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 Summary of the February 16 & 17 1995 
 IMPROVE Steering Committee Meeting 

 by Marc Pitchford 
 

The IMPROVE Steering Committee meeting in Davis, CA included a half-day 
tour of the UCD aerosol sampling and analysis facilities, and a one day technical 
discussion of carbon and optical absorption analysis protocols.  A list of those in 
attendance is attached.   The agenda distributed via FAX in December was approved 
after the addition of several discussion topics.  The summary that follows is organized 
by topic and includes action items and the persons responsible for them in bold 
type.   
 
The next conference call meeting of the IMPROVE Steering Committee is scheduled for 
9am to 11am MST May 16, 1995.  Marc Pitchford will distribute an agenda and 
instructions for how to connect on the conference call to all participants by the 
middle of April. 
 
1. Draft IMPROVE MOU review by participating agencies:  A number of federal 
participants reported that concerns have been raised regarding the need for review and 
approval under FACA (the Federal Advisory Committee Act) which restricts participation 
of non-federal employees in many advisory roles, especially with respect to federal 
policy development.  Bruce Polkowsky provided several minor changes to the draft 
MOU to clarify IMPROVE's role policy implementation as opposed to policy 
development.  EPA's Office of General Council is reviewing the MOU to determine 
whether an exemption from FACA is required.  Bruce Polkowsky will provide 
guidance from the EPA OGC review to Sandra Silva within a few weeks.  Sandra 
Silva will continue to shepherd the MOU review process and report progress at 
the next conference call meeting. 
 
2.  Update on the development of fine particle and regional haze policy and possible 
relationship to IMPROVE:  Rich Damberg, Neil Frank, and Marc Pitchford provided 
updates on this topic.  EPA has decided to link the schedules and coordinate the 
technical staff efforts on the development of policy for a health effects-related fine 
particle standard and regional haze protection in Class I areas.  Its likely that the 
regional haze policy will rely on monitoring to track progress in meeting the visibility goal 
for Class I areas as well as input to assessments to predict the response of haze levels 
to various emission management options (as is presently being done by the Grand 
Canyon Visibility Transport Commission).   A regional haze monitoring plan will be 
drafted over the next few months and is expected to include many elements borrowed 
from the IMPROVE Network.  Though it could easily change before the beginning of the 
fiscal year, the EPA budget proposal for support of IMPROVE next year is substantially 
increased in anticipation of the need to enhance and expand monitoring to meet the 
expected data needs of regional haze policy implementation.   
The health effects-related fine particle standard under development is in the process of 
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selecting a monitoring reference method.  For the purpose of the regulation, the fine 
particle mass concentration will be defined as that measured by the reference sampler 
(or a sampler that is certified to as equivalent).  This is analogous to the hivol sampler 
that defined TSP for the previous particulate sampler.  Its expected that daily 24-hour 
sampling will be required, compared to the existing one day in six PM-10 sampling 
schedule.  A size cut for the sampler has not yet been specified but 2.5μm diameter 
seems to be favored over a 1.0μm diameter.  Compatibility between the reference 
sampler and the IMPROVE Network sampler is not likely to be required though it would 
be desirable for obvious reasons. 
 
3. Site Evaluation Criteria:  Rich Poirot prepared an annotated outline of the approaches 
that could be used for site evaluation to aid in determining which of the network sites 
would be selected for curtailed or discontinued monitoring should fiscal constraints 
make that necessary.  Using the outline as a basis for discussion the Steering 
Committee agreed on a general course of action which will be further fleshed out by a 
subcommittee working with Rich Poirot.  The Steering Committee has elected to use 
objective site review criteria to aid in making site reduction decisions, but will not be 
bound to a specific mathematical rating formula that automatically put sites in priority 
order.  In response to resource reductions the Steering Committee may make 
recommendations concerning the disposition of IMPROVE protocol sites run by the 
participant agencies (not part of the network), but can only direct the disposition of 
IMPROVE Network sites.  The objective criteria will be based upon information 
developed from a number of IMPROVE Network reviews.  These include reviews of site 
operations, spatial and temporal distribution value, monitoring methods, potential for 
environmental impacts, data objectives, budget, and efficiency reviews.  It was 
recommended that reviews be conducted periodically (e.g., annually), regardless of 
possible need to curtail costs.  Prior to the next conference call meeting Rich Poirot 
aided by Sandra Silva, Rich Damberg, and Scott Copeland will draft specifications 
for each of the IMPROVE Network reviews and will draft guidance for 
incorporating the results of these reviews in a process of site evaluation.   
 
