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Brief History of the BAMBrief History of the BAM

--1930’s for paper thickness1930’s for paper thickness930 s o pape t c ess930 s o pape t c ess
--1970’s pollution  measures1970’s pollution  measures
--1990’s PM 10 FEM1990’s PM 10 FEM--1990 s PM 10 FEM1990 s PM 10 FEM
--2002 E2002 E--BAM developedBAM developed

2008 PM 2 5 FEM2008 PM 2 5 FEM--2008 PM 2.5 FEM2008 PM 2.5 FEM



Beta AttenuationBeta Attenuation

Carbon 14 beta rays  are emitted to a detector.  Carbon 14 beta rays  are emitted to a detector.  
Particles absorb the radiation and the monitorParticles absorb the radiation and the monitorParticles absorb the radiation and the monitor Particles absorb the radiation and the monitor 

measures the reduction in the Beta count in relation measures the reduction in the Beta count in relation 
to the Beerto the Beer--Lambert law.Lambert law.to the Beerto the Beer Lambert law.Lambert law.



BAM 1020BAM 1020

(Beta(Beta Attenuation Monitor)Attenuation Monitor)(( ))
Met One InstrumentsMet One Instruments
Grants Pass OregonGrants Pass OregonGrants Pass, OregonGrants Pass, Oregon

August, 2008August, 2008



FEM StatusFEM Status

EPA Granted Federal Equivalent Method EPA Granted Federal Equivalent Method 
(FEM) S h BAM 1020 f h(FEM) S h BAM 1020 f h(FEM) Status to the BAM 1020 for the (FEM) Status to the BAM 1020 for the 

Measurement of PM Measurement of PM 2.52.5 on 3/12/08on 3/12/08



To Maintain FEM StatusTo Maintain FEM Status
the BAM 1020 Must:the BAM 1020 Must:

Provide 1Provide 1--hour Average hour Average 
Concentration ValuesConcentration Values

Provide at Least 18 1Provide at Least 18 1--hour hour 
Average Values per 24Average Values per 24--Hour Hour g pg p
PeriodPeriod

Provide Concentrations Based onProvide Concentrations Based onProvide Concentrations Based on Provide Concentrations Based on 
Actual Flow (local ambient Actual Flow (local ambient 
conditions of Temp /Pressure)conditions of Temp /Pressure)conditions of Temp./Pressure)conditions of Temp./Pressure)



To Maintain FEM Status, Cont’dTo Maintain FEM Status, Cont’d
Use Firmware Version 3.2.4 or Use Firmware Version 3.2.4 or 

LaterLater
Use Tape Drive Transport 8470Use Tape Drive Transport 8470--1 1 

Rev D or laterRev D or later
Control Shelter Temperature to Control Shelter Temperature to 

withinwithin ±± 2 Degrees C2 Degrees C over anyover anywithin within ±± 2 Degrees C 2 Degrees C over any over any 
11--Hour Sampling PeriodHour Sampling Period

U PMU PM H d d PMH d d PMUse a PMUse a PM1010 Head and a PMHead and a PM2.52.5
VSCCVSCC



To Maintain FEM Status, Cont’dTo Maintain FEM Status, Cont’d

Maintain Sample RH Maintain Sample RH << 35%35%
Use a Glass Fiber Filter TapeUse a Glass Fiber Filter TapeUse a Glass Fiber Filter TapeUse a Glass Fiber Filter Tape
Sample for 42 Minutes of Each Sample for 42 Minutes of Each 

HourHourHourHour
Count Beta Particles For 8 Count Beta Particles For 8 

iiminutes minutes 
Operate at a Flow Rate of 16.67 Operate at a Flow Rate of 16.67 

LPMLPM



BAM Operational FeaturesBAM Operational Features
Attenuation of Beta ParticlesAttenuation of Beta Particles
Carbon 14 (exempt source)  Carbon 14 (exempt source)  
New Filter “Spot” Every HourNew Filter “Spot” Every Hour
Hourly “Zero” and “Span” ChecksHourly “Zero” and “Span” Checks
Filter Tape Good for Two MonthsFilter Tape Good for Two Months
Changing PM Composition Has No   Changing PM Composition Has No   g g pg g p

