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Abstract. Air quality regulation across the U.S. is intensifying due to increasing public concern for 
environmental protection.  Non-attainment status with Federal particulate matter (PM) air quality 
standards has forced air pollution regulators in some states to focus emission reduction efforts on 
previously exempt agricultural operations.  Specifically, farmers in California and Arizona are 
required to obtain air quality permits for all crop production operations including harvesting, tillage, 
and planting.  Producers are also required to submit conservation management plans detailing the 
actions the producer will take to reduce fugitive PM emissions from their operation.  Permit fees and 
fines for violations add substantially to production costs.  A problem faced by producers and 
regulators is the lack of accurate emission factors for many agricultural field operations including 
cotton harvesting.  The objective of this work is to document the protocol and PM emission factors 
developed for a six row cotton picker using a novel source measurement technique.  The area based 
TSP, PM10, and PM2.5 emission factors developed in this work are 1.64, 0.55, and 1.58E-03 kg ha-1, 
respectively (1.46, 0.49, and 1.41E-03 lb ac-1, respectively).  In terms of PM emitted per harvested 
cotton mass, the TSP, PM10, and PM2.5 emission factors are 0.22, 0.07, and 2.15E-4 kg bale-1, 
respectively (0.48, 0.15, and 4.74E-4 lb bale-1, respectively).  The average systematic uncertainty of 
the emission rate measurements is 2.78% indicating that the resulting emission factors likely 
accurately represent the emissions from the harvester.  The use of accurate emission factors in the 
regulatory process will help regulators focus their emission reduction efforts on the most appropriate 
sources.      

Keywords. Cotton, Harvesting, Particulate Matter, Isokinetic Sampling, PSD, Emission Factor  
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Introduction 
Air pollution regulators are required by federal law to ensure that regional air quality is in 
compliance with federal standards.  National Ambient Air Quality Standards (NAAQS) are 
established for six criteria pollutants including SOx, NOx, CO, ozone, PM10, and PM2.5.  An area 
within a state may be classified as a non-attainment area if the ambient concentration of a 
criteria pollutant is shown to exceed the NAAQS.  The primary criteria pollutant of interest to the 
cotton industry is PM10.  PM10 refers to the fraction of particulate matter (PM) with aerodynamic 
equivalent diameter (AED) less than or equal to 10 micrometers (µm).  The 24-hour average 
NAAQS concentration limit for PM10 is 150 µg m-3 (Federal Register, 2006).  PM2.5 refers to 
particles (liquid or solid) that have an AED less than or equal to 2.5 µm. The NAAQS limits the 
24 hour average concentration of PM2.5 to 35 µg m-3 (Federal Register, 2006).  Historically, the 
PM2.5 NAAQS has been of little concern to agricultural producers as agricultural operations 
(including cotton production and processing) typically emit PM with larger particle sizes than 
urban sources (Wanjura, 2005) and which contain very few particles smaller than 2.5 µm. 

Agricultural operations are facing increased pressure from air pollution regulators in some states 
across the US due to regional non-attainment status and annual emissions inventories 
calculated with emission factors which contain substantial amounts of uncertainty.  
Subsequently, agricultural operations have become subject to more stringent permitting and 
control requirements which result in increased production costs.  Cotton production is included 
in this targeted group.  Specifically, agricultural producers in areas of California and Arizona are 
required to obtain air quality permits and comply with conservation management or best 
management practice mandates (CARB, 2003; SJVAPCD, 2004 a and b; AAC, 2000).  
Producers are required to comply with management practice mandates in an effort to reduce the 
amount of fugitive PM emissions from crop production operations such as land preparation, 
planting, tilling, harvesting, etc.   