4.  Lye Brook site operator change:  Ann Acheson reported that a new operator will be 
under contract in April.  A non-responsive operator and nephelometer icing problems 
were the reasons used to select Lye Brook for discontinuation of nephelometer 
operation last year.  However the underlying cause was the $100k shortfall in EPA's 
contribution to the program.  With the new operator and the inlet hood designed by ARS 
to minimize icing interference with the nephelometers, these reasons no longer exist 
and a nephelometer could be reinstalled except for a continuing resource limitation 
(though EPA's contribution for this year is back up to $1M the NPS contribution has 
decreased).  The question of whether Lye Brook is a more deserving location than other 
network nephelometer sites seems an appropriate test of the site evaluation criteria 
procedures presently under development (see #2).   
5.  Edwin B. Forsythe site move:  Sandra Silva reported that a satisfactory site further 
from the damaging effects of sea salt spray has not yet been found.  As with the Lye 
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Brook site, the E.B. Forsythe nephelometer was selected for removal for practical 
reasons, in this case to protect the instrument from salt damage, in order to cope with 
the short fall of network operating funds.  When the site is relocated an evaluation of the 
relative merits of this site compared to other nephelometer locations will be warranted.  
Sandra Silva will report on site relocation at the next conference call meeting. 
 
6.  Standardized site-specific report format:  Scott Copeland indicated that the format for 
the site-specific reports has been finalized and that reports for Forest Service and Park 
Service sites were in production (the resources for these reports are not part of  the 
IMPROVE funds, but from the FS and NPS).  The reports are prepared in three ring 
binders so that they can be updated annually with additional monitoring statistics.  They 
contain site descriptions and include color photographs depicting various levels of 
visibility impairment.  Due to the cost of producing them, only a few reports per 
monitoring site are being produced to serve the needs of the sponsoring organizations.  
Some of the meeting participants express an interest in a more broad printing and 
distribution of the reports, but could not be done without IMPROVE funds for the extra 
cost. 
 
7.  IMPROVE Network annual report:  Bill Maim indicated that it was time to begin 
preparation of the second network report and was asking for suggestions concerning its 
contents .  He suggested that it would be useful to have the report focus on temporal 
trends now that we have about 7 years of data (last report focused on spatial patterns).  
In response to Bill's inquiry whether the report should include an extensive discussion of 
monitoring and analysis techniques similar to the first report, the steering committee 
said it was not necessary so long as the first report was available to be distributed.  A 
brief section on techniques with reference to the earlier report was agreed upon.  The 
committee indicated their desire that the format and look of the second report be similar 
to the first report so that it would be easy to see that it is part of what is expected to be a 
series of IMPROVE reports.  Marc Pitchford offered to participate in the development of 
the report as he did for the first report.  Bill Malm will initiate preparation of the 
second annual IMPROVE Network report and indicate his progress at the next 
conference call meeting. 
 
