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The tool documentation included appendices A through E, and G through I, which were listings of non-
Missouri emissions by county and SCC. To conserve space, only Appendix F with Missouri’s detailed 
emissions is retained, along with Appendix J with average VOC emission factors. 
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CHAPTER I.  INTRODUCTION 
Under the Air Emissions Reporting Rule (AERR), states must prepare and submit to the U.S. Environmental 
Protection Agency (EPA) emission inventories representing all source categories for calendar year 2011 as part of 
the National Emissions Inventory (NEI).  The Central States Air Resources Agencies (CenSARA) identified three 
area source categories for which emission inventory improvements were warranted, including oil and gas extraction, 
area combustion sources, and agricultural pesticides.  The purpose of this project was to assist CenSARA in 
preparing an improved emissions inventory for agricultural pesticide use at the county level. 

CenSARA is the regional planning organization (RPO) that covers the states and tribal areas of Arkansas, Iowa, 
Kansas, Louisiana, Minnesota, Missouri, Nebraska, Oklahoma, and Texas.  The states that make up the CenSARA 
region are important contributors to the agricultural industry.  With over 140 million acres of crops harvested each 
year, pesticide use (e.g., herbicide, insecticide, fungicide) is widespread and its potential impact on air quality 
significant.  CenSARA’s goal was to obtain activity data for row and non-row crop pesticide use at the county level 
and quantify volatile organic compounds (VOC) and hazardous air pollutants (HAPs) emissions.  Non-agricultural 
pesticide applications were not included in the scope of this project. 

TranSystems Corporation (TranSystems) gathered agricultural data from the U.S. Department of Agriculture’s 
National Agricultural Statistics Services to determine the amount of active ingredient associated with each crop at the 
county level.  Pesticide formulation data was obtained from the California Department of Pesticide Regulations and 
used to develop active ingredient specific emission factors.  Given that pesticide application emissions are seasonal, 
CenSARA and TranSystems circulated a survey among state agriculture experts for their feedback on typical 
pesticide application schedules.  As the primary product of this project, TranSystems also developed and delivered to 
CenSARA a Microsoft Access application modeling pesticide emissions in the CenSARA states in calendar year 
2011 and designed to model pesticide application emissions in subsequent years.   
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CHAPTER II.  METHODOLOGY 
Formulations of pesticides are made through the combination of the pest-killing material referred to as the active 
ingredient, and various solvents (which act as carriers for the pest-killing material) referred to as the inert ingredient. 
Both types of ingredients contain volatile organic compounds (VOC) that can potentially be emitted to the air either 
during application or as a result of evaporation.  The basic framework for estimating VOC emissions was taken from 
the State and Territorial Air Pollution Program Administrators  (STAPPA)/Association of Local Air Pollution Control 
Officials (ALAPCO)-EPA Emission Inventory Improvement Program (EIIP) Document Series – Volume III, Chapter 9, 
alternative method 1 (9.5-2) (EIIP, 2001).   

The variation adopted in this inventory relates to the determination of the VOC emission factor.  The EIIP method 
correlates VOC to the mass of pesticide applied whereas the method correlates VOC emissions to the mass of active 
ingredient applied.  Modification of the standard method was needed because application data in terms of pesticide 
product mass is not available from the U.S. Department of Agriculture (USDA) National Agriculture Statistics Service 
(USDA, 2012a).  What the USDA reports is the mass of active ingredient applied at the state level.  County level 
active ingredient throughput is derived from state/regional application rates multiplied by number of acres treated for 
a given crop.  The standard method also assumes that 90 percent of pesticide VOC content derived from product 
formulation evaporates.  Because the emission factors developed in this study were derived from empirical studies 
that account for the effect of non-volatile organic content, the 90 percent evaporation rate was excluded from the EIIP 
equation 9.5-2.  Total modified pesticide emissions formula is shown in equation II-1: 

  (Eq. II-1)1

where: 
= total regional emissions from pesticide product applications in pounds 

= average VOC content expressed in pounds of VOC per pound of active 

ingredient i applied; Ii,k  = pounds of active ingredient i applied per year per crop-acre in state k;Ac  = total crop-acres in county c; Ti,k = percent of state crop-acres treated with active ingredient i
A. DEVELOPMENT OF THE VOC EMISSION FACTORS 
The VOC emission factor is derived for each active ingredient based on the pesticide profiles database maintained by 
the California Department of Pesticide Regulation (DPR, 2012).  The California Department of Pesticide Regulation’s 
(CA DPR) database contains the chemical formulation for pesticides registered in the State of California and provides 
key inputs for the development of the enhanced VOC emission factor.  These key inputs include:  

mass fraction of each active ingredient; 

mass fraction of inactive ingredients; and  

the emission potential (EP) of registered pesticide products.   

The EP value represents the VOC content of the pesticide product including HAP per unit mass of pesticide product 
applied and it is determined empirically through thermogravimetric analysis (TGA).  About 90 percent of pesticide 
products in California have had their EP value determined by TGA (DPR, 2008). Because the CA DPR database lists 
both agricultural and non-agricultural pesticide products, it was necessary to screen out entries that were likely 
formulated as a consumer product.  It was assumed that pesticide products containing 99% of inert ingredient by 

                                                          
1 Equation II-1 is inclusive of both VOC and HAP emissions.  Please refer to Section II.B describing how HAP emissions were 
differentiated from VOC emissions. 
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mass were consumer products.  Additionally, pesticide products that contained terms suggesting non-agricultural 
applications were excluded.  Terms used to screen out likely consumer product are listed in Table II-1. 

