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Project Objectives

1. Cotton gin emission factors (AP-42 Section 9.7)
• Develop PM2.5 emission factors
• Update PM10 & Total PM emission factors

2. Characterize PM emitted from cotton gins (AP-
42 Appendix B.1)

3. Develop a robust PM dispersion modeling data 
set
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AP-42 Compilation of Air Pollutant 
Emission Factors
• Relates quantity of pollutant to activity releasing pollutant
• First published in 1972

• Last complete update in 1995 (5th ed.)
• Post- 1995 chapters supplemented 

and updated
• Emission factor quality ratings: A – E
• States can use AP-42

• Modeling for SIPs

• Industry air quality permits
• Operation permits 

• Construction permits

• Not all states use AP-42

EF =
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃

Emissions = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐸𝐸𝐸𝐸
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Typical Cotton Gin
• Typical emission points

• Unloading
• 1st stage seed-cotton cleaning
• 2nd stage seed-cotton cleaning
• Overflow
• Combined lint cleaning
• Combined mote
• Battery condenser
• Master trash

EPA, 1996

4



1996 AP-42 for Cotton Gins
System

PM2.5
(lb/bale)

Factor 
Rating

PM10
(lb/bale)

Factor 
Rating

Total PM
(lb/bale)

Factor 
Rating

Unloading - - 0.12 D 0.29 D

1st Stage Seed-Cotton Cleaning - - 0.12 D 0.36 D

2nd Stage Seed-Cotton Cleaning - - 0.093 D 0.24 D

3rd Stage Seed-Cotton Cleaning - - 0.033 D 0.095 D

1st Stage Lint Cleaning - - - - - -

2nd Stage Lint Cleaning - - - - - -

Combined Lint Cleaning - - 0.24 D 0.071 D

Battery Condenser - - 0.014 D 0.58 D

Cyclone Robber - - 0.052 D 0.18 D

1st Stage Mote - - - - - -

2nd Stage Mote - - - - - -

Combined Mote - - 0.13 D 0.28 D

Mote Cyclone Robber - - - - - -

Mote Cleaner - - - - - -

Mote Trash - - 0.021 D 0.077 D

Master Trash - - 0.074 D 0.039 D

Overflow - - 0.026 D 0.54 D

Typical Gin 0.82 D 2.4 D
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System Abatement Device 
Requirements
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2009×2

2008
2010

2009

2010
2011

Sampling Timelines

• Sampling
• Stack Sampling: all unique emissions points

12 to 15 days for stack sampling (est. 16 hrs/day)
• Ambient Sampling: 125 sampling point array

• 10 to 15 days (24 hrs/day)
• Ambient and stack sampling will overlap
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Stack Sampling
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PM2.5 Stack Sampling
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PM2.5 Stack Sampling

Total Particulate – sum the 
mass of all 4 samples

PM10 – sum of the mass 
from the filter, back half of 
the PM2.5 cyclone, and the 
back half of the PM10
cyclone

PM2.5 – sum the mass from 
the filter and back half of the 
PM2.5 cyclone 10



PM10 Stack Sampling
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PM10 Stack Sampling

Total Particulate – sum 
the mass of all 3 samples

PM10 – sum of the mass 
from the filter and back 
half of the PM10 cyclone
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Total Particulate Stack Sampling

Isokinetic sampling 
100 ± 10% for valid total particulate test runs
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Total Particulate Stack Sampling

Total Particulate – sum 
the mass of both samples

PM2.5 – total particulate 
concentration times % of 
the particles less than 2.5 
µm from the particle size 
analysis

PM10 – total particulate 
concentration times % of 
the particles less than 10 
µm from the particle size 
analysis
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Stack Sampling Data Collected

Test Method
Test Run Emission Factors

PM2.5 PM10 Total PM
OTM 27 w/PM10 and PM2.5 Sizing 
Cyclones 198 198 198

Method 201a (pre-12/2010) w/PM10
Sizing Cyclone 198 198

Method 17 198

Particle Size Analysis 198 198

Total 396 594 594

• There were a total of 594 test runs
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68 Technical Reports Completed

http://buser.okstate.edu/air-quality/cotton-gin/technical-reports/

Particle Size Distribution Characteristics of Cotton 
Gin 1st Stage Seed-Cotton Cleaning System Total 
Particulate Emissions 
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EPA’s 2013 Emission Factor 
Development Procedures
• Data screening