8.  Discontinuation of photographic monitoring for some sites:  Bill Malm recommended 
that the Steering Committee discontinue photographic monitoring at sites with a five 
year record of such monitoring except at site where longer scene monitoring can be 
justified.  He further suggested that some of the resources that would be saved by this 
action be used to systematically  summarize the five+ year photographic record on 
photo-CD.  This would include photos showing a full range of haze conditions on cloud-
free days from clearest to most impaired and would include an array of other photos to 
document various seasons, lighting conditions, plumes and haze layers if they where 
seen, etc.  At present color slides are only labeled and archived by ARS.  They are not 
used in any routine way and are not systematically being viewed and rated for what can 
be seen in them.  The Steering Committee agreed to the plan and suggested that a list 
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of sites that have greater than five years of photography be distributed to the steering 
committee so that they have a chance to evaluate whether longer monitoring is justified. 
 An example of a good justification was Bryce Canyon views of Navajo Mt. that could be 
used to assess the change in winter haze that might result from SO2 controls on the 
Navajo power plant.  Bill Malm will send each Steering Committee representative a 
list of sites that are candidates for discontinued photography and allow several 
weeks of review before stopping the photography.  He and John Molenar will 
prepare a draft report to document the photographic record for sites which will be 
discontinued and distribute it to the Steering Committee prior to the next 
conference call meeting.  
 
9.  Distribution of IMPROVE generated information on the Internet:  Bill Malm has been 
contacted by Parry Samson, University of Michigan meteorologist, to ask whether 
IMPROVE data and visibility information generated at NPS could be distributed through 
the Internet as part of an environmental education communications tool called Blue 
Skies.  The Steering Committee enthusiastically endorsed NPS cooperation with this 
effort on behalf of the IMPROVE program. 
 
10.  IMPROVE Video:  NPS sent copies of the current version of the IMPROVE video to 
Steering Committee representatives prior to the meeting.  The consensus of the group 
was that revisions to the video should be made before distribution to a broader 
audience.  Sandra Silva will work with Julie Winchester to make the required 
changes and report on progress at the next meeting. 
 
11.  Optical monitoring progress report:  John Molenar reported that optical and 
photographic monitoring at network sites were doing well.  The hood designed to protect 
the nephelometer inlet from weather related malfunctions seems to be working and 
does not degrade the measurement of ambient particle scattering.  A new 
transmissometer data report is expected to be completed this spring.  
 
12.  IMPROVE independent peer review:  A number of Steering Committee 
representatives have heard stories since last fall concerning industry groups wanting to 
technically discredit the IMPROVE Network.  This is thought to be one way for them to 
defend against possible future emission controls justified by monitoring data that 
indicate trends of increasing sulfate in the Southeast.  Bill Malm suggested that the 
Steering Committee should sponsor an independent technical peer review of the 
IMPROVE Program as a positive approach to provide some degree of protection 
against inappropriately motivated negative reviews.  This would also have the benefit of 
expanding and formalizing our continuing efforts to review and improve the operating 
protocols and instrumentation to ensure that the IMPROVE Network remains a credible 
state of the art monitoring program.  Bill Malm and Marc Pitchford were charged with 
preparing a draft plan to implement independent technical peer review for the 
IMPROVE Program to be circulated to the Steering Committee prior to the next 
conference call meeting. 
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13.  IMPROVE Newsletter:  Marc Pitchford asked those present for feed back on the 
newsletter and for ideas for future articles.  The feedback was enthusiastic and 
indicated that the newsletter is both well done and serves an important communications 
function.  The group endorsed the idea of an article in each newsletter that features one 
of the monitoring sites, with descriptions of the equipment, operators, site surroundings, 
and other interesting information.  They also liked the idea of articles describing what is 
done by the monitoring contractors, such as filter analysis, optical data processing, 
calibration and maintenance of equipment.  This information could be extracted from 
operation protocols.   
 
14.  Independent quality assurance audit of the IMPROVE aerosol monitoring program: 
Bob Eldred and Tom Cahill showed the meeting participants a draft final quality 
assurance report documenting an ENSR Inc. audit of the IMPROVE aerosol monitoring 
program.  ENSR prepared this report under contract to the Office of Research at UCD, 
which is independent of the UCD Air Quality Group that conducts the IMPROVE aerosol 
monitoring program.  The work was initiated using university funds as promised in 
UCD's proposal for the recompetition of the aerosol sampling contract which was 
awarded to them about a year ago.  The audit results reflected well on the operation of 
the program.  Bob Eldred will distribute copies of the final report to Steering 
Committee representatives within a few months. 
 
