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2.0  Abstract 

 
The objective of this study is to measure the pollution reduction efficiency of several woodstove 
retrofit pollution control devices. The Puget Sound Clean Air Agency conducted an open 
competition, or open solicitation, for ideas and prototypes for retrofit devices. The Technical 
Advisory Committee reviewed the best submissions and identified four semi-finalists. These 
devices will be tested at an EPA accredited laboratory using methods that simulate real-world 
use, but are as close to EPA standard methods as is possible. The tests will measure the emission 
rate of fine particles (PM2.5 or TPM) and polycyclic aromatic hydrocarbons (PAHs) during 
baseline operation, and while the retrofit devices are installed and active. The difference in 
emissions will be measured under several burn rate and wood moisture conditions.  Multiple 
tests will be conducted, subject to budget restrictions, to maximize the statistical power of the 
testing. The mean emissions reductions efficacy will be calculated for all devices. 
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3.0 Background  

3.1 Study area and surroundings 

Not Applicable. This study is limited to the testing of emissions of residential wood burning 
devices in a controlled laboratory setting. 

3.1.1  Logistical problems 

Not Applicable. This study is limited to the testing of emissions of residential wood burning 
devices in a controlled laboratory setting. 

3.1.2  History of study area 

Not Applicable. This study is limited to the testing of emissions of residential wood burning 
devices in a controlled laboratory setting. 

3.1.3  Contaminants of concern 

This study is targeting two primary classes of environmental pollutants, polycyclic aromatic 
hydrocarbons (PAHs) and fine particulate matter (PM2.5).  

PAHs are toxic to organisms and are widespread in Washington’s environment. PAHs are also 
toxic to humans. Studies have linked PAHs to cancer, reproductive problems and weakened 
immune systems. 

Fine particulate matter (PM2.5) is known to cause a range of short-term and long-term health 
problems in humans ranging from heart attacks and stroke, to increased risk of asthma, diabetes, 
and other cardiovascular problems. Western Pierce County was designated as a Federal 
“Nonattainment Area” because it exceeded the National Ambient Air Quality Standard 
(NAAQS) for PM2.5. 

Residential wood burning is known to be the primary contributor to the NAAQS exceedances in 
Pierce County and is also the largest source of PAHs to air in the Puget Sound watershed. 

3.1.4  Results of previous studies 

Not Applicable. This study is not particular to any geographical area. It is concerned with only 
the testing of emissions of residential wood burning devices in a controlled laboratory setting. 
There are no known previous studies of retrofits for residential wood burning devices. 

3.1.5  Regulatory criteria or standards 

The objective of this study is not to determine the compliance status with regard to any 
regulatory standards or criteria. The objective is to quantify the PAH and fine PM reduction 
efficiency of specific retrofit devices. The data may, however, suggest that some retrofit devices 
may be capable of bringing an old, uncertified residential woodstove up to the current WA State 
woodstove emissions standards for new devices, which is described in WAC 173-433-100.  
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4.0 Project Description 

This goal of this project is to evaluate if any available retrofit devices (either existing products or 
newly developed) are able to robustly and economically reduce the emissions of PAHs and fine 
particulate matter (PM) from older uncertified residential wood burning stoves. 
 
Residential wood burning stoves are a major contributor to air pollution throughout the country 
and are the dominant source of PAH emissions to the air and fine particulate emissions in the 
Puget Sound. Older residential wood stoves comprise more than half of the current wood burning 
devices in homes in the Puget Sound and emit more than twice as much pollution as newer 
devices which meet the WA state standard. 
 
Replacing installed devices is too expensive for most owners and there is no legal basis for 
compelling an owner to do so, with the exception of the 2015 stove rule (PSCAA Regulations 
Article 13.07), which applies only to the Pierce County nonattainment area. Air quality agencies 
can issue burning restrictions episodically when the air quality degrades.  But typically, burning 
restrictions are in effect for a small part of the heating season which includes only a small 
proportion of the total mass of wood burned and emissions produced.  Limited funds have been 
allocated for change out and buyback programs for old stoves in Pierce County, but the funds 
have the potential to reach only about 5-10% of the uncertified devices in Pierce County, much 
less the rest of the Puget Sound. 
 
A retrofit device for an installed woodstove has the potential to produce large reductions in 
emissions at fraction of the cost of new devices. Several types of emissions reduction 
technologies do exist, but their performance has not been well studied, or it is known to be poor 
and inconsistent. Further, there are no known robust studies of the devices packaged as retrofits 
for woodstoves. There may also be newly developed technologies that are not yet aware of. 
 
This study is the second phase of an open technology search for the best retrofit devices. In the 
first phase, an open competition or solicitation for technologies will accept documentation and 
reports regarding potential devices and technologies. The best candidates, with a maximum of 
four, will be selected to have their performance measured in a robust laboratory study. The 
laboratory study will measure the emissions of PAHs and total particulate matter (TPM) from 
old, uncertified stoves with and without the retrofit devices. The laboratory will be an EPA 
certified lab and will be required to use EPA certified (standard) methods for operating the 
stoves and measuring the emissions. The devices will be operated under a range of conditions 
close to the typical operating conditions and will include the most challenging conditions. 
 
It is unknown if any devices exist which can meet the project target performance for emissions 
reductions. Any devices which do meet the project target will be eligible for an award and will 
be highlighted by the Agency as demonstrating a potential path for future emissions reductions. 
 

4.1  Project Goal 

The goal of this project is to characterize the performance of the four selected woodstove 
emission reduction retrofit devices. 
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4.2 Objectives 

• Measure the PAH and TPM emissions of two old uncertified woodstoves with and 
without the retrofit technology installed, under a range of operating conditions 

• Observe for any differences in performance of the stoves with the retrofit devices 
installed 

• Observe the retrofit devices and the nearby environment for usability problems such as 
mechanical failures, fire, or other risk 

• Calculate the emissions reduction performance of PAHs and TPM under a range of 
operating conditions 

4.3  Practical constraints 

Emissions testing of residential wood stoves requires a dedicated facility that is EPA accredited 
and has staff that are competent in applying EPA woodstove testing protocols. Testing requires 
measuring the emissions throughout a full burn cycle, which typically lasts several hours. In 
general, woodstove emissions have significant variability and so each set of test conditions 
(stove, fuel, burning rate, etc.) requires several replications to reach the target confidence interval 
for true emissions.  

There are a limited number of testing facilities in Washington and Oregon. Because the testing 
needed for this study is complicated and expensive, a detailed plan and contract, and therefore a 
formal bidding process is required. 

The stove testing protocol must account for the major independent sources of emissions 
variability for typical use. These include: 

• Stove type 
• Burn rate 
• Wood moisture content 

Each stove must first be tested for baseline performance, and then must be tested with the retrofit 
device installed and active. The budget for the testing will limit the total number of test runs to 
about 40. This means that each retrofit device can be tested with only a subset of the possible 
combinations of stove type/burn rate/wood moisture. This is discussed in more detail in the 
testing protocol section. 

There are two additional, basic practical constraints. The testing lab must have access to two 
older uncertified stoves which can be the test stoves. And, the retrofit devices must be able to be 
installed on the older stoves. 