Table II-1.  Terms Utilized to Filter Non-Agriculture Related Products 
ALGAE DEODORIZING GERM MRSA SANITIZER 

ANT DETERGENT HAMSTER  ORNAMENTAL SPA 

BATHROOM DISHWASHER HORNET POND STAIN 

BEDBUG DISINFECT HORSE POTTY SWIM 

BEE DOG HOUSE PRESCRIPTION TICK 

CATTLE DRAIN INDOOR RAT TURF 

CLEANER FLEA KLEEN ROACH WASP 

DECK FLY LANDSCAPE RODENTICIDE WIPES 

DEGREASER FOGGER LAWN ROOF YARD 

DEODORIZER GERBIL MOUSE SANI-   

The EP value is expressed in terms of VOC mass per unit mass of pesticide.  Given that the mass of active 
ingredient applied is known but the mass of pesticide product applied is unknown, it was necessary to correlate the 
VOC content of the pesticide to the mass content of its active ingredients.  The derivation of the active ingredient 
VOC emission factor from the EP value is as shown in Equations II-2a through Equation II-2c. 

  (Eq. II-2a) 

    (Eq. II-2b) 

      (Eq. II-2c) 

where: 
  = VOC emission potential for pesticide j, known from CA DPR database; 

  = summed fraction of all active ingredients in the pesticide j, known from CA DPR  

   database; 
  = fraction of active ingredient i in pesticide j, known from CA DPR database; 

  = mass of active ingredient i in pesticide j applied, known; 

  = total mass of a pesticide j, unknown; 

  = mass of VOC emissions from pesticide j calculated based on mass of active 

ingredient i applied; 
  = total mass of VOC emissions from pesticide j;

 = VOC emission factor of pesticide j expressed as VOC mass per unit mass of 

active ingredient i;
   = total number of active ingredients in the pesticide j;

The emission factor in Equation II-2c was further adjusted as to make the emission factor dependent on the active 
ingredient alone (see Equation II-3).  Moreover, the average VOC emission factor was derived from pesticide 
products that contained at least one active ingredient that was also reported by USDA as being utilized in CenSARA 
states.   In total, 458 active ingredient specific VOC emission factors were developed from the CA DPR database, of 
which 281 corresponded to active ingredients utilized in the CenSARA region based on reported active ingredient 
applications from USDA (USDA, 2012a). 
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  (Eq. II-3) 

where: 
 = average VOC emission factor j expressed as VOC mass per unit mass of active 

ingredient i;
 = VOC emission factor of pesticide j expressed as VOC mass per unit mass of 

active ingredient i;
   = total number of pesticides with active ingredient i.

For active ingredients not in the DPR database, a weighted average emission factor was used. This weighted 
average was estimated by weighting the emission factors in the DPR database using the total pounds of active 
ingredient reported in the National Agricultural Statistics Service (NASS) pesticide use data resulting in a value of 1.2 
pounds of VOC per pound of active ingredient. 

Emission factors were compared with similar studies conducted in Maryland (MDE, 2002) and Kansas to check for 
consistency (Deahl, 2012).  Table II-2 summarizes the comparison.  Although each study has a unique methodology 
and a direct comparison is not feasible, some general observations can be made.  First, CenSARA’s average 
emission factor is larger than that of the two other studies.  Also, the number of active ingredients contemplated in 
the CenSARA study is the largest by an order of magnitude, which indicates that emission estimates are highly 
stratified and thus the characterization of emissions is more defined.  Third, the average emission factor values fall 
between +25.6% and -22.8% of the mean average emission factor.    

Table II-2.  VOC Emission Factor Comparison with Prior State Studies 
Study Count of Active Ingredients Average VOC Emission Factor 

(lbs VOC/lbs Active Ingredient) 

Mean Average VOC Emission Factor 
(lbs VOC/lbs Active Ingredient)

Deviation from the mean 
CenSARA 458 1.557 

1.239

+25.6% 

Maryland 54 0.956 -22.8% 

Kansas 20 1.203 -2.9% 

Table II-3 compares the apparent VOC emission factor calculated as the ratio of state VOC emissions to total active 
ingredient mass with the comparable VOC emission factor used in the 2008 NEI.  It was noted that the apparent VOC 
emission factors for 2011 were consistently higher than the NEI emission factor value for 2008.  The latter is a 
constant value because the 2008 methodology assumes a default national VOC emission factor (see Table II-3). 

Table II-3.  VOC Emission Factor Comparison with 2008 NEI 
State 2008 NEI 

(lbs VOC/lbs Active Ingredient) 
2011 CenSARA 

(lbs VOC/lbs Active Ingredient) 
Difference 

Arkansas 0.751 0.991 32% 

Iowa 0.751 1.266 69% 

Kansas 0.751 1.075 43% 

Louisiana 0.751 0.908 21% 

Minnesota 0.751 1.310 74% 

Missouri 0.751 1.122 49% 

Nebraska 0.751 1.134 51% 

Oklahoma 0.751 0.843 12% 

Texas 0.751 0.902 20% 
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B. DEVELOPMENT OF THE HAP EMISSION FACTORS 
For the estimation of HAP emissions, a variation of the EIIP’s preferred method (9-4.1) based on vapor pressure of 
the active ingredient was implemented.  The subset of HAPs was extracted from the list of active ingredient by CAS 
number, and is shown in Table II-2.  The emissions from the HAP active ingredients were estimated as follows.  
    

 (Eq. II.-4) 

where: EHAP = HAP emissions from pesticide product applications in pounds; Ih,k = pounds of HAP active ingredient h applied per year per crop-acre in state k;Ac  = total crop-acres in county c;Th,k   = percent of acres treated with active HAP ingredient h in state k;EFh = emission factor from EIIP Table 9.4-4 based on vapor pressure of HAP active ingredient h in pounds of emission per pound of active ingredient. 

