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The Project Data Life Cycle

Always Have the 
End Use Goal in mind…

• Project development
• Implementation
• Ongoing data 

assessment as results 
are received

• Reporting

…throughout the 
Project Life Cycle



• All collected data have associated errors
• Absolute certainty in any given result is not achievable
• The DQO Process defines tolerable error rates
• In the absence of DQOs, decisions are uninformed
• Uninformed decisions tend to be conservative and 

expensive

Data Quality Objectives – Underlying Principles

DQOs are quantitative and qualitative criteria that:
• Clarify study objectives
• Define appropriate types of data to collect
• Specify the tolerable levels of potential decision errors

DQOs are designed to answer:
• What does the project need?
• Why does the project need it?
• How will the project use it?
• What is the project’s tolerance for errors (rejected data)?

DQO Details

The DQO Process (USEPA Seven Step Approach) is 
a systematic planning approach for generating 
environmental data that will be sufficient quality and 
quantity for their intended end use:

1. Define the Problem 
2. Identify the Goal of the Study 
3. Identify Information Inputs 
4. Define the Boundaries of the Study 
5. Develop the Analytical Approach (Decision Rules) 
6. Specify Performance or Acceptance Criteria 
7. Develop the Plan for Obtaining Data (Optimize Design)

Data Quality Objective (DQO) Process Other Applications of the DQO Process 

Waste management
Environmental remediation and restoration
Facility transition and management
Facility decontamination and 
decommissioning
Technology development



DQO Project Planning Teams enables Data 
Users and Technical Experts to work 
together to specify their needs: 

• Field Sampling Teams
• Laboratory Project Managers
• Subject Matter Experts, SMEs (e.g., chemists, 

toxicologists, geologists, hydrologists, etc.) 
• Data End Users (Analysts) and Decision-

makers (e.g., responsible parties, risk 
assessors, remediation leads, project 
managers, external stakeholders) 

DQO Planning Teams

The data needs/end uses for each project are 
determine through:

• Data Quality Objective (DQO) Development 
• Quality Assurance Project Plan (QAPP also QAP) 
• Provincial and Federal Regulatory Reporting 

Requirements 
• Special Needs: Client, Peer and SME Inputs
• Data Quality Assessment (DQA)

Systematic Planning and Data Needs

Systematic Planning and DQO Crosswalk

Elements of Systematic Planning Process Corresponding Step in the DQO Process

Identifying and involving the project 

manager/decision maker, and project personnel

Step 1.  Define the problem

Identifying the project schedule, resources, 

milestones, and requirements

Step 1.  Define the problem

Describing the project goal(s) and objective(s) Step 2.  Identify the problem

Identifying the type of data needed Step 3.  Identify information needed for the 

decision

Identifying constraints to data collection Step 4.  Define the boundaries of the study

Determining the quality of the data needed Step 5.  Develop a decision rule

Step 6.  Specify limits on decision errors

Determining the quantity of the data needed Step 7.  Optimize the design for obtaining data

Describing how, when, and where the data will be 

obtained

Step 7.  Optimize the design for obtaining data

DQOs: Establish the project’s need for analytical data of 
known quality to be used for decision-making purposes:
• Determine the number and type of QA/QC samples to be collected 
• Determine the methods to be followed during sample collection and 

laboratory analysis
• Identify the laboratory reporting requirements (Level 1- Level 4)
• Establish the level of data review/validation needed
• Finalize details as part of the data quality assessment process.

DQOs: Focus on Analytical Requirements and 
Data Quality Assessment



DQOs and Laboratory Data Reporting Levels

Level 1 Level 2 Level 3 Level 4
Certificate of Analysis Certificate of Analysis Certificate of Analysis Certificate of Analysis

Field Sample Results Field Sample Results Field Sample Results Field Sample Results

Field QC Results
(often none or 
limited)

Field QC Results Field QC Results Field QC Results

Case Narrative Case Narrative Case Narrative

Calibration 
Information

Calibration 
Information

Instrument Raw Data 
Output

Data Reporting Levels based on USEPA Contract Laboratory Program (CLP)

Data Needs by Project Type – Example Considerations

Project Type Target List/Limits Drivers Method Selection Data Review/Validation

Initial Site 
Investigation

Previous investigations

Site History/Use

Regulations

Target List & Limits - Many parameters can 
be analyzed by multiple methods with 
limits, limitations and costs 

Dependent on Site 
Investigation Purpose

Long Term 
Monitoring (LTM)

Contaminants of Concern

Project Limits Set

Contaminants of Concern previously 
established, may be able to use less 
expensive (rapid) methods for monitoring

Initial Data 
Review/Verification with 
limited validation (Level 2) 
if questionable data 
quality is suspected

Permit or 
Regulated Site

Based on issued permit of 
regulatory agreement

Selected methods must be compliant with 
permit or regulations

Typically, Level 2 is 
sufficient

Site Closure w/ 
Risk Assessments

As needed by regulatory 
agency or to minimize 
future liability

Methods must be able to accurately 
measure contaminants of concern to 
required risk levels

