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I. INTRODUCTION 
 
 This memorandum presents the background information that was used to develop the revised AP-
42 Section 11.19.2 on crushed stone processing.  Emission data from nine emission tests conducted at 
stone (granite and limestone) processing plants were used to develop emission factors for various 
crushing, screening, and conveying operations.  Descriptions of these test reports are provided in Section 
II of this memorandum.  In addition, the references from the previous version of AP-42 Section 11.19.2 
were reviewed.  Tables 1 and 2 present PM-10 emission data and the new PM-10 emission factors 
developed for inclusion in the revised AP-42 section.  Tables 3 and 4 present PM emission data and the 
new PM emission factors developed for inclusion in the revised AP-42 section.  Tables 5 and 6 present 
PM-2.5 emissions data and the new PM-2.5 emission factors developed for inclusion in the revised AP-42 
section. 
 
 Emissions data for pulverized mineral processing operations have been added to AP-42 Section 
11.19.2.  Previously, information concerning this segment of the crushed stone industry has not been 
available in AP-42.  Data concerning pulverized mineral processing operations are a logical extension of 
stone crushing plant data because (1) the quarry, initial crushing, and screening operations are identical to 
those in stone crushing plants and (2) the specific processes used to produce pulverized minerals are quite 
different than those used in other industrial categories, such as sand and gravel operations.  Emissions 
data from seven emission tests at four pulverized mineral processing plants have been included.  Tables 7 
and 8 present PM-10 data and the new emission factors for four categories of pulverized mineral 
processing operations.  Tables 9 and 10 present PM emission data and the new PM emission factors 
developed for inclusion in the revised AP-42 section.  Tables 11 and 12 present PM-2.5 emissions data 
and the new PM-2.5 emission factors developed for inclusion in the revised AP-42 section  

 
The AP-42 section narrative also was revised to include current terminology and industry 

practices.  The final AP-42 section is provided as the attachment. 
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II. DESCRIPTION OF REFERENCES 
 
A. Reference 1 
 
  This test report documents an emission test conducted at a Martin Marietta stone crushing plant in 
Raleigh, North Carolina. The test was conducted for the Emission Inventory Branch (EIB) of the U. S. 
Environmental Protection Agency (EPA) as part of an emission test program undertaken to provide 
emission data on stone crushing for AP-42 emission factor development.  Uncontrolled and controlled 
particulate matter less than 10 micrometers in diameter (PM-10) emissions from a vibrating screen were 
measured using EPA Method 201A in conjunction with a track-mounted hood system that was used to 
capture fugitive emissions from the screen.  The vibrating screen consisted of three vertically stacked 
decks.  The upper deck had a mesh opening of 2.86 centimeters (cm) square (1.125 inches [in.] square) 
for the first 3.66 meters (m) (12 feet [ft]) and 2.54 cm square (1 in. square) for the last 2.44 m (8 ft).  The 
middle deck had a mesh opening of 1.47 cm square (0.58 in. square), and the lower deck had slot 
openings of 0.30 cm (0.118 in.) by 2.54 cm (1 in.).  Ambient levels of PM-10 were quantified using PM-
10 HiVol samplers, and the ambient concentrations were subtracted from the Method 201A PM-10 
concentrations to determine the actual emissions from the screen.  Wet suppression was used to control 
emissions from the screen.  Water spray nozzles were located on the conveyor underneath the tertiary 
crusher, at one conveyor transfer point, at the top of the stream conveyor above the vibrating screen, and 
on the inlet chute to the vibrating screen.  The targeted moisture contents of the raw material (granite) 
during the uncontrolled and controlled runs were <1.5 percent and ≥1.5 percent, respectively.  Average 
material moisture contents are shown in Table 1.  In addition, sieve analyses were performed on stone 
samples taken from the conveyor that feeds the screen.  Silt content of the stone as sampled (wet) was 
negligible, and the average silt content of the sample after drying was 3.35 percent.  The relatively small 
amount of silt particles (<75 µm) present in the raw material suggests that the potential for PM-10 
emissions from the material processing operations was low. 
 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data and 
the material processing rates that were measured during the testing. These emission factors are shown in 
Table 1.  The emission factors presented differ slightly from the emission factors reported in the test 
report because average production rates were used in the test report, whereas actual run-by-run production 
rates were used in the data analyses presented in this memorandum.  The data are assigned an A rating.  
The report provided adequate detail, the test methodology was sound, and no problems were reported. 
 
B. Reference 2 
 

This test report documents an emission test conducted at a Martin Marietta stone crushing plant in 
Garner, North Carolina.  The test was conducted for EIB as part of an emission test program undertaken 
to provide emission data on stone crushing for AP-42 emission factor development.  Uncontrolled and 
controlled PM-10 emissions from a Model 1560 Omnicone conical-type tertiary crusher were measured 
using EPA Method 201A in conjunction with a quasi-stack system, which was used to capture fugitive 
emissions from the crusher.  The crusher reduces 8.9- to 10.2-cm (3.5- to 4-in.) stone to 2.5 cm (1 in.) and 
smaller.  The crusher inlet and outlet were enclosed and tested separately.  Wet suppression was used to 
control emissions from the crusher.  Water spray nozzles were located on the conveyor underneath the 
tertiary crusher, at one conveyor transfer point, and at the entrance to the surge bin and vibrating feeder.  
The targeted moisture contents of the raw material (granite) during the uncontrolled and controlled runs 
were <1.5 percent and ≥ 1.5 percent, respectively.  Average material moisture contents are presented in 
Table 1.  In addition, sieve analyses were performed on stone samples taken from the conveyor that fed 
the surge bin prior to the crusher.  The results of the sieve analyses are not documented in the test report. 
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Uncontrolled and controlled PM-10 emission factors were developed from the emission data and 
the material processing rates that were measured during the test.  These emission factors are shown in 
Table 1.  The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported. 
 
C. Reference 3 
 

This test report documents an emission test conducted at a Vulcan Materials Company stone 
crushing plant in Skippers, Virginia.  The test was conducted for the National Stone, Sand and Gravel 
Association to determine emission factors for various stone crushing process operations.  Uncontrolled 
and controlled PM-10 emissions from a cone crusher (tertiary crusher) and a vibrating screen were 
measured using EPA Method 201A in conjunction with a quasi-stack and a track-mounted hood system, 
which were used to capture fugitive emissions from the crusher and screen, respectively.  The crusher 
produces stone that is 7.6 cm (3 in.) and smaller in size.  The vibrating screen consisted of three vertically 
stacked decks.  The upper deck had a mesh opening of 2.86 cm square (1.125 in. square) for the first 3.66 
m (12 ft) and 2.54 cm square (1.0 in.) for the last 2.44 m (8 ft).  The middle deck had a mesh opening of 
1.47 cm square (0.58 in square), and the lower deck had slot openings of 0.30 cm (0.118 in.) by 2.54 cm 
(1.0 in.).  Wet suppression was used to control emissions from both processes.  Water spray nozzles were 
located on the vibrating feeder to the crusher, on the conveyor below the crusher, and on the inlet chute to 
the Deister screens.  The targeted moisture contents of the raw materials (granite) during the uncontrolled 
and controlled runs were < 1.5 percent and ≥1.5 percent, respectively.  Average material moisture 
contents are shown in Table 1.  In addition, sieve analyses were performed on stone samples taken from a 
process conveyor.  The average silt content of the stone as sampled (wet) was 3.3 percent, and the average 
silt content of the sample after drying was 4.0 percent.  The relatively small amount of silt particles (<75 
µm) present in the raw material suggests that the potential for PM-10 emissions from the material 
processing operations was low.  

 
Uncontrolled and controlled PM-10 emission factors were developed from the emission data 

gathered and the material processing rates that were measured during the test.  These emission factors are 
shown in Table 1.  The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported. 
 

The PM data were not reported by the testing contractor, were not subject to quality assurance 
review during the testing project, and were not anticipated in the test program protocol prepared prior to 
the tests.  The PM data have been calculated by Midwest Research Institute (MRI) from laboratory 
sample catch weight data included in the test report.  Although Method 201A is not the reference method 
for quantifying PM emissions, the preseparator and filter catch for the method should provide an 
indication of PM emissions.  The PM data have been assigned a C rating.  The report provided adequate 
detail, the test methodology was sound, and no problems were reported.  
 