Note that pesticide emissions calculated using Equation II-1 are inclusive of HAPs emissions.  To split HAP and non-
HAP VOC emissions from total pesticide emissions it is necessary to subtract HAP emissions from total pesticide 
product emissions as shown in Equation II-5.     

 (Eq. II-5) 

where: 
EProd = total emissions from pesticide product applications in pounds using Equation II-1; 
EHAP = HAP emissions from pesticide product applications in pounds using Equation II-4; 
EVOC = VOC emissions (excluding HAPs) from pesticide product applications in pounds.

Table II-2.  HAPs Linked to Pesticide Use in the CenSARA Region 
Active Ingredient Pesticide Code CAS Number 

2,4-Dichlorophenoxy Acetic Acid 30001 94-75-7 

2,4-Dichlorophenoxy Acetic Acid 30053 94-75-7 

Captan 81301 114-26-1 

Carbaryl 56801 7778-39-4 

Phosphorus Compounds 59101 78-93-3 

Methyl Iodide 11 133-06-2 

Lindane (All isomers) 9001 63-25-2 

Methyl Bromide 53201 2921-88-2 

Pentachloronitrobenzene 56502 62-73-7 

Trifluralin 36101 56-38-2 
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CHAPTER III.  ACTIVITY DATA 
CenSARA states do not currently administer programs that collect pesticide data in terms of mass of pesticide 
product applied.  For that reason, pesticide application throughputs were derived from available information published 
by USDA.  This data source reports county level crop acreage data; state-level pesticide active ingredient application 
rates by crop; and state-level fraction of crop-acres treated with a given active ingredient.  The product of these 
parameters yields activity data in terms of mass of active ingredient by county and crop as shown in Equation III-1. 
Note this equation is fully incorporated in Equation II-1. 

  (Eq. III-1) 

Where: 
= mass of active ingredients in pounds Ii,k   = pounds of active ingredient i applied per year per crop-acre in state k;Ac   = total crop-acres in county c; Ti,k   = fraction of state crop-acres treated with active ingredient i

A. CROP ACREAGE 
Crop acreage data were available from the USDA for the year 2011 (USDA, 2012b).  The 2011 USDA survey 
covered a partial list of crops and did not provide information about non-row crops.  Most commonly, crop acreage 
was expressed for annual crops in units of “acres planted” or “acres harvested”.  For perennial, non-row crops, crop 
acreage was expressed as “acres bearing”. 

Some information in the USDA surveys was withheld to prevent disclosing proprietary data.  Estimates to allocate 
withheld data were developed in a two-step process, starting with estimating values for data withheld at the 
agricultural district-level and then at the state-level. First, agricultural district level withheld data were allocated to 
counties within that agricultural district.  Second, the difference between state-level withheld data and district-level 
allocated data (step 1) was distributed to remaining counties without crop-acres data.  Crop-acres per county as 
reported in the 2007 agricultural census was used as the surrogate for allocating withheld data (USDA, 2007). 

Because annual crop acreage surveys are partial, it was necessary to combine several data sets to create a 
composite, more comprehensive data set.  The composite data set drew from survey years 2011, 2010, 2008 and 
2007.  Priority was given to crop-acre data for the most recent survey year starting with 2011 and only supplemental 
data were drawn from previous survey years.  The relative completeness of the crop coverage data set was 
evaluated by comparing the validation ration, calculated as the sum of crop-acres to the available number of cropland 
acres by county as reported in the 2007 Agricultural Census, illustrated in Figure III-1.  The validation ratios are 
shown in Table III-2.  Crop-acre data were deemed reasonably complete when the validation ratio fell between 0.8 
and 1.2, assuming that a ±20% variation could be reasonably attributed to variance in land use and/or agricultural 
practices between data years.  When contrasting Figures III-1 and III-2, it is apparent that the composite crop-acre 
data set is most complete in areas with highest agricultural intensity (e.g., Minnesota, Iowa) and less complete in 
areas with low agricultural intensity (e.g., southwest Texas).  Tabulated crop-acre data are provided as Exhibit 1.   
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Figure III-1.  Intensity of Agricultural Activity in Terms of Cropland Acres, 2007 

Figure III-2.  Relative Crop-Acre Data Completion, 2011 
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B. PESTICIDE APPLICATION RATES 
Pesticide application rates were available at the state-level from USDA (USDA, 2012a) and expressed in terms of 
pounds of active ingredient per crop-acre (see Ii,k in Eq. III-1).  From the same source, the fraction of crop-acres 
treated with each given active ingredient was compiled (see Ti,k  in Eq. III-1).  Some active ingredient application data 
were withheld in the USDA database.  In this instance, regional active ingredient application rates were used to fill in 
missing data points. For crops without state or regional pesticide application rates from USDA, application rates  from 
the National Pesticide Use Database (NPUD) database maintained by the Crop Life Foundation were used (where 
available) (CLF, 2002). If NPUD data were not available for a particular state and crop, the average of all other states 
for that crop was used. In total, 2,448 crop and active ingredient combinations were developed.  Some crops with 
marginal acreage had neither USDA nor NPUD active ingredient application rate data available.  For this limited 
number of crops, emissions estimates were not developed because their impact to the inventory was deemed 
immaterial.     
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CHAPTER IV.  MONTHLY ALLOCATION OF ANNUAL EMISSIONS 
Pesticide applications follow seasonal patterns.  In general most applications begin in the spring, intensify during the 
summer months and subside in the fall.   

Relevant literature on monthly pesticide applications was scarce.  In the case of Texas, one study tangentially 
addressed the temporal dimension of agricultural practices (Pechan, 2009).  This study characterized the utilization 
of agricultural non-road equipment based on 2,309 survey responses.  The input taken from the survey was the 
seasonal profile of spraying equipment.  The utilization rates for sprayers were reported as 4 percent in the winter, 45 
percent in spring, 39 percent in summer and 12 percent in fall.   

