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Summary
In the IMPROVE sampler, the aerosol cut point of each module is controlled by controlling the flow rate of that module.  Significant sustained deviations from nominal flow rate have occurred at the majority of IMPROVE sites for the duration of months to years.  The current data validation system treats each sample on an individual basis and is not designed for addressing long term problems.  This report documents sustained periods of time where any one of the three fine aerosol modules (A,B or C) had cut points outside of the range (1.5 
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m, 3.5
[image: image2.wmf]m

m).  However, the data is considered valid under IMPROVE program standards.  
Background
The A, B and C modules of the IMPROVE sampler are designed to sample fine aerosol with a cut point of 2.5 
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m.   Based on the design of the sampler, flow rate is inversely related to cut point as shown in Figure 1 and modeled in Equation 1: 
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where Q = flow rate (L/min) and

d50 = aerodynamic diameter at which 50% of the particles are collected (
[image: image5.wmf]m

m).

Equation 1 was developed based on flow rates between 18 and 24 L/min.  Beyond these flow rates, Equation 1 may not be valid.
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Figure 1.  The plot shows the 50% cut point as a function of flow rate as determined by two separate collection efficiency tests.  The collection efficiency of the IMPROVE cyclone was characterized at the Health Sciences Instrumentation Facility at the University of California at Davis. The efficiency was measured as a function of particle size and flow rate using two separate methods: PSL and SPART. The PSL method uses microspheres of fluorescent polystyrene latex particles (PSL) produced by a Lovelace nebulizer and a vibrating stream generator and analyzed by electron micrographs. The SPART method uses a mixture of PSL particles produced by a Lovelace nebulizer and analyzed by a Single Particle Aerodynamic Relaxation Time (SPART) analyzer. The aerodynamic diameter for 50% collection, d50, was determined for each flow rate. 
Efforts are made to maintain the flow rate at a nominal rate of 22.75 L/min in order to achieve the desired cut point.  There are a variety of reasons why the average flow rate of a given 24 hour sample may vary from the nominal rate from clogging due to heavy aerosol loading on the filter to equipment failure.  A flagging system is in place to qualify samples with severe deviations from the nominal flow rate and therefore from a cut point of 2.5 
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m (Table 1).  However only those samples flagged as CG and CL are considered invalid.  Thus allowing even those samples that would have estimated cut points outside of the range 1-4 
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m (assuming linearity outside of the documented range of equation 1) to be valid samples.  Currently all flow related validation criteria are based only on individual samples, there are no population level checks on how many samples can be flagged as LF or RF.  
Table 1. Flow rate-related validation flag definitions and application criteria.

	Validation Flag
	Definition
	Concentration Reported?
	Current Criteria
	Estimated Cut points 

	CL
	Clogged Filter
	No
	Meets the criteria for CG and SO4 and S values don’t agree well
	

	CG
	Clogging Filter
	Yes
	Final pressure transducer measurement < ½ initial pressure transducer measurement
	

	LF
	Low/high flow rate
	Yes
	24-hr average flow rate more than 10% above or below nominal flow rate (< 20.5 L/min or > 25.1 L/min)
	24-hr average cut point either in (1.1
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m) or in (3.3
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m, 3.8
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	RF
	Really low/high flow rate
	Yes
	24-hr average flow rate more than 17% above or below nominal flow rate (< 19 L/min or > 27 L/min)
	24-hr average cut point either < 1.1 
[image: image13.wmf]m

m or > 3.8 
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Summary of Data Quality Issues