15.  Technical discussions of optical absorption measurements (babs) on Teflon filters:   
The optical absorption method determines the amount of light that is absorbed by the 
particles collected on a filter by measuring the amount of transmitted and reflected light 
from a particle loaded filter illuminated a light source of measured intensity.  By 
assuming that the particles absorb light in the same way in the atmosphere, the 
absorption method is used to determine the atmospheric particle absorption coefficient. 
 The IMPROVE methodology applied to the Teflon filters of channel A is presently being 
improved from the laser integrating plate method to the laser double integrating sphere 
method.  Though test have shown that this will provide the same measured values, the 
new methodology requires fewer assumptions and does not require a pre-sampling 
absorption measurement on each filter (a requirement for the integrating plate method). 
 Optical absorption measurements using the IMPROVE methodology have been shown 
to have very good precision based upon co-located sampling, but have been questioned 
concerning the absolute accuracy.   
 
There are a number of pieces to the puzzle that reflect on the accuracy of the method.  
First the absorption efficiency (ratio of absorption coefficient to mass concentration of 
absorbing material in the aerosol, assumed to be elemental carbon) that results from 
IMPROVE measurements are a factor of 2 too high compared with reported values for 
laboratory elemental carbon.  This could be caused by either too high absorption 
measurement, too low elemental carbon measurement, or ambient aerosols that contain 
absorbing species other than elemental carbon (like certain soils or organics), or 
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ambient aerosol with elemental carbon included in scattering particles in such a way 
that they have higher absorption efficiency.  
 
Years ago UCD noticed that absorption measurements were lower from samplers with 
more particle loading of the filters (either less filter surface or having run longer) 
compared with co-located samplers with lower particle loading.  They assumed that the 
greater loading was interfering with the measurement by masking some of the 
absorbing material from the light, so they used an empirical correction to adjust all 
values to the value that would have been measured with zero filter loading.  To our 
knowledge, no other laboratory making absorption measurements on particle filter 
samples makes an adjustment for loading.  On average the change caused by this 
loading correction is about a factor of 2.  If the correction where not made, the 
absorption efficiency would be much closer to the expected values.   
 
The final evidence is from a comparison of field measurements.  The loading corrected 
absorption measurements compare better on average than the elemental carbon 
measurements to the difference between  extinction coefficient (transmissometer) and 
scattering coefficient (nephelometer) at the Meadview, Project MOHAVE site.   Though 
this last evidence would indicate that the UCD absorption approach with loading 
correction is accurate, it is by no means conclusive and is to many experts 
unconvincing.  In fact Allen Wagoner after hearing about the loading correction provided 
a plausible opposite interpretation of the information which would result in the lightly 
loaded filters needing correction compared to the more heavily loaded filters.  
 
A resolution of the accuracy issue is important because of the ultimate policy 
implications that a factor of 2 can make.  We have been using the elemental carbon and 
a consensus determined absorption efficiency value of 10m2/g instead of the absorption 
coefficient in order to characterize the visibility effects of elemental carbon (see for 
example the IMPROVE Report).  If instead we had used the absorption coefficient as 
determined by UCD, in the western U.S.  elemental carbon would go from being one of 
the least important of the major aerosol species to being one of the most important 
species (comparable to sulfate at many locations).  In discussions concerning how to 
resolve this issue, we talked about using the Allen Wagoner extinction cell, but we were 
concerned that the use of laboratory aerosol might not sufficiently mimic atmospheric 
aerosol in terms of loading effects.  Also discussed was the need to have data from 
other sites to check the empirical loading adjustment factor.  Tom Cahill and Bob 
Eldred will prepare a draft plan to resolve the accuracy issue for the optical 
absorption analysis that they will send to Bill Malm and Marc Pitchford within a 
few weeks.  Tom or Bob will make a progress report at the next conference call 
meeting. 
 