D. Reference 4 
 

This test report documents an emission test conducted at a Nello L. Teer stone crushing plant in 
Raleigh, North Carolina.  The test was conducted for EIB as part of an emission test program undertaken 
to provide emission data on stone crushing for AP-42 emission factor development.  Uncontrolled and 
controlled PM-10 emissions from a Model 1560 Omnicone conical-type crusher (fines crusher) and a TD 
Seco vibrating screen (fines screen) were measured using EPA Method 201A in conjunction with a quasi-
stack and a track-mounted hood system, which were used to capture fugitive emissions from the crusher 
and screen, respectively.  The crushers reduced 2.5- to 1.9-cm (1- and 0.75-in.) stone to 0.476 cm (0.188 
in.) and smaller.  The screen consisted of three decks.  The top and middle decks were 2.22 and 1.43 cm 
square (0.875 and 0.563 in. square), respectively.  The bottom deck had slots of 0.476 by 2.54 cm. (0188 
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by 1 in.)  The crusher inlet and outlet were each enclosed and tested separately.  Wet suppression was 
used to control emissions from both processes.  Water spray nozzles were located at the crusher inlet, 
midway through the crusher body, at the crusher outlet, and at the conveyor transfer point to the screen.  
The targeted moisture contents of the raw material (granite) during the uncontrolled and controlled runs 
were < 1.5 percent and ≥ 1.5 percent, respectively.  Average material moisture contents are presented in 
Table 1.  In addition, sieve analyses were performed on stone samples taken from the conveyor that fed 
the screen and the conveyor that carried the crusher product.  The results of the sieve analyses are not 
documented in the test report.  

 
Uncontrolled and controlled PM-10 emission factors were developed from the emissions data and 

the material processing rates that were measured during the test.  These emission factors are shown in 
Table 1.  The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported during the valid test runs.  
 

The PM data were not reported by the testing contractor, were not subject to quality assurance 
review during the testing project, and were not anticipated in the test program protocol prepared prior to 
the tests.  The PM data have been calculated by MRI from laboratory sample catch weight data included 
in the test report.  Although Method 201A is not the reference method for quantifying PM emissions, the 
preseparator and filter catch for the method should provide an indication of PM emissions.  The PM data 
have been assigned a C rating.  The report provided adequate detail, the test methodology was sound, and 
no problems were reported.  
 
E. Reference 5 
 

This test report documents an emission test at a Wake Stone Corporation stone crushing plant in 
Knightdale, North Carolina.  The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP-42 emission factor development. 
Uncontrolled and controlled PM-10 emissions from two separate conveyor transfer points were measured 
using EPA Method 201A in conjunction with quasi-stack systems, which were used to capture fugitive 
emissions from the two transfer points.  Wet suppression was used to control transfer point emissions.  
Water spray nozzles were located on the exit conveyor underneath each transfer point and at numerous 
other locations throughout the process.  The targeted moisture contents of the raw material (granite) 
during the uncontrolled and controlled runs were <1.5 percent and ≥ 1.5 percent, respectively.  Average 
material moisture contents are presented in Table 1.  In addition, sieve analyses were performed on stone 
samples taken from each of the conveyor lines.  The average silt content of the samples after drying was 
1.4 percent for the first transfer point and 2.4 percent for the second transfer point.  The relatively small 
amount of silt particles (<75 µm) present in the raw material suggests that the potential for PM-10 
emissions from the material processing operations was low. 
 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data and 
the material processing rates that were measured during the test.  These emission factors are shown in 
Table 1.  The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported during valid test runs.  
 

The PM data were not reported by the testing contractor, were not subject to quality assurance 
review during the testing project, and were not anticipated in the test program protocol prepared prior to 
the tests.  The PM data have been calculated by MRI from laboratory sample catch weight data included 
in the test report.  Although Method 201A is not the reference method for quantifying PM emissions, the 
preseparator and filter catch for the method should provide an indication of PM emissions.  The PM data 
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have been assigned a C rating.  The report provided adequate detail, the test methodology was sound, and 
no problems were reported.  
 
F. Reference 6 
 

This test report documents an emission test at a Martin Marietta stone crushing plant in Raleigh, 
North Carolina.  The test was conducted for the National Stone, Sand and Gravel Association as part of 
an emission test program undertaken to provide emission data on stone crushing for AP-42 emission 
factor development.  Uncontrolled and controlled PM-10 and PM emissions from a conveyor transfer 
point were measured using EPA Method 201A and EPA Method 5, respectively in conjunction with a 
quasi-stack system, which was used to capture fugitive emissions from the transfer point. Wet suppression 
was used to control transfer point emissions.  Water spray nozzles are located on the exit conveyor 
underneath the transfer point and at numerous other locations throughout the process.  The targeted 
moisture contents of the raw material (granite) during the uncontrolled and controlled runs were <1.5 
percent and ≥ 1.5 percent, respectively.  Average material moisture contents are presented in Table 1.  In 
addition, sieve analyses were performed on stone samples taken from the conveyor. The average silt 
content of the dried stone was 2.2 percent.  The relatively small amount of silt particles (<75 µm) present 
in the raw material suggests that the potential for PM-10 emissions from the material processing 
operations was low. 
 

Uncontrolled and controlled PM-10 and PM emission factors were developed from the emission 
data and the material processing rates that were measured during the test. These emission factors are 
shown in Table 1. The PM-10 data and the PM (Method 5) data are assigned an A rating.  The report 
provided adequate detail, the test methodology was sound, and no problems were reported during valid 
test runs. 
 

The Method 201A derived PM data were not reported by the testing contractor, were not subject to 
quality assurance review during the testing project, and were not anticipated in the test program protocol 
prepared prior to the tests.  The PM data have been calculated by MRI from laboratory sample catch 
weight data included in the test report.  Although Method 201A is not the reference method for 
quantifying PM emissions, the preseparator and filter catch for the method should provide an indication 
of PM emissions.  The Method 201A derived PM data have been assigned a C rating.  The report 
provided adequate detail, the test methodology was sound, and no problems were reported.  
 
G. Reference 7 
 

This test report documents an emission test conducted at a Vulcan Materials Company stone 
crushing plant in Bristol, Tennessee.  The test was conducted for EIB as part of an emission test program 
undertaken to provide emission data on stone crushing for AP-42 emission factor development.  
Uncontrolled and controlled PM-10 emissions from a cone crusher (tertiary crusher) and a triple-deck 
vibrating screen were measured using EPA Method 201A in conjunction with a quasi-stack and a 
track-mounted hood system, which were used to capture fugitive emissions from the crusher and screen, 
respectively.  The crusher produced stone 7.6 cm (3 in.) and smaller in size. The screen consisted of three 
vertically stacked decks. The upper deck had a mesh opening of 3.175 cm square (1.25 in. square).  The 
middle deck had a mesh opening of 1.59 cm square (0.625 in. square), and the lower deck had a mesh 
opening of 0.635 cm square (0.25 in. square).  Wet suppression was used to control emissions from both 
processes.  Water spray nozzles were located in the feed hopper to the crusher and on the conveyor below 
the crusher.  The targeted moisture contents of the raw material (limestone) during the uncontrolled and 
controlled runs were <l.0 percent and ≥ l.0 percent, respectively.  Average material moisture contents are 
shown in Table 1.  In addition, sieve analyses were performed on stone samples taken from a process 
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conveyor. The average silt content of the stone was 1.8 percent.  The relatively small amount of silt 
particles (<75 µm) present in the raw material suggests that the potential for PM-10 emissions from the 
material processing operations was low. 
 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
gathered and the material processing rates that were measured during the test. These emission factors are 
shown in Table 1. The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported.  
 

The PM data were not reported by the testing contractor, were not subject to quality assurance 
review during the testing project, and were not anticipated in the test program protocol prepared prior to 
the tests.  The PM data have been calculated by MRI from laboratory sample catch weight data included 
in the test report.  Although Method 201A is not the reference method for quantifying PM emissions, the 
preseparator and filter catch for the method should provide an indication of PM emissions.  The PM data 
have been assigned a C rating.  The report provided adequate detail, the test methodology was sound, and 
no problems were reported.  
 
H. Reference 8 
 

This test report documents an emission test conducted at a Vulcan Materials Company stone 
crushing plant in Maryville, Tennessee.  The test was conducted for EIB as part of an emission test 
program undertaken to provide emission data on stone crushing for AP-42 emission factor development.  
Uncontrolled and controlled PM-10 emissions from a cone crusher (tertiary crusher) and a triple-deck 
vibrating screen were measured using EPA Method 201A in conjunction with a quasi-stack and a 
track-mounted hood system, which were used to capture fugitive emissions from the crusher and screen, 
respectively.  The crusher produced stone 7.6 cm (3 in.) and smaller in size. The screen consisted of three 
vertically stacked decks.  The upper deck had a mesh opening of 3.175 cm square (1.25 in. square). The 
middle deck had a mesh opening of 1.59 cm square (0.625 in. square), and the lower deck had a mesh 
opening of 0.635 cm square (0.25 in. square). Wet suppression was used to control emissions from both 
processes.  Water spray nozzles were located on the vibrating feeder to the crusher.  The targeted 
moisture contents of the raw material (limestone) during the uncontrolled and controlled runs were < 1.0 
percent and ≥ 1.0 percent, respectively.  Average material moisture contents are shown in Table 1.  In 
addition, sieve analyses were performed on stone samples taken from a process conveyor. The average 
silt content of the stone was 3.25 percent.  The relatively small amount of silt particles (<75 µm) present 
in the raw material suggests that the potential for PM-10 emissions from the material processing 
operations was low. 
 