The logical basis for the current data validation system is that samples with average flow rates significantly different from nominal are both rare and due to uncontrollable events such as heavy aerosol loading from biomass burning events.  However at the majority of sites (130 of 183) there has been at least one several month or longer period of sustained deviations in flow rate for at least one of the modules.   The impacts of these deviation in flow rate on the temporal trends of predominately fine species are likely minor.  However, the possible impacts sustained deviations in cut point on the temporal trends of species found predominantly in the coarse mode could be important. Additionally, any studies focused on the relationship between fine mass (PM2.5) from the A module and total mass from the D module (PM10) could be compromised by significant deviations in the A module cut point.  Significant deviations in the cut point of any of the three fine modules undermines the overall design of the IMPROVE sampler which assumes that the modules are independently drawing from the same aerosol population.  
This report documents  periods of time where any one of the three fine aerosol modules (A,B or C) had cut points outside of the range (1.5 
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m, 3.5
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m).  This data, by IMPROVE program standards, is valid.  The point of this report is to document the prevalence of sustained (months or longer) non-nominal flow rates and to caution users whose results depend on consistent aerosol sampling cut points.  
Examples:
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Figure 21a-c.  The cut points are estimated from reported average module flow rates using equation 1.  Blue rectangles highlight periods where estimated cut points were outside of the range 1.5-3.5 um for a sustained period of time.
The following sites had sustained periods of time with average sampler flow rates that equated to cut points outside of the range 1.5-3.5 um. These sites are identified in the PowerPoint file with blue boxes:
	Site Code
	Site Name
	State
	IMPROVE Region
	Date Range 1
	Date Range 2
	Date Range 3

	DENA1
	Denali NP
	AK
	Alaska
	1999-2001
	
	

	TUXE1
	Tuxedni
	AK
	Alaska
	2003
	
	

	SIPS1
	Sipsy Wilderness
	AL
	Appalachia
	1998-2000
	
	

	UPBU1
	Upper Buffalo Wilderness
	AR
	Mid South
	1999-2000
	
	

	BALD1
	Mount Baldy
	AZ
	Mongollon Plateau
	2002-2003
	
	

	CHIR1
	Chiricahua NM
	AZ
	Southern Arizona
	1999-2001
	2001-2003
	

	GRCA1
	Hopi Point #1
	AZ
	Colorado Plateau
	1992-1993
	
	

	GRCA2
	Hance Camp at Grand Canyon NP
	AZ
	Colorado Plateau
	1999-2002
	
	

	HILL1
	Hillside
	AZ
	Mongollon Plateau
	2002-2003
	
	

	IKBA1
	Ike's Backbone
	AZ
	Mongollon Plateau
	2001-2003
	
	

	INGA1
	Indian Gardens
	AZ
	Colorado Plateau
	1998-2000
	2001-2002
	

	MEAD1
	Meadview
	AZ
	Colorado Plateau
	2003
	
	

	ORPI1
	Organ Pipe
	AZ
	Southern Arizona
	2003
	
	

	PEFO1
	Petrified Forest NP
	AZ
	Mongollon Plateau
	1988-1989
	1998-2000
	2002-2003

	QUVA1
	Queen Valley
	AZ
	Southern Arizona
	2001-2002
	
	

	SAGU1
	Saguaro NM
	AZ
	Southern Arizona
	1988-1989
	1999-2001
	

	SAWE1
	Saguaro West
	AZ
	Southern Arizona
	2001-2003
	
	

	SIAN1
	Sierra Ancha
	AZ
	Mongollon Plateau
	1999-2000
	2002-2003
	

	SYCA1
	Sycamore Canyon
	AZ
	Mongollon Plateau
	2000-2001
	2001-2003
	

	TONT1
	Tonto NM
	AZ
	Mongollon Plateau
	1997
	1998-2000
	2002-2003

	BLIS1
	Bliss SP (TRPA)
	CA
	Oregon and Northern California
	1997-2001
	
	

	DOME1
	Dome Lands Wilderness
	CA
	Sierra Nevadas
	2000-2002
	
	

	HOOV1
	Hoover
	CA
	Sierra Nevadas
	2002
	
	

	JOSH1
	Joshua Tree NP
	CA
	Southern California
	2000-2003
	
	

	KAIS1
	Kaiser
	CA
	Sierra Nevadas
	1999-2000
	
	

	LAVO1
	Lassen Volcanic NP
	CA
	Oregon and Northern California
	1998-2002
	
	

	PINN1
	Pinnacles NM
	CA
	California Coast
	1999-2000
	2001-2003
	

	PORE1
	Point Reyes National Seashore
	CA
	California Coast
	1999-2002
	
	

	RAFA1
	San Rafael
	CA
	California Coast
	1999-2003
	
	

	REDW1
	Redwood NP
	CA
	Oregon and Northern California
	1998-2001
	2002-2003
	

	SAGO1
	San Gorgonio Wilderness
	CA
	Southern California
	1988-1989
	1994-1996
	1999-2001

	SEQU1
	Sequoia NP
	CA
	Sierra Nevadas
	1999-2002
	
	

