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ABSTRACT 

This project developed new methodology for estimating: (1) ground 
water contamination potential (GWCP) in the Southeast Coastal 
Plain, and (2) the potential economic impacts of selected 
policies that restrict pesticide use. The potential for ground 
water contamination was estimated by use of a ranking matrix, 
combining ratings for both soil leaching potential and pesticide 
leaching potential. Key soil variables included soil texture, 
soil reaction and organic matter content. Key pesticide 
characteristics included Koc, pesticide half-life, the rate of 
application and the fraction of the pesticide hitting the soil. 
Comparisons of pesticide use from various farmer and expert 
opinion surveys were made for pesticide groups and for individual 
pesticide products. Methodology for merging the GWCP changes and 
lost benefits from selected herbicide cancellations was developed 
using corn production in the North Carolina Coastal Plain. 
Economic evaluations of pesticide cancellations for corn included 
national and Coastal Plain estimates for atrazine; metolachlor; 
dicamba; dicamba and atrazine; and dicamba, atrazine and 
metolachlor. 

iii 
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SUMMARY AND CONCLUSIONS 

The potential for ground water contamination from pesticides used 
in agriculture is an issue of major importance in the Southeast 
and the nation. Policies are being made at federal, state and 
local levels to address this issue, and there is a need to 
develop up-to-date and improved research-based information to 
facilitate more informed policy making. 

Research conducted in this study contributes toward that end 
though developments in three major areas: (1) it develops new 
and, we believe, improved procedures for estimating ground water 
contamination potential (GWCP) in the Southeast Coastal Plain; 
(2) it provides estimates and methods for computing potential 
economic costs of policies that would ban selected pesticides at 
localized levels; and (3) it presents and analyzes different and 
more current pesticide use information than what has been 
available previously. 

The potential for ground water contamination (GWCP) was estimated 
through a procedure that jointly evaluates both soil leaching 
potential (SLP) and pesticide leaching potential (PLP). This is 
a major improvement over normal procedures that rely on only one 
of these factors. In addition, reflecting current research 
results, soil leaching potential was evaluated using a revised 
set of parameters, including soil texture, soil reaction and I 

organic matter content. We believe this is an improvement over , 
commonly-used DRASTIC and related procedures used previously, 
although validations are underway. Key pesticide characteristics 
used to estimate pesticide leaching potential included Koc, 
pesticide half-life, the rate of application and the fraction of 
the pesticide hitting the soil. These procedures were applied to 
131 soil series and 110 pesticides that are representative of 
conditions and crop production in the Southeast. Procedures were 
developed for computing county-level GWCP scores, and these were 
compiled for the 19 counties in the Coastal Plain region of North 
~arolina and for five other southeastern counties. 

Economic impacts of selected pesticide bans were estimated using 
a national model available at Resources for the Future, and a 
regional model developed for the study area. Methodology for 
merging the GWCP changes and lost benefits from selected 
herbicide cancellations was developed and applied to corn 
production in the North Carolina Coastal Plain. Economic 
evaluations of pesticide cancellations for corn included national 
and Coastal Plain estimates for: atrazine; metolachlor; dicamba; 
dicamba and atrazine; and dicamba, atrazine and metolachlor. For 
these five cases, yield losses ranged from zero to five percent, 
producer and consumer benefit losses per acre ranged from $.lo to 
slightly over four dollars, and ground water contamination 
potential was reduced from 0.9 to nearly 19 percent (Figure 10). 
Reductions in GWCP of over 10 percent were not obtained by 
cancellations of only dicamba or metolachlor, primarily because 



these products are used to a much lesser degree than atrazine in 
the study area. 

Pesticide use analyses were made using two sources of 
information: Resources for the Future data based upon farm survey 
and "expert opinion" surveys, and Maritz Marketing Service data 
based upon random samples of farmers. Comparisons of pesticide 
use were made for pesticide groups and for individual pesticide 
products. Although differences in total use estimates and 
intermediate parameters were discovered for these data banks, 
they generally were quite consistent. 

Major data and research gaps identified were: (1) validating GWCP 
scores and changes in GWCP scores with experimental and survey 
levels of actual ground water contamination; (2) determining low 
cost ways to match soil series and crops planted at the county 
level; (3) estimating yield changes from pesticide use changes at 
the county level; and (4) estimating up-to-date market shares of 
pesticides used by crop at the county level. 



RECOMMENDATIONS 

State and national agencies wishing to protect ground water 
should consider both pesticide and soil characteristics at 
both the soil series and regional levels. 

Both farmer survey and Resources for the Future data sets 
should be used to establish current pesticide use patterns. 

Costs of pesticide restrictions require better information 
at localized levels to determine yield changes. 

Predicting changes in pesticide market shares following 
cancellations is critical for EPA benefit assessments in the 
Special Review Process. More research is needed using 
econometric and other methods. 

Additional research is needed to validate GWCP measurements 
against experimental and survey information on actual 
pesticide mobility and ground water contamination. Useful 
data about the vulnerability of ground water to nonpoint 
source pesticide contamination cannot be generated unless 
methods employed reflect actual field behavior of the 
pesticide, either qualitatively or quantitatively, in the 
soil of interest. Current methods for evaluating pesticide 
mobility in soils lack the rigorous validation studies 
needed to ensure their relevance to most field situations. 
Controlled validation studies which evaluate the mobility of 
several pesticide compounds (20 or more) in several soils 
(20 or more) need to be conducted. The pesticides and soils 
selected must exhibit a wide range in chemical and 
biological characteristics. This will allow extrapolation 
of study results to a large population of pesticide/soil 
combinations typically encountered in the field. Comparison 
of model predictions with survey data on actual pesticide 
levels in ground water should be used to aid in validation. 

To more accurately determine groundwater vulnerability to 
nonpoint source pesticide contamination at an aggregate 
level (county, state, region, etc. ...) methods should be 
developed that provide rapid access to the spatial 
distribution