A limited amount of research has been conducted to quantify PM emissions from cotton 
harvesting.  A study conducted under contract with the USEPA by Snyder and Blackwood 
(1977) reported emissions of particulate matter less than 7 µm (mean aerodynamic diameter) on 
the order of 0.96 kg km-2 (8.4*10-3 lbs acre-1) for harvesting operations using two-row cotton 
pickers.  This emission factor, reported in AP-42 (EPA, 1995), represented the total emission 
factor from harvesting operations including emissions from the harvesting machine, trailer 
loading operations, and trailer transporting operations.  The information given in AP-42 (EPA, 
1995) is based on antiquated harvesting technology and a flawed protocol.  Today’s machinery 
can harvest up to six rows of cotton per field pass with basket capacities in the range of 4086 kg 
(9000 lbs) (basket volume = 40 m3 [1400 ft3]) (Deere and Co., 2007).  No detail is given as to 
how measured concentrations were used to determine the emission rate from the harvesting 
machine.  The same is true for the method used to determine the emission rate from the trailer 
loading operation.  Further, the emission factors reported are based on concentrations of 
particulate matter less than 7 µm mean aerodynamic diameter.  This size range of particulate 
matter represents only part of the regulated size fraction of dust in the US.   

In an effort to quantify the PM10 emissions from modern cotton harvesting operations, Flocchini 
et al. (2001) conducted a study to measure the emissions from cotton harvesting operations 
using two to five row equipment.  The results of the study by Flocchini et al. (2001) indicate that 
the PM10 emissions from cotton picking machines in the San Joaquin valley of California are on 
the order of 1.9 kg ha-1 (1.7 lbs acre-1).  The protocol used by Flocchini et al. (2001) utilized 
Federal Reference Method (FRM) PM10 samplers to measure downwind concentrations from 
the source.  Work by Buser et al. (2006) showed that an FRM PM10 sampler could theoretically 
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over state true PM10 concentrations by 343% when sampling PM with a lognormal particle size 
distribution (PSD) with mass median diameter (MMD) = 20 µm and geometric standard 
deviation (GSD) = 2.0.  The PSD characteristics used by Buser et al. (2006) are in the ranges 
described by Faulkner et al. (2006) for dust emitted from agricultural operations. 

Accurate, science based emission factors must be used in the air pollution regulatory process to 
ensure fair and appropriate regulation for agricultural and industrial sources.  Moreover, the use 
of accurate emission factors to calculate emissions inventories will help producers and 
regulators focus their emission reduction efforts on the processes or operations which produce 
the highest level of emissions. 

The uncertainty in the emission factors developed by Snyder and Blackwood (1977) and 
Flocchini et al. (2001) is attributable to the indirect techniques used.  Wanjura (2008) described 
the design and evaluation of a novel sampling system used to measure PM emission 
concentrations onboard a six-row John Deere 9996 cotton picker.  Utilizing the system designed 
by Wanjura (2008), an emission factor development protocol based on direct measurement was 
developed.  The resulting emission factors do not contain the uncertainty of previous estimates 
obtained through indirect techniques.  The objective of this work is to document the protocol 
utilizing the system developed by Wanjura (2008) and report the results of a study to develop 
PM emission factors from cotton harvesting in terms of PM10, PM2.5,and total suspended 
particulate (TSP).Safety Emphasis 

Methods 
System Description 
An isokinetic sampling system installed on a John Deere model 9996 cotton picker was used to 
measure PM emission rates as the machine harvested cotton.  A detailed description of the 
design and evaluation of the sampling system is given by Wanjura (2008).  The sampling 
system was designed to collect all of the seed cotton, foreign material, and PM laden air from 
one of the ducts that transport harvested material from the row units to the harvester basket.  A 
baffle type separation section removed seed cotton and large foreign material from the 
conveying air stream and placed the separated material in the harvester basket.  The PM laden 
air stream exited the baffle separation section through a duct with a 0.093 m2 (1 ft2) square 
cross sectional area.  An isokinetic PM emission concentration was measured in the duct before 
the air was exhausted into the basket of the harvester.  The portion of the duct air flow sampled 
by the isokinetic sampling system was passed through a 15.2 cm (6 in) diameter barrel type 
cyclone (Tullis et al., 1997) to remove large material collected by the sampler nozzle.  The PM 
that penetrated the cyclone was captured by two 20.3 by 25.4 cm coated borosilicate glass 
microfiber filters (Pall Corp., Pallflex Emfab filter material 7224, East Hills, NY).  The sampling 
system air flow rate (nominal flow rate = 2.12 m3 min-1 [75 ft3 min-1]) was measured by an orifice 
meter (53.64 mm [2.112 in] orifice diameter) and controlled by an automated valve based on the 
duct air velocity.  The air velocity in the duct was measured by a pitot tube mounted 2.5 cm (1 
in) to the side of the isokinetic sampling nozzle mounted in the center of the duct.  The velocity 
of the air entering the sampler nozzle was calculated by dividing the flow rate through the orifice 
meter by the cross sectional area of the nozzle (2786.4 mm2 [4.32 in2]).  The tip of the sampling 
nozzle and pitot tube were mounted at the same distance inward from the exit of the duct to 
prevent errors in duct velocity measurements resulting from changes in air flow patterns around 
the sampling nozzle.  A laptop computer running LabView (LabView v. 8.0, National 
Instruments, Austin, TX) was used to control the isokinetic sampling system air flow rate and 
measure and record air flow, temperature, relative humidity, and barometric pressure data. 