	TRIN1
	Trinity
	CA
	Oregon and Northern California
	2001-2003
	
	

	YOSE1
	Yosemite NP
	CA
	Sierra Nevadas
	1999-2002
	
	

	GRSA1
	Great Sand Dunes NM
	CO
	Central Rockies
	1996-2002
	
	

	MEVE1
	Mesa Verde NP
	CO
	Colorado Plateau
	1999-2000
	
	

	MOZI1
	Mount Zirkel Wilderness
	CO
	Central Rockies
	1998-2003
	
	

	ROMO1
	Rocky Mountain NP
	CO
	Central Rockies
	1999-2002
	
	

	WEMI1
	Weminuche Wilderness
	CO
	Colorado Plateau
	1999-2002
	
	

	WHRI1
	White River NF
	CO
	Central Rockies
	2000-2002
	
	

	WASH1
	Washington D.C.
	DC
	Washington D.C.
	1988-1989
	1998-2000
	

	CHAS1
	Chassahowitzka NWR
	FL
	Southeast
	1998-2000
	2003
	

	EVER1
	Everglades NP
	FL
	Southeast
	1993-2000
	2001-2002
	

	SAMA1
	St. Marks
	FL
	Southeast
	2000-2001
	
	

	COHU1
	Cohutta
	GA
	Appalachia
	2000
	
	

	OKEF1
	Okefenokee NWR
	GA
	Southeast
	1991
	1998-2000
	2001-2002

	HAVO1
	Hawaii Volcanoes NP
	HI
	Hawaii
	2001-2003
	
	

	MALO2
	Mauna Loa Observatory #2
	HI
	Hawaii
	2002-2003
	
	

	SAWT1
	Sawtooth NF
	ID
	Hells Canyon
	2000-2003
	
	

	MACA1
	Mammoth Cave NP
	KY
	Ohio River Valley
	1999-2000
	
	

	QURE1
	Quabbin Summit
	MA
	Northeast
	2001
	
	

	ACAD1
	Acadia NP
	ME
	Northeast
	1999-2000
	
	

	BRMA1
	Bridgton
	ME
	Northeast
	2002-2003
	
	

	MOOS1
	Moosehorn NWR
	ME
	Northeast
	1998-2000
	
	

	SENE1
	Seney
	MI
	Boundary Waters
	2000-2002
	
	

	BLMO1
	Blue Mounds
	MN
	Central Great Plains
	2002
	
	

	BOWA1
	Boundary Waters Canoe Area
	MN
	Boundary Waters
	1996-2000
	
	

	VOYA1
	Voyageurs NP #1
	MN
	Boundary Waters
	1988-1989
	
	

	VOYA2
	Voyageurs NP #2
	MN
	Boundary Waters
	1999-2000
	
	

	CABI1
	Cabinet Mountains
	MT
	Northern Rockies
	2000-2003
	
	

	FLAT1
	Flathead
	MT
	Northern Rockies
	2002-2003
	
	

	GLAC1
	Glacier NP
	MT
	Northern Rockies
	1988-1989
	1998-2000
	2001-2003

	MELA1
	Medicine Lake
	MT
	Northern Great Plains
	1999-2000
	
	

	MONT1
	Monture
	MT
	Northern Rockies
	2000-2002
	
	

	NOCH1
	Northern Cheyenne
	MT
	Northern Great Plains
	2003
	
	

	ULBE1
	UL Bend
	MT
	Northern Great Plains
	2002-2003
	
	

	LIGO1
	Linville Gorge
	NC
	Appalachia
	2000
	
	

	SHRO1
	Shining Rock Wilderness
	NC
	Appalachia
	1999-2000
	
	

	LOST1
	Lostwood
	ND
	Northern Great Plains
	1999-2001
	
	

	THRO1
	Theodore Roosevelt
	ND
	Northern Great Plains
	2000-2001
	
	

	GRGU1
	Great Gulf Wilderness
	NH
	Northeast
	1997-1999
	
	

	BRIG1
	Brigantine NWR
	NJ
	East Coast
	1999-2000
	2002-2003
	

	BAND1
	Bandelier NM
	NM
	Colorado Plateau
	1999-2000
	2002-2003
	

	GICL1
	Gila Wilderness
	NM
	Mongollon Plateau
	1998-2000
	
	