For all other states, a survey was developed and administered to agriculture experts in each state.  Participants were 
asked to report the frequency of pesticide application associated with twelve major row and five non-row crops by 
pesticide type (i.e., herbicide, insecticide, fungicide, other).  A copy of the survey is provided as Exhibit-2.  
Unfortunately, survey participation was low (1 of 11), limited in its geography to the state of Kansas, and incomplete 
with regard to the number responses relative to the number of questions.  For that reason, the temporal distribution 
factors were averaged over the entire crop sample by pesticide type.  Note that for states without specific temporal 
allocation information, the same distribution factors as Kansas were applied.  The temporal distribution curves and 
the values of the temporal distribution factors are summarized in Figure IV-1.     

Figure IV-1.  Temporal Distribution Curves and Values 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

KS: Fungicide 0.00 0.00 0.00 0.20 0.20 0.00 0.60 0.00 0.00 0.00 0.00 0.00

KS: Herbacide 0.00 0.08 0.00 0.08 0.23 0.31 0.08 0.15 0.08 0.00 0.00 0.00

KS: Insecticide 0.00 0.00 0.00 0.08 0.00 0.23 0.15 0.23 0.15 0.15 0.00 0.00

KS: Other 0.00 0.03 0.03 0.09 0.14 0.18 0.28 0.13 0.08 0.05 0.00 0.00

TX: All pesticide types 0.01 0.01 0.15 0.15 0.15 0.13 0.13 0.13 0.04 0.04 0.04 0.01

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70
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CHAPTER V.  RESULTS 
The 2011 pesticide emissions inventory for the CenSARA region represents a significant improvement for estimating 
VOC and HAP emissions resulting from pesticide applications.  The inventory is highly stratified so that planning 
studies can evaluate multiple aspects of pesticide applications at the county level.  In general pesticide emissions 
increase almost linearly with the extent of treated crop-acres; however, operational practices such as the selection of 
pesticides, their chemical formulation, and rate of application (i.e., pounds of pesticide per crop-acre) can alter the 
general linear relationship.  The interplay of operational factors helps create nuanced emission scenarios that reflect 
unique local agricultural practices as shown in Figure V-1; this figure illustrates the relative intensity of VOC and HAP 
emissions for all counties in the region and also underscores that fact that the relationship between HAP emissions 
VOC emissions is not always linear. 

A key objective of the study was to identify the contribution of non-row crops (e.g., orchards) to pesticide application 
emissions.  Given the overwhelming production of row-crops in the region as shown in Table V-1, it was found that 
the contribution of non-row crops to pesticide application emission is negligible.  Actually, a handful of row-crops 
account for over 90% of state total pesticide application emissions (see Table V-2).   

State level emissions are shown in Table V-3.  Annual county-level summary results are included in this report as 
Appendices.  Allocated crop-acre data for survey years 2011, 2010, 2008, 2007 and composite data set were 
prepared as Exhibit 1, accompanying this report in spreadsheet format.   Finally, TranSystems developed the CenSARA Pesticide Application Emission Tool containing detailed emission results by county, crop, and pollutant.  
The Emissions Tool hosts the queries and reference tables (e.g., pesticide application rates, emission factors) 
supporting this analysis and can also be used for subsequent updates to the pesticide application emission 
inventories. 

Table V-1.  Comparison of Row-Crop and Non-Row Crop Acreage at the State-Level, EY2011 
State All crops Row crops Non-row crops Acres Acres % Acres % 

Arkansas         7,943,003          7,932,214  99.9%         10,789  0.1% 

Iowa        24,874,849        24,873,265 100.0%           1,584  0.0% 

Kansas        23,192,959        23,187,014 100.0%           5,945  0.0% 

Louisiana         3,600,749          3,591,247  99.7%           9,502  0.3% 

Minnesota        20,205,735        20,202,671 100.0%           3,064  0.0% 

Missouri        14,115,948        14,099,650 99.9%         16,298  0.1% 

Nebraska        19,437,313        19,436,702 100.0%             611  0.0% 

Oklahoma         9,678,573          9,552,571  98.7%       126,002  1.3% 

Texas        21,938,869        21,750,636 99.1%       188,233  0.9% 

CenSARA region      144,987,998      144,625,970 99.8%       362,028  0.2% 
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Table V-2.  Major Crops Emissions at the State-Level, EY2011 
State Crop VOC (tons) HAP (tons) Total (tons) Contribution to State Emissions
Arkansas SOYBEANS 3,711.2   3,711.2 57.4% 