Field Testing and Laboratory Analysis 
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Ten field tests were conducted with the source sampling system during the 2007 sampling work 
described by Wanjura (2008).  Each test plot was setup so that the harvester made a total of 
eight passes in the field (4 rounds) covering 48 rows per test.  The test plots ranged in size from 
2.3 to 1.01 ha and the test durations ranged from 128 to 49 min.  Soil samples were taken from 
several locations across each test plot and processed through a series of sieves to determine 
the mass fraction < 106 µm and < 75 µm as described by Wanjura (2008).  Surface soil 
moisture content measurements were taken across each test plot during each test using a hand 
held moisture meter (Theta Probe ML2x, Delta-T Devices, Cambridge England).  Samples of 
seed cotton were hand picked and placed in storage containers for moisture content analysis 
according to the procedure described by Shepherd (1972).  The results of the sieve analyses 
and soil and seed cotton moisture content measurements were used in correlation analyses to 
investigate trends in the emission factor data. 

Prior to entering the field, the system operator started the fan on the harvester and operated the 
picker engine at full throttle to allow the system to stabilize before entering the field.  Once the 
harvester fan was running at full speed, the operator switched on the source sampler fans 
through the laptop computer control interface and allowed the source sampling system to 
equilibrate with the harvester air system before entering the field.  The harvester speed was 
held approximately constant in the field at 6.44 km h-1 (4 mi hr-1).  The load on the harvester 
engine varied by yield and plant density resulting in fluctuations in the harvester fan speed.  
Typically, these fluctuations were brief in nature only lasting a few seconds.  Therefore, the 
algorithm used in the source sampler control system was configured to modulate the valve 
position based on a 7 second running average for both the exit duct velocity and source sampler 
nozzle velocity.    After each pass in the field, the harvester basket was emptied to keep cotton 
from building up under and plugging the source sampler dropper wheel and the sampler nozzle 
and pitot tube were checked to make sure no cotton fiber was blocking either orifice.  Isokinetic 
sampling ratios were calculated from the duct and nozzle velocities (i.e. I = air velocity entering 
nozzle / air velocity in duct) during each test according to the methods described in EPA method 
5 (CFR, 1999).  

Two filters were installed on the exit side of the barrel cyclone in the isokinetic sampling system 
at the beginning of each test and were replaced approximately half way through the test to 
prevent overloading.  The filters were pre and post weighed according to the process described 
by Wanjura et al. (2005) using an analytical balance (XS205, Mettler-Toledo, Greifensee 
Switzerland).  The cyclone bucket was pre and post weighed with a laboratory balance 
(PB1502, Mettler-Toledo, Greifensee Switzerland).  The PM <100 µm captured in the cyclone 
bucket was extracted using an air wash procedure.  All of the material captured in the cyclone 
bucket was placed into a cubical tumbler inside the air wash machine covered with 100 µm 
mesh screen.  The tumbler was rotated at approximately 60 rpm for 20 min as air was drawn 
from outside the sealed outer chamber through the tumbler at approximately 1.13 m3 min-1 (40 
ft3 min-1) to help extract PM from the material in the tumbler.  The extracted PM was collected 
on a 20.3 by 25.4 cm coated borosilicate glass microfiber filter.  The air washing procedure is 
described in detail by Wanjura (2008).  The mass of the PM penetrating the cyclone and the PM 
<100 µm captured in the cyclone bucket was used to calculate the TSP emission concentrations 
from the harvester (equation 1). 

