities
	N/A

	Calibration
	Schedule and documentation of factory/service lab calibrations
	Verifies accuracy through comparison against known standards

	Duplicates
	Establish target % of duplicate deployments
	Identifies measurement precision

	Spikes
	Contracted with a certified radon chamber
	Verifies lab/device accuracy

	Blanks (Field & Lab)
	Outlines handling procedures
	Detects contamination

	Control Charts
	N/A
	Visual tool for trend analysis and outlier identification

	Documentation
	Systematic recordkeeping
	Supports defensibility and internal reviews


· While QA establishes the systems and procedures to ensure consistent and accurate radon measurement, QC comprises the practical tasks that verify these systems are functioning as intended. Think of QA as the "plan and define" phase and QC as the "test and refine" phase.The flowchart below illustrates how QA procedures guide QC steps in a continuous improvement cycle. 
· This flowchart demonstrates the practical interaction:
· QA develops Standard Operating Procedures (SOPs)
· SOPs inform Field Training Protocols
· Trained technicians perform QC Checks (blanks, spikes, duplicates)
· Data Feedback Loops catch discrepancies
· Results drive SOP Revision and Policy Updates

· 
· 1.4 QA/QC in Practice: Residential vs. Large Building Settings
· While the principles of QA/QC are universal, implementation may differ:
	Practice
	Residential Homes
	Large Buildings/Schools

	Duplicate Rate
	10% of measurements
	10% of devices per test set

	Spike Frequency
	3% per device type per year
	Same, but often more frequent due to higher volume

	Chain of Custody
	Simple form per device
	Detailed logs for team coordination

	Control Measures
	Manual tracking often sufficient
	Digital QA tracking systems may be preferred


New! 🏫 Scenario Exercise:
Residential vs Large-Building QA
A technician performs:
· 6 measurements in single-family homes 
· 120 measurements in a public school district 
Which environment requires the more structured QA documentation process?
A. Residential homes
B. Public school district
C. Both require identical documentation complexity
D. Depends only on measured radon concentration
✅ Correct Answer: B
Explanation:
Large-building projects involve:
· higher testing volume, 
· multiple personnel, 
· more complex chain-of-custody management, 
· and greater public accountab

· 1.5 Consequences of Inadequate QA/QC
· Failure to implement or document adequate QA/QC practices can result in:
· Certification audit failures
· Loss of professional credibility
· Legal liability if test results are challenged
· False-negative or false-positive radon results affecting health outcomes
/* Removed! The Human Factor in QA/QC
Even the most rigorous written QA plan can be undermined by field staff who don’t fully understand its rationale or skip steps under time pressure. This is why QA must include a human dimension: onboarding, continuing education, mentorship, and periodic audits not just for data, but for procedure compliance.
Examples include:
· Technicians “eyeballing” placement distance from walls rather than using a tape measure.
· Inconsistent notation on field forms, creating confusion during data interpretation.
· Delays in returning detectors from the field, compromising exposure validity.
🔑 Takeaway: QA/QC isn’t just paper—it’s culture. And culture requires leadership, modeling, and reinforcement.*/

New ! 📘 Why Human Error Matters
Many QA/QC failures are not caused by defective instruments or inadequate standards.
Instead, they often originate from:
· rushed deployments, 
· assumptions made during routine work, 
· inconsistent documentation habits, 
· or failure to follow established SOPs precisely. 

🔬 Mr. Holder’s Field Note
“One recurring issue I’ve observed during QA reviews is that many procedural failures begin long before the measurement itself. Inconsistent documentation, rushed deployments, and assumptions about ‘routine’ jobs often create the conditions for larger QA failures later.”
“The most effective QA programs are not simply compliant — they create a culture of consistency.”

✅ Important Principle
QA/QC is not just documentation —
it is a professional culture built through:
· training, 
· accountability, 
· reinforcement, 
· leadership, 
· and continuous feedback. 
✅ Quick Reflection Prompt
Think about your own field experience:
Have you ever encountered a QA/QC issue caused primarily by:
· rushed deployment, 
· incomplete documentation, 
· or inconsistent procedures? 
What process improvement could have prevented it?


· 1.6 Summary
· A sound QA/QC program is not just a regulatory requirement—it is a professional imperative that underpins the validity of every radon test result. QA ensures we are doing things right, and QC helps confirm we did things right.
Professionals must:
· Maintain a written QA/QC Plan
· Follow ANSI/AARST guidelines (MAH-2023, MALB-2023)
· Document all QA/QC activities
· Stay prepared for audits and peer review

