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MONITORING NETWORK BACKGROUND FRM VS FEM 

► Total of 27 PM2.5 
monitoring sites 

► Eight collocated 
FRM/FEM with 
more than 3 years 
data 

► Four SPM FEM 
with less than 3 
years data or no 
daily FRM 



  
 

 
 

  
 

 
 

  
  

 
   

 
 

  

 
  

 

 
 
 

 

 
   

   

  

 

MONITORING NETWORK BACKGROUND 
PM2.5 Implementation 

Anderson RAAS 

Network of 19 
Anderson RAAS 
implemented with 
two collocated 
sites. 

Met One Non-FEM 
1020 

Five monitors 
deployed at 
Rubidoux (C)
Anaheim, LA, and 
Burbank 

Non-FEM 
Expansion 

Monitors deployed
at Long Beach,
Palm Springs, Lake 
Elsinore, Banning
and Glendora 

Met One FEM 
1020 

Seven monitors 
deployed to 
replace Non-FEM 

Thermo 5014 

Began testing,
removed from 
service during 
2021 

Partisol 2025i 

Completed 
replacement of 21 
RAAS with 2025i 
Partisol monitors 
with VSCC 

Met One 1022 

Began testing in 
shop and field 
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MONITOR PERFORMANCE 
FRM 

Monitor Year Completeness 
RAAS 2017 95.9% 

Partisol 2021 97.2% 
FEM 2021 95.6% 

Non-FEM 2021 96.8% 

 RAAS Sequential –worked great!(19 years) 

 The beast we knew! 

 Partisol 2025i – Better performance than RAAS 

FEM 

 1020 – Non-FEM monitors worked well for AQI purposes 

 1020 FEM 

 Second Generation have high completeness 

 Appear to be more stable, less noisy 

 History of failing FRM vs FEM comparison 

 5014 – Utilized for approximately four years. Instruments have been unrel 
maintenance intensive, Thermo Scientific unable to repair Issues, Hourly data was 
noisy. 

iable, and 



 
 

      

         

    
   

      
         
   

        
 

MONITOR PERFORMANCE 
Met One FEM 

 Working with Met One on Third Generation 1020 FEM 
(eight) 

 All eight passed zero test in shop, failed in field 

 Installation procedures may have contributed to 
initial failures in field 

 Required disassembly and cleaning to pass zero 
test. Out of four deployed one may need to be 
sent back to factory 

 Would not pass zero test using ambient air, only 
station air 



 

     

     
     

       
   

   
   

   

  
 

MONITOR PERFORMANCE 

Working with Met One on Third Generation 1020 
FEM (eight) 

 Dirty nozzles due to improperly assembled take 
up reel assembly leading to tape misalignment 

 Zero test affected by a high background value 
when received from factory 

 New pinch rollers build up tape debris quickly 
and must be cleaned frequently 

 Deformed washer on nozzle assembly 

 Communication issues required work-arounds 
to function properly 



 
          

MONITOR COMPARISONS 
Compton, CA 2022 Annual FRM DV Site, One year of 1020 Second Generation Data 
Available. 



 
           

 

 

  

DAILY MONITOR COMPARISON 
Compton, CA Annual 2022 FRM DV Site, One year of 1020 Second Generation Data 
Available 

 Slope Criteria 1.0 +/- 0.1 -
FAIL 

 Intercept Criteria +/- 2.0 -
FAIL 

 R2 Criteria > 0.81 - PASS 



 
 

      
  

 

 

   

PM 2.5 CONTINUOUS MONITOR 
COMPARABILITY ASSESSMENT 

► Ontario Near Road 60, 2022 FRM DV Site 
(Thermo 5014/Met One 1020) 

 Slope Criteria 1.0 +/- 0.1 - PASS 

 Intercept Criteria +/- 2.0 - FAIL 

 R Criteria > 0.90 - PASS 



 
  

  

    

 

   
   

 

  

FEM WAIVERS – COMPARABILITY ASSESSMENT 
► Out of seven monitors, 2018-2020 

PM2.5 FEM sites, six passed the 
Continuous Monitor Comparability 
Assessment 

Site Slope Intercept R Pass/Fail 
Anaheim 1.02 -0.21 .97 PASS 
N.R. 710 1.02 1.83 .94 PASS 
Mira Loma 0.92 1.80 .94 PASS 
N.R. 60 1.06 1.96 .97 PASS 
Rubidoux 0.96 0.67 .96 PASS 
S. Long 1.06 1.43 .98 PASS 
Beach 

