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Verification Station: PM2.5 Low Flow Standards

Subject:
Updating the following:
1. Passing Criteria
2. Measurement Parameters, Quantities, and Ranges
3. Correction Equation
4. Analysis Program (Appendix A)
5. Certification Report (Appendix B) 

Reason for Change:

Standards Laboratory staff have revaluated CARB’s PM2.5 flow equipment 
certification processes. Staff concluded an update is needed to stay up-to-date 
with best practices in the areas of data collection, analysis, reporting, and 
storage within the Standards Laboratory. Implementing these updates will 
continue to align with modern technology and equipment, enhance data 
security and ensure legal defensibility of data.

Procedures Removed:

Current passing criteria from SOP004- Standard Operating Procedure for the 
Verification and Calibration of Primary and Transfer Low Flow Standards.

Verification

a) Verifications consist of a single 5 point comparison against a primary flow 
calibrator.

b) For a verification to be valid, the regression results of the comparison 
must comply with the following criteria:

1. Squared correlation coefficient (R²) of 0.9999 or greater.
2. The slope must be within 2 percent of the expected value.
3. The intercept must be less than 1 percent of full scale value of the 

candidate’s flow standard.

Calibration

A calibration is composed of a single test run at 5 points which yields a slope 
and intercept. This slope and intercept are used to correct the candidate’s 
standards display. The candidate’s linear regression results must have a R2 of 
0.999 or greater.

Certification

A full certification requires 4 consecutive test runs, each performed on a

https://ww2.arb.ca.gov/our-work/programs/quality-assurance/standards-laboratory
https://ww2.arb.ca.gov/our-work/programs/quality-assurance/standards-laboratory
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different day. This practice checks the stability of the flow rate measuring 
device.

a) For a valid certification:
1. Each test must result in a R2 value of 0.9999 or greater.
2. The relative standard deviation (RSD) of the four most recent 

slopes must be less than 1%.
3. The relative standard deviation (RSD) of the four most recent 

intercepts must be less than 1%.

When all certification criteria are met, the mean of the four slopes and 
intercepts are used to develop the calibration relationship that is used to 
correct the guest display to the true flow rate at standard conditions (760 
mmHg @ 25°C). 
 

Procedures Updated or Added:

Passing Criteria

Verifications/Re-Verifications

I. Slope (Linear Regression) within 1.0 ± 2.1 % per cycle. Applies to 
instruments used for criteria pollutants and regulatory purposes.

a. Specific Purpose Equipment (SPE) used for non-criteria pollutants 
purposes must have a slope within 1.0 ± 5.1 % per cycle and must 
use the provided correction equation.

II. Intercept (Linear Regression) within 0.0 ± 1.1 % of certified maximum of 
working standard.

III. Coefficient of Determination (R2) ≥ 0.9999 per cycle (rounding is not 
allowed)

IV. Accuracy per set-point between working standard and reference 
standard response must be:

a. Percent Error (PE) within ± 2.1% of reference standard flow rates ≥ 
15.0 % of manufacturer range.

b. Flow rates < 15% of the manufacturer range: PE within ± 1.1% of 
range maximum.

c. SPE used for non-criteria pollutants purposes must have a PE 
within ± 5.1 % of reference standard and must use the provided 
correction equation.

V. Slope reproducibility between cycles (slope change from previous): slope 
must be within ± 1.1% of previous cycle slope.

Verifications (Additional Requirements)
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I. Slope Repeatability: the standard deviation across the slopes of 3 cycles, 
(SDm) must be within ± 1.1% of the mean of the current 3 cycles.

II. Intercept Repeatability: the standard deviation across the intercepts of 3 
cycles (SDb) must be within ± 1.1% of certified maximum.

Information Only

Changes in the precision of the working standard and degradation over time 
must be addressed. Therefore, additional performance aspects of the working 
standard will be evaluated during the analysis of the collected data. This 
statistical analysis of the data will be displayed on the data summary portion of 
the report and have IT (In Tolerance) or OOT (Out Of Tolerance) designated 
limits. However, the working standard will not receive a fail or pass based on 
these criteria; they are for informational and internal purposes only.

I. Re-Verifications will include a 95 % prediction interval on the slope and 
intercept to show reproducibility between test cycles. This will allow 
clients to see how much their instrument has drifted over time.