16.  Carbon analysis of particulate samples on quartz fiber filter:  Carbon concentrations 
are analyzed on quartz filters using a thermal-optical reflectance (TOR) method 
employed by DRI.  This analysis method involves heating a punch from the quartz filter 
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through a series of six increasing temperature steps, the first 4 are done in a He 
atmosphere and then 2% oxygen is added followed by another two temperature 
increases.  Carbon dioxide driven off the filter is methonated and measured down 
stream in the system.  Most of the organic carbon is driven off in the first few steps 
before the addition of oxygen.  Some of the organic carbon is pyrolized (charred) so that 
it can not be driven from the filter without oxygen.  When the oxygen is added, the 
elemental carbon, including that which was originally organic but pyrolized, is burned off 
at the higher temperatures.   Pyrolization of organic carbon is monitored by 
measurement of laser light reflected off of the loaded face of the filter during the 
analysis process.   The concentration of the pyrolize carbon is estimated by the carbon 
that must be driven off after the oxygen is added to return the deposit to its original 
reflectance.  The concentrations of carbon driven off at each temperature with and 
without oxygen and the concentration associated with pyrolization (a total of 8 thermal 
fractions) are recorded in the data base.  However for most data analysis conducted to 
date these have been combined into two carbon fractions: organic and elemental (or 
soot) carbon.  The estimate of pyrolyzed organic carbon is added to the organic carbon 
(that which is driven off the filter in the He atmosphere).  All of the remaining carbon is 
considered elemental carbon. 
 
There are two issues concerning this methodology that were discussed during the 
meeting.  The first had to do with how to interpret the various carbon species with 
regard to light absorbing and non-light absorbing carbon, and is related to the optical 
absorption discussion.  Data analysis using the eight carbon thermal fractions and the 
optical absorption data from the Teflon filters suggests that the pyrolize carbon and 
some of the high temperature organic carbon may be light absorbing.  If this were the 
case, then the dilemma of the too high elemental carbon absorption efficiency 
determined from IMPROVE data (see #15) would be resolved.   However, the purely 
statistical data analysis that suggests these relationships does not constitute credible 
scientific proof, and other explanations are possible.  Laboratory studies of the nature of 
the various fractions are required to better specify to what extent each fraction is light 
absorbing. 
 
The second discussion issue had to do with the relatively poor precision with the TOR 
analysis compared to other IMPROVE aerosol species and the role of the backup filters 
in correcting for positive artifact on the quartz filters.  The carbon module of the 
IMPROVE Sampler uses a dual cassette filter holder that has two quartz filters in series. 
 The first capture the particles as well as organic material from the vapor phase, while 
the second can only capture vapor phase organics since the particles are removed 
upstream in the cassette by the first quartz filter.  The concentration of organic carbon 
measured on the second filter is taken to be a measure of the positive artifact that is 
also affecting the first quartz filter concentration, so the second filter concentration is 
subtracted from the first to adjust for the positive artifact.  For economic reasons only 
10% of the backup filters are analyzed for each site.  Since the results did not vary 
greatly from one site to another and seem to vary slowly with time, a seasonal network 
averaged concentration for each thermal fraction is calculated and subtracted from the 
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concentrations found on the first quartz filter to adjust for positive artifact.   
 
Prior to the meeting many of us who are familiar with the IMPROVE data thought that 
most of the rather poor precision in the carbon data resulted from the uncertainty in the 
adjustment for the positive artifact.  We felt that perhaps the precision would be 
improved if backup filters for every sampling period were analyzed and subtracted from 
that periods concentrations.  However, a more thorough assessment of the data 
conducted by Bob Eldred for this meeting identified another source for the poor 
precision and a different interpretation of the backup filter concentration.  Based upon 
an assessment of replicate analysis, most of the poor precision results from analysis of 
very small quantities of carbon in some of the thermal fractions.  For example the 
analytical precision values (the mean absolute value difference between replicates) 
range from 17% to 95% on average for the 8 thermal fractions with 3 thermal fraction 
having precision greater than 40%.  This results in a relatively high fraction of the data 
being insignificantly different from zero (a range of 18% to 85% with 5 fractions having 
more than 30% indistinguishable from zero).   
 