· 
· Module 1 Quiz: Overview of QA/QC Frameworks
· 
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Module 2: Control Measures and Error Reduction
Section outline
· 
· 
· 2.1 Calibration and Instrument Performance
· A. Calibration Requirements
· All devices used for radon measurement must be calibrated annually (±10% accuracy), or as required by the manufacturer.
· Calibrations must be traceable to a national standard (e.g., NIST).
· Maintain calibration certificates for a minimum of 5 years.
B. Daily and Routine Performance Checks
· Before deployment: Verify that the monitor battery is sufficient, date/time is correct, and environmental sensors are functioning.
· For continuous monitors: Perform background and pump flow rate checks.
· Use manufacturer-provided software for QA logs and tracking.
· 
· 2.2 QA Control Types and Their Applications
· A. Field Blanks
· Purpose: Detect contamination during handling, storage, and transport.
· Frequency: At least 5% of samples, or 1 per 20 measurements, whichever is greater.
· Procedure: Expose canister/device to test site conditions without opening/activating it.
B. Spikes (Reference Exposures)
· Purpose: Confirm measurement device accuracy against a known standard.
· Frequency: At least 3% of samples per device type per year.
· Procedure: Send device to a certified radon chamber (e.g., Bowser-Morner).
· Acceptance Criteria (per ANSI/AARST MAH-2023):
· Results must fall within ±25% of the known chamber value for active devices
· ±30% for passive devices
C. Duplicates
· Purpose: Assess short-term precision of devices under field conditions.
· Frequency: At least 10% of all tests.
· Procedure: Deploy two identical devices side-by-side (within 10 cm) for the same exposure duration.
· Acceptance Criteria:
· Calculate Relative Percent Difference (RPD):

· 
· 
· 2.3 Acceptable Variation and Data Validation
· Control Charting
· Use control charts to visualize trends over time.
· Identify outliers and systematic bias.
Flagging and Filtering Data
· Flag test results outside calibration range, or those with excessive RPD, humidity issues, or exposure time errors.
· Establish protocols for retesting if QA flags are triggered.
Record-Keeping
· Maintain a QA log with:
· Device ID, deployment/retrieval date and time
· Control type and associated result
· Environmental observations
· Technician initials and chain-of-custody documentation
· 
· 2.4 Environmental and Procedural Controls
· Minimizing Human Error
· Standardize device placement procedures.
· Use checklists to ensure consistent pre-deployment checks.
· Train all staff on contamination prevention and proper handling.
Reducing Environmental Interference
· Place devices away from drafts, heat sources, and high humidity zones.
· Use humidity monitors for passive devices; control for RH > 80%.
· 
· 2.5 Field Case Study: How QC Saved a School Project
· In 2021, while overseeing a radon survey in a large school building, our team noticed one room with a result of 23.5 pCi/L, while all surrounding areas were below 2 pCi/L. QC duplicate results flagged a discrepancy—the second detector read 3.2 pCi/L.
Upon review, the technician admitted the primary detector had been placed directly on a heating vent—violating SOP. Without QC duplicates, this would have led to unnecessary panic, remediation costs, and loss of public trust.
🔁 Lesson: QC isn’t busywork. It protects your credibility, your clients’ resources, and public health decisions.
· Module 2 Quiz: Control Measures and Error Reduction
· 
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Module 3: Troubleshooting and Common Failures
Section outline
· 
· By the end of this module, learners will be able to:
· Identify the most common QA/QC failures in radon measurement practices.
· Understand root causes of failures in duplication, blanking, and calibration.
· Apply corrective actions aligned with ANSI/AARST standards and NRPP expectations.
· Integrate troubleshooting procedures into ongoing QA plans.
· 
· 🧭 3.1 Overview of QA/QC Failures
· Even well-designed QA plans can break down in the field. This module explores the patterns of failure seen across measurement programs, and how to systematically troubleshoot and resolve them.
Key categories:
· Duplication inconsistencies
· Contamination in blanks
· Device drift
· Data handling and transcription errors
· Improper detector deployment
· Failure to implement feedback loops
· 
· 🔎 3.2 Common QA/QC Failures and Root Causes
· 🔁 Duplication Rate Failures
Symptom: Precision between duplicate measurements exceeds allowable RPD (Relative Percent Difference).
Possible Causes:
· Variability in placement or timing
· Inconsistent deployment conditions
· Cross-contamination (e.g., opening one test in proximity to another)
· Lack of standardization in deployment technique
Troubleshooting Tips:
· Review technician SOP adherence.
· Cross-reference with environmental logs (temperature, humidity).
· Increase technician retraining frequency.

❌ Field or Lab Blank Failures
Symptom: Blanks show radon levels above minimum detectable limits.
Possible Causes:
· Cross-contamination during handling
· Exposure to elevated radon environments
· Improper sealing or storage
Troubleshooting Tips:
· Re-evaluate chain of custody procedures.
· Audit storage and transport protocols.
· Conduct root cause analysis on personnel handling logs.

⚠️ Calibration Errors and Drift
Symptom: Devices report measurements outside expected tolerances.
Possible Causes:
· Missed calibration due dates
· Improper calibration technique
· Environmental stress (e.g., humidity, battery depletion)
Troubleshooting Tips:
· Audit calibration logs monthly.
· Validate calibrations with control chamber comparisons.
· Replace hardware exhibiting repetitive drift.

🧮 Transcription & Reporting Errors
Symptom: Results entered incorrectly in reports or databases.
Possible Causes:
· Manual entry errors
· Poor labeling practices
· Lack of verification steps
Troubleshooting Tips:
· Use barcoding and digital logging when possible.
· Implement double-entry checks and automated error flagging.
· Standardize report templates.