Arkansas COTTON, UPLAND 1,680.1 2.1 1,682.1 26.0% 

Arkansas RICE 675.3   675.3 10.4% 

Arkansas CORN 228.7 1.2 229.8 3.6% 

Arkansas WHEAT, WINTER 72.6 5.4 77.9 1.2% 

Iowa CORN 15,235.0 17.5 15,252.5 58.0% 

Iowa SOYBEANS 10,680.1 146.6 10,826.7 41.2% 

Iowa HAY 102.6 24.5 127.1 0.5% 

Iowa POTATOES 16.0 0.0 16.0 0.1% 

Iowa HAYLAGE 9.5 2.3 11.8 0.0% 

Kansas CORN 7,365.4 10.4 7,375.8 39.0% 

Kansas SOYBEANS 4,611.7   4,611.7 24.4% 

Kansas SORGHUM 3,702.2   3,702.2 19.6% 

Kansas WHEAT, WINTER 2,519.8   2,519.8 13.3% 

Kansas HAY 191.9 88.4 280.3 1.5% 

Louisiana SOYBEANS 1,468.1   1,468.1 31.8% 

Louisiana SUGARCANE, SUGAR 1,466.4 114.0 1,580.4 34.2% 

Louisiana COTTON, UPLAND 726.7 20.2 746.9 16.2% 

Louisiana CORN 236.8 1.2 238.1 5.2% 

Louisiana RICE 195.7   195.7 4.2% 

Minnesota CORN 8,170.9   8,170.9 43.5% 

Minnesota SOYBEANS 8,072.0 140.8 8,212.8 43.7% 

Minnesota WHEAT, SPRING, (EXCL DURUM) 798.2 2.1 800.4 4.3% 

Minnesota POTATOES 642.6 1.8 644.4 3.4% 

Minnesota SUGARBEETS 615.3 13.1 628.3 3.3% 

Missouri SOYBEANS 5,783.0   5,783.0 51.3% 

Missouri CORN 3,543.7   3,543.7 31.4% 

Missouri COTTON, UPLAND 1,045.3 7.0 1,052.2 9.3% 

Missouri WHEAT, WINTER 284.3   284.3 2.5% 

Missouri HAY 212.8 6.6 219.3 1.9% 

Nebraska CORN 11,388.5 12.2 11,400.7 60.9% 

Nebraska SOYBEANS 5,971.4 19.9 5,991.3 32.0% 

Nebraska POTATOES 494.4 0.8 495.2 2.6% 

Nebraska WHEAT, WINTER 378.9   378.9 2.0% 

Nebraska BEANS, DRY EDIBLE 130.1 0.7 130.8 0.7% 

Oklahoma WHEAT, WINTER 1,953.3 8.8 1,962.1 48.0% 

Oklahoma COTTON, UPLAND 886.2 28.4 914.6 22.4% 

Oklahoma HAY 421.2 136.1 557.3 13.6% 

Oklahoma SORGHUM 203.3   203.3 5.0% 

Oklahoma CORN 155.2 0.8 156.0 3.8% 

Texas COTTON, UPLAND 13,908.3 707.8 14,616.1 68.7% 

Texas CORN 2,504.7 2.5 2,507.2 11.8% 

Texas WHEAT, WINTER 1,515.9 24.0 1,539.9 7.2% 

Texas HAY 663.3 29.8 693.2 3.3% 

Texas SORGHUM 647.1   647.1 3.0% 
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Table V-3. Summary VOC and HAP Emissions at the State-Level, EY20112
Emissions  Intensity 

State Cropland (acres) VOC(tons) HAP  (tons) Total  (tons) VOC/Cropland (lbs/acre) HAP/Cropland  (lbs/100-acre) 
Arkansas       7,943,003  6,451.9 12.2 6,464.1 1.62 0.31 

Iowa     24,874,849  26,088.8 192.4 26,281.2 2.10 1.55 

Kansas     23,192,959  18,795.4 115.0 18,910.4 1.62 0.99 

Louisiana       3,600,749  4,444.3 172.6 4,616.9 2.47 9.59 

Minnesota     20,205,735  18,617.0 167.0 18,784.1 1.84 1.65 

Missouri     14,115,948  11,258.6 19.9 11,278.5 1.60 0.28 

Nebraska     19,437,313  18,656.4 63.6 18,720.1 1.92 0.65 

Oklahoma       9,678,573  3,882.5 206.1 4,088.6 0.80 4.26 

Texas     21,938,869  20,466.6 798.7 21,265.3 1.87 7.28 

CenSARA Region   144,987,998  128,661.7 1,747.6 130,409.3 1.77 2.41 

                                                          
2 The type of crop is an important factor to the emissions formula.  This is represented by variables Ii,k ; Ac ; Ti,k in Equation II-1. 
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Figure V-1.  EY2011 VOC and HAP Emissions Intensity at the County-Level, EY2011 
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CHAPTER VI.  UNCERTAINTIES AND ADDITIONAL DATA NEEDS 
The recommended methodology assumes that the list of registered pesticide products in California is equivalent to 
that of the CenSARA states.  Access to state specific pesticide databases would enable the project team to refine the 
VOC emission factor by state. However, CenSARA states do not currently maintain a product database with chemical 
formulation similar to that maintained by the California Department of Pesticide Regulation.   

The temporal distribution of pesticide emissions was conducted on the basis of an elementary survey.  Unfortunately, 
survey participation was low and the accuracy of the responses questionable.  Adding to the uncertainty is the fact 
that pesticide applications are affected by environmental factors (e.g., strength of the pest, climate) and therefore the 
frequency and timing of pesticide applications are not consistent from year to year.  Although there is high confidence 
in the annual emissions estimates produced by in this study, the temporal allocation of annual emissions results 
requires more refinement.  In the future, the survey can be designed to be addressed to farmers directly and 
administered to a larger pool of participants to increase the confidence level survey responses.   

Additionally, remote sensing and interpretation of satellite data may be used as an alternative or complementary 
approach to crop coverage characterization.  Cropland characterization based on remote sensing can be useful in 
filling data gaps found in USDA agricultural surveys.3

                                                          
3 For more information about the use of remote sensing technology for cropland characterization contact Dr. Jessica L. McCarty 
at Michigan Tech Research Institute (MTRI), jmccarty@mtu.edu.  Available geospatial information can be retrieved from 
http://nassgeodata.gmu.edu/CropScape/. 
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ID

E
 

0.
05

6 

10
46

01
 

F
E

N
B

U
T

A
T

IN
-O

X
ID

E
  

0.
05

6 

10
48

01
 

D
E

S
M

E
D

IP
H

A
M

  
2.

40
0 

10
50

1 
D

IC
O

F
O

L 
 

0.
07

9 

10
58

01
 

N
O

R
F

LU
R

A
Z

O
N

  
0.

27
0 

10
69

02
 

A
S

U
LA

M
 

0.
20

0 

10
70

91
 

E
T

O
X

A
Z

O
LE

  
0.