Uncontrolled and controlled PM-10 emission factors were developed from the emission data 
gathered and the material processing rates that were measured during the test. These emission factors are 
shown in Table 1. The PM-10 data are assigned an A rating.  The report provided adequate detail, the test 
methodology was sound, and no problems were reported.  
 

The PM data were not reported by the testing contractor, were not subject to quality assurance 
review during the testing project, and were not anticipated in the test program protocol prepared prior to 
the tests.  The PM data have been calculated by MRI from laboratory sample catch weight data included 
in the test report.  Although Method 201A is not the reference method for quantifying PM emissions, the 
preseparator and filter catch for the method should provide an indication of PM emissions.  The PM data 
have been assigned a C rating.  The report provided adequate detail, the test methodology was sound, and 
no problems were reported.  
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I. Reference 9 
 

This document, which was Reference 1 in the previous AP-42 Section 8.19.2, contains summary 
data from several emission tests performed at stone crushing plants.  Particulate matter emissions were 
measured at baghouse inlets using EPA Method 5 sampling trains.  Each test consisted of three runs. 
Emission sources, controls, material types, and emission factors for 12 tests at 5 plants were summarized 
in the document.  Data from several of the tests were not analyzed because process rates were not 
documented.  Data from nine of the tests were not analyzed because they represent emissions from 
combined sources.  Data from three of the tests were used to quantify PM emissions from a conveyor 
transfer point, a primary crusher, and a screen (referred to as a secondary screen in the document). 
 

The data that were analyzed from the three tests described above are assigned a C rating.  The test 
methodologies were sound, and no problems were reported during the valid test runs.  However, the 
document did not provide original data sheets, and little detail about the raw materials was documented.  
The raw material is assumed to be dry because fabric filtration systems were used for emission control.  
The data from the other tests do not meet the minimum criteria for developing emission factors for 
inclusion in the revised AP-42 section. 
 
J. Reference 10 
 

This report, which was Reference 5 in the previous AP-42 Section 8.19.2, contains a review of 
emission factors developed in several of the references described above. In addition, data and emission 
factors from two emission tests performed by the testing contractor were provided in Appendix C of 
Reference 10.  The emission tests were conducted on horizontal screens at two sand and gravel processing 
facilities.  Data from these two emission tests for primary, secondary, and tertiary screening operations 
are combined to represent all screening operations because no consistent correlation between the level of 
screening and the magnitude of PM emissions was established by the data.  The quasi-stack method was 
used to capture fugitive emissions from the screens tested at both plants.  Both tests were performed using 
wet impingement sampling trains (South Coast AQMD Method) for total PM and cascade impactors for 
size-specific PM. 
 

The PM data are assigned a C rating.  The test methodology appeared to be sound, and no problems 
were reported during the valid test runs.  However, the report is a secondary reference and does not 
provide sufficient detail to warrant a B rating.  The total particulate matter data are outliers in the 
emission factor data for screening operations.  The PM-10 data are not rated because only single-run 
particle-size data are provided in the report.  These data were not used in developing PM-10 and PM 
emission factors due to the lack of sufficient test runs and due to the lack of supporting test method and 
process data. 
 
K. Reference 11 
 

This document, which was Reference 2 in the previous AP-42 Section 8.19.2, examines the granite 
crushing industry and the potential environmental impacts of industry emissions. Topics addressed 
include a source description, emissions, control technology, and growth and nature of the industry. 
 

Emission factors for several granite crushing processes were developed using data from two granite 
processing facilities.  Only summary information is provided in the document, although details on the 
processes and test methodology are provided.  A GCA Model RDM 101-4 respirable dust monitor was 
used to sample PM-10 emissions, and emission rates were calculated using dispersion models.  Emissions 
were sampled from several processes including dumping to the primary crusher and secondary crushing 
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and screening. The monitor was placed about 100 feet from the source being sampled. No emission 
controls (for the plants tested) were specified, and the silt and moisture contents of the raw materials were 
not recorded. 
 

The data do not meet the minimum criteria for developing emission factors for inclusion in the AP-
42 section.  The test methodology was not acceptable because only one monitor was used, and the 
monitor was too far from the source during testing.  In addition, no details about the moisture and silt 
contents of the raw material were provided. 
 
L. Refrence 12 
 

This document, which was Reference 3 in the previous AP-42 Section 8.19.2, examines the stone 
crushing industry and the potential environmental impacts of industry emissions.  Topics addressed 
include a source description, emissions, control technology, and growth and nature of the industry. 
 

Emission factors for several stone crushing processes were developed using data from two traprock 
processing facilities.  Only summary information is provided in the document although details on the 
processes and test methodology are provided.  A GCA Model RDM 101-4 respirable dust monitor was 
used to sample PM-10 emissions, and emission rates were calculated using dispersion models.  Emissions 
were sampled from several processes including primary crushing and unloading, secondary crushing and 
screening, tertiary crushing and screening, fines crushing and screening, and conveying.  The monitor was 
placed about 100 feet from the source being sampled.  No emission controls were specified, and the silt 
and moisture contents of the raw materials were not recorded. 
 

The data do not meet the minimum criteria for developing emission factors for inclusion in the AP-
42 section.  The test methodology was not acceptable because only one monitor was used, and the 
monitor was too far from the source during testing. In addition, no details about the moisture and silt 
contents of the raw material were provided. 
 
M. Reference 13 
 
 This document is divided into four sections, which are addressed separately in the following 
discussion. 

 
Section I discusses the emission study (sponsored by the construction aggregate industry) that was 

performed by Monsanto Research Corporation (MRC) and The Research Corporation of New England 
(TRC).  In addition, several conclusions about the control of fugitive dust emissions from construction 
aggregate processing facilities were drawn from a comparison of AP-42, MRC's source assessment 
studies, and the MRC-TRC study.  These conclusions are that (1) AP-42 emission factors are from 10 to 
10,000 times higher than the latest (1979) measurements of uncontrolled emissions; (2) baghouse 
emissions from aggregate crushing operations are often higher than uncontrolled emissions (apparently 
due to the suspension of fine particles, which are normally associated with larger particles and are not 
normally released to the atmosphere); (3) the emission factors developed by MRC in the source 
assessment program sponsored by EPA are within one order of magnitude of the emission factors 
developed in the MRC-TRC study, indicating that both data sets are highly reliable; (4) wet suppression 
can achieve between 80 and 90 percent control of the emissions from crushers; and (5) wet suppression is 
more efficient than fabric filters for controlling PM-10 emissions from crushers.  To conclude Section I, 
an ambient air quality study performed at a sand and gravel production facility in Colorado is 
summarized.  The study concluded that the sand and gravel processing operations did not have a 
detectable impact on air quality. 
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Section II documents the MRC study that included a compilation of emission data from tests at 

seven stone crushing plants that processed a variety of aggregates.  Tests were conducted on four primary 
crushers, seven secondary crushers, three tertiary crushers, and two fines crushers.  Aggregate types 
included granite (one plant), sand and gravel (two plants), traprock (one plant), and limestone (three 
plants). One of the limestone processing plants used wet suppression to control PM emissions.  Emission 
factors for PM-10 and PM<50 µm were developed for all of the processes tested and were presented by 
process, aggregate type, and control methods. 
 

A GCA Model RDM 101-4 dust monitor was used to detect fugitive PM emissions downwind of 
the process operations.  The monitor was placed approximately 30 feet from the source during each test. 
The "tracer gas method" was used to determine the percentage of PM-10 measured with the GCA 
instrument that was emitted from the source being tested. The silt and moisture contents of the raw 
materials were not specified. 
 

The data from this testing program do not meet the minimum criteria for developing emission 
factors for the revised AP-42 section because an adequate number of downwind monitors was not used 
during testing.   
 

Section III documents the TRC study that included a compilation of emission data from tests at six 
stone crushing plants that processed a variety of aggregates.  Tests were conducted on four primary 
crushers, six secondary crushers, three tertiary crushers, and one fines crusher.  Aggregate types included 
granite (one plant), sand and gravel (two plants), traprock (one plant), and limestone (two plants).  The 
granite processing plant and both limestone processing plants used wet suppression to control PM 
emissions.  Emission factors for PM-10 and PM<50 µm were developed for all of the processes tested and 
were presented by process, aggregate type, and control methods. 
 