• Inconsistent gin operation
• Lab errors
• Statistical outliers - residual analysis

• Data Quality- Individual Test Rating (ITR)
• Submitter review- document inclusion
• Regulatory review- quality of documentation

• Factors rated by “representativeness” of industry
• Poorly
• Moderately
• Highly

• Non EPA-approved methods allowed
• No geographic considerations

17



ITR Development
Supporting documentation and regulatory agency review questions

Gin N Test

Individual Test Rating

Submitter questions- 16 Regulatory review questions- 47
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Emission Factor and Quality 
Calculation
• Sort ITR in descending order
• Use ITRs to calculate Composite Test Rating (CTR)

• Use CTR to calculate Factor Quality Index (FQI)

• Use FQI to determine factor representativeness
• Poorly representative: FQI > 0.5774
• Moderately representative: 0.3015 < FQI < 0.5774
• Highly representative: FQI < 0.3015

𝐶𝐶𝐶𝐶𝐶𝐶 =
∑𝑖𝑖=1𝑛𝑛 1

𝐼𝐼𝐼𝐼𝐼𝐼
2

𝑁𝑁

−0.5

𝐹𝐹𝐹𝐹𝐹𝐹 =
100

𝐶𝐶𝐶𝐶𝐶𝐶 ∗ 𝑁𝑁0.5
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Emission Factors Based on EPA’s 2013 Development 
Procedures (National Study Data Only)

PM2.5 PM10 Total PM

System
Emission 
Factor† Rating* Emission 

Factor† Rating* Emission 
Factor† Rating*

Unloading 0.0221 P 0.1034 M 0.1284 M
1st Stage Seed Cotton Cleaning 0.0081 M 0.0847 H 0.1360 H
2nd Stage Seed Cotton Cleaning 0.0036 M 0.0376 M 0.0559 H
3rd Stage Seed Cotton Cleaning 0.0040 P 0.0209 M 0.0257 M
1st Stage Lint Cleaning 0.0085 M 0.0599 M 0.0813 H
2nd Stage Lint Cleaning 0.0048 M 0.0197 M 0.0334 H
Combined Lint Cleaning 0.0138 M 0.1369 M 0.2459 M
1st Stage Mote 0.0039 M 0.0203 M 0.0286 H
2nd Stage Mote 0.0022 M 0.0097 M 0.0121 H
Combined Mote 0.0095 P 0.1012 M 0.1403 M
Battery Condenser 0.0035 M 0.0181 H 0.0352 H
Cyclone Robber 0.0016 P 0.0078 M 0.0171 M
Mote Cyclone Robber 0.0043 P 0.0264 M 0.0452 M
Master Trash 0.0044 M 0.0559 M 0.1611 H
Overflow (Distributer) 0.0041 M 0.0218 M 0.0385 H
Mote Cleaner 0.0130 P 0.0598 M 0.1003 M
Mote Trash 0.0011 P 0.0107 M 0.0190 M
Typical Gin 0.0692 0.5596 0.9413
Typical Gin (split lint cleaning 
and mote systems) 0.0653 0.4310 0.7105

* P – Poorly, M – Moderately, H – Highly † kg/bale
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Comparison to 2013 National Study 
Technical Reports and 1996 AP-42

System

Percent  difference from
PM2.5 PM10 Total PM 

National 
Study 

1996 
AP-42

National 
Study

1996 
AP-42

National 
Study

Unloading -0.4 90 -3.8 -2.4 -4.4
1st Stage Seed Cotton Cleaning -1.0 56 -13 -17 -10
2nd Stage Seed Cotton Cleaning 0.2 -11 -4.7 -49 -4.5
3rd Stage Seed Cotton Cleaning -0.4 40 9.7 -40 9.0
1st Stage Lint Cleaning -1.2 - 45 - 16
2nd Stage Lint Cleaning -3.7 - 11 - 47
Combined Lint Cleaning 1.2 26 -9.1 -6.5 16
1st Stage Mote -5.4 - 1.6 - 12.8
2nd Stage Mote -13 - 19 - 16
Combined Mote -0.3 72 3.8 10 -3.6
Battery Condenser -5.1 185 11 99 10.9
Cyclone Robber -13 -67 -22 -79 -16.3
Mote Cyclone Robber -6.3 - -4.6 - -10.3
Master Trash 5.4 66 0.1 -34 -13
Overflow (Distributer) 2.9 85 66 19 35
Mote Cleaner 264 - 21 - -4.7
Mote Trash 0.5 12 -5.7 -46 7.4
Typical Gin 0.2 50 -3.2 -14 -0.7
Typical Gin (Split lint cleaning 
and mote systems) -5.5 16 -25 -35 -25
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EPA’s Current Method for Incorporating 
1996 AP-42 Data
• Current AP-42 source test ratings converted to ITR