DQ
MMC

s

CBPC
E

+
=  (1) 

where CE = TSP emission concentration (g m-3), MPC = mass of PM penetrating the cyclone 
captured on the filters (g), MCB = mass of PM <100 µm air washed from the material captured in 
the cyclone bucket (g), QS = sampler air flow rate (m3 s-1), and D = test duration (s).  
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The emission concentration was used to determine the total PM emission rate emitted from the 
harvester basket during each test according to equation 2.     

6DEE QCR =  (2) 

where RE = total harvester basket TSP emission rate (g s-1), QD = source sampler exit duct flow 
rate (m3 s-1), and 6 = the number of seed cotton transport ducts on the harvester.  TSP Emission 
factors were calculated for each test by multiplying the test average emission rate by the test 
duration (D) then normalizing the resulting total PM mass by the test plot area (ha) or number of 
lint bales harvested.   

PSD analyses were conducted on the PM penetrating the cyclone and PM <100µm captured in 
the cyclone bucket using a MultisizerTM3 Coulter Counter® (Beckman Coulter Inc., Miami, FL) 
according to the procedure described by Faulkner and Shaw (2006).  The Coulter Counter 
presents the PSD results in distribution form relating percent mass to equivalent spherical 
diameter (ESD).  The results were converted from an ESD to AED basis by multiplying by pρ , 
where ρp = PM particle density (g cm-3).  Particle density measurements were conducted on 
samples of the PM <100µm captured in the cyclone bucket using a pycnometer (AccuPyc 1330 
Pycnometer, Micromeritics, Norcross, GA) according to the procedure described by Wanjura 
(2005).  The mean ρp of the ten tests was 1.59 g cm-3 and was used to convert PSD results to 
an AED basis.  The mass of the PM which penetrated the cyclone (and was collected on the 
filters) was insufficient for reliable particle density analyses.  

A composite PSD was developed for each test by taking a mass weighted average of the PSDs 
from the PM penetrating the cyclone and PM <100µm captured in the cyclone bucket.  The 
composite PSD analyses yielded the PM10 and PM2.5 mass fractions of the TSP samples.  TSP 
emission factors were multiplied by the respective mass fractions to determine PM10 and PM2.5 
emission factors for the PM emitted from the harvester basket. 

The PM emissions generated by the interaction of the harvester wheels on the soil surface as 
the machine moved through the field were not measured by the source sampling system.  Field 
tests were conducted prior to the 2007 harvest to quantify the PM emissions generated by the 
action of the harvester wheels on the soil surface.  These tests were conducted prior to the 
harvesting season because it was impossible to drive the harvester through the field with full 
grown plants after harvest without operating the row units and fan.  Therefore the tests were 
conducted with the crop at the latest growth stage where the harvester could pass down the 
rows without damaging the top or sides of the plants.  The plants were approximately 41 – 51 
cm (16 - 20 in) tall at the time of the tests.  Ground based TSP samplers described by Wanjura 
et al. (2005) were used to measure downwind PM concentrations generated by the harvester.  
The measured TSP concentrations and meteorological data measured onsite were used in the 
Industrial Source Complex Short Term version 3 (ISCST3) dispersion model to back calculate 
emission rates from the source.  Total emission factors from the harvesting operation were 
calculated by adding the basket emission factors to the wheel/soil surface interaction emission 
factors.  

Analysis of variance (ANOVA) and Tukey’s HSD tests were used to test for differences in test 
data using the general linear model in SPSS (SPSS 12.0.1, SPSS Inc. Chicago, IL) at the 0.05 
level of significance.  Correlation analyses were also performed using SPSS.    

Results 

The soil sieve analyses on the samples taken from each of the test plots indicated no significant 
differences between the test plots for the < 75 µm (p = 0.685) or 106 µm (p = 0.229) size 
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ranges.  Similarly, the soil moisture content values were not different by test plot (p = 0.368).  
Significant differences by test were observed in the seed cotton moisture content data (p < 
0.001).  The test duration, test plot area, lint yield, soil mass fractions, soil moisture content, and 
seed cotton moisture content for each test are shown in table 1. 
 
Table 1. Test duration, test plot area, lint yield, soil mass fraction, soil moisture content, and 
seed cotton moisture content data for ten tests conducted to measure PM emissions onboard a 
six row cotton picker. 