4.4  Systematic planning process 

The testing protocol (described herein) was designed within the overall project planning and is 
described in the document “Woodstove Retrofit Open Competition and Testing: Detailed Plan.” 
The relevant portions of this document have been adapted for the QAPP. 
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5.0 Organization and Schedule 

5.1 Key individuals and their responsibilities 

 

Table 1.  Project personnel and responsibilities 

 

Staff Title Responsibilities 

Michael Cox 

US EPA 
NEP Grant Coordinator Oversees grant management 

Blake Nelson 

Ecology, Water Quality Program 
Project Officer Manages grant 

Tom Gries 

Ecology, Environmental 

Assessment Program (EAP) 

NEP QA Coordinator 

Reviews draft QAPP, provides 

comments, recommends approval 

of final draft.  Reviews and 

comments on draft project report. 

William R. Kammin 

Ecology, EAP 
QA Officer 

Reviews the draft QAPP and 

approves the final QAPP. 

Phil Swartzendruber 

Puget Sound Clean Air Agency 

(PSCAA) 

Project Manager 

Writes the QAPP.  Conducts QA 

review of data, analyzes and 

interprets data. Drafts final report. 

Walter Zylowski 

PSCAA 

Project QA Coordinator, 

 

Reviews the QAPP.  Conducts QA 

review of data, analyzes and 

interprets data.  

Alex Tiegs 

Omni-Test Laboratories 
Testing Lab, QA Manager 

Oversees quality control of the 

laboratory. 

 

Responsibilities: 

Verification Organization (PSCAA): 

• Prepares the draft QAPP 
• Establishes and maintains a Technical Advisory Committee (TAC) 
• Coordinate with the testing laboratory, the TAC, and Ecology to complete the QAPP 
• Solicit bids for, and procure a contract for testing from an accredited lab 
• Coordinates and schedules the testing with the lab and the individual or organization that 

submitted their device for consideration 

• Review data generated during testing 
• Prepare a summary report 
• Coordinate with Ecology to review and approve the report 
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Verification Organization Project Manager (PSCAA): 

Oversee the project and ensure technical and legal requirements are met and projects goals are 
attained. Works with the PSCAA QA and Testing Coordinator, and with Ecology to ensure QA 
procedures are followed. 

Testing Organization (OMNI-Test Laboratories): 

• Coordinate with PSCAA and Ecology to finalize the QAPP and identify relevant SOPs 

• Wait for approval of the QAPP by Ecology prior to commencing testing 

• Conduct tests according to the approved QAPP 

• Regularly update PCAA on testing progress and schedule 

• Schedule and coordinate all activities of the testing 

• Assume responsibility for day-to-day activities including proper implementation of the 
QAPP and immediate communication with PSCAA in regard to any testing or QA 
problems that may arise 

• If necessary, document any changes in the testing protocol, once approved 

In addition, a Technical Advisory Committee will provide technical feedback and review on 
various aspects of the testing as they occur.  Review and select best retrofit devices to be 
considered for testing. 

 
5.2 Special training and certifications 

Technicians who conduct emissions testing will have significant experience and a demonstrated 
competence in conducting the EPA wood stove testing methods 28 and 5G. 

 

5.3 Proposed Project schedule 

Table 2.  Proposed schedule for woodstove retrofit emission reduction efficacy project. 

 

Step Description Completion Date 

1 Complete draft QAPP Aug 15, 2014 

2 Conduct RFP and select testing laboratory Feb 16, 2015 

3 Submit Final Draft of QAPP May 11, 2015 

4 QAPP approval May 25, 2015 

5 Complete testing Oct 30, 2015 

6 Draft data report from testing lab Nov 12, 2015 

7 Draft Report to Ecology Nov 16, 2015 

8 Final Report to Ecology Dec 11, 2015 
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5.4 Limitations on schedule 

Testing cannot commence until a contract has been signed with an accredited testing lab and the 
candidate devices have been delivered. The contract is expected to be finalized in April and 
testing is expected to start in May. The testing schedule may be complicated by a large demand 
on the labs due to the pending revision of the woodstove NSPS. Nonetheless, it is expected that 
all testing should be able to be completed by the end of August. 
 

5.5 Budget and funding 

This project is funded by NEP Grant G1400205 which allocated $140,000 for contracted testing 
expenses. This is based on an estimate of 35-40 tests at about $3000/test for PAH and TPM plus 
some setup, planning, and report expenses.  
 
 

6.0 Quality Objectives 

6.1 Decision Quality Objectives (DQOs) 
 
While determining compliance with a standard is not an objective of this study, determining if a 
performance threshold has been met is an objective. Therefore, a similar, but not strictly 
identical, approach as a DQO Process will be described. 
 
1. Is a given retrofit device likely to significantly reduce PAH and TPM emissions from 

uncertified stoves? 

2. Does a given retrofit device reduce the emission of PAHs and TPM (measured as emission 
factors, mass emitted per mass of wood burned) by > 50% with 95% confidence? 

3. The inputs for this decision are the emission factors under baseline operation ( Ebaseline ) 
without the retrofit, and the emission factors with the retrofit in operation ( Eretrofit ). 

4. Therefore, we are testing a) against b):  

a. the null hypothesis, H0, that Eretrofit is greater than 50% of Ebaseline .  That is:  Eretrofit/ 

Ebaseline > 0.50   

b. the alternative hypothesis H1, that Eretrofit is less than 50% of Ebaseline . That is: Eretrofit/ 

Ebaseline < 0.50  

5. If the null hypothesis can be rejected at a 95% confidential level, we will deem the retrofit 
to have met the performance objective. 

6. Emission factors are lognormally distributed.  The relative standard deviation of the 
natural-log transformed data is about 13%, and about 40% for data that have not been 
transformed. Given that the funding can allow for a maximum of about 40 total paired tests 
(or about 8 or 9 paired tests per stove), a mean reduction of about 70% must be observed in 
order to reach a 95% confidence level that the true reduction was at least 50% (Figure 1). 
(Values calculated from the inverse student-t cumulative distribution function and the 
standard error.)  
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Figure 1.  Relationship between minimum true vs. observed emission reductions. 

 

6.2 Measurement Quality Objectives 
 
The operation and testing of the stoves will be based on EPA Reference Method 28. There 
currently is no method that is directly applicable for PAM sampling from woodstoves. Therefore, 
PAH sampling will be based on SW-846 compendium method 0010, but will be adapted for the 
slow and variable flow rates, similarly to how Methods 5G and 5H are adapted from Method 5. 
The PAH analysis method will be similar to SW-846 compendium method 0010 (which 
references analysis method 8270), although the analysis method could refer to TO-13A.  TPM 
sampling will use Reference Method 5G3, which is based on Method 5. The measurement and 
data quality criteria and targets will follow the respective guidelines.  Links to the EPA guidance 
documents are in the References. 
 

6.2.1  Targets for Precision, Bias, and Sensitivity 
 

6.2.1.1 Precision    
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See Glossary for definition. The variability of the stove emission rate is about 40%, which 
overwhelms that of the measurement method for TPM and is greater than typical PAHs detection 
method (GC/MS) precision and control limits. The TPM method is gravimetric and has a 
relatively high precision (< 1%). The PAH samples are analyzed on a GC/MS system for which 
method TO-13A/8270 specifies a maximum RSD of continuing calibration standards of 30%.  

 
 
6.2.1.2 Bias 
 
See Glossary for definition. There is currently no method for field spiking the matrix for wood 
stove emissions tests for TPM. It is quantified gravimetrically on an analytical balance. So, the 
proper tare and calibration of the scale will reduce bias to within the laboratory’s control limits, 
typically < 0.1 mg (at 50 to 150% of a filter weight) or 1%.  
 