A GCA Model RDM 101-4 dust monitor was used to detect fugitive PM emissions downwind of 
the process operations. The monitor was placed approximately 30 feet from the source during each test. 
The tracer gas method was used to determine the percentage of PM-10 measured with the GCA 
instrument that was emitted from the source being tested.  The silt and moisture contents of the raw 
materials were not specified. 
 

The data from this testing program do not meet the minimum criteria for developing emission 
factors for the revised AP-42 section because an adequate number of downwind monitors was not used 
during testing.   
 

Section IV, entitled "Semi-annual Report: Ambient Air Monitoring Program, Cannon-ERTL Site," 
contains no data that can be used for emission factor development. 
 
N. Reference 14 
 

This report, which was Reference 4 in the previous AP-42 Section 8.19.2, is a compilation of 
emission factors from 16 test reports.  The emission factors from all of the reports were rated and 
combined by process in order to develop a single emission factor for each process tested.  Data 
quantifying PM-10 emissions from primary and secondary crushing operations (from NSPS Subpart OOO 
test reports) were not used for emission factor development because adequate details about the test 
methodology were not provided, and problems have been reported with cascade impactor tests performed 
before about 1981.  The other data presented in this document are presented in several of the other 
references described in this review. 
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O. Reference 15 

This test report documents an emission test conducted at a Vulcan Materials Company stone 
crushing plant in Pineville, North Carolina.  The test was conducted for the National Stone, Sand and 
Gravel Association as part of an emission factor test program undertaken to provide emission data on 
stone crushing for AP-42 emission factor development. 

 
Controlled PM-10 and PM-2.5 emissions from a Model 1560 Omnicone conical-type tertiary 

crusher and a 48-inch grya-disc fines crusher were measured using preliminary EPA Method 201B in 
conjunction with a quasi-stack system that was used to capture fugitive emissions from the crushers.  The 
inlet and outlet of the crushers were each enclosed and tested simultaneously.  Wet suppression was used 
to control emissions from the crushers.  

 
Controlled PM-10 and PM-2.5 emissions from a conveyor transfer point were measured using 

preliminary EPA Method 201B in conjunction with a quasi-stack system that was used to capture fugitive 
emissions from the transfer points.  The inlet and outlet of the conveyor transfer point were each enclosed 
and tested simultaneously.  Wet suppression was used to control emissions from the conveyor transfer 
point. 

 
Controlled PM-10 and PM-2.5 emissions from a triple-deck vibrating screen were measured using 

preliminary EPA Method 201B in conjunction with a track-mounted hood system that was used to capture 
fugitive emissions from the screen.  The screen consists of three vertically stacked decks.  Wet 
suppression was used to control emissions.  Ambient PM-10 and PM-2.5 concentrations were measured 
during the period of each test run.  The ambient air concentrations were subtracted from the observed PM-
10 and PM-2.5 concentrations measured in the hood exhaust system. 

 
Average material moisture content data (wet suppression controls in operation) are shown in Table 

5.  In addition, sieve analyses were performed on stone samples taken from the process conveyor. The 
average silt content of the stone was 2.18 percent.  The relatively small amount of silt particles (<75 µm) 
present in the raw material suggests that the potential for PM-l0 emissions from the material processing 
operations was low. 

 
Controlled PM-10 and PM-2.5 emission factors were developed from the emission data and the 

material processing rates that were measured during the test.  These emission factors are shown in Table 
6.  The data are assigned an A rating.  The report provided adequate detail, the test methodology was 
sound, and no problems were reported. 

 
P. Reference 16. 
 This report summarizes a set of seven emission tests conducted at four separate pulverized mineral 
processing plants.  The sources tested included four grinding operations, one classifier, one flash dryer, 
and one product silo.  All of the sources tested were controlled by pulse jet or envelope type fabric filters.  
These tests were conducted for the National Stone, Sand and Gravel Association as part of an emission 
test program undertaken to provide emission data on pulverized mineral processing operations for AP-42 
emission factor development. 

 
Controlled PM, PM-10, and PM-2.5 emissions from two roller mills, a horizontal ball mill, and a 

vertical ball mill were measured using preliminary EPA Method 201B.  The mass median diameters of the 
products from these grinding operations ranged from 2 micrometers to 65 micrometers.  Production rates 
varied from a low of 0.5 tons per hour to more than 20 tons per hour.  The materials processed in these 
grinding operations included calcium carbonate, talc, and barite.  
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 The emission data for the vertical ball mill are considered an outlier for pulverized mineral 
industry grinding operations.  The particulate matter concentration data for this source are more than a 
factor of twenty above the levels associated with similar processes tested as part of this overall project.  A 
comparison of the PM emissions data obtained during this test with previous data from the same source 
indicates that the emissions are also more than a factor of twenty above baseline levels.  This level of 
difference is well beyond the routine variability in emissions associated with a fabric filter controlled 
source.  A t-test of the run means for the tests with previous test run data indicates that there is a 
difference in means that is significant at more than the 99% confidence level.  For this reason, the 
emissions data from this test have been listed as an excluded outlier. 
 

Controlled PM, PM-10, and PM-2.5 emissions were measured from a classifier using preliminary 
EPA Method 201B.  The mass median diameter of the product being handled in this process was 6 
micrometers, and the production rate was 1.8 tons per hour.  Calcium carbonate was being processed in 
the classifier tested.  

 
Controlled PM, PM-10, and PM-2.5 emissions were measured from a flash dryer classifier using 

preliminary EPA Method 201B.  The mass median diameter of the product being handled in this process 
was 6 micrometers, and the production rate was 11.1 tons per hour.  Calcium carbonate was being 
processed in the flash dryer tested. 

 
Controlled PM, PM-10, and PM-2.5 emissions were measured from a product storage silo using 

preliminary EPA Method 201B.  The mass median diameter of the product being handled in this process 
was 3.5 micrometers, and the production rate was 2 tons per hour.  Calcium carbonate was being handled 
in the product storage silo.   
 

Controlled emission factors were developed from the emission data and the material processing 
rates that were measured during the test.  These emission factors are shown in Tables 7 through 12.  The 
PM-10 and PM-2.5 data are assigned an A rating.  The PM data are assigned a B rating.  The data were 
obtained using full quality assurance procedures; however, Method 201A is not a reference method for 
PM.  The report provided adequate detail, the test methodology was sound, and no problems were 
reported. 
 
Q. Reference 17  
 

This test program was conducted to determine the PM emissions from a 66 inch Roller Mill 
grinding system at the Franklin Industrial Minerals plant at Sherwood, Tennessee.  Limestone rock of 
approximately 1.125 inches is reduced to a size of which 82% is passing 200 mesh in the grinding system.  
A closed loop classifier with a flash dryer for inlet air is used as part of the grinding system.  Dry, 
undersized limestone particles are entrained from the grinding system and are transported to a 
conventional pulse jet fabric filter system. The tests were conducted in a two foot diameter stack located 
downstream of the system induced draft fan.  The grinding system production rate during the Method 5 
test program was at or near the maximum rated production level. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 
 
R. Reference 18 
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Reference Method 5 tests for PM were conducted at the stack serving Baghouse 37 at the 
Franklin Industrial Minerals plant in Dalton, Georgia.  The system tested serves a pulverized limestone 
product storage silo and truck loadout system.  During the test program, the system operated at or near the 
maximum rated throughput capacity.  The baghouse operated at a tubesheet static pressure drop ranging 
from 3 to 4 inches water gauge. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 

 
S. Reference 19 
 

Reference Method 5 tests for PM were conducted at the stack serving Baghouse BH-750 at the 
Franklin Industrial Minerals plant in Alabaster, Alabama.  The system tested serves a pulverized 
limestone grinding operation and truck loadout operation.  During the test program, the system operated 
at or near the maximum rated throughput capacity.  The baghouse operated at a tubesheet static pressure 
drop of 1.5 inches water gauge. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 

 
T. Reference 20 
 

The test program concerned Flash Dryer #1 used for drying wet ground pulverized limestone 
material at the Omya, Inc. plant in Florence, Vermont.  The effluent gas stream from the dryer is 
controlled by a fabric filter system.  During the test program, Flash Dryer #1 operated at or near its 
maximum rated capacity.  Product characteristics were typical of normal operations.  Emission tests were 
conducted in a stack located downstream of the induced draft fan for the flash drying system. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 
 
U. Reference 21 
 

The test program concerned Flash Dryer #2 used for drying wet ground pulverized limestone 
material at the Omya, Inc. plant in Florence, Vermont.  The effluent gas stream from the dryer is 
controlled by a fabric filter system.  During the test program, Flash Dryer #2 operated at or near its 
maximum rated capacity.  Product characteristics were typical of normal operations.  Emission tests were 
conducted in a stack located downstream of the induced draft fan for the flash drying system. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 
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V. References 22 and 23 
 

The test program concerned Flash Dryer #3 used for drying wet ground pulverized limestone 
material at the Omya, Inc. plant in Florence, Vermont.  The effluent gas stream from the dryer is 
controlled by a fabric filter system.  During the test program, Flash Dryer #3 operated at or near its 
maximum rated capacity.  Product characteristics were typical of normal operations.  Emission tests were 
conducted in a stack located downstream of the induced draft fan for the flash drying system.  The test 
program included one run conducted in August 2000 and two additional test runs conducted in September 
2000.  Process and fabric filter operating conditions were similar during all three test runs conducted over 
the August through September 2000 time period. 