II. Repeatability will be tested during each testing cycle. Set-points 30 % 
and 70 % (based on certified range) are repeated and used for 
calculating a pooled standard deviation. This ensure testing methods, 
technical competence, and instrumentation are able to produce 
successive measurements of the same measure, when carried out under 
the same conditions.

Measurement Parameters, Quantities, and Ranges

The Verification of a PM2.5 working standard requires a total of 3 comparison 
tests (cycles) consisting of 5 set-points each between the working standard and 
the reference standard. These tests are conducted at different time points to 
evaluate the reproducibility of the working standard. Re-verification requires 1 
cycle with an additional 2 repeatability points.

I. Testing is performed at a minimum of five set-points distributed across 
the operational range of the working standard.

II. Verification requires an established history of a minimum of three tests, 
which occurs upon initial receipt, repair or adjustment of the working 
standard.

III. Operational range is based on the working standard’s manufacturer 
unless otherwise specified by client.

o Client will be encouraged to provide their operating range. This 
will allow for a more precise correction equation.

o Exception: The range use for the testing of transfer standards 
used for continuous PM samplers will be tested in the range of 
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12.5 – 19.5 Liters per minute and not the full flow working 
standards range unless specified by the client.

IV. Set-points are based on percentage of the operational range of the 
working standards as follows: 90, 70, 50, 30, and 10 percent.

V. Repeatability is accomplished by repeating the 30 and 70 percent set-
points. A total of 3 sets are needed.

VI. 15 flow rate measurements per set-point are collected for both working 
and reference standard.

When a correction equation is issued, it is provided based upon data from the 
most recent (current) verification, rather than the mean of the last three slopes 
and intercepts.

A new Laboratory Information Management System (LIMS) has been developed
and will be put in use on August 22, 2022 for data collection, analysis, report 
generation and storage of data for the PM2.5 Verification station. LIMS will be 
sending emails to the client to inform the client of the status of their instrument 
during its visit to the laboratory. The final email will include a pdf of the 
verification results.

A new Certificate report layout will be issued for the PM2.5 Verification. The 
report will consist of two components. A Certificate (front and back) and a Data 
Summary (length depends on number of tests needed). Both Certificate and 
Data Summary will be provided to the client after completion of testing.

Impact on Verification:

Passing Criteria:
Instruments that will see the biggest impact is older types of flow devices.
Specifically, devices that have not been maintained on a regular basis. This is 
mainly due to electronics within flow devices that may drift overtime.

Instruments with good zero and span and proper maintenance will continue to 
pass verification testing.

Measurement Parameters, Quantities, and Ranges
The additional data points and evaluation will improve confidence in results 
produced by the Standards Laboratory. These changes will not cause any 
change in client pass/fail results.

Correction Equation:
While mass flow controllers (MFCs) are known for stability and minimal long-
term drift, the flow signal or process variable (PV) from a MFC may drift. Some 
flow devices have a zero drift over time. A zero drift is a time-dependent 
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shifting of the zero calibration point from its original zero value to an offset 
value and is generally caused by aging effects of various electrical components 
on the PC board as well as by aging of the sensor windings. This causes a shift 
in both the zero calibration point and it shifts the entire curve of voltage vs. 
flow. Zero drift has essentially been eliminated in mass flow controllers and is 
typically less than 0.5% of full-scale flow over 1 year. The shift in the calibration 
curve is less severe, but still represents a degradation of accuracy and linearity. 
Therefore, the Standards Laboratory will be providing the current correction 
equation of the most recent test and not an average of the previous 3 
verification tests, as these would extend over 3-4 years. This will represent a 
more accurate performance of the instrument.

No impact is expected on results.

Analysis Program:

Extensive testing and evaluations have been conducted to ensure Microsoft 
Excel Workbooks and LIMS are aligning in results. Please see attached 
supporting documentation (Appendix A).

No impact is expected on results.

Certification Report:

Please see attached Report (Appendix B).

No impact is expected on results.

Bulletin has been approved by: Date: 8/12/22

Added as addendum to the current SOP N/A Date: N/A

Material incorporated into revised SOP Yes Date: 8/10/22

Archived with appropriate SOP archive folder Yes Date: 8/10/22

Standards Laboratory Section Manager
John Kato

Quality Assurance Officer 
Louise Sorensen
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Appendix A:
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Appendix B: Certificate
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Appendix B: Data Summary
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