The PAH collection filters (PUF cartridges) are spiked prior to deployment with a surrogate of 
isotopically-labeled PAH isomers. Filters can also be spiked in the laboratory (Laboratory 
Control Spike, or LCS) to evaluate the extraction efficiency.  Surrogate spikes are used on all 
samples with recovery criteria of 60-120%. LCSs and Laboratory Method Blanks (LMBs) will 
be used per Method TO-13A/8270 to evaluate for contamination and extraction bias, with a 
maximum percent difference of 30%.  One LMB, LCS, and one solvent blank should be 
analyzed for each batch of approximately 20 samples, per Method TO-13A/8270.  
 

6.2.1.3 Sensitivity 
 

The concentration of PAHs and TPM in woodstove exhaust is well above the MDL for the 
respective methods. While unlikely, it is possible that a retrofit device could reduce emissions to 
below the MDL. In the event of non-detects, the detection limit will be used as a lower limit on 
the reduction efficiency. 
 

6.2.2  Targets for Comparability, Representativeness, and 
Completeness 
 

6.2.2.1 Comparability 
 
This project will use established EPA methods as the basis for operating the stoves and making 
the PAH and TPM measurements. The stove operation will follow Method 28. The PAH 
sampling will be based on compendium method 0010 but adapted to slow and variable flow (like 
Method 5G or 5H are adaptations of Method 5), and the TPM sampling will be based on Method 
5G3. 
 

6.2.2.2 Representativeness 
 
Representativeness is relevant for the operation of the stove and possibly the functioning of the 
retrofit. But, the sampling methods are robust to the range of operation conditions that could 
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reasonably be generated. The target for representativeness is to test the retrofits under the 
harshest of operating conditions likely to occur for a typical user. This consists of three 
conditions or parameters: 

1) Burn rate. The high and low burn rates of a stove can create very different combustion 
conditions and so represent extremes in the stoves operation and the exhaust. A 
representative testing program should account for the extremes, but give greater 
weighting to the conditions in which they are more often operated.  Stoves generally 
produce the most complete combustion, and lowest emissions per mass of fuel, at the 
highest burn rates (> 2 kg/hour). But these conditions may present different challenges to 
a retrofit device, compared to a low burn rate, and so must be tested.  The lowest burn 
rates (1 kg/hour or less), however, are the most common and highest emitting, and so 
must be tested and given greater weight.  

2) High wood moisture. Lower wood moisture generally burns more cleanly (<25% (dry 
basis)), but below a threshold the difference can be swamped by other factors such as 
burn rate. To test the harshest conditions, about half of the tests will have high wood 
moisture (30-40% (dry basis)). 

3)  Stove model. Older, uncertified stoves have a range of mean emission factors. To ensure 
the testing is representative, the tests will include two (2) stove models that are the 
reasonably representative of the population of stoves that are currently installed (i.e. the 
most common stoves or model lines) and in-use in Washington. 

 

6.2.2.3 Completeness 
 
Because the work is a controlled laboratory test, sampling (tests) of stoves will continue until one 
of the following is reached: 

1) A device fails to show even minimal reduction in pollution. 

2) A device presents a consistent and unreasonable health or safety hazard to the testing 
staff, testing facility, or ambient environment. 

3) Data completeness is 100%. This is 6 reference tests (3 on each stove) and 12 case tests 
(6 on each stove) for each device. The test case conditions are combinations of 
stoves/burn rates/wood moisture. 

4) Budgeted funds have been used. 
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7.0 Sampling Process Design (Experimental 
Design) 

7.1 Study Design 

The study objective is to measure the reduction in PAH and TPM emissions from uncertified 
residential wood stoves that would result from the use of the retrofit devices. The emission 
factors of the stoves depend on a number of parameters including the burn rate of the stove, the 
stove design, the fuel moisture content, and other less well characterized factors such as physical 
orientation/stacking of the fuel, etc. In order to have data that is representative of typical in-home 
use, stoves must be tested under a range of operating conditions that correspond to typical in-
home use. The three factors that are believed to dominantly affect or control the emission rate 
are: 1) burn rate, 2) stove type, and 3) wood moisture. Each retrofit device will be tested at 
multiple combinations of the factors.  

The testing will require two (2) sets of baseline (reference) tests for both stoves, without any 
retrofit device, at each of the listed conditions (one set being the full matrix, described below). 
These reference results can then be applied to all devices. Then, as funding allows, each device 
that is being evaluated will be tested in one full set on stove #1. The three best performing 
retrofits will then be tested on stove #2. Depending on the final cost and the number of retests, 
the total number of runs will likely be in the range of 36 - 42.  

For reference tests the target number is: 2(stoves)* 3(conditions)* 2(duplicates) =12 reference 
tests. The target number for case tests will be, for stove #1: 4(devices)* 1(stoves)* 3(conditions) 
= 12 case tests. For stove #2, the target number of test cases will be: 3(devices)* 1(stoves)* 
3(conditions) = 9 case tests. The total minimum number of test cases will be 21. It is possible 
that several of the conditions may need to be repeated, or more replicate tests conducted to 
improve the statistical significance.  Test may be replicated if there are anomalies in the burning 
conditions, inconsistencies in the results, or other problems.  

Sequence 

In order to prevent testing of a device which is unlikely to be successful at meeting the program 
goals, 1) the device must demonstrate a statistically significant reduction in emissions on stove 
#1 and 2) the testing may be discontinued at any point at the sole discretion of the Project 
Manager. The selection of a device for testing, or the beginning of testing do not convey or 
imply any right for the device or submitter to have a full set of tests funded by the Agency or this 
project. The sequence of testing will be: 

 

1) Two sets of baseline tests (no retrofit installed) with conditions  B, C, and D on stove 

#1. 

2) Each of the four qualifying devices will be tested on stove #1 under conditions B, C, 

and D. The retrofits are indicated in Table 3 by Roman numerals I, II, III, IV. 

3) The three devices with the best reduction percentage will then be eligible for the 

remaining testing on stove #2. 
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4) Two sets of baseline tests with conditions B, C, and D on stove #2. 

5) The three best performing devices from stove #1 will be tested on stove #2. The tests 

will use conditions B, C, and D. The three devices are indicated in Table 2 by Greek 

characters α, β, γ.   

6) Throughout the testing, the Project Manager may request, as the budget allows, 

additional test runs on either stove, and with or without any retrofit device. 

Test Matrix 

The testing conditions for reference runs without a retrofit device, and then test runs with the 
retrofit device(s) will be conducted per the following table. The tests will include two stoves and 
two parameters: high or low burn rate, and higher or lower wood moisture.  There are four 
combinations of these two parameters, which are labeled A-D. Parameter Pair A will not be 
tested because it represents the best combustion conditions.   

 

Table 3.  Test condition parameter pairs. Note test condition pair A will not be used. 

Parameter 

Pair ID 
Burn Rate 

Wood 

Moisture 

A HIGH lower 

B LOW higher 

C HIGH higher 

D LOW lower 

 

Table 4. Testing matrix. Four retrofits will be tested on Stove 1 and are identified by Roman 
numerals I, II, III, IV. The three best retrofits from Stove 1 will be tested on Stove 2 and are 
identified by Greek characters α, β, γ.  Baseline tests are indicated by bl. 