 
The PM data are assigned an A rating.  The test methodology appeared to be sound, and no 

problems were reported during the test runs.  The three test runs were conducted in full accordance with 
all Method 5 testing requirements and quality assurance procedures.  The report included adequate 
documentation of all testing procedures and process operating conditions. 
 
III. RESULTS OF DATA ANALYSIS 
 

Emission factors were developed for conveyor transfer points, screening, tertiary crushing, fines 
crushing, and fines screening operations.  The only data available for secondary crushing were of 
questionable quality and were not consistent with the emission tests included in this review.  Therefore, 
the revised AP-42 section does not include emission factors for primary and secondary crushing of stone.  
However, the emission factors for tertiary stone crushing can be used as an upper limit to primary and 
secondary crushing. 
 

Emissions generally were considered uncontrolled if the raw material moisture content was less 
than 1.5 percent and controlled if the raw material moisture content was greater than or equal to 1.5 
percent.  The material moisture contents in the Reference 5 and Reference 8 emission tests did not reach 
the targeted 1.5 percent for the controlled runs.  However, data from these tests are consistent with data 
from other controlled tests and are treated as controlled. Table 2 presents the PM-l0 emission factors, and 
Table 4 presents the PM emission factors developed using the data from References 1 through 10.  The 
PM-10 emission factors for screening and tertiary crushing were assigned a C rating because A-rated data 
from four tests (which is considered a sufficient number of tests to warrant a C rating) conducted at 
typical facilities were used.  The PM-10 emission factors for fines screening and crushing were assigned 
an E rating because data from a single A-rated test were used.  The PM-10 emission factors for conveyor 
transfer points were assigned a D rating because data from only three tests (conducted at two typical 
facilities) were used. 

 
The controlled PM emission factors were calculated based on graphical extrapolation of emission 

factor data provided in Table 2 for PM-10 and Table 6 for PM-2.5 for screening, tertiary crushing, fines 
crushing, and conveyor transfer points. 
 

The data used in the preparation of the controlled PM calculations were derived from the 
individual A-rated tests for PM-2.5 and PM-10 summarized in Tables 2 and 6, respectively.  For conveyor 
transfer points, the controlled PM value was derived from A-rated PM-2.5, PM-10, and PM data 
summarized in Tables 2, 4, and 6. 
 

The extrapolation line was drawn through the PM-2.5 value and the mean of the PM-10 values.  
PM emission factors were calculated for PM-30, PM-50, and PM-100.  Each of these particle size limits is 
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used by one or more regulatory agencies as the definition of total particulate matter.  The graphical 
extrapolations used in calculating the emission factors are presented in Figures 1, 2, 3, and 4.   
 

The PM emission factors calculated in Figures 1 through 4 were checked by plotting the PM-2.5, 
PM-10, and PM emission factors for each type of source on log probability paper to confirm that the 
distribution is log normal as expected for particulate matter generated by an attrition process.  The 
resulting emission factor distributions for tertiary crushers, screening operations, fine crushers, and 
conveyor transfer points are log normal as shown in Figure 5. The calculated emission factors were also 
checked by comparison with the C-rated non-reference method data for References 3 through 8 
summarized in Table 3.  With the exception of a few data points, the C-rated emission factors for 
References 3 through 8 are reasonably consistent with the calculated PM emission factors.  
 

The uncontrolled PM emission factors shown in Table 4 have been calculated from the controlled 
PM emission factors calculated in accordance with Figures 1 through 4.  The PM-10 control efficiencies 
derived from Table 2 for PM-10 emissions (summarized below) have been applied to the controlled 
emission factor data to calculate the uncontrolled PM emission rates. 
 

Screening PM-10 • 

• 

• 

• 

Controlled = 0.00073 Lbs./Ton. 
Uncontrolled = 0.00865 Lbs./Ton. 
Efficiency = 91.6% 

Tertiary Crushing PM-10  
Controlled = 0.00054 Lbs./Ton 
Uncontrolled = 0.00243 Lbs./Ton 
Efficiency = 77.7% 

Fines Crushing PM-10 
Controlled = 0.0012 Lbs./Ton 
Uncontrolled = 0.015 Lbs./Ton 
Efficiency = 92.0% 

Conveyor Transfer Points PM-10 
Controlled = 0.000045 Lbs./Ton 
Uncontrolled = 0.0011 Lbs./Ton 
Efficiency = 95.9% 
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Figure 1.  PM Emission Factor Calculation, Screening (Controlled) 

 
Figure 2. PM Emission Factor Calculation, Tertiary Crushing (Controlled) 
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Figure 3.  PM Emission Factor Calculation, Fines Crushing (Controlled) 

 
 

 
Figure 4.  PM Emission Factor Calculation, Conveyor Transfer Points (Controlled) 
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Figure 5. Log Probability Plot Used to Check Estimated PM Emission Factors 

 
The uncontrolled total particulate matter emission factor was calculated from the controlled total 

particulate matter using Equation 1. 
 
 

Uncontrolled emission factor =  Controlled total particulate emission factor  
        (100% � PM-10 Eff.%)/100%  Equation 1 

 
 

All of the PM emission factors have been rated as E due to the limited test data and the need to 
estimate emission factors using extrapolations of the PM-2.5 and PM-10 data.   
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The PM-2.5 emission factors for tertiary crushing, screening, conveyor transfer, and fines crushing 
(all controlled using wet suppression) were assigned an E rating because data from a single A-rated test 
were used for each source. 
 

The PM-10 and PM-2.5 emission factors for pulverized mineral grinding operations have been 
assigned a B rating because the factor is based on three A-rated tests, and the three tests represent a large 
fraction of the total number of operating units.  The PM-10 and PM-2.5 emission factors for flash dryers 
have been assigned a C rating because the emission factors are based on a single test, and the unit tested 
represents a major fraction of the total number of operating units.  The PM-10 and PM-2.5 emission 
factors for pulverized mineral classifying and product storage have been rated E because the emission 
factors are based on a single A-rated test. 

 
The pulverized mineral PM emission factor for grinding was assigned a D rating because the factor 

is based on two A-rated tests using Method 5 and one A-rated test using Method 201A.  Method 201A is 
not the reference test method for PM. The pulverized mineral flash dryer PM emission factor was 
assigned a C rating because it is based on three A-rated tests, and this unit represents a major fraction of 
the operating units.  The pulverized mineral emission factors for classifying were rated E because the 
emission factor is based on a single A-rated test using Method 201A.  The emission factor for pulverized 
mineral product storage was rated E because it is based on one A-rated Method 5 test and one A-rated 
Method 201A test.  
 

In addition to the emission factors described above, the revised AP-42 section includes emission 
factors for wet drilling and truck unloading and loading that were retained from the previous version of 
AP-42 Section 8.19.2.  Although the quality of the data upon which these emission factors was based is 
questionable, no other data on those sources were located during this review. 
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TABLE 1. SUMMARY OF EMISSION DATA FOR PM-10 EMISSIONS  
FROM CRUSHED STONE PROCESSING TEST REPORTSa 

Data Rating: A 
 

Source (material) Average 
material 
moisture 
content b 

No. of 
test runs 

Emission factor 
range, kg/Mg 

(lb/ton) 

Average 
emission 
factor, 
kg/Mg 
(lb/ton) 

Ref 
No. 