38
0 

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

10
72

01
 

H
E

X
A

Z
IN

O
N

E
  

0.
22

0 

10
82

01
 

D
IF

LU
B

E
N

Z
U

R
O

N
  

0.
12

0 

10
85

01
 

P
E

N
D

IM
E

T
H

A
LI

N
  

1.
50

0 

10
88

00
 

S
-M

E
T

O
LA

C
H

LO
R

  
0.

25
0 

10
88

01
 

M
E

T
O

LA
C

H
LO

R
  

0.
13

0 

10
91

01
 

M
E

P
IQ

U
A

T
 C

H
LO

R
ID

E
  

2.
30

0 

10
93

03
 

E
S

F
E

N
V

A
LE

R
A

T
E

  
9.

00
0 

10
97

01
 

P
E

R
M

E
T

H
R

IN
  

5.
70

0 

10
98

01
 

IP
R

O
D

IO
N

E
  

0.
47

0 

10
99

01
 

T
R

IA
D

IM
E

F
O

N
  

0.
08

6 

11
00

03
 

S
P

IN
O

S
A

D
  

2.
00

0 

11
00

08
 

S
P

IN
E

T
O

R
A

M
  

0.
20

0 

11
00

08
 

S
P

IN
E

T
O

R
A

M
-J

  
0.

20
0 

11
06

01
 

E
T

H
O

F
U

M
E

S
A

T
E

  
1.

40
0 

11
09

02
 

D
IC

LO
F

O
P

-M
E

T
H

Y
L 

 
1.

20
0 

11
16

01
 

O
X

Y
F

LU
O

R
F

E
N

  
1.

40
0 

11
31

01
 

E
T

H
A

LF
LU

R
A

LI
N

  
1.

70
0 

11
32

02
 

F
A

M
O

X
A

D
O

N
E

  
0.

07
4 

11
35

01
 

M
E

T
A

LA
X

Y
L 

 
1.

10
0 

11
35

02
 

M
E

F
E

N
O

X
A

M
  

0.
76

0 

11
44

02
 

A
C

IF
LU

O
R

F
E

N
, S

O
D

IU
M

  
1.

90
0 

11
45

01
 

T
H

IO
D

IC
A

R
B

  
0.

13
0 

11
69

01
 

B
E

N
Z

Y
LA

D
E

N
IN

E
  

18
.0

00
 

11
74

01
 

C
LO

P
Y

R
A

LI
D

 M
O

N
O

 S
A

LT
  

0.
11

0 



J-
2

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

11
74

03
 

C
LO

P
Y

R
A

LI
D

  
0.

01
2 

11
82

03
 

S
A

F
LU

F
E

N
A

C
IL

  
0.

01
5 

11
86

01
 

C
H

LO
R

S
U

LF
U

R
O

N
  

0.
03

6 

11
88

31
 

B
E

T
A

-C
Y

F
LU

T
H

R
IN

  
0.

97
0 

11
90

09
 

T
R

IF
LO

X
Y

S
U

LF
U

R
O

N
-S

O
D

  
0.

01
4 

11
93

02
 

P
R

O
P

A
M

O
C

A
R

B
 H

Y
D

R
O

C
H

.  
0.

20
0 

12
00

51
 

D
IM

E
T

H
E

N
A

M
ID

-P
  

0.
74

0 

12
03

01
 

T
H

ID
IA

Z
U

R
O

N
  

0.
13

0 

12
06

03
 

T
E

T
R

A
C

O
N

A
Z

O
LE

  
0.

49
0 

12
10

00
 

T
R

A
LK

O
X

Y
D

IM
  

0.
14

0 

12
10

01
 

S
E

T
H

O
X

Y
D

IM
  

4.
00

0 

12
10

11
 

C
LE

T
H

O
D

IM
  

2.
30

0 

12
10

27
 

M
E

T
H

O
X

Y
F

E
N

O
Z

ID
E

  
0.

21
0 

12
13

01
 

C
Y

R
O

M
A

Z
IN

E
  

0.
65

0 

12
17

01
 

A
Z

A
D

IR
A

C
H

T
IN

  
6.

70
0 

12
20

09
 

M
E

S
O

S
U

LF
U

R
O

N
-M

E
T

H
Y

L 
 

0.
82

0 

12
20

10
 

M
E

T
S

U
LF

U
R

O
N

-M
E

T
H

Y
L 

 
0.

04
3 

12
21

01
 

P
R

O
P

IC
O

N
A

Z
O

LE
  

1.
80

0 

12
28

06
 

E
M

A
M

E
C

T
IN

 B
E

N
Z

O
A

T
E

  
6.

20
0 

12
28

09
 

F
LU

A
Z

IF
O

P
 

11
.0

00
 

12
28

09
 

F
LU

A
Z

IF
O

P
-P

-B
U

T
Y

L 
 

11
.0

00
 

12
30

1 
B

R
O

M
A

C
IL

  
0.

51
0 

12
33

01
 

F
O

S
E

T
Y

L-
A

L 
 

0.
04

4 

12
40

02
 

N
O

V
A

LU
R

O
N

  
3.

10
0 

12
48

71
 

S
P

IR
O

D
IC

LO
F

E
N

  
0.

26
0 

12
54

01
 

C
LO

M
A

Z
O

N
E

  
0.

69
0 

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

12
55

01
 

C
LO

F
E

N
T

E
Z

IN
E

  
0.

13
0 

12
56

19
 

M
E

T
C

O
N

A
Z

O
LE

  
1.

70
0 

12
70

1 
T

E
R

B
A

C
IL

  
0.

02
3 

12
79

01
 

F
E

N
P

R
O

P
A

T
H

R
IN

  
1.