📍 Deployment Errors
Symptom: Invalid test results due to improper placement.
Possible Causes:
· Detectors placed near drafts, returns, or heat sources
· Short testing periods
· Misunderstanding of test conditions
Troubleshooting Tips:
· Conduct random field audits.
· Use deployment photos and checklists.
· Reinforce protocols during technician meetings.
· 
· 🔁 3.3 Feedback Loops and Corrective Action
· QA is a dynamic system. Effective programs integrate feedback loops that catch and correct failures early.
Key Elements of Corrective Action:
· Detection → Investigation → Root Cause → Documentation → Training/Revision
Examples of effective corrective actions:
· SOP revision based on blank contamination trends
· Weekly precision scorecards reviewed by techs
· Implementing quarterly peer reviews of deployment practices
· 
· 📊 3.4 Case Study: Diagnosing a Duplicate Outlier
· A technician’s duplicates show an RPD of 45%. A review finds the two devices were placed 12 feet apart in different airflow zones of a home. Both were deployed correctly—but not equivalently.
Corrective Action:
· Re-train on proximity placement guidelines (within 4 inches of each other).
· Require photo documentation of duplicate pairings.
· 
· 🛠️ 3.5 Tools for Troubleshooting
· 
· QC Trend Logs (track over time)
· Calibration Certificates
· Chain-of-Custody Forms
· Internal Corrective Action Reports (CARs)
· Field Checklists and Deployment Photos
· Technician Training Logs
· 
Field QA/QC Verification Checklist
· 
QA/QC Troubleshooting Checklist File
· 
· ✅ Review
· 
	Issue
	Possible Root Cause
	Suggested Fix

	High RPD
	Unequal duplicate placement
	Reinforce SOP proximity rules

	Positive blank
	Cross-contamination
	Improve handling & storage

	Drift
	Missed calibration
	Audit equipment & logs

	Reporting error
	Manual transcription
	Use digital tools, double-check


· 
· Module 3 Quiz
· 
Module 3 Quiz
Module 4: Internal Audits and Continuous Improvement
Section outline
· 
· 
· Module 4. Overview
· By the end of this module, participants will be able to:
· Design and implement internal QA audits.
· Prepare for and respond appropriately to NRPP QA reviews or audits.
· Organize and retain required QA/QC documentation.
· Integrate corrective actions based on audit outcomes or feedback loops.
· 
· 4.1 Designing and Conducting Internal QA Audits
· An internal QA audit is a proactive review of a measurement program's processes and records. It identifies gaps in compliance, inconsistencies in procedure, and opportunities for improvement.
Audit Design Tips:
· Frequency: Conduct annually or semi-annually.
· Scope: Include review of SOPs, detector handling logs, duplicate data, blanks, calibration records, and technician training documentation.
· Tools: Use a standard audit checklist and scoring rubric.
· Personnel: Preferably conducted by someone not responsible for daily operations (if possible) to reduce bias.
Example Checklist Items:
· Are chain-of-custody forms filled out completely?
· Is calibration documentation up to date and traceable?
· Are duplicate measurements properly recorded and within acceptable RPD limits?
· Have all deviations been documented and explained?
· 
· 4.2 Responding to NRPP QA Reviews or Audits
· NRPP conducts periodic audits of certified professionals, especially if there are complaints, unusual data trends, or during re-certification.
What NRPP may request:
· QA/QC plan and documented SOPs.
· Chain-of-custody logs.
· Calibration and performance test records.
· Duplicate/blank/spike data with analysis.
· Logs of corrective actions and internal audits.
Tips for successful response:
· Be proactive: Maintain clean, organized documentation at all times.
· Respond thoroughly: Provide clear narratives where procedures were followed or corrected.
· Don’t panic: Audits are part of maintaining professional quality standards.
· 
· 4.3 Document Retention and Reporting
· 
· 3 years for chain-of-custody forms, device logs, and reports
· 5 years for calibration records and QA/QC summaries (per ANSI/AARST MAH-2023)
Best practices:
· Use secure, cloud-based systems with backup.
· Develop standardized file naming conventions.
· Keep logs of revisions to SOPs or QA plans (version control).
Reporting Requirements:
· Maintain access to summary QA/QC performance statistics.
· Include disclaimers when test conditions are suboptimal or compromised.
· Clearly identify retest triggers and mitigation recommendations in final reports.
· 
· 4.4 Integrating Feedback and Corrective Actions
· The QA feedback loop (see Module 3 graphic):
1. Detect failure or deviation.
1. Conduct root cause analysis.
1. Update SOP or training.
1. Monitor implementation during next cycle.
1. Repeat.
Corrective Action Documentation Should Include:
· What failed
· How it was detected
· Immediate steps taken
· Long-term process adjustments
Example:
“Technician failed to place duplicate device in same room. Refresher training provided, SOP updated to include visual confirmation photo.”
· 
Internal QA Audit Checklist for Radon Measurement Programs File
· 
· Module 4 Quiz: Internal Audits and Continuous Improvement
· 
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