Screening (granite) 
 

0.48% 3 0.0010-0.0075 
(0.0020-0.015) 

0.0035 
(0.0070) 

1 

Screening (granite) 1.57% 3 0.00028-0.00037 
(0.00056-0.00073) 

0.00031 
(0.00061) 

1 

Tertiary crushing 
(granite) 

0.44% 3 0.00075-0.0010 
(0.0015-0.0020) 

0.00090 
(0.0018) 

2 

Tertiary crushing 
(granite) 

1.77% 3 0.00017-0.00055 
(0.00034-0.0011) 

0.00042 
(0.00083) 

2 

Tertiary crushing 
(granite) 

0.70% 3 0.0011-0.0031 
(0.0021-0.0062) 

0.0020 
(0.0040) 

3 

Tertiary crushing 
(granite) 

1.78% 3 0.000075-0.00019 
(0.00015-0.00037) 

0.00013 
(0.00026) 

3 

Screening (granite) 0.70% 3 0.012-0.015 
(0.024-0.030) 

0.014 
(0.027) 

3 

Screening (granite) 1.78% 3 0.00049-0.00055) 
(0.00097-0.0011) 

0.00050 
(0.0010) 

3 

Fines crushing (granite) 0.97% 3 0.017-0.013 
(0.0034-0.026) 

0.0075 
(0.015) 

4 

Fines crushing (granite) 1.92% 3 0.00055-0.0013 
(0.0011-0.0026) 

0.0010 
(0.0020) 

4 

Fines screening (granite) <1.5% 3 0.021-0.050 
(0.042-0.10) 

0.036 
(0.071) 

4 

Fines screening (granite) 1.68% 3 0.0060-0.015 
(0.0012-0.0030) 

0.011 
(0.0021) 

4 

Conveyor transfer point 
(granite)d 

0.27% 3 0.00010-0.00021 
(0.00020-0.00042) 

0.00014 
(0.00028) 

5 

Conveyor transfer point 
(granite)c 

0.66% 3 3.1x10-5-5.9x10-5 
(6.1x10-5-1.2x10-4) 

4.6x10-5 
(9.2x10-5) 

5 

Conveyor transfer point 
(granite)d 

0.33% 3 0.00037-0.00081 
(0.00074-0.0016) 

0.00053 
(0.0011) 

5 
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TABLE 1. (continued) 
 

Source (material) Average 
material 
moisture 
content b 

No. of 
test runs 

Emission factor 
range, kg/Mg 

(lb/ton) 

Average 
emission 
factor, 
kg/Mg 
(lb/ton) 

Ref 
No. 

Conveyor transfer point 
(granite)c 

1.11% 3 9.0x10-6-2.6x10-5 
(1.8x10-5-5.1x10-5) 

1.5x10-5 
(3.0x10-5) 

5 

Conveyor transfer point 
(granite)d 

0.29% 3 0.0013-0.0016 
(0.0025-0.0033) 

0.0015 
(0.0029) 

6 

Conveyor transfer point 
(granite)c 

2.62% 3 6.0x10-6-9.5x10-6 
(1.2x10-5-1.9x10-5) 

0.75x10-5 
(1.5x10-5) 

6 

Tertiary crushing 
(limestone) 

0.88% 3 0.00092-0.0020 
(0.0018-0.0041) 

0.0015 
(0.0029) 

7 

Tertiary crushing 
(limestone) 

2.07% 3 0.00033-0.00083 
(0.00066-0.0017) 

0.00053 
(0.0011) 

7 

Screening (limestone) 0.88% 3 0.0033-0.017 
(0.0067-0.033) 

0.0092 
(0.018) 

7 

Screening (limestone) 2.07% 3 0.00032-0.0011 
(0.00064-0.0023) 

0.00061 
(0.0012) 

7 

Tertiary crushing 
(limestone) 

0.67% 3 0.00039-0.00065 
(0.00079-0.0013) 

0.00052 
(0.0010) 

8 

Tertiary crushing 
(limestone) 

1.44% 3 0.000053-0.000095 
(0.00011-0.00019) 

0.000074 
(0.00015) 

8 

Screening (limestone) 0.67% 3 0.0033-0.0036 
(0.0067-0.0073) 

0.0035 
(0.0069) 

8 

Screening (limestone) 1.44% 3 0.00024-0.00030 
(0.00049-0.00059) 

0.00027 
(0.00055) 

8 

Tertiary crushing 
(granite)c 

1.02% 3 0.00014-0.00022 
(0.00028-0.00044) 

0.00018 
(0.00036) 

15 

Screening (granite)c 0.45% 3 0.00010-0.00022 
(0.00020-0.00043) 

0.00014 
(0.00028) 

15 

Conveyor transfer point 
(granite)c 

0.72% 3 0.000016-0.000026 
0.000032-0.000052) 

0.000021 
(0.000042) 

15 

Fines crushingc 0.72% 3 0.00010-0.00021 
(0.00020-0.00041) 

0.00016 
(0.00031) 

15 

 
aEmission factors are in units of material throughput (process) unless noted. 
bMoisture content <1.5% indicates uncontrolled and ≥ 1.5% indicates controlled emissions unless otherwise 
indicated. 
c Moisture controlled tests 
d Moisture uncontrolled tests 
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TABLE 2. SUMMARY OF PM-10 EMISSION FACTORS 
FROM CRUSHED STONE PROCESSING OPERATIONS a 

 (Factors represent uncontrolled emissions unless noted.) 
Process (SCC) No. of 

tests 
Average emission 

factor, kg/Mg (lb/ton) 
Emission 

factor rating 
Ref. Nos. 

Screening 
(3-05-020-02,-03) 

4 0.0043 (0.0086) C 1, 3, 7, 8 

Screening with wet suppression  
(3-05-020-02,-03) 

5 0.00037 (0.00073) C 1, 3, 7, 8, 
15 

Tertiary crushing  
(3-050020-03) 

4 0.0012 (0.0024) C 2, 3, 7, 8 

Tertiary crushing with wet suppression 
(3-05-020-03) 

5  0.00027 (0.00054) C 2, 3, 7, 8, 
15 

Fines crushing 
(3-05-020-05) 

1 0.0075 (0.015) E 4 

Fines crushing with wet suppression 
(3-05-020-05) 

2 0.0006 (0.0012) E 4, 15 

Fines screening 
(3-05-020-02, -03) 

1 0.036 (0.071) E 4 

Fines screening with wet suppression 
(3-05-020- 02, 03) 

1  0.0011 (0.0021) E 4 

Conveyor transfer point  
(3-05-020-06) 

3 0.00055 (0.0011) D 5, 6, 

Conveyor transfer point with wet 
suppression (3-05-020-06) 

5 2.3x10-5 (4.5x10-5) C 5, 6, 15 

 
aEmission factors are in units of material throughput (process) unless noted. 
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 TABLE 3. SUMMARY OF EMISSION DATA FOR PM EMISSIONS FROM 
CRUSHED STONE PROCESSING TEST REPORTSa 

Data Rating: C (unless otherwise noted) 
 

Source (material) Average 
material 
moisture 
content b 

No. of 
test 
runs 

Emission factor range, 
kg/Mg (lb/ton) 

Average emission 
factor, kg/Mg 

(lb/ton)d 

Ref 
No. 

Tertiary crushing 
(granite) 

0.79% 3 0.021-0.045 
(0.043-0.091) 

0.037 
(0.074) 

3 

Tertiary crushing 
(granite) 

1.78% 3 0.00016-0.00071 
(0.00032-0.0014) 

0.00044 
(0.00087) 

3 

Screening (granite) 0.70% 3 0.062-0.16 (0.12-0.31) 0.097 (0.19) 3 
Screening (granite) 1.78% 3 0.00096-0.0018 

(0.0019-0.0035) 
0.0015 

(0.0029) 
3 

Fines crushing (granite) 0.97% 3 0.13-0.58 (0.26 � 1.2) 0.36 (0.72) 4 
Fines crushing (granite) 1.92% 3 0.065-0.11 (0.13-0.23) 0.067 (0.13) 4 
Fines screening (granite) <1.5% 3 0.11-0.18 (0.22-0.37) 0.15 (0.30) 4 
Fines screening (granite) 1.68% 3 0.00096-0.0027 

(0.0019-0.0054) 
0.0018 

(0.0036) 
4 

Conveyor transfer point 
(granite) 

0.27% 3 0.0012-0.0023 
(0.0023-0.0046) 

0.0015 
(0.0031) 

5 

Conveyor transfer point 
(granite) 

0.66% 3 0.000093-0.00019 
(0.00019-0.00037) 

0.00014 
(0.00028) 

5 

Conveyor transfer point 
(granite) 

0.33% 3 0.0054-0.0087 
(0.011-0.017) 

0.0078 
(0.014) 

5 

Conveyor transfer point 
(granite) 

1.11% 3 0.000023-0.000065 
(0.000046-0.00013) 

0.000038 
(0.000076) 

5 

Conveyor transfer point 
(granite) 

0.29% 3 0.033-0.036 
(0.066-0.071) 

0.034 
(0.069) 

6 

Conveyor transfer point 
(granite) 