Affect On Beta AttenuationAffect On Beta Attenuation
Post Filter Analysis PossiblePost Filter Analysis Possible
Standard Range is 0 Standard Range is 0 –– 1000 ug/m1000 ug/m33



Bam Operational Features, Bam Operational Features, 
C t’dC t’dCont’dCont’d

Accuracy (24 hour Average) = Accuracy (24 hour Average) = ±± 2 ug2 ug
Resolution = Resolution = ±± 1 ug/m1 ug/m33

Maintains Sample Stream RH < 35%Maintains Sample Stream RH < 35%
Compatible With ESC Data LoggersCompatible With ESC Data Loggers
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BAM ComponentsBAM ComponentsBAM ComponentsBAM Components



Method ComparisonMethod Comparison
(Flow Rate Through Filter)(Flow Rate Through Filter)

FRMFRM 16 7 LPM16 7 LPMFRMFRM 16.7 LPM16.7 LPM
BAMBAM 16.7 LPM16.7 LPM
TEOMTEOM 3.0 LPM3.0 LPM



Method Comparison, Cont’dMethod Comparison, Cont’d
(PM Collection Time Period)(PM Collection Time Period)

FRMFRM 24 hours24 hoursFRMFRM 24 hours24 hours
TEOMTEOM Continuous 1 hr. ReadingsContinuous 1 hr. Readings
BAMBAM Continuous 1 HourContinuous 1 Hour



Method Comparison, Cont’dMethod Comparison, Cont’d
(Filter Material)(Filter Material)

FRMFRM TeflonTeflonFRMFRM TeflonTeflon
TEOMTEOM Teflon Coated Glass FiberTeflon Coated Glass Fiber
BAMBAM Glass FiberGlass Fiber



Method Comparison, Cont’dMethod Comparison, Cont’d
(Filter Conditions)(Filter Conditions)

FRMFRM Subject to Ambient Conditions ofSubject to Ambient Conditions ofFRMFRM Subject to Ambient Conditions ofSubject to Ambient Conditions of
Ambient Temp. and RHAmbient Temp. and RH

TEOMTEOM Operates at 50 Degrees COperates at 50 Degrees C
BAMBAM RH Controlled to 35% or LessRH Controlled to 35% or Less



Method Comparison, Cont’dMethod Comparison, Cont’d
(Data Availability)(Data Availability)

FRMFRM 44 5 Days After Sampling5 Days After SamplingFRMFRM 44--5 Days After Sampling5 Days After Sampling
TEOMTEOM HourlyHourly
BAMBAM HourlyHourly



TEOM vs BAM vs FRMTEOM vs BAM vs FRM
(F b )(F b )(February)(February)
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TEOM vs BAM vs FRMTEOM vs BAM vs FRM
(M h)(M h)(March)(March)

Millb k M hMillbrook March
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TEOM vs BAM vs FRMTEOM vs BAM vs FRM
(A il)(A il)(April)(April)
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TEOM vs BAM vs FRMTEOM vs BAM vs FRM
(M )(M )(May)(May)
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30.0

15.0
20.0
25.0

g/
m

3 TEOM

BAM

0.0
5.0

10.0ug FRM

5/1 5/4 5/7
5/10
5/13
5/16
5/19
5/22
5/25
5/28
5/31

Date



TEOM vs BAM vs FRMTEOM vs BAM vs FRM
(J )(J )(June)(June)
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Data ComparisonData Comparison
(Avg. Monthly Concentration, ug/m(Avg. Monthly Concentration, ug/m33))

FebFeb MarchMarch AprilApril MayMay JuneJune** JuneJune****FebFeb MarchMarch AprilApril MayMay JuneJune JuneJune   

FRM     FRM     11.1       10.2      8.511.1       10.2      8.5 11.5     19.911.5     19.9 17.117.1
TEOMTEOM 12 7 12 1 10 8 13 0 22 6 19 912 7 12 1 10 8 13 0 22 6 19 9TEOM  TEOM  12.7       12.1    10.8      13.0     22.6     19.912.7       12.1    10.8      13.0     22.6     19.9
BAM   BAM   13.9       12.7      9.8      13.3     26.4     23.013.9       12.7      9.8      13.3     26.4     23.0