60
0 

12
80

08
 

B
O

S
C

A
LI

D
  

0.
05

7 

12
80

16
 

F
LO

N
IC

A
M

ID
  

0.
05

9 

12
85

01
 

S
U

LF
O

S
A

T
E

  
0.

45
0 

12
87

01
 

F
E

N
O

X
A

P
R

O
P

  
3.

10
0 

12
87

11
 

Q
U

IZ
A

LO
F

O
P

 
4.

10
0 

12
87

11
 

Q
U

IZ
A

LO
F

O
P

-E
T

H
Y

L 
 

4.
10

0 

12
87

12
 

C
A

R
F

E
N

T
R

A
Z

O
N

E
-E

T
H

Y
L 

 
0.

72
0 

12
87

21
 

H
A

LO
S

U
LF

U
R

O
N

  
0.

08
9 

12
87

24
 

F
LU

M
IC

LO
R

A
C

-P
E

N
T

Y
L 

 
0.

57
0 

12
87

25
 

M
E

T
H

Y
L 

A
N

T
H

R
A

N
IL

A
T

E
  

1.
90

0 

12
88

07
 

G
A

M
M

A
-C

Y
H

A
LO

T
H

R
IN

  
2.

70
0 

12
88

10
 

A
Z

O
X

Y
S

T
R

O
B

IN
  

0.
47

0 

12
88

20
 

B
E

N
S

U
LF

U
R

O
N

-M
E

T
H

Y
L 

 
0.

03
0 

12
88

25
 

B
IF

E
N

T
H

R
IN

  
1.

50
0 

12
88

31
 

C
Y

F
LU

T
H

R
IN

  
1.

60
0 

12
88

45
 

T
H

IF
E

N
S

U
LF

U
R

O
N

  
0.

04
9 

12
88

47
 

D
IF

E
N

O
C

O
N

A
Z

O
LE

  
1.

10
0 

12
88

49
 

H
E

X
Y

T
H

IA
Z

O
X

  
1.

30
0 

12
88

50
 

G
LU

F
O

S
IN

A
T

E
-A

M
M

O
N

IU
M

  
0.

70
0 

12
88

57
 

M
Y

C
LO

B
U

T
A

N
IL

  
1.

40
0 

12
88

79
 

T
R

IF
LU

M
IZ

O
LE

  
0.

14
0 

12
88

87
 

T
R

IB
E

N
U

R
O

N
-M

E
T

H
Y

L 
 

0.
02

1 



J-
3

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

12
88

97
 

LA
M

B
D

A
C

Y
H

A
LO

T
H

R
IN

 
1.

60
0 

12
88

97
 

LA
M

B
D

A
-C

Y
H

A
LO

T
H

R
IN

  
1.

60
0 

12
89

06
 

Z
-8

-D
O

D
E

C
E

N
 A

C
E

T
A

T
E

  
2.

50
0 

12
89

07
 

E
-8

-D
O

D
E

C
E

N
Y

L 
A

C
E

T
A

T
  

2.
50

0 

12
89

08
 

Z
-8

-D
O

D
E

C
A

N
O

L 
 

2.
50

0 

12
89

20
 

B
R

O
M

O
X

Y
N

IL
 H

E
P

T
A

N
.  

0.
39

0 

12
89

22
 

IM
A

Z
E

T
H

A
P

Y
R

  
0.

02
0 

12
89

23
 

IM
A

Z
E

T
H

A
P

Y
R

, A
M

M
O

N
.  

0.
92

0 

12
89

31
 

D
IC

A
M

B
A

, D
IG

LY
. S

A
LT

  
0.

06
5 

12
89

43
 

IM
A

Z
A

P
IC

-A
M

M
O

N
IU

M
  

4.
10

0 

12
89

59
 

F
LU

R
O

X
Y

P
Y

R
  

0.
28

0 

12
89

61
 

M
O

N
O

C
A

R
B

A
M

ID
E

 D
IH

Y
D

.  
0.

06
0 

12
89

68
 

F
LU

R
O

X
Y

P
Y

R
 1

-M
H

E
  

0.
48

0 

12
89

74
 

Q
U

IN
C

LO
R

A
C

  
0.

99
0 

12
89

75
 

F
LU

T
O

LA
N

IL
  

0.
09

3 

12
89

97
 

T
E

B
U

C
O

N
A

Z
O

LE
  

0.
88

0 

12
90

08
 

N
IC

O
S

U
LF

U
R

O
N

  
0.

04
1 

12
90

09
 

R
IM

S
U

LF
U

R
O

N
  

0.
06

7 

12
90

11
 

F
E

N
B

U
C

O
N

A
Z

O
LE

  
0.

17
0 

12
90

16
 

F
LU

M
E

T
S

U
LA

M
  

0.
07

0 

12
90

26
 

T
E

B
U

F
E

N
O

Z
ID

E
  

0.
14

0 

12
90

28
 

D
O

D
E

C
A

D
IE

N
-1

-O
L 

 
2.

30
0 

12
90

32
 

P
Y

R
IP

R
O

X
Y

F
E

N
  

12
.0

00
 

12
90

34
 

F
LU

M
IO

X
A

Z
IN

  
0.

07
3 

12
90

41
 

IM
A

Z
A

P
IC

  
0.

01
6 

12
90

64
 

Z
-C

Y
P

E
R

M
E

T
H

R
IN

 
1.

10
0 

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

12
90

64
 

Z
E

T
A

-C
Y

P
E

R
M

E
T

H
R

IN
  

1.
10

0 

12
90

81
 

S
U

LF
E

N
T

R
A

Z
O

N
E

  
0.

93
0 

12
90

92
 

F
E

N
O

X
A

P
R

O
P

-P
-E

T
H

Y
L 

 
4.