Test 
Duration 

(min) 
Plot Area 

ha (ac) 

Yield 
bales ha-1  

(bales ac-1) 

Soil 
Mass % 
< 75µm*

Soil  
Mass % 

< 106µm* 

Soil 
Moisture 
Content 

(%)* 

Seed 
Cotton 

Moisture 
Content 

(%)** 
1 128 2.3 (5.6) 6.3 (2.6) 7.2 8.16 16.3 7.8a 
2 110 2.1 (5.1) 6.0 (2.4) 6.5 7.78 16.8 6.9b 
3 102 1.3 (3.1) 5.9 (2.4) 9.7 12.91 14.1 8.5c 
4 92 1.5 (3.8) 6.9 (2.8) 9.7 12.91 14.1 7.0d 
5 87 1.4 (3.5) 9.0 (3.7) 7 9.12 14.2 7.0d 
6 65 1.2 (3.0) 9.3 (3.8) 4.5 6.04 16.3 7.6e 
7 76 1.1 (2.8) 8.4 (3.4) 4.8 5.87 16.5 8.3f 
8 90 1.1 (2.7) 8.2 (3.3) 4.8 5.87 16.6 8.2fg 
9 65 1.0 (2.5) 6.7 (2.7) 9.1 13.6 16.9 8.2g 

10 49 1.0 (2.5) 7.5 (3.1) 9.1 13.6 16.2 8.2g 
  Significance Level 0.685 0.229 0.368 <0.001 

Means followed by the same letter are not significantly different according to Tukey’s HSD test 
(α = 0.05). 
*Mean values not significantly different by test (α = 0.05). 
** Means from 3 repeated measures. 

 

The TSP emission concentrations and emission rates from the six-row harvester during each 
test are presented in table 2.  The mean TSP emission concentration and 95% confidence 
interval was 158.8 ± 25.85 mg m-3.  The mean TSP emission rate calculated from the emission 
concentration data was 67.1 ± 11.05 g min-1.  Isokinetic sampling conditions (i.e. velocity of air 
entering the sampling nozzle = air velocity in the duct) were maintained during the source 
sampling tests. 

Uncertainty in the TSP emission rates due to systematic effects was calculated according to the 
procedure described by Kline and McClintock (1953).  The mean systematic uncertainty in the 
TSP emission rates was 1.85 g min-1 or 2.78%.  The systematic uncertainty is six times smaller 
than the 95% confidence interval on the mean.  Thus, the TSP emission rate measurements are 
precise in nature and we have confidence that perturbations in the measured emission rates are 
a result of natural variations in the level of PM emissions from the source rather than variations 
in the measurement system.     
Table 2. Total suspended particulate emission concentrations and emission rates measured 
onboard a six row cotton picker. 
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Test 
TSP Emission 

Concentration (mg m-3) 
TSP Emission 
Rate (g min-1) 

1 116.8 50.9 
2 111.0 43.3 
3 107.6 44.6 
4 157.9 67.4 
5 214.1 88.0 
6 197.9 85.6 
7 218.2 91.5 
8 155.9 66.8 
9 173.9 75.0 

10 134.2 57.7 
   

Mean* 158.8 ± 25.85 67.1 ± 11.05 
St. Dev. 41.7 17.8 

*Means displayed with 95% confidence intervals. 

The mean mass percent PM10 and PM2.5 results from the Coulter Counter PSD analyses on the 
PM penetrating the cyclone, PM <100 µm in the cyclone bucket, and mass weighted average 
composite PSD are shown in table 3.  The composite PSD mass percent PM10 and PM2.5 values 
from each test were used to calculate emission factors in terms of PM10 and PM2.5 from TSP 
values.  The mass percent PM10 and PM2.5 values for the ten test mean composite PSD were 
34.02 ± 1.63 and 0.06 ± 0.005, respectively.  The PSD shown in figure 1 for the PM penetrating 
the barrel cyclone contains substantially larger fractions of small particles (i.e. particles < 10 µm) 
as a consequence of the cyclone performance characteristics.  Tullis et al. (1997) reported a 
cutpoint of 3.5 µm for the barrel cyclone.  The mean percent PM10 and PM2.5 for the PM 
penetrating the cyclone were 87.6 ± 1.21 and 0.22 ± 0.01, respectively compared to 25.32 ± 
1.72 and 0.04 ± 0.004, respectively for the PM <100 µm captured in the cyclone bucket.  The 
cyclone operated as expected removing large diameter PM from the air stream and allowing 
mostly small diameter PM to penetrate to the filters.  Inspection of the mass weighted average 
composite PSD indicates that the majority of the sampled PM mass was collected in the cyclone 
bucket. 