 

 
Test Conditions ID 

Stove B C D 

1 bl x 2 bl x 2 bl x 2 

1 I I I 

1 II II II 

1 III III III 

1 IV IV IV 

    2 bl x 2 bl x 2 bl x 2 

2 α α α 

2 β β β 

2 γ γ γ 
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7.2 Assumptions underlying design 

There are several premises and assumptions underlying the study design. There is mixed or 
insufficient evidence that both wood moisture and stove type affect the emission rate. The lack of 
robust information leads to these being explicit test parameters. It is also assumed that the effect 
of the retrofit will be sufficiently consistent between the stove types such that a broad, 
statistically valid conclusion can be reached. The developer (owner) of each device claimed to 
have, or did present evidence that the device could reduce emissions by >50%. Therefore, it 
seems reasonable to expect that 12 case tests should be able to produce a statistically significant 
difference (reduction) compared to the baseline (control) runs.  

   

8.0 Sampling Procedures 

8.1 SOPs 

The stove operation and sampling procedures will be based on EPA Method 28 and 5G3. These 
methods include specifications on procedures, equipment, containers, hold times, QC activities, 
and limits or thresholds. 

8.2 Log requirements 

The laboratory will maintain a log that includes, at minimum, the following information. Note 
that this is in addition to the data collected by any instrumentation or sampling. The log will be 
updated in real-time. If the primary testing technician is unable to maintain such a log due to 
continuous demands or his/her attention, another staff member will assist. 

The log will include at a minimum: 

• Name of the person entering the information and operating the stove and test equipment 

• Sequence of events and time 

• Any changes or deviations from the QAPP 

• Characteristics/parameters/stove of the test being conducted 

• Any supplementary observations that may be useful 

The log should be a bound notebook with pre-numbered pages.  Permanent, waterproof ink 
should be used for all entries. Corrections should be made with single line strikethroughs, 
initials, and date of correction. White-out, correction fluid, or correction tape may NOT be used. 
Electronic field logs may be used provided they demonstrate equivalent security to a waterproof, 
bound notebook. 

8.3 No undue influence by retrofit device owner or 
representative 

Subject to the approval of the testing laboratory, the owner or representative of the retrofit 
devices being tested may be present for the testing. The owner or representative of the retrofit 
device, may not operate the stove, the retrofit device, or in any way influence the testing 
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procedure or interact with the staff involved in the testing. If the testing staff have questions that 
the owner or representative may be able to answer, they may contact the owner or representative, 
but MUST log the discussion (time, topic including a brief summary, names of individuals, and 
any resulting changes to the testing) and explicitly notify the Project Manager or designated 
representative. Any deviation from this protocol will be considered sufficient grounds for the 
testing to be terminated and that retrofit device to be disqualified. 
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9.0 Measurement Methods 

9.1 Lab Procedures Table. 
 

Table 5.  Summary of stove emission testing methods. 

 

Parameter Facility Method or Criteria 

Analytical/ 

Standard 

Method 

TPM in wood 
stove exhaust 

Stove testing lab 
Filtration and gravimetric 
quantification 

EPA 5G3 

TPM filter mass Stove testing lab 
Analytical balance,  
Calibration within 0.1 mg at 
50-150% of filter weight 

EPA 5G 10.5 

TPM gas sample 
volume 

Stove testing lab 
Calibrate to NIST traceable 
dry gas meter 

EPA 5G 10.2 

TPM gas sample 
volume 

Stove testing lab Leak test before use EPA 5G 8.8 

PAHs in wood 
stove exhaust 

Collect at stove 
testing lab, analyze 
by external lab 

Filtration, extraction, and 
determination by GC/MS 

Modified EPA 
TO-13A1 

PAH sample 
volume 

Stove testing lab 
Calibrate to NIST traceable 
dry gas meter 

Calibration to 
reference device 

Fuel wood weight On-site 
Platform scale ± 0.05 kg or 
1% 

Method 28 

Fuel wood 
moisture 

On-site 
Electrical resistance 
between pins 

Manufacturer’s 
instructions 

Stack gas velocity On-site 
Pitot tube with inclined 
manometer or equivalent 

Method 2 (6.1.2), 
Method 28 

Filter temperature On-site ± 3 °C Method 2 

Dilution tunnel 
temperature 

On-site ± 3 °C Method 2 

Stove temperature 
monitors 

On-site ± 1.5% of max expected Method 28 

 
1 collected with adapted Method 5, similar to TO-13A analysis, but with EPA 3545 extraction 
instead of EPA 3540 
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9.2 Sensitivity/Method Detection Limit (MDL) 

All parameters measured in this study are well above their respective Method Detection Limits. 

 

9.3 Sample preparation method(s) 

TPM in exhaust gas is determined by collection (extraction) from the air of fine particulate 
matter by pulling the air through glass fiber filters. The filters are directly weighed on a 
calibrated microbalance. 

PAH preparation method will use a Modified TO-13A method.  The primary modification is the 
use of pressurized fluid extraction (EPA 3545) for the preparation of the samples rather than 
sohxlet extraction (EPA 3540).  If the sample collection is performed using low volume samplers 
with a combination of polyurethane foam (PUF) and XAD-2 resin, the two media types must be 
separated and independently extracted. The two extracts can then be combined for a single 
analysis.  The PUF is extracted using a solvent composition of 20% acetone in Hexane.  The 
XAD-2 resin is extracted using methylene chloride.  Both processes are performed at 
approximately 1200 psi and 120°C.  The extract can then be analyzed by GC/MS per TO-13A, 
following EPA 8270. 

Initially, the extraction will be performed twice on the sample media to assess the completeness. 
Once there is sufficient data to support that extraction is complete, the lab may elect to use only a 
single extraction per sample media. 

 

9.4 Lab(s) accredited for method(s) 

TPM in wood smoke is not a method that is accredited by Ecology. Ecology does require that 
labs be EPA accredited in order to test stoves for the purpose of determining if they meet 
Washington State Emission Standards. The laboratory performing the test must be a current EPA 
accredited lab for Method 28, and Method 5G. 

Ecology currently lists three labs that are accredited for some or all PAHs by Method TO-13A: 
Eurofins Air Toxics, Inc (Folsom, CA), RJ Lee Group, Inc (Pasco, WA), and Pace Analytical 
Services (Minneapolis, MN). Alternatively, labs listed for EPA 8270 include ALS 
Environmental (Kelso, WA).   
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10.0 Quality Control (QC) Procedures   

10.1 Table of field and lab QC required 

Table 6.  Summary of QC samples that will be analyzed.  

 

Parameter 
Blanks (LMB) Surrogate Spikes Spikes (LCS) 

# 
1 

Criteria # 
1
 Criteria # 

1
 Criteria 

Filtered TPM mass 
2 
1/1 

3 
N/A N/A N/A   N/A   N/A   

EPA 7–PAHs 
4 

1/ ≤ 20 -50% to +100% 
5 
all -50% to +100% 

6 
1/ ≤ 20 60% to 120% 

7
 

1- indicates # of respective QC samples or actions required/ number of samples 
2- Quantification is gravimetric on a standard balance or micro balance. With standard calibration 
checks and subtracting the tare weight, there are no matrix effects or significant biases.  

3- Method 5 requires all filters to be individually weighed before use to obtain a tare weight, which 
is equivalent to blank. 