50
0 

12
90

98
 

F
LU

A
Z

IN
A

M
  

0.
55

0 

12
90

99
 

IM
ID

A
C

LO
P

R
ID

  
0.

96
0 

12
91

05
 

P
Y

R
ID

A
B

E
N

  
0.

03
8 

12
91

06
 

C
Y

M
O

X
A

N
IL

  
0.

09
7 

12
91

11
 

K
R

E
S

O
X

IM
-M

E
T

H
Y

L 
 

0.
02

0 

12
91

12
 

T
R

IF
LO

X
Y

S
T

R
O

B
IN

  
0.

13
0 

12
91

21
 

F
IP

R
O

N
IL

  
0.

58
0 

12
91

31
 

F
E

N
P

Y
R

O
X

IM
A

T
E

  
3.

90
0 

12
91

71
 

IM
A

Z
A

M
O

X
  

0.
01

6 

13
80

3 
M

S
M

A
  

0.
18

0 

14
00

2 
C

Y
A

N
A

M
ID

  
0.

10
0 

14
01

9 
T

H
IA

C
LO

P
R

ID
  

0.
12

0 

14
50

4 
M

A
N

C
O

Z
E

B
  

0.
09

1 

14
50

5 
M

A
N

E
B

  
0.

10
0 

14
60

1 
M

E
T

IR
A

M
  

0.
07

2 

14
75

00
 

P
IN

O
X

A
D

E
N

  
7.

80
0 

15
09

 
D

O
D

E
C

A
N

O
L 

 
0.

52
0 

15
10

 
T

E
T

R
A

D
E

C
A

N
O

L 
 

0.
58

0 

19
20

2 
M

C
P

B
  

1.
20

0 

20
66

00
 

F
E

N
A

R
IM

O
L 

 
2.

30
0 

22
50

1 
C

O
P

P
E

R
 

0.
67

0 

22
70

2 
C

O
P

P
E

R
 A

M
M

. C
O

M
P

LE
X

  
0.

05
1 

23
10

4 
C

O
P

P
E

R
 R

E
S

IN
A

T
E

  
0.

63
0 



J-
4

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

23
40

1 
C

O
P

P
E

R
 H

Y
D

R
O

X
ID

E
  

0.
07

4 

23
50

3 
C

O
P

P
E

R
 O

X
Y

C
H

LO
. S

U
L.

  
0.

04
4 

24
40

1 
C

O
P

P
E

R
 S

U
LF

A
T

E
  

0.
32

0 

24
87

5 
S

P
IR

O
M

E
S

IF
E

N
  

0.
13

0 

25
00

7 
N

E
E

M
 O

IL
, C

LA
R

. H
Y

D
.  

1.
90

0 

25
60

1 
C

O
P

P
E

R
 O

X
ID

E
  

0.
27

0 

26
20

1 
C

Y
C

LA
N

IL
ID

E
  

0.
10

0 

26
88

00
 

D
IM

E
T

H
O

M
O

R
P

H
  

0.
06

6 

27
40

1 
D

IC
H

LO
B

E
N

IL
  

1.
20

0 

27
41

2 
F

LU
O

P
IC

O
LI

D
E

  
0.

09
9 

27
51

00
 

B
U

P
R

O
F

E
Z

IN
  

0.
34

0 

27
60

2 
F

LU
B

E
N

D
IA

M
ID

E
  

0.
15

0 

28
20

1 
P

R
O

P
A

N
IL

  
0.

07
2 

28
82

01
 

P
Y

R
IM

E
T

H
A

N
IL

  
0.

18
0 

28
82

02
 

C
Y

P
R

O
D

IN
IL

  
0.

01
9 

29
00

1 
D

IC
H

LO
R

O
P

R
O

P
E

N
E

  
1.

00
0 

29
80

1 
D

IC
A

M
B

A
 

1.
70

0 

29
80

2 
D

IC
A

M
B

A
, D

IM
E

T
. S

A
LT

  
0.

46
0 

29
80

6 
D

IC
A

M
B

A
, S

O
D

IU
M

 S
A

LT
  

0.
01

5 

30
01

6 
2,

4-
D

, D
IE

T
H

. S
A

LT
  

0.
47

0 

30
01

9 
2,

4-
D

, D
IM

E
T

H
. S

A
LT

  
0.

63
0 

30
06

3 
2,

4-
D

, 2
-E

H
E

  
0.

71
0 

30
06

6 
2,

4-
D

, I
S

O
P

R
O

P
 E

S
T

E
R

  
0.

40
0 

30
09

0 
P

Y
R

A
F

LU
F

E
N

-E
T

H
Y

L 
 

1.
60

0 

30
50

1 
M

C
P

A
  

0.
28

0 

30
51

6 
M

C
P

A
, D

IM
E

T
H

Y
L.

 S
A

LT
  

0.
53

0 

PC Code
Active

 Ingre
dient 

EF (lb
s VOC

/lbs A
ctive 

Ingre
dient)

30
56

3 
M

C
P

A
, I

S
O

O
C

T
Y

L 
E

S
T

E
R

  
0.

08
2 

30
56

4 
M

C
P

A
, 2

-E
T

H
Y

LH
E

X
Y

L 
 

0.
87

0 

30
70

3 
N

A
P

T
A

LA
M

  
0.

31
0 

30
81

9 
2,

4-
D

B
, D

IM
E

T
H

. S
A

LT
  

0.
61

0 

31
30

1 
D

IC
LO

R
A

N
  

0.
02

1 

32
20

1 
D

IQ
U

A
T

 D
IB

R
O

M
ID

E
  

2.
00

0 

32
50

1 
D

IS
U

LF
O

T
O

N
  

1.
10

0 

34
40

1 
N

A
LE

D
  

0.
43

0 

34
80

1 
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