MMD and GSD values for the best-fit lognormal distributions for the average PSDs shown in 
figure 1 are included in table 3.  The lognormal distribution has been used to fit the skewed size 
distribution of aerosols (Hinds, 1999) and provides a convenient way to determine the fraction of 
particulate mass within a given size range.         
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Figure 1. Particle size distribution plot relating percent mass to aerodynamic particle diameter 

for the PM captured on the filters after the barrel cyclone, PM <100µm collected in the cyclone 
bucket, and mass weighted average composite PSD.  Plots shown reflect the average PSD 

from all ten tests. 
 

Table 3. PSD analysis results for the PM penetrating the barrel cyclone on the source sampling 
system, PM <100µm air washed from the material captured in the cyclone bucket, and mass 
weighted average composite PSD.  Means shown with 95% confidence intervals (C.I.). 

  

 
PM Penetrating 
Cyclone PSD 

Cyclone Bucket 
PM <100µm Composite PSD 

  Mean ± 95% C.I.
Mea

n ± 95% C.I. Mean ± 95% C.I. 

%PM10* 87.60 1.21 
25.3

2 1.72 34.02 1.63 

%PM2.5* 0.22 0.01 0.04 0.004 0.06 0.005 

       

MMD (µm) 5.84 0.10 
16.5

7 0.80 14.32 0.68 

GSD 1.53 0.02 2.04 0.05 2.20 0.06 

*PM mass % PM10 and PM2.5 values reported from the Coulter Counter® analysis. 
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The test plot area, lint yield, test duration, soil mass fractions, seed cotton moisture content, and 
soil surface moisture content data were used in correlation analyses to investigate trends in the 
emission rate data (table 4).  PM10 and PM2.5 emission rates used in the analysis were 
calculated from TSP emission rates using the mass weighted average composite PSDs.  
Significant direct correlations were observed between lint yield and TSP (p = 0.0018) and PM10 
(p = 0.0085) emission rates at the 0.01 level of significance.  A significant direct correlation was 
also observed between lint yield and PM2.5 emission rate (p = 0.0194) at the 0.05 level of 
significance.  This finding suggests that it is appropriate to report emission factors in terms of 
PM mass emitted per unit mass of cotton harvested (e.g. kg bale-1).  A significant indirect 
correlation was observed between test duration and PM2.5 emission rate (p = 0.0298) at the 0.05 
level of significance.  This seems to be an anomaly in the data as the correlations between test 
duration and the other emission rates were not significant.    
 
Table 4. Correlation results of the source sampler emission rate data with area, yield, test 
duration, soil mass % < 75 µm, soil mass % < 106 µm, seed cotton moisture content, and soil 
surface moisture content. 

 Emission Rate (g min-1) 

 TSP PM10 PM2.5 

Area (ha) -0.503 -0.379 -0.611 

Yield (bales ha-1) 0.850** 0.775** 0.718* 

Duration (min) -0.539 -0.425 -0.682* 

Soil Mass % < 75 µm -0.460 -0.377 -0.086 

Soil Mass % < 106 µm -0.334 -0.272 0.070 

Seed Cotton Moisture Content (%) -0.005 -0.168 -0.028 

Soil Surface Moisture Content (%) 0.018 -0.071 -0.153 
*Correlation coefficient statistically significant at the 0.05 level of significance. 
**Correlation coefficient statistically significant at the 0.01 level of significance. 

 

The emission factors calculated from the emission rate data are presented in table 5 in terms of 
PM mass emitted per area harvested (kg ha-1) and PM mass emitted per 218 kg (480 lb) bale 
harvested (kg bale-1).  The mean area based TSP, PM10, and PM2.5 emission factors are 1.40 ± 
0.261, 0.47 ± 0.085, and 8.53E-04 ± 1.18E-04 kg ha-1, respectively.  The TSP, PM10, and PM2.5 
emission factors in terms of mass of PM emitted per lint bale harvested are 0.19 ± 0.021, 0.06 ± 
0.009, and 1.15E-04 ± 1.2E-05 kg bale-1, respectively.  The emission factors presented in table 
5 are representative of the emissions from the picker basket only. 