4- EPA 7-PAHs are: benz(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, 
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene 

5- The acceptable change in area response. For TO-13A, the LMB contains surrogate compounds 
which are added to the clean unused filter media (PUF). An LMB contains the same amount of 

surrogate compounds and internal standards, but is not taken to the field and no sample is 

collected. The change in area response must be within the stated criteria. 

6- The acceptable change in area response. For TO-13A, surrogate compounds and internal 
standards are added to all sample media (PUF). The change in area response must be within the 

stated criteria. 

7- The acceptable recovery. For TO-13A, the LCS is a normal, unused sampled containing the same 
surrogate compounds and internals as all other samples, which has also been spiked with target 

analytes. All steps in the analytical procedure are identical for an LCS as all other samples. 

Recovery of the surrogates must be within the stated criteria. 

 
 

10.2 Corrective action processes 

Exceedances of the acceptance criteria will result in the following steps until the issue is 
resolved: 

1) Repeat the analysis until a consistent result is obtained 

2) Recalibrate the instrument and repeat the analysis 

3) Contact the Project Manager and develop a plan to A) reestablish analytical control and 
B) repeat the analysis with additional QC measures 
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11.0 Data Management Procedures  

11.1 Data recording/reporting requirements 

The testing laboratory will complete all calculations per Method 28 and Method 5G3. For each 
test run this will include the following parameters.  The reporting units, estimated detection limit, 
and expected range are also listed. 

 

Table 7.  Test parameters:  expected range of results and units of measure. 

Parameter Units Est. detection limit Expected range 

7-PAH emission factor g/kg 3x10-11 g 1 0.001 – 0.1 g/kg 

TPM emission factor g/kg 0.01 0.2 - 40 

TPM emission rate g/hour 0.01 0.2 - 40  

Fuel burn rate kg/hour 0.01 0.5 - 4 

 

1- Absolute PAH mass. The sample volume will be adjusted so that the mass collected is above the 
detection limit.  

 
During testing, the testing lab will send a daily email to the Project Manager which gives a brief, 
informal summary (~3-5 sentences) of the past day’s activities, including: 

1) the test(s) performed 

2) any problems or unusual observations 

3) preliminary results such as g/kg emission factor or g/hr emission rate, if available 

4) the planned tests for following day  

Prior to submittal of the final report and data, a draft of the data set will be submitted to the 
Project Manager for review. The Project Manager will have a reasonable time to review the data 
set and request corrections or clarifications.  

Data will be converted, formatted, and transferred electronically to the Project Manager. The 
complete data package will include scans of any related paper documents, logs, analysis data 
sheets, reports from subcontractors, and any electronic data files, including data files from 
subcontractors, in standard formats such as Microsoft Excel (.xls or.xlsx), text (.txt), comma 
delimited (.csv), that are readable on a Windows 8 PC. 

11.2 Electronic transfer requirements 

The data may be transferred via email, ftp, or cloud/share drive, or may be loaded onto media 
such as CD/DVD, or USB flash drive, as appropriate. 

11.3 EIM/STORET data upload procedures 

Not applicable.  All relevant data will be submitted to Ecology as electronic deliverables in MS 

Access database format, MS Excel worksheet format, comma separated value (csv) or text 
format files. See section 11.1. 
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12.0 Audits and Reports  

12.1 Number, frequency, type, and schedule of audits 

At the beginning of the laboratory testing and at one date near the end of the testing, the Project 
Manager, QA Coordinator, or a designated representative will audit the testing in-process. The 
audit will include reviewing that all QA protocols are being followed and all supporting 
documentation, logs, and data are being recorded correctly. 

The designated auditor will complete a short written report summarizing 1) what was audited, 2) 
the findings as to adequacy, and 3) what changes, if any, are needed or recommended. The report 
will be submitted to the Project Manager within two weeks of the audit. Both audits, and any 
responses to, or corrections of, noted deficiencies will be included in the final report. 

12.2 Responsibility for reports 

The Project Manager is responsible submitting the final project report. 

12.3 Final Report 

The final report will include a complete description of: 

1) The project background 

2) The devices tested 

3) The testing methods used 

4) Audit report(s) 

5) Quality assurance measures and quality control results 

6) Sampling results  

7) Analysis of the results 

8) A discussion and conclusion.  

There may be some deviation in the final document structure in order to improve its clarity. The 
appendices will contain all lab and QA/QC data, any laboratory log entries, spreadsheets with 
calculations and summary tables, and supporting description or details of the devices tested.  

 

13.0 Data Verification  

13.1 Lab data verification 

We will work with the testing laboratory to use their existing data verification process, or will 
develop one if required. Any parameters that do not meet QA objectives or criteria will be 
repeated or corrected until the performance is consistent and acceptable. At the completion of 
each test run, the lab will review the logs and data sheets for missing or improbable values. 
Within one week of completion of test on each stove, a preliminary data set will be sent to the 
Project Manager and QA Coordinator for review. Any missing, erroneous, or improbable values 
will be investigated and corrected as appropriate. 
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14.0 Data Quality (Usability) Assessment  

14.1 Process for determining whether project objectives have 
been met 

For this laboratory testing study, the analytical methods are sensitive and robust, and artifacts or 
interferences are highly unusual. If any testing data do not have the required QC steps or meet 
the criteria, testing will be repeated, as funding allows, until data can be collected that satisfy all 
QA/QC requirements.  

14.2 Data analysis and presentation methods 

For each candidate device, the performance will be calculated using at least two approaches: 

A. For each test condition, the relative performance,  Eretrofit/ Ebaseline  will be calculated, and 
the results from multiple conditions will be pooled. 

B. For each device, the emissions with the retrofit device will be pooled for all test 
conditions and compared to the pooled emissions without the device. 

The mean and variability of the performance between stoves and test conditions will also be 
calculated and discussed. 

Additional analytical approaches may also be necessary or warranted that account for the non-
normal distribution of the data, and the potential for outliers in the burning conditions. 

The differences and their statistical significance will be compared to the target reductions, >50%, 
described previously. 

14.3 Treatment of non-detects 

It is highly unlikely that non-detects will occur in this study. If a non-detect occurs in the TPM 
mass, or the PAH mass, the value obtained, if available, will be used. Any resulting calculations 
will be flagged and the uncertainty will noted as being equivalent to the MDL. If the analytical 
devices do not provide a numerical value in the event of a level below the detection limit, the 
detection limit will be substituted and the value and any resulting calculations will be flagged as 
an upper limit. 