2.62% 3 0.000013-0.000025 
(0.000026-0.000050) 

0.000019 
(0.000038) 

6 

Conveyor transfer point 
(granite)c 

0.29% 3 0.014-0.035 
(0.029-0.069) 

0.028 
(0.055) 

6 

Conveyor transfer point 
(granite) 

2.62% 3 0.000011-0.000081 
(0.000023-0.00016) 

0.00004 
(0.00008) 

6 

Tertiary crushing 
(limestone) 

0.88% 3 0.0032-0.012 
(0.0064-0.023) 

0.0073 
(0.015) 

7 

Tertiary crushing 
(limestone) 

2.07% 3 0.00067-0.0022 
(0.0013-0.0043) 

0.0013 
(0.0025) 

7 

Screening (limestone) 0.88% 3 0.016-0.10  
(0.032-0.21) 

0.073  
(0.15) 

7 

Screening (limestone) 2.07% 3 0.0020-0.014 
(0.0040-0.029) 

0.0062 
(0.012) 

7 

Tertiary crushing 
(limestone) 

0.67% 3 0.00064-0.014 
(0.0013-0.027) 

0.0096 
(0.0190) 

8 

Tertiary crushing 
(limestone) 

1.44% 3 0.00042-0.00074 
(0.00083-0.0015) 

0.0064 
(0.0013) 

8 

Screening (limestone) 0.67% 3 0.012-0.052 0.037 8 
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(0.025-0.10) (0.074) 
Screening (limestone) 1.44% 3 0.0016-0.0021 

(0.0031-0.0043) 
0.0019 

(0.0037) 
8 

Conveyor transfer point 
(limestone) d, j 

e 3 1.0x10-5-2.0x10-5 
(2.0x10-5-4.0x10-5) 

1.5x10-5 
(3.0x10-5) 

9 

Primary crushing d 

(limestone) 
e 3 0.00010-0.00065 

(0.00020-0.0013) 
0.00035 

(0.00070) 
9 

Screening d (limestone) e 3 1.0x10-5-0.001 
(2.0x10-5-0.002) 

0.00037 
(0.00074) 

9 

Screening f e 9 0.013-0.17  
(0.025-0.33) 

0.059  
(0.118) 

10 

Screening f 1.5% 9 0.0011-0.037 
(0.0022-0.073) 

0.0031 
(0.0061) 

10 

Screening f 1.5% 9 0.0007-0.0009 
(0.0014-0.0018) 

0.0008 
(0.0016) 

10 

aEmission factors are in units of material throughput (process) unless noted. 
bMoisture content <1.5% indicates uncontrolled and >1.5% indicates controlled emissions unless otherwise 
indicated. 
cData are A-rated. 
dData are C-rated unless otherwise indicated. 
eMaterial moisture content is assumed to be low because wet suppression was not used. 
fData include emissions from three different types of screens. 
g Moisture controlled 
hMoisture uncontrolled,  
jTest data were not used in calculation of emission factors. 
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TABLE 4. SUMMARY OF PM EMISSION FACTORS 
FROM CRUSHED STONE PROCESSING OPERATIONS a 

(Factors represent uncontrolled emissions unless noted.) 
Process (SCC) No. of 

tests 
Average emission factor, kg/Mg (lb/ton) Emission 

factor 
rating 

Ref. Nos. 

Screening b,c 
(3-05-020-02,-03) 

4 PM-30 = 0.0083 (0.0166) 
PM-50 = 0.0101 (0.0202) 

PM-100 = 0.0125 (0.0250) 

E 1, 3, 7, 8 
 (Fig. 1) 

Screening with wet suppression b,c 
(3-05-020-02,-03) 

6 PM-30 = 0.0007 (0.0014) 
PM-50 = 0.0009 (0.0017) 

PM-100 = 0.0011 (0.0021) 

E 1, 3, 7, 8 
(Fig. 1) 

Tertiary crushing d 
(3-05-0020-03) 

3 PM-30 = 0.0018 (0.0036) 
PM-50 = 0.0025 (0.0049) 

PM-100 = 0.0027 (0.0054) 

E 3, 7, 8 
 (Fig. 2) 

Tertiary crushing with wet 
suppression d 
(3-05-020-03) 

4 PM-30 = 0.0004 (0.0008) 
PM-50 = 0.0006 (0.0011) 

PM-100 = 0.0006 (0.0012) 

E 3, 7, 8 
(Fig. 2) 

Fines crushing e 
(3-05-020-05) 

1 PM-30 = 0.0130 (0.0260) 
PM-50 = 0.0163 (0.0325) 

PM-100 = 0.0195 (0.0390) 

E 4 (Fig. 3) 

Fines crushing with wet 
suppression e 
(3-05-020-05) 

2 PM-30 = 0.0011 (0.0020) 
PM-50 = 0.0013 (0.0025) 

PM-100 = 0.0015 (0.0030) 

E 4 (Fig. 3) 

Fines screening 
(3-05-020-02, -03) 

1 0.15 (0.30) E 4 (Table 3) 

Fines screening with wet 
suppression (3-05-020-02, -03) 

1 0.0018 (0.0036) E 4 (Table 3) 

Conveyor transfer point f 
(3-05-020-06) 

3 PM-30 = 0.0010 (0.0020) 
PM-50 = 0.0014 (0.0027) 

PM-100 = 0.0015 (0.0029) 

E 5, 6, 15     
(Fig. 4) 

Conveyor transfer point with wet 
suppressionf (3-05-020-06) 

4 PM-30 = 0.00004 (0.00008) 
PM-50 = 0.00005 (0.00011) 

PM-100 = 0.00006 (0.00013) 

E 5, 6, 15    
(Fig. 4) 

a.Emission factors are in units of material throughput (process) unless noted. 
bData from references 9 and 10 not included. 
c.PM emission factors (controlled) calculated using Figure 1.  Uncontrolled emission factors calculated 
based on wet suppression efficiency of 91.6% derived from PM-10 data 
d.PM emission factors (controlled) calculated using Figure 2.  Uncontrolled emission factors calculated 
based on wet suppression efficiency of 77.7% derived from PM-10 data 
ePM emission factors (controlled) calculated using Figure 3.  Uncontrolled emission factors calculated 
based on wet suppression efficiency of 92.3% derived from PM-10 data 
fPM emission factors (controlled) calculated using Figure 4.  Uncontrolled emission factors calculated 
based on wet suppression efficiency of 95.9% derived from PM-10 data 
 
 

 26 



 
TABLE 5. SUMMARY OF EMISSION DATA FOR PM-2.5 EMISSIONS FROM 

CRUSHED STONE PROCESSING REPORTS a 
Data Rating: A (unless otherwise noted) 

 
Source (material) Average 

material 
moisture 
content  

No. of 
test runs 

Emission factor 
range, kg/Mg (lb/ton) 

Average 
emission factor, 
kg/Mg (lb/ton) 

Ref No. 

Tertiary crusher 
(granite)b 

1.02 3 0.00005-0.00006 
(0.00009-0.00011) 

0.00005 
(0.00010) 

15 

Fines crusher  
(granite)b 

0.73 3 0.000025-0.000040 
(0.00005-0.00008) 

0.000035) 
(0.00007) 

15 

Conveyor transfer point 
(granite)b 

1.02 3 4.5x10-6-7.5x10-5 
(0.000009-0.000015) 

6.5x10-6 
(1.3x10-5) 

15 

Screening (granite)b 0.49 3 (0.00002-0.00004) 
(0.00004-0.00008) 

2.5x10-5 
(0.00005) 

15 

aEmission factors are in units of material throughput (process) unless noted. 
bMoisture was controlled by wet suppression. 
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TABLE 6. SUMMARY OF PM-2.5 EMISSION FACTORS  
FOR CRUSHED STONE PROCESSING OPERATIONS a 

(Factors represent controlled emissions unless noted.) 
Process (SCC) No. of 

tests 
Average emission 

factor, kg/Mg 
(lb/ton) 

Emission 
factor 
rating 

Ref. Nos. 

Tertiary crushing with wet 
suppression b 
(3-05-020-03) 

1 0.00005 
(0.00010) 

E 15 

Screening with wet suppression b 
(3-05-020-02-03) 

1 2.5x10-5 
(0.00005) 

E 15 

Conveyor transfer point with wet 
suppression b 

1 6.5x10-6 
(1.3x10-5) 

E 15 

Fines crushing with wet suppression b 
(3-05-020-05) 

1 0.000035 
(0.00007) 

E 15 

aEmission factors are in units of material throughput (process) unless noted. 
b Moisture was controlled by wet suppression 
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TABLE 7. SUMMARY OF EMISSION DATA FOR PM-10 EMISSIONS  

FROM PULVERIZED MINERAL PROCESSING TEST REPORTSa 
Data Rating: A 

Source (material) Type of 
Emission 
Control 

No. of 
test runs 

Emission factor 
range, kg/Mg 

(lb/ton) 

Average 
emission 
factor, 
kg/Mg 
(lb/ton) 

Ref 
No. 