► Out of the same seven monitors, the 2019-
2021 showed only three of the same 
monitors passed 

► The three highest DV sites did not pass 
consecutive years 
► Route 710 Near Road 
► Mira Loma 
► Ontario 60 Near Road 

Site Slope Intercept R Pass/Fail 
Anaheim 0.98 -0.17 .97 PASS 
N.R. 710 0.97 2.15 .93 FAIL 
Mira Loma 0.92 2.20 .95 FAIL 
N.R. 60 1.02 2.63 .97 FAIL 
Rubidoux 0.92 0.69 .97 PASS 
S. Long 
Beach 

1.05 1.64 .98 PASS 



     

    

    

   
 

   
 

COMPARISON OF PM2.5 DESIGN VALUES CALCULATED USING FRM AND FEM 
SAMPLES 

► Data from collocated FRM/FEM locations from ► PM2.5 design values (DV) are calculated by the 
2015-2021 following method: 

► Design Values were compared to NAAQS daily 
and annual standards as the primary monitor 

FRM Design FEM Design 
Value Value 

Standard EPA Missing FRM FEM Data 
Method Data is Only 

replaced with 
FEM Data 



   

        
   

 
 

 

PM2.5 DAILY DESIGN VALUE COMPARISONS 

39 

38 38 

36 

41 

40 

38 

39 

41 

43 

32 

34 

36 

38 

40 

42 

44 

2017 Mira Loma 2018 N.R. 60 2019 N.R. 60 2020 N.R. 60 2021 N.R. 60 

N
ET

W
O

RK
 D

V
 IN

 U
G

/M
3 

FRM vs FEM 
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FRM Design Value FEM Design Value 

► If FEM is the primary monitor, the design value can increase up to 5 µg/m3 at a site 
► Equals up to 14% of Daily NAAQS standard 



  

      
    

 
 

 

PM2.5 ANNUAL DESIGN VALUE COMPARISONS 
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FRM vs FEM 

15 

FRM Design Value FEM Design Value 

► If FEM is the primary monitor, the Design Value can increase by 2.3-2.9 µg/m3 at a site 
► Equals up to 24% of Primary 12ug/m3 and 19% of 15 ug/m3 Secondary Annual NAAQS 



  
     

 
     

 

  
    

    

     
     

ACCOUNTING FOR FRM AND FEM DIFFERENCES 
► Meteorological Factors Such as Temperature and 

Humidity May Contribute to Differences 
► PM2.5 Chemical Composition, Primary vs Secondary 

Particles 
► Monitor Siting 

► Possible Procedural Issues 
► Refine acceptance testing and maintenance 

procedures 
► Work with manufacturers to improve monitor 

performance 
► Replacing older 1020 FEM and Non FEM 
► Continue to work with EPA to share information on 

common issues with monitors 



      
   

      
   
   

    

        

         

         

 
     

  

FINAL THOUGHTS 

 In certain instances, 24 hour design values can be as much as 1- 5 ug/m3 higher 
utilizing FEM as the primary monitor 

 In certain instances, annual design values can be as much as 2.3 – 2.9 ug/m3 higher 
utilizing FEM as the primary monitor 
 This can be the difference between attaining the 15 ug/ug secondary standard 

 Moving to a FEM network, discontinue FRMs? 

 How will we know results of Comparability Assessment if we discontinue FRM? 

 We have found the Comparability Assessment can fail the following year 

 Maintaining FRM and FEM networks are twice as much work while EPA funding is 
decreasing 

• NAAQS Refinement 
• Consider utilizing FRMs to develop a location specific adjustment 
• Develop PM2.5 FEM specific NAAQS 



  

QUESTIONS? 

Contact: Rbermudez@AQMD.GOV 

mailto:Rbermudez@AQMD.GOV

	Continuous PM2.5 
	Overview
	Monitoring Network Background FRM vs FEM
	Monitoring Network Background
	Monitor Performance
	Monitor performance
	Monitor performance
	Monitor Comparisons
	Daily Monitor Comparison
	PM 2.5 Continuous Monitor Comparability assessment
	FEM Waivers – Comparability Assessment
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Accounting for FRM and FEM differences
	Final Thoughts
	Questions?