14.4 Sampling design evaluation 

The adequacy of the sampling design and any recommendations for future testing will be 
discussed in the final report. 
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18.0  Appendices 

Appendix A -- Glossary, Acronyms, and Abbreviations 

 
Quality Assurance Glossary 

Accreditation - A certification process for laboratories, designed to evaluate and document a 
lab’s ability to perform analytical methods and produce acceptable data. For Ecology, it is 
“Formal recognition by (Ecology)…that an environmental laboratory is capable of producing 
accurate analytical data.” [WAC 173-50-040] (Kammin, 2010) 

Accuracy - the degree to which a measured value agrees with the true value of the measured 
property. USEPA recommends that this term not be used, and that the terms precision and bias 
be used to convey the information associated with the term accuracy. (USGS, 1998) 

Analyte - An element, ion, compound, or chemical moiety (pH, alkalinity) which is to be 
determined. The definition can be expanded to include organisms, e. g. fecal coliform, 
Klebsiella, etc. (Kammin, 2010) 

Bias - The difference between the population mean and the true value. Bias usually describes a 
systematic difference reproducible over time, and is characteristic of both the measurement 
system, and the analyte(s) being measured. Bias is a commonly used data quality indicator 
(DQI). (Kammin, 2010; Ecology, 2004) 

Blank - A synthetic sample, free of the analyte(s) of interest. For example, in water analysis, 
pure water is used for the blank.  In chemical analysis, a blank is used to estimate the analytical 
response to all factors other than the analyte in the sample. In general, blanks are used to assess 
possible contamination or inadvertent introduction of analyte during various stages of the 
sampling and analytical process. (USGS, 1998)  

Calibration - The process of establishing the relationship between the response of a 
measurement system and the concentration of the parameter being measured.  (Ecology, 2004) 

Comparability - The degree to which different methods, data sets and/or decisions agree or can 
be represented as similar; a data quality indicator. (USEPA, 1997) 

Completeness - The amount of valid data obtained from a project compared to the planned 
amount. Usually expressed as a percentage. A data quality indicator. (USEPA, 1997) 

Continuing Calibration Verification Standard (CCV) - A QC sample analyzed with samples 
to check for acceptable bias in the measurement system.  The CCV is usually a midpoint 
calibration standard that is re-run at an established frequency during the course of an analytical 
run. (Kammin, 2010) 

Control chart - A graphical representation of quality control results demonstrating the 
performance of an aspect of a measurement system. (Kammin, 2010; Ecology 2004) 

Control limits - Statistical warning and action limits calculated based on control charts. Warning 
limits are generally set at +/- 2 standard deviations from the mean, action limits at +/- 3 standard 
deviations from the mean. (Kammin, 2010) 

Data Integrity- A qualitative DQI that evaluates the extent to which a dataset contains data that 
is misrepresented, falsified, or deliberately misleading. (Kammin, 2010) 
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Data Quality Indicators (DQI) - Data Quality Indicators (DQIs) are commonly used measures 
of acceptability for environmental data.  The principal DQIs are precision, bias, 
representativeness, comparability, completeness, sensitivity, and integrity. (USEPA, 2006) 

Data Quality Objectives (DQO) - Data Quality Objectives are qualitative and quantitative 
statements derived from systematic planning processes that clarify study objectives, define the 
appropriate type of data, and specify tolerable levels of potential decision errors that will be used 
as the basis for establishing the quality and quantity of data needed to support decisions. 
(USEPA, 2006)  

Dataset - A grouping of samples organized by date, time, analyte, etc (Kammin, 2010) 

Data validation - An analyte-specific and sample-specific process that extends the evaluation of 
data beyond data verification to determine the usability of a specific data set.  It involves a 
detailed examination of the data package, using both professional judgment, and objective 
criteria, to determine whether the MQOs for precision, bias, and sensitivity have been met. It 
may also include an assessment of completeness, representativeness, comparability and integrity, 
as these criteria relate to the usability of the dataset. Ecology considers four key criteria to 
determine if data validation has actually occurred. These are: 

• Use of raw or instrument data for evaluation 

• Use of third-party assessors 

• Dataset is complex 

• Use of EPA Functional Guidelines or equivalent for review  

Examples of data types commonly validated would be: 

• Gas Chromatography (GC) 

• Gas Chromatography-Mass Spectrometry (GC-MS) 

• Inductively Coupled Plasma (ICP) 

The end result of a formal validation process is a determination of usability that assigns 
qualifiers to indicate usability status for every measurement result. These qualifiers include: 

• No qualifier, data is usable for intended purposes 

• J (or a J variant), data is estimated, may be usable, may be biased high or low 

• REJ, data is rejected, cannot be used for intended purposes (Kammin, 2010; Ecology, 
2004) 

Data verification - Examination of a dataset for errors or omissions, and assessment of the Data 
Quality Indicators related to that dataset for compliance with acceptance criteria (MQO’s). 
Verification is a detailed quality review of a dataset. (Ecology, 2004) 

Detection limit (limit of detection) - The concentration or amount of an analyte which can be 
determined to a specified level of certainty to be greater than zero. (Ecology, 2004) 

Duplicate samples - two samples taken from and representative of the same population, and 
carried through and steps of the sampling and analytical procedures in an identical manner. 
Duplicate samples are used to assess variability of all method activities including sampling and 
analysis. (USEPA, 1997) 

Field blank - A blank used to obtain information on contamination introduced during sample 
collection, storage, and transport. (Ecology, 2004) 
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Initial Calibration Verification Standard (ICV) - A QC sample prepared independently of 
calibration standards and analyzed along with the samples to check for acceptable bias in the 
measurement system. The ICV is analyzed prior to the analysis of any samples. (Kammin, 2010) 

Laboratory Control Sample (LCS) - A sample of known composition prepared using 
contaminant-free water or an inert solid that is spiked with analytes of interest at the midpoint of 
the calibration curve or at the level of concern. It is prepared and analyzed in the same batch of 
regular samples using the same sample preparation method, reagents, and analytical methods 
employed for regular samples. (USEPA, 1997) 

Matrix spike - A QC sample prepared by adding a known amount of the target analyte(s) to an 
aliquot of a sample to check for bias due to interference or matrix effects. (Ecology, 2004) 

Measurement Quality Objectives (MQOs) - Performance or acceptance criteria for individual 
data quality indicators, usually including precision, bias, sensitivity, completeness, 
comparability, and representativeness. (USEPA, 2006) 

Measurement result - A value obtained by performing the procedure described in a method. 
(Ecology, 2004) 

Method - A formalized group of procedures and techniques for performing an activity (e.g., 

sampling, chemical analysis, data analysis), systematically presented in the order in which they are to 

be executed.  (EPA, 1997) 

Method blank - A blank prepared to represent the sample matrix, prepared and analyzed with a 
batch of samples. A method blank will contain all reagents used in the preparation of a sample, 
and the same preparation process is used for the method blank and samples. (Ecology, 2004; 
Kammin, 2010) 

Method Detection Limit (MDL) - This definition for detection was first formally advanced in 
40CFR 136, October 26, 1984 edition. MDL is defined there as the minimum concentration of an 
analyte that, in a given matrix and with a specific method, has a 99% probability of being 
identified, and reported to be greater than zero. (Federal Register, October 26, 1984) 

Percent Relative Standard Deviation (%RSD) - A statistic used to evaluate precision in 
environmental analysis. It is determined in the following manner: 

%RSD = (100 * s)/x 

where s is the sample standard deviation and x is the mean of results from more than two 
replicate samples (Kammin, 2010) 

Parameter - A specified characteristic of a population or sample. Also, an analyte or grouping 
of analytes. Benzene and nitrate + nitrite are all “parameters” (Kammin, 2010; Ecology, 2004) 

Population - The hypothetical set of all possible observations of the type being investigated. 
(Ecology, 2004) 

Precision - The extent of random variability among replicate measurements of the same 
property; a data quality indicator. (USGS, 1998) 

Quality Assurance (QA) - A set of activities designed to establish and document the reliability 
and usability of measurement data. (Kammin, 2010)  

Quality Assurance Project Plan (QAPP) - A document that describes the objectives of a 
project, and the processes and activities necessary to develop data that will support those 
objectives. (Kammin, 2010; Ecology, 2004) 
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Quality Control (QC) - The routine application of measurement and statistical procedures to 
assess the accuracy of measurement data. (Ecology, 2004) 

Relative Percent Difference (RPD) - RPD is commonly used to evaluate precision. The 
following formula is used: 

[Abs(a-b)/((a + b)/2)] * 100 

where “Abs()” is absolute value and a and b are results for the two replicate samples.  RPD can 
be used only with 2 values. Percent Relative Standard Deviation is (%RSD) is used if there are 
results for more than 2 replicate samples (Ecology, 2004). 