Grinding, Roller Mill 
 

Fabric 
Filter 

3 0.0005-0.0015 
(0.0010-0.0029) 

0.0009 
(0.0018) 

16a 

Grinding, Roller Mill Fabric 
Filter 

3 0.0034-0.0052 
(0.0067-0.0104) 

0.0040 
(0.0080) 

16b 

Grinding, Horizontal 
Ball Mill 

Fabric 
Filter 

3 0.0432-0.0478 
(0.0864-0.0955) 

0.0459 
(0.0919) 

16c 

Grinding, Vertical Ball 
Millb 

Fabric 
Filter 

3 0.6392-0.7714 
(1.2784-1.5428) 

0.6904 
(1.3808) 

16d 

Classifier Fabric 
Filter 

3 0.0041-0.0072 
(0.0081-0.0144) 

0.0052 
(0.0104) 

16e 

Flash Dryer Fabric 
Filter 

3 0.0070-0.0077 
(0.0141-0.0155) 

0.0073 
(0.0146) 

16f 

Product Storage - Silo Fabric 
Filter 

3 0.0005-0.0011 
(0.0010-0.0023) 

0.0008 
(0.0016) 

16g 

aEmission factors are in units of material throughput (process) unless noted. 
bEmission data are classified as an outlier. 
 
 

TABLE 8. SUMMARY OF PM-10 EMISSION FACTORS  
FOR PULVERIZED MINERAL PROCESSING OPERATIONSa 

(Factors represent controlled emissions unless noted.) 
Process (SCC) No. of 

tests 
Average emission 

factor, kg/Mg (lb/ton) 
Emission 

factor rating 
Ref. No. 

Grinding 
(3-05-020-05) 

3 0.0169 (0.0339) B 16a, 16b, 
16c 

Classifying   
(3-05-020-099) 

1 0.0052 (0.0104) E 16e 

Flash Drying  
(3-05-020-12) 

1 0.0073 (0.0146) C 16f 

Product Storage -  Silo 
(3-05-102-05) 

1 0.0008 (0.0016) E 16g 

 
aEmission factors in units of material throughput (process) unless noted. 
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TABLE 9. SUMMARY OF EMISSION DATA FOR PM EMISSIONS FROM 
PULVERIZED MINERAL PROCESSING TEST REPORTSa 

Data Rating: B (unless otherwise noted) 
Source (material) Type of 

Emission 
Control 

No. of 
test runs 

Emission factor 
range, kg/Mg 

(lb/ton) 

Average 
emission 

factor, kg/Mg 
(lb/ton) 

Ref 
No. 

Grinding, Roller Mill 
 

Fabric 
Filter 

3 0.0012-0.0030 
(0.0023-0.0060) 

0.0018 
(0.0035) 

16ad 

Grinding, Roller Mill Fabric 
Filter 

3 0.0075-0.0102 
(0.0150-0.0204) 

0.0088 
(0.0176) 

16bd 

Grinding, Horizontal 
Ball Mill 

Fabric 
Filter 

3 0.0731-0.0776 
(0.1463-0.1552) 

0.0760 
(0.1519) 

16cd 

Grinding, Vertical Ball 
Millb 

Fabric 
Filter 

3 0.7458-0.8970 
(1.4915-1.7940) 

0.7976 
(1.5952) 

16dd 

Classifier Fabric 
Filter 

3 0.0084-0.0163 
(0.0168-0.0325) 

0.0112 
(0.0225) 

16ed 

Flash Dryer Fabric 
Filter 

3 0.0116-0.0182 
(0.0232-0.0364) 

0.0153 
(0.0307) 

16fd 

Product Storage - Silo Fabric 
Filter 

3 0.0010-0.0057 
(0.0020-0.0114) 

0.0032 
(0.0063) 

16gd 

Grinding, Roller Mill Fabric 
Filter 

3 0.0052-0.0089  
(0.0104-0.0178) 

0.0068  
(0.0136) 

17c 

Product Storage - Bin 
Vent 

Fabric 
Filter 

3 0.0049-0.0089 
 (0.0098-0.0195) 

0.0078 
 (0.0135) 

18c 

Grinding, Roller Mill Fabric 
Filter 

3 0.0057-0.0092 
 (0.0113-0.0184) 

0.0078 
 (0.0156) 

19c 

Flash Dryer Fabric 
Filter 

3 0.0083-0.0145 
 (0.0167-0.0290) 

0.0109 
 (0.0217) 

20c 

Flash Dryer Fabric 
Filter 

3 0.0059-0.0149 
 (0.0117-0.0298) 

0.0101 
 (0.0202) 

21c 

Flash Dryer Fabric 
Filter 

3 0.0134-0.0246 
 (0.0267-0.0493) 

0.0173 
 (0.0345) 

22c and 
23c 

aEmission factors are in units of material throughput (process) unless noted. 
bEmission data from the Grinding, Vertical Ball Mill classified as an outlier. 
cEmission test data are rated A. 
dEmission test data are rated B due to the use of Method 201A to measure particulate matter. 
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TABLE 10. SUMMARY OF PARTICULATE MATTER EMISSION FACTORS  

FOR PULVERIZED MINERAL PROCESSING OPERATIONS a 
(Factors represent controlled emissions unless noted.) 

Process (SCC) No. of 
tests 

Average emission 
factor, kg/Mg (lb/ton) 

Emission 
factor rating 

Ref. No. 

Grinding 
(3-05-020-05) 

5 0.0202 (0.0404) D 16a, 16b, 
16c, 17, 19 

Classifying   
(3-05-020-099) 

1 0.0112 (0.0225) E 16e 

Flash Drying  
(3-05-020-12) 

4 0.0134 (0.0268) C 16f, 20, 21, 
22, 23 

Product Storage  
(3-05-102-05) 

2 0.0055 (0.0099) E 16g 

aEmission factors are in units of material throughput (process) unless noted* 

 31 



 32 

 
TABLE 11. SUMMARY OF EMISSION DATA FOR PM-2.5 EMISSIONS FROM 

PULVERIZED MINERAL PROCESSING TEST REPORTSa 
Data Rating: A (unless otherwise noted) 

Source (material) Type of 
Emission 
Control 

No. of 
test runs 

Emission factor 
range, kg/Mg 

(lb/ton) 

Average 
emission 
factor, 
kg/Mg 
(lb/ton) 

Ref 
No. 

Grinding, Roller Mill 
 

Fabric 
Filter 

3 0.0004-0.0007 
(0.0008-0.0013) 

0.0005 
(0.0011) 

16a 

Grinding, Roller Mill Fabric 
Filter 

3 0.0006-0.0007 
(0.0012-0.0014) 

0.0007 
(0.0013) 

16b 

Grinding, Horizontal 
Ball Mill 

Fabric 
Filter 

3 0.0160-0.0176 
(0.0319-0.0352) 

0.0169 
(0.0338) 

16c 

Grinding, Vertical Ball 
Mill 

Fabric 
Filter 

3 0.3211-0.3296 
(0.6422-0.6593) 

0.3250 
(0.6501) 

16d 

Classifier Fabric 
Filter 

3 0.0017-0.0024 
(0.0035-0.0049) 

0.0020 
(0.0041) 

16e 

Flash Dryer Fabric 
Filter 

3 0.0035-0.0045 
(0.0070-0.0091) 

0.0042 
(0.0083) 

16f 

Product Storage Fabric 
Filter 

3 0.0002-0.0004 
(0.0005-0.0008) 

0.0003 
(0.0006) 

16g 

aEmission factors are in units of material throughput (process) unless noted 
 
 
 

TABLE 12. SUMMARY OF PM-2.5 EMISSION FACTORS  
FOR PULVERIZED MINERAL PROCESSING OPERATIONSa 

(Factors represent controlled emissions unless noted.) 
Process (SCC) No. of 

tests 
Average emission 

factor, kg/Mg (lb/ton) 
Emission 

factor rating 
Ref. Nos. 

Grinding 
(3-05-020-05) 

3 0.0060 (0.0121) B 16a, 16b, 
16c 

Classifying   
(3-05-020-099) 

1 0.0020 (0.0041) E 16e 

Flash Drying  
(3-05-020-012) 

1 0.0042 (0.0083)  C 16f 

Product Storage 
(3-05-102-05) 

1 0.0003 (0.0006) E 16g 

aEmission factors are in units of material throughput (process) unless noted 
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