• A = 80

• B = 60

• C = 45

• D = 30

• Excluded from emission factor calculation:
• PM10 - 100%
• Total PM - 33%

22



Incorporation of 1996 AP-42 Data
• Rating current AP-42 data with ITR methodology

• PM10:

• 80 – 100: 78%

• 60 – 80: 15%

• < 60: 7% (excluded)

• Total PM:

• 80 – 100: 80%

• 60 – 80: 11%

• < 60: 9% (excluded)
23



Determine Additional Data Needs
• Tests needed using final CTR

(combined with 1996 AP-42)

• Moderately representative: 

N = 30,000 * CTR-2

NOTE: Only 7 systems were 
poorly representative (PM2.5)

• Highly representative: 

N = 110,000 * CTR-2

System
Additional N Needed for 
“Highly Representative”

PM2.5 PM10 Total PM
Unloading 9 2 -
1st Stage Seed Cotton Cleaning 5 - -
2nd Stage Seed Cotton Cleaning 7 - -
3rd Stage Seed Cotton Cleaning 10 7 5
1st Stage Lint Cleaning 8 4 -
2nd Stage Lint Cleaning 8 4 -
Combined Lint Cleaning 8 2 -
1st Stage Mote 7 1 -
2nd Stage Mote 7 1 -
Combined Mote 9 - -
Battery Condenser 6 - -
Cyclone Robber 9 6 2
Mote Cyclone Robber 9 6 5
Master Trash 6 1 -
Overflow (Distributer) 8 2 -
Mote Cleaner 9 7 8
Mote Trash 9 6 4

Total 134 49 24
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Particle Size Distribution
System

Test 
Runs MMD % < 2.5 

µm
% < 6 

µm
% < 10 

µm
Unloading 9 8.0 3.24 36.1 59.6
1st Stage Seed Cotton Cleaning 21 10.7 2.99 27.5 47.5
2nd Stage Seed Cotton Cleaning 15 12.2 2.42 25.1 43.2
3rd Stage Seed Cotton Cleaning 6 9.6 3.84 32.2 51.5
1st Stage Lint Cleaning 10 29.2 1.39 11.1 20.2
2nd Stage Lint Cleaning 5 29.8 1.04 11.4 20.9
Combined Lint Cleaning 9 19.9 1.50 15.3 28.2
1st Stage Mote 14 16.4 2.49 21.6 36.0
2nd Stage Mote 15 16.1 2.87 23.0 37.3
Combined Mote 6 15.8 1.75 20.4 35.7
Battery Condenser 18 24.5 1.11 13.2 24.3
Cyclone Robber 9 20.3 2.10 17.5 30.3
Mote Cyclone Robber 9 21.2 2.20 16.9 29.0
Master Trash 15 20.6 1.86 14.0 25.7
Overflow (Distributer) 12 18.7 1.67 17.0 31.0
Mote Cleaner 6 17.1 1.53 17.1 31.8
Mote Trash 6 23.9 1.75 13.3 24.2
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PSD Based Emission Factors
System