Replicate samples - two or more samples taken from the environment at the same time and 
place, using the same protocols. Replicates are used to estimate the random variability of the 
material sampled.  (USGS, 1998) 

Representativeness - The degree to which a sample reflects the population from which it is 
taken; a data quality indicator. (USGS, 1998) 

Sample (field) – A portion of a population (environmental entity) that is measured and assumed 
to represent the entire population. (USGS, 1998) 

Sample (statistical) – A finite part or subset of a statistical population. (USEPA, 1997) 

Sensitivity - In general, denotes the rate at which the analytical response (e.g., absorbance, 
volume, meter reading) varies with the concentration of the parameter being determined.  In a 
specialized sense, it has the same meaning as the detection limit. (Ecology, 2004) 

Spiked blank - A specified amount of reagent blank fortified with a known mass of the target 
analyte(s); usually used to assess the recovery efficiency of the method. (USEPA, 1997) 

Spiked sample - A sample prepared by adding a known mass of target analyte(s) to a specified 
amount of matrix sample for which an independent estimate of target analyte(s) concentration is 
available. Spiked samples can be used to determine the effect of the matrix on a method’s 
recovery efficiency. (USEPA, 1997) 

Split Sample – The term split sample denotes when a discrete sample is further subdivided into 
portions, usually duplicates. (Kammin, 2010) 

Standard Operating Procedure (SOP) – A document which describes in detail a reproducible 
and repeatable organized activity. (Kammin, 2010) 

Surrogate – For environmental chemistry, a surrogate is a substance with properties similar to 

those of the target analyte(s). Surrogates are unlikely to be native to environmental samples. They are 

added to environmental samples for quality control purposes, to track extraction efficiency and/or 

measure analyte recovery. Deuterated organic compounds are examples of surrogates commonly 

used in organic compound analysis. (Kammin, 2010) 

Systematic planning - A step-wise process which develops a clear description of the goals and 
objectives of a project, and produces decisions on the type, quantity, and quality of data that will 
be needed to meet those goals and objectives. The DQO process is a specialized type of 
systematic planning. (USEPA, 2006) 

QA Glossary References 
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Environmental Studies. http://www.ecy.wa.gov/biblio/0403030.html 
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USEPA, 2006. Guidance on Systematic Planning Using the Data Quality Objectives Process 
EPA QA/G-4. http://www.epa.gov/quality/qs-docs/g4-final.pdf  

Kammin, 2010. Definition developed or extensively edited by William Kammin, 2010. 

USGS, 1998.  Principles and Practices for Quality Assurance and Quality Control. Open-File 
Report 98-636. http://ma.water.usgs.gov/fhwa/products/ofr98-636.pdf 

 

Glossary – General Terms 
 

Ambient:  Background or away from point sources of contamination. 

Emission factor: The emitted mass of pollution, such as fine PM or PAH, per mass of fuel 
(wood) burned. Typical units are g/kg. 

Emission rate: The mass of pollution emitted, such as fine PM or PAH, per unit time. Typical 
units are g/hour. 

Fine PM: Airborne particulate matter with aerodynamic diameters less than 2.5 um. 

Parameter:  A physical, chemical, or biological property whose values determine environmental 
characteristics or behavior.   

PM2.5: see Fine PM 

Point source:  Sources of pollution that discharge at a specific location from pipes, outfalls, and 
conveyance channels to a surface water or the atmosphere.  Examples of point source discharges 
include municipal wastewater treatment plants, municipal stormwater systems, industrial waste 
treatment facilities, and construction sites that clear more than 5 acres of land. Examples of point 
sources atmospheric discharges include stacks and vents of both industrial and residential scale. 

Pollution:  Such contamination, or other alteration of the physical, chemical, or biological 
properties, of any waters or air of the state.  For water, this includes change in temperature, taste, 
color, turbidity, or odor of the waters. For air this includes changes in chemical composition, 
odor, or opacity (visible or infrared). It also includes discharge of any liquid, gaseous, solid, 
radioactive, or other substance into any waters or air of the state.  This definition assumes that 
these changes will, or are likely to, create a nuisance or render such waters or air harmful, 
detrimental, or injurious to (1) public health, safety, or welfare, or (2) domestic, commercial, 
industrial, agricultural, recreational, or other legitimate beneficial uses, or (3) livestock, wild 
animals, birds, fish, or other aquatic life.  

Total Particulate Matter (TPM): The sum of all airborne particulate matter, irrespective of 
size. For woodstove emissions, it is widely assumed that most of the particulate matter has 
aerodynamic diameters < 2.5 um, so TPM is almost identical to fine PM (or PM2.5). 
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Acronyms and Abbreviations 
 
Following are acronyms and abbreviations used frequently in this report. 
 
e.g.  For example 
Ecology   Washington State Department of Ecology 
EPA  U.S. Environmental Protection Agency 
et al.  And others 
GC/MS gas chromatograph-mass spectrometer 
i.e.  In other words 
MQO  Measurement quality objective 
PAH(s) polycyclic aromatic hydrocarbon(s) 
QA  Quality assurance 
RPD   Relative percent difference  
RSD  Relative standard deviation  
SOP  Standard operating procedures 
SRM  Standard reference materials 
TPM  Total particulate matter 
WAC  Washington Administrative Code 
 

Units of Measurement 
 

°C   degrees centigrade 
g   gram, a unit of mass 
kg  kilograms, a unit of mass equal to 1,000 grams. 
km  kilometer, a unit of length equal to 1,000 meters. 
l/s   liters per second (0.03531 cubic foot per second) 
m   meter 
mg   milligram 
mg/kg  milligrams per kilogram  
mg/L   milligrams per liter 
mL   milliliters 
mmol   millimole or one-thousandth of a mole. A mole is an SI unit of quantity of matter.  
ng/g   nanograms per gram 
ng/kg  nanograms per kilogram 
ng/L   nanograms per liter 
ug/g   micrograms per gram 
ug/kg  micrograms per kilogram 
ug/L   micrograms per liter 
um   micrometer   
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Appendix B.  Grant Scope of Work 
 
Below are pages 4-6 from the grant agreement (G1400205) between WA Dept. of Ecology and 
PSCAA for the woodstove retrofit open challenge and testing. The pages include the 
background, budget, and scope of work. 
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Appendix C.  Services from the Draft Testing Lab Contract 
 
 
 
Test Method 

 

The test methods used under this contract must be as close to established EPA or Washington 

State Department of Ecology approved methods as is reasonable. The PM2.5 sampling method 

should be similar to EPA Method 5G or 5H. The PAH sampling method should be similar to EPA 

Method 0010. 