Results from tests conducted early in the growing season indicated that the TSP, PM10, and 
PM2.5 emission factors for the PM emissions generated by the action of the harvester wheels on 
the soil surface were 0.24 ± 0.11, 0.08 ± 0.036, and 7.27E-04 ± 3.32E-04 kg ha-1, respectively.  
Results from PSD analyses on the sampled PM were used to convert TSP emission factors to a 
PM10 and PM2.5 basis.  The mass percent PM10 and PM2.5 determined from the PSD analyses 
were 32.2 and 0.3%, respectively. 
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Table 5. Six-row harvester emission factors from ten tests performed with the source sampling 
system during 2007. 

  Emission Factors (kg ha-1) Emission Factors (kg bale-1) 
Test TSP PM10  PM2.5 TSP PM10  PM2.5 

1 0.96 0.34 5.88E-04 0.15 0.05 9.30E-05 
2 0.89 0.33 5.60E-04 0.15 0.05 9.40E-05 
3 0.97 0.35 7.21E-04 0.16 0.06 1.22E-04 
4 1.35 0.48 9.06E-04 0.20 0.07 1.32E-04 
5 1.97 0.69 1.13E-03 0.22 0.08 1.25E-04 
6 1.90 0.66 1.14E-03 0.20 0.07 1.23E-04 
7 1.94 0.57 9.39E-04 0.23 0.07 1.12E-04 
8 1.36 0.44 7.64E-04 0.17 0.05 9.31E-05 
9 1.52 0.54 1.00E-03 0.23 0.08 1.50E-04 

10 1.12 0.33 7.79E-04 0.15 0.04 1.03E-04 
       

Mean* 
1.40  

± 0.261 
0.47  

± 0.085 
8.53E-04  

± 1.18E-04
0.19  

± 0.021 
0.06  

± 0.009 
1.15E-04 
± 1.2E-05

St. Dev. 0.42 0.14 2.05E-04 0.03 0.01 1.90E-05 
*Means displayed with 95% confidence intervals. 

The total TSP, PM10, and PM2.5 emission factors are 1.64, 0.55, and 1.58E-03 kg ha-1, 
respectively (1.46, 0.49, and 1.41E-03 lb ac-1, respectively).  In terms of kg bale-1, the TSP, 
PM10, and PM2.5 emission factors are 0.22, 0.07, and 2.15E-4 kg bale-1, respectively (0.48, 0.15, 
and 4.74E-4 lb bale-1, respectively).  These emission factors are inclusive of the PM emissions 
from the basket and those generated by the harvester wheel/soil surface interaction and 
represent the average mass per bale emission factors measured over a crop yield range from 
5.9 to 9.3 bales ha-1 (2.4 to 3.8 bales ac-1). 

Conclusions 
Source sampling of PM emissions from cotton harvesting can be conducted to develop reliable 
emission factors.  When used in the air pollution regulatory process, the reported emission 
factors will help to ensure fair and appropriate regulation for cotton production operations.  The 
PM emission rates measured during this work, onboard a six row cotton picker, exhibit low 
levels of uncertainty giving confidence that the resulting emission factors are representative of 
true emission levels from a modern cotton harvesting operation.  Correlation analyses indicate 
that it is appropriate to report cotton harvesting emission factors in terms of PM mass emitted 
per mass of cotton harvested.  The area based TSP, PM10, and PM2.5 emission factors 
developed in this work are 1.64, 0.55, and 1.58E-03 kg ha-1, respectively (1.46, 0.49, and 1.41E-
03 lb ac-1, respectively).  In terms of harvested mass, the TSP, PM10, and PM2.5 emission factors 
are 0.22, 0.07, and 2.15E-4 kg bale-1, respectively (0.48, 0.15, and 4.74E-4 lb bale-1, 
respectively).  The novel method used in this work can be applied to develop PM emission 
factors for other agricultural machinery.     
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