PM2.5 PM6 PM10
Rating*Emission 

Factor†
Emission 
Factor†

Emission 
Factor†

Unloading 0.0027 0.047 0.0536 P
1st Stage Seed Cotton Cleaning 0.0050 0.040 0.0643 M
2nd Stage Seed Cotton Cleaning 0.0013 0.015 0.0258 M
3rd Stage Seed Cotton Cleaning 0.0012 0.010 0.0135 P
1st Stage Lint Cleaning 0.0010 0.011 0.0148 M
2nd Stage Lint Cleaning 0.00031 0.0049 0.0050 P
Combined Lint Cleaning 0.0035 0.038 0.0552 M
1st Stage Mote 0.00064 0.0065 0.0091 M
2nd Stage Mote 0.00032 0.0030 0.0043 M
Combined Mote 0.0024 0.027 0.0517 P
Battery Condenser 0.00041 0.0049 0.0075 M
Cyclone Robber 0.00033 0.0045 0.0047 M
Mote Cyclone Robber 0.0013 0.0085 0.0167 P
Master Trash 0.0027 0.022 0.0395 M
Overflow (Distributer) 0.00075 0.0061 0.0105 M
Mote Cleaner 0.0013 0.018 0.0275 P
Mote Trash 0.00031 0.0029 0.0038 P
Typical Gin 0.0187 0.1998 0.3081
Typical Gin (Split lint cleaning 
and mote systems) 0.0150 0.1605 0.2343

* P – Poorly, M – Moderately, H – Highly †kg/bale
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Combine EPA-Approved Method 
and PSD Data?
• No outliers based on residuals

• No outliers found by ProUCL
• PSD could be combined with EPA-approved methods
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Emission Factor Conclusions
• AP-42 Section 9.7 cotton gin datasets could be expanded (pending 

EPA approval)
• PM2.5- 0 → 65
• PM10- 38 → 171
• Total PM- 50 → 253

• Six additional systems could be added to the AP-42
• Splitting combined lint cleaning and mote systems for typical gin 

reduced emission factors-
• PM2.5: 6.5% 
• PM10: 16%
• Total PM: 22%

• PM2.5 emission factors
• 59% moderately representative
• 41% poorly representative
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Emission Factor Conclusions
• If the 1996 AP-42 datasets have value, they must be rerated 

using ITR methodology 
• Improved quality rating of PM10 and total PM emission factors

• PM10- 24% highly representative
• Total PM- 71% highly representative
• No poorly representative factors

• AP-42 Appendix B.1 cotton gin datasets could be expanded 
(pending EPA approval)
• 2 systems → 17 systems
• Particle size distribution characteristics

• Emission factors from Method 17 coupled with particle size 
analyses could be merged with AP-42 Section 9.7 emission 
factors based on statistical outlier analyses 30



Finalized Cotton Gin Study Recommended 
Emission Factors and Data Quality Rating 
Reports Submitted to EPA

• 280 technical 
reports

• Submitted: 
February 2015

http://buser.okstate.edu/air-quality/cotton-gin/technical-reports-sent-to-epa/
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Journal of Cotton Science Manuscripts 
(Referred Journal Articles)

• 17-PM2.5 manuscripts 
published Jan 2014

• 17-PM10 manuscripts 
published Sept 2014

• 17 total PM manuscripts 
published April 2015

• 17 PSD manuscripts 
published September 2015?
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Project Objectives
1. Cotton gin emission factors (AP-42 Section 9.7)

• Develop PM2.5 emission factors
• Update PM10 & Total PM emission factors

2. Characterize PM emitted from cotton gins (AP-
42 Appendix B.1)

3. Develop a robust PM dispersion modeling data 
set
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Status/Timeline
• Stack sampling data – ready
• Ambient sampling data – compiled

• Error checking – 93% complete
• Meteorology data – 86% complete
• Structures data – 72% complete
• Modeling evaluation

• Jason Throckmorton - M.S. student started Jan. 2015
• Hope to have initial results to present at the 2016 Beltwide Cotton 

Conferences
• Develop a modeling advisory group (August 2015 is the target 

deadline for forming this group):
• EPA – Joel Huey?
• Missouri DNR – Dawn Froning
• TCEQ - ?
• USDA NRCS – Greg Zwicke
• Lakes Environmental – Dr. The’
• Others
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Dispersion Modeling Evaluations
• Models that will be evaluated:

• AERMOD, AERSCREEN, ISC3, …
• Develop model specific concentration databases

• Geospatial and temporal values will directly correspond to the 
measured ambient data

• Statistically compare the actual measured TSP concentrations and 
modeled TSP concentrations. 
• Effects of using on-site meteorology data versus local or region data
• Can on-site wind field data set be used in explaining some of the 

differences between the modeled and measured concentrations? 
• Will using particle size data help?
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Dispersion Modeling
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