 

The specific testing protocol used should be the most cost effective approach that allows PAH 

and PM2.5 emission differences to be robustly quantified. Potential approaches could include: 

 

A) Combine the PAH and PM2.5 sampling into a single train where the filter is weighed for 

PM2.5 (with minimal drying) and then combined with the XAD material for PAH 

analysis. If the probe catch (rinse) is determined to be a small fraction of the overall 

mass, then collecting and analyzing the probe rinse may be omitted. If the filter 

contribution to total PAH is determined to be minimal, inclusion of the filter with the 

XAD material for PAH analysis may be omitted. 

 

B) Use two separate trains that are similar to established methods, but are incomplete.  This 

could include:  

1. a single 5G-1 train, but without the strict 5G-1 flow rate requirement and without 

analyzing the probe rinse (or with determining the probe catch by weight). 

2. a second train to measure PAHs similar to EPA 0010, but without the impingers, 

without the probe rinse, and using CO2 as a tracer.  

 

Testing Sequence 

The testing of any device may be discontinued at any point at the sole discretion of the Project 

Manager. The selection of a device for testing, or the beginning of testing does not convey or 

imply any right for the device or submitter (from the open challenge) to have the full set of tests 

funded by the Agency or this project. The proposed sequence of testing is as follows, but could be 

modified based on budget limitations or ongoing discussion with the laboratory and the Technical 

Advisory Committee for the challenge: 

 

7) Two sets of baseline tests (no retrofit installed) with Parameter Pair B, C, and D on stove #1. 

8) Each of the four qualifying devices will be tested on stove #1 under condition D (low burn 

rate, low moisture). 

9) The three devices with the best reduction percentage will then be eligible for the remaining 

testing on stove #1, conditions B and C. 
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10) Any of the three devices which continue to show reductions in emissions relative to the 

baseline tests will be eligible for testing on stove #2. If stove performance is marginal, the 

Project Manager may elect to repeat some of the tests to reduce the uncertainty. 

11) Two sets of baseline tests with Parameter Pair B, C, and D on stove #2. 

12) The three devices will be tested on stove #2 with Parameter Pairs B, C, and D. 

13) The Project Manager may request, as the budget allows, additional test runs on either stove, 

and with or without any retrofit device. 

Test Matrix 

The testing conditions for reference runs without a retrofit device, and then test runs with the 

retrofit device(s) will be conducted per the following table. The tests will include two stoves and 

two parameters: high or low burn rate, and higher or lower wood moisture.  There are four 

combinations of these two parameters, which are labeled A-D. Parameter Pair A will not be tested 

because it represents the best combustion conditions.   

 

Table 1. The test matrix indicates the conditions that will be tested for the baseline 

tests and with each of the retrofit devices. “Y” indicates that the parameter pair will 

be tested on the respective stove. 

   
Stove 

Parameter 

Pair ID 
Burn Rate 

Wood 

Moisture 
1 2 

A HIGH lower - - 

B LOW higher Y Y 

C HIGH higher Y Y 

D LOW lower Y Y 

 

 

The details of the subtasks, deliverables, and timeline for work is as follows: 

1. Task I - Preparation 

a. Assist the Agency as it develops the testing plan (up to 4 hours). This includes reading 

draft testing plans and revising or making suggestions to improve the efficiency and 

quality of the testing.  The Agency will base the draft testing plan on the Work 

Statement and Schedule of Deliverables from the Response submitted by Omni to the 

Agency’s Request for Proposals. The Agency Project Manager must approve the testing 

plan before testing begins and must approve any revisions that may occur during 

testing.  

b. Assist the Agency as it develops the Quality Assurance Project Plan (QAPP) (up to 4 

hours). This includes reading draft QAPPs and revising or making suggestions to improve 
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the efficiency and quality of the testing. The Agency Project Manager must approve the 

QAPP before testing begins and must approve any revisions that may occur during 

testing.  

c. Be available for any meetings (at the Contractor’s lab) or teleconferences, if requested 

by the Agency Project Manager, to address the project planning. 

d. Propose to the Agency the sampling methods to be used for PM2.5 and for PAHs.  The 

Contractor shall propose the most cost effective approach that allows PM2.5 and PAH 

emission differences to be robustly quantified. The PM2.5 sampling method shall be as 

similar to EPA Method 5G or 5H as is reasonable and cost effective.  The PAH sampling 

method shall be as similar to EPA Method 0010 as is reasonable and cost effective. The 

Agency Project Manager must approve the  sampling methods.  

 

 

2. Task II - Testing   

a. Not start any testing until the Agency has provided the Contractor the approved testing 

plan and the final QAPP (Task I). 

b. Propose two uncertified stoves from the Contractor’s holdings that would be the best 

representatives of the population of uncertified stoves that are currently installed in 

Washington State. The Agency Project Manager must approve the final selection of two 

stoves in writing or email. 

c. Prepare and setup the two approved uncertified stoves (from Task II(b)) for testing. 

d. When needed according to the approved testing plan, install and operate the 

designated retrofit devices on the uncertified stoves.                                                                                                                  

e. Coordinate with a Washington State accredited lab to measure PAH emissions from all 

woodstove tests, described below, using the approved sampling method. 

f. Supply or obtain a batch of wood fuel that has a moisture content of 30-40% (dry basis) . 

The quantity should be sufficient to allow for up to 27 test runs to be completed. 

g. Conduct up to 54 test runs of woodstove PAH and PM2.5 emissions in accordance with 

the approved testing plan, and under the following conditions: 

i. Perform all Quality Assurance and Quality Control procedures according to the 

QAPP 

ii. Stove operation will follow the approved testing plan. The operation will be 

similar to  EPA Method 28, except for wood moisture as noted below 

iii. Each test run will sample for fine particle emissions using the approved 

sampling method.  

iv. Each test run will sample for PAH emissions using the approved sampling 

method. 

v. Each test run may use one or more of the following conditions:  
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1. Either of the two designated uncertified stoves is used.  

2. A retrofit device is installed and operating 

3. The wood fuel moisture may be lower (i.e. within the specifications of 

EPA Method 28) or higher (30-40% (dry basis))  

4. The burn rate is relatively high or low, consistent with typical real-world 

functioning of the stove (but NOT strictly limited to EPA Method 28 

categories) 

h. The Agency Project Manager may provide a revised approved testing plan based on 

testing results to date, ongoing discussion with the Contractor and the Technical 

Advisory Committee for the Challenge, or budget limitations. In particular, the Agency 

Project Manager may discontinue the testing of any retrofit device at any point at his 

sole discretion.  

i. Be available for any meetings (at the Contractor’s lab) or teleconferences, if requested 

by the Agency Project Manager, to address any problems that might arise during testing. 

j. Allow the Agency Project Manager or designated representative to be present during 

testing and to audit, if needed, the testing protocol and documentation. 

k. Complete all testing by October 30, 2015. 

 

3. Task III - Status Reporting and Final Report  

 

a. During testing, submit daily informal status reports via email to the Agency Project 

Manager. 

b. Submit to the Agency Project Manager a draft Final Report by November  12, 2015 so 

that the Agency Project Manager can comment or request revision, clarification, or 

further information.  The draft Final Report shall include all data obtained, summary 

tables, QA/QC summaries, and reports from the PAH analytical lab. 

c. Submit to the Agency Project Manager the Final Report, with the contractor’s revisions 

or responses to comments, by December 4, 2015.  

d. Periodically during testing, at the request of the Agency Project Manager, and at least at 

the completion of testing of each device, meet with the Agency Project Manager, in 

person or by teleconference, to review the results of each device. 

 

 

 