Among the possible solutions are to decrease the number of thermal fractions in order 
to increase the amount of carbon in each, or to increase the amount of carbon on each 
filter punch used for analysis.  The first of these was rejected after learning that the 
carbon thermal fractions for various source-specific samples seem to have unique 
thermal fraction patterns which may allow us to do source apportionment.  Also any 
change in the analytical procedure could have the potential to jeopardize data 
continuity.  Increasing the amount of sample on the filter punches by either changing the 
size of the punches and/or filter, and/or increasing the flow rate (involves use of a 
different cyclone) seemed the more fruitful course of action. 
 
The other significant insight from Bob Eldred's analysis was that the amount of carbon 
on the second quartz filter is insignificantly different from the amount found on field 
blanks.  (There is slightly more on the backup filters than on the field blanks in the 
summer season.)   A field blank is a quartz filter loaded into the filter holder cassette, 
sent to the field, some are loaded into the sampler and left there for a week with no flow 
through them, while others are left in the shipping container, then returned and 
analyzed.  Laboratory blanks (quartz filters placed in glass petri dishes and kept in the 
laboratory for a period of time equivalent to those sent out for sampling) do not show 
any similar increase in carbon material.  Since the field blanks have no air drawn 
through them, the carbon that was thought to be a positive artifact from organic vapors 
in the ambient air must have some different origin.  The principal difference between the 
laboratory and field blanks is the container material (glass petri dish vs plastic filter 
cassette and shipping caps).  If a change in the filter cassette would eliminate the 
relatively high backup filter carbon concentrations, then adjustments for artifact would 
be small (perhaps small enough so no adjustment would be warranted).  This could 
increase the quality and credibility of the data substantially.  Judy Chow, Bob Eldred, 
and Tom Cahill will prepare a draft study plan, which they will send to Bill Malm 
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and Marc Pitchford, that describes tests to investigate possible methods to 
improve the carbon analysis precision and to minimize the field blank/backup 
filter artifact concentrations.  Bob Eldred will report on progress during the next 
conference call meeting. 
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List of Meeting Attendees 
 
 
Name 

 
Phone # Fax # 

 
Ann Acheson 

 
406-329-3493 406-329-3132 

 
Scott Archer 

 
303-236-6400 303-236-3508 

 
Clif Benoit 

 
801-625-5594 801-625-5127 

 
Tom Cahill 

 
916-752-4674 916-752-4107 

 
Judy Chow (2nd day only) 

 
702-677-3173 702-677-3316 

 
Scott Copeland 

 
303-498-1232 303-498-1010 

 
Rich Damberg 

 
919-541-5592 919-541-0237 

 
Frank Divita (2nd day) 

 
702-677-3138 702-677-3316 

 
Bob Eldred 

 
916-752-1124 916-752-4107 

 
Dan Ely 

 
303-692-3228 303-782-5493 

 
Neil Frank 

 
919-541-5560 919-541-1903 

 
Mark Green 

 
702-895-0445 702-895-0507 

 
Bill Malm 

 
303-491-8292 303-491-8598 

 
Steve McDow 

 
919-966-1373 919-966-7911 

 
John Molenar 

 
303-484-7941 303-484-3423 

 
Kevin Perry 

 
916-752-1120 916-752-4107 

 
Marc Pitchford 

 
702-895-0432 702-895-0507 

 
Rich Poirot 

 
802-241-3840 802-241-5141 

 
Sandra Silva 

 
303-969-2814 303-969-2822 

 