Likely Data Validation 
(Level 2+ or Level 3) 
sufficient

Site Litigation Withstand third party 
technical scrutiny

Methods must be able to accurately 
measure contaminants of concern to 
required risk levels

Likely Data Validation 
(Level 3) with SME 
involvement, potentially 
Level 4

Quality Assurance Project Plan Overview

QA Project Plan (QAPP or QAP) is written document that 
describes: 

• Quality assurance procedures
• Quality control requirements
• Other technical activities that are required ensure that the end 

results of the project meet the project needs/requirements
• Project activities: primary data collection, secondary data usage, 

and data processing (such as modeling)
• Requirements by regulatory agencies

QAPPs should include project specific reporting levels (limits of 
detection “seen”, LODs and limits of quantitation “measured”, LOQs) for 
each analyte to ensure that the laboratory can report below these levels.
Required Reporting Levels may be based on:

• Risk-based concentrations or screening levels
• Technology limitations (e.g., analytical detection limits)
• Regulatory standards or criteria
• Conceptual Site Model (CSM) information (receptors, media, and 

contaminants of concern
• A combination of any or all of the above…
• LOQs must support the lowest required screening or remediation level, 

(preferability 50% or less than that level)

Always Have Data End Use(s) in mind!

Quality Assurance Plan – LODs and LOQs



QAPP – Analytical Method Selection

The QAPP identifies:
Test Methods to be used in the field:

• Screening methods (pH, temp, DO, Conductivity etc.)
• On-site lab? Definitive data?

Test Methods to be used by the laboratory:
• Screening methods
• Definitive methods

Test method selections may be based on: 
• Data drivers (criteria, regulations, etc.)
• Modifications or special needs for project
• Historical data
• Budgetary Constraints

Knowledge Check

What is the fundamental difference between a 
Limit of Detection (LOD) and 

a Limit of Quantitation (LOQ)?

Analytical 
Technique

Water 
RL

(μg/L)

Soil 
RL

(mg/kg)
Cost Application

Conventional ICP
(Inductively Coupled 
Plasma – Atomic 
Emission Spectroscopy)

10 1 $20 (digestion)
$10 (per metal)

Multiple metals reported; 
Standard reporting limits are 
required; 
Tolerates “dirtier” samples and 
higher dissolved solids

ICP-MS (Inductively 
Coupled Plasma - Mass 
Spectrometry)

1 0.5 $20 (digestion)
$10 (per metal)

Multiple metals reported; 
Low level limits are required; 
Lab cleanliness key to 
achieving low limits 

GFAA (Graphite Furnace 
Atomic Absorption 
Spectroscopy)

5 0.5 $20 (digestion)
$15 (per metal)

Smaller list of metals;
Low level reporting limits are 
required

Field XRF (X-Ray 
Florescence)

NA 10 Instrument 
rental and total 

field time

Arsenic is known contaminant, 
immediate (field) results 
required

Laboratory Method Selection Example – Arsenic

Analytical 
Technique

Water RL
(μg/L)

Soil 
RL

(mg/kg)

Approximate 
Cost Application

GC/MS 
(Gas Chromatography/Mass 
Spectrometry)

10 0.33 $125 High regulatory limit 
Delineating higher concentrations
Already analyzing SVOCs

GC/MS SIM 
(Selective Ion Monitoring)

0.2 0.0067 $200 Low regulatory limit 
Delineating lower 
concentrattection)ions
PCP only CoC or one of few

GC/ECD (Electron Capture 
Detection)

0.25 0.033 $100 Low regulatory limit 
Delineating lower concentrations
Other herbicides also CoCs

GC/FID (Flame Ionization 
Detection)

5 0.15 $50 High regulatory limit 
Delineating higher concentrations

Field Test Kits ~0.5-10* ~0.5-10* TBD PCP is known contaminant, need 
immediate results

Laboratory Method Selection Example --
Pentachlorophenol



The DQO Exercise

Example Project: Contaminated Agricultural Site

Abandoned and uncontrolled drum dump site discovered adjacent to farm 
property (1-4 m below ground surface), drums in poor condition with no 
identifiable markings
Active farming area with corn crops, owner considering sale of property 
for future residential development
On-site well currently used for crop irrigation and livestock water supply
– Depth to water 12-15 m
– Transient solvent odor noted in well water
– Initial test results showing PCE at 300 ug/L and low concentrations of 

TCE and VC (<20 ug/L)
Initial Investigation to define nature and extent of contamination
Extent of initial investigation limited to active farming area, access not 
available to surrounding properties

Agricultural Site Setting DQO Steps 1 and 2
DQO Step Action Detail
Step 1. State the 
Problem

Identify the planning team members 
including decision makers.

Client: Farm Owner and Legal Consul
Regulatory Authority: Environment 
Canada and Alberta Environment
Consultant Group (PM, SMEs, Field 
Staff, Lab PM

Describe the problem; develop a 
conceptual site model

Drum dump site impacting GW (VOC 
contamination) 

Determine resources - budget, 
personnel, and schedule

What are the drivers?