	SACR1
	Salt Creek
	NM
	West Texas
	2001-2003
	
	

	SAPE1
	San Pedro Parks
	NM
	Colorado Plateau
	2000-2001
	
	

	GRBA1
	Great Basin NP
	NV
	Great Basin
	1998-2000
	2001-2002
	

	JARB1
	Jarbidge Wilderness
	NV
	Great Basin
	1988-1989
	1999-2000
	

	ADPI1
	Addison Pinnacle
	NY
	Northeast
	2001

	
	

	QUCI1
	Quaker City
	OH
	Ohio River Valley
	2002
	
	

	CRLA1
	Crater Lake NP
	OR
	Oregon and Northern California
	1988-1989
	1998-2000
	2001-2003

	HECA1
	Hells Canyon
	OR
	Hells Canyon
	2002
	
	

	KALM1
	Kalmiopsis
	OR
	Oregon and Northern California
	2002
	
	

	MOHO1
	Mount Hood
	OR
	Oregon and Northern California
	2001-2003
	
	

	THSI1
	Three Sisters Wilderness
	OR
	Oregon and Northern California
	1998-2002
	
	

	AREN1
	Arendtsville
	PA
	Appalachia
	2001-2002
	
	

	ROMA1
	Cape Romain NWR
	SC
	Southeast
	1998-2000
	2003
	

	BADL1
	Badlands NP
	SD
	Northern Great Plains
	1988-1989
	1998-2003
	

	WICA1
	Wind Cave
	SD
	Northern Great Plains
	2000
	
	

	GRSM1
	Great Smoky Mountains NP
	TN
	Appalachia
	1998-2001
	
	

	BIBE1
	Big Bend NP
	TX
	West Texas
	1988-1989
	1998-2000
	

	GUMO1
	Guadalupe Mountains NP
	TX
	West Texas
	1988-1989
	1999-2003
	

	BRCA1
	Bryce Canyon NP
	UT
	Colorado Plateau
	1988-1989
	1999-2000
	

	CANY1
	Canyonlands NP
	UT
	Colorado Plateau
	1999-2000
	2002
	

	CAPI1
	Capitol Reef NP
	UT
	Colorado Plateau
	2000
	2001-2002
	

	ZICA1
	Zion Canyon
	UT
	Colorado Plateau
	2003
	
	

	ZION1
	Zion
	UT
	Colorado Plateau
	2000-2002
	
	

	JEFF1
	Jefferson NF
	VA
	Appalachia
	1998-2000
	
	

	SHEN1
	Shenandoah NP
	VA
	Appalachia
	1988-1989
	1999-2001
	

	VIIS1
	Virgin Islands NP
	VI
	Virgin Islands
	1997-2000
	
	

	LYBR1
	Lye Brook Wilderness
	VT
	Northeast
	1998-2002
	
	

	PMRF1
	Proctor Maple R. F.
	VT
	Northeast
	2001-2002
	
	

	COGO1
	Columbia Gorge #1
	WA
	Columbia River Gorge
	1998
	
	

	CORI1
	Columbia River Gorge
	WA
	Columbia River Gorge
	1998-2000
	2002-2003
	

	MORA1
	Mount Rainier NP
	WA
	Northwest
	1997-2002
	
	

	NOCA1
	North Cascades
	WA
	Northwest
	2000-2002
	
	

	PASA1
	Pasayten
	WA
	Northwest
	2001-2003
	
	

	PUSO1
	Puget Sound
	WA
	Puget Sound
	1998-2002
	
	

	SNPA1
	Snoqualmie Pass
	WA
	Northwest
	1998-2002
	
	

	SPOK1
	Spokane Res.
	WA
	Northwest
	2001-2002
	
	

	WHPA1
	White Pass
	WA
	Northwest
	2000
	2002
	

	DOSO1
	Dolly Sods Wilderness
	WV
	Appalachia
	1998-2000
	
	

	BRID1
	Bridger Wilderness
	WY
	Northern Rockies
	1988-1989
	1998-2000
	

	BRLA1
	Brooklyn Lake
	WY
	Central Rockies
	2001-2002
	
	

	CLPE1
	Cloud Peak
	WY
	Northern Great Plains
	2003
	
	

	YELL2
	Yellowstone NP 2
	WY
	Northern Rockies
	1998-2002
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