** Includes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional Event
**** Excludes 6/12/08 Exceptional EventExcludes 6/12/08 Exceptional Eventpp



Data Comparison, Cont’dData Comparison, Cont’d
(Avg. Monthly Conc. Difference vs FRM, ug/m(Avg. Monthly Conc. Difference vs FRM, ug/m33))

FebFeb MarchMarch AprilApril MayMay JuneJune** JuneJune****FebFeb MarchMarch AprilApril MayMay JuneJune JuneJune
TEOM  TEOM  1.6         1.9        2.3         1.5      2.7       2.81.6         1.9        2.3         1.5      2.7       2.8
BAMBAM 2 8 2 5 1 3 1 8 6 5 5 92 8 2 5 1 3 1 8 6 5 5 9BAM   BAM   2.8         2.5        1.3         1.8      6.5       5.92.8         2.5        1.3         1.8      6.5       5.9

** Includes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional Event
**** Excludes 6/12/08 Exceptional EventExcludes 6/12/08 Exceptional Event



Data Comparison, Cont’dData Comparison, Cont’d
(BAM vs TEOM)(BAM vs TEOM)

FebFeb MarchMarch AprilApril MayMay JuneJune** JuneJune****FebFeb MarchMarch AprilApril MayMay JuneJune         JuneJune
Avg. ug/mAvg. ug/m33 Diff.   1.2     0.5       Diff.   1.2     0.5       --1.0     0.7        3.8        3.11.0     0.7        3.8        3.1
Avg % DiffAvg % Diff 8 9 6 48 9 6 4 --11 4 4 5 16 1 15 811 4 4 5 16 1 15 8Avg. % Diff.   Avg. % Diff.   8.9     6.4     8.9     6.4     11.4     4.5      16.1      15.811.4     4.5      16.1      15.8

** Includes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional EventIncludes 6/12/08 Exceptional Event
**** Excludes 6/12/08 Exceptional EventExcludes 6/12/08 Exceptional Event



Data Comparison, Cont’dData Comparison, Cont’d
(Exceptional Event of June 12 2008(Exceptional Event of June 12 2008(Exceptional Event of June 12, 2008,(Exceptional Event of June 12, 2008,

FRM vs TEOM vs BAM)FRM vs TEOM vs BAM)

FRMFRM TEOMTEOM BAMBAM**FRMFRM TEOMTEOM BAMBAM
2424--Hr. Avg., ug/mHr. Avg., ug/m33 99.099.0 102102 127127

* * BAM MeasuresBAM Measures Volatile Components Lost by FRM andVolatile Components Lost by FRM andBAM MeasuresBAM Measures Volatile Components Lost by FRM and Volatile Components Lost by FRM and 
TEOMTEOM









ConclusionsConclusions
(Based on Limited Data)(Based on Limited Data)

BAM & TEOM* > FRM by up to 20BAM & TEOM* > FRM by up to 20--25%25%BAM & TEOM   FRM by up to 20BAM & TEOM   FRM by up to 20 25%25%
BAM > TEOM by up to 5BAM > TEOM by up to 5--6%6%
Including 6/12/08 Exceptional Event DataIncluding 6/12/08 Exceptional Event Datag pg p

--BAM & FRM are Significantly DifferentBAM & FRM are Significantly Different
-- BAM & TEOM are not Significantly   BAM & TEOM are not Significantly   g yg y
Different Different 

-- FRM & TEOM are not Significantly FRM & TEOM are not Significantly 
Diff tDiff tDifferent Different 

Loss of Volatile PM Reason for DifferenceLoss of Volatile PM Reason for Difference
N d 1 Y f D t F th 3 P d SitN d 1 Y f D t F th 3 P d SitNeed 1 Year of Data From the 3 Proposed SitesNeed 1 Year of Data From the 3 Proposed Sites
* TEOM is normally corrected to be FRM* TEOM is normally corrected to be FRM--likelike



Questions ?Questions ?