Step 2. Identify the 
Decision

Identify the principal study question. Does the concentration of 
contaminants in ground water exceed 
acceptable levels?

Define alternative actions. 1. Take No Action
2. Initiate additional characterization 
efforts 

Develop a decision statement Does the outcome of the initial site 
investigation support one of the 
alternative actions? 



DQO Step 3
DQO Step Action Detail
Step 3. Identify 
the Inputs to the 
Decision

Identify the information 
needed

Groundwater flow direction
Groundwater quality (potable?)
Contaminant concentrations in GW across the site

Determine sources for this 
information

Existing site-specific information very limited (regional 
soil and groundwater data and one-time sampling 
agricultural well VOC analytical data
New data required on GW and soil conditions for the site 
(planned investigation)

Determine the basis for 
determining the Action 
Level.

Alberta Tier 1 (potable) GW values assuming future 
domestic use of GW based on stated residential 
development plans

Identify sampling and 
analysis methods that can 
meet the data 
requirements.

Permanent vs temporary wells (direct push installation)?
Low flow sampling (expected VOC contaminants)
Typical GC/MS method (such as USEPA Method 8260C)
will meet requirements

DQO 4
DQO Step Action Detail
Step 4. Define the 
Boundaries of the 
Study Area

Define the target population of 
interest

Current receptors include farm 
animals and corn crops, future 
residential human exposure possible

Specify the spatial boundaries that 
clarify what the data must represent

Initial SI is farm boundary as no other
access has been granted. 
Investigation funded by farm owner

Determine the time frame for 
collecting data and making the 
decision

Weather and planting cycle impacting
site access
Future plans for sale of property for 
residential development

Determine the practical constraints on 
collecting data

Initial SI is farm boundary as no other 
access has been granted

Determine the smallest 
subpopulation, area, volume, or time 
for which separate decisions must be 
made.

Only considering the farmed area in 
total (size of property) based on no 
access to surrounding areas

DQO 5 and 6
DQO Step Action Detail
5. Develop a Decision 
Rule

Specify an appropriate population 
parameter (mean, median, percentile).

Initial investigation will perform point-
by-point comparisons to action levels

Confirm the Action Level exceeds 
measurement detection limits.

Limits of Quantification (LOQs) for VC, 
TCE and PCE all at 1 ug/L and below 
Action Levels

Develop a decision rule 
(If...then...statement).

If GW contaminant concentrations 
exceed Tier 1 values, continue 
sampling the defined grid

6. Specify Tolerable 
Limits on the Decision 
Errors

Determine the range of the parameter 
of interest.

Action levels to at least 400 ug/L for 
PCE

Choose a null hypothesis
Examine consequences of making an 
incorrect decision

Discussion of False Positives and 
False Negatives

Assign probability values to points 
above and below the Action Level that 
reflect tolerable probability for 
potential decision errors.

The Decision Performance Curve and 
statistical considerations for sampling 
– advanced planning needs.

DQO 7 – The End Game
DQO Step Action Detail
7. Optimize the Design 
for Obtaining Data

Review the DQO outputs. Initial delineation to Tier 1 levels, 
limited sampling requirements

Develop data collection design 
alternatives. Limited initial investigation does not 

require more rigorous analysis of 
alternatives. 

Formulate mathematical expressions 
for each design.

Select the sample size that satisfies 
the DQOs.

Judgmental Sampling – six wells

Decide on the most resource effective 
design, or agreed alternative.

Well types?

Document details in the QA Project 
Plan.

Six wells
Targets: VC, TCE and PCE by Method 
8260C (GC/MS)
QC Samples:
1 - Field Duplicate
1 - Trip Blank
1 - MS/MSD Pair



Project Planning and DQO References

Guidance for the Data Quality Objectives Process, EPA QA/G-4
https://www.orau.org/ptp/PTP%20Library/library/EPA/QA/g4.pdf
Hawaii UST Technical Guidance Manual, Data Quality Objectives, 
Appendix 7-A
http://health.hawaii.gov/shwb/files/2013/06/app7a.pdf
Guidance Manual For Environmental Site Characterization In 
Support Of Environmental And Human Health Risk Assessment 
https://www.ccme.ca/en/files/Resources/csm/Volume%201-
Guidance%20Manual-
Environmental%20Site%20Characterization_e%20PN%201551.pdf

7a.pdf
acterization In 
Risk Assessment 

Volume%201-

%20PN%201551.pdf

Project Planning and DQO References

An Application Of USEPA’s Data Quality Objective Process
https://clu-in.org/download/char/dataquality/kstorne.pdf
Visual Sampling Plan – Statistical Design and Analysis to Support 
Confident (Sampling) Decisions
https://vsp.pnnl.gov/
Environmental Analytical Methods 5th Edition (Dated)
http://www.genium.com/pdf/eam_TOC_sample_pgs_v5.pdf
Chapter Two of the US EPA SW-846 Compendium: Choosing the 
Correct Procedure 
https://www.epa.gov/sites/production/files/2015-
10/documents/chap2_1.pdf
Clean Water Act Analytical Methods
https://www.epa.gov/cwa-methods

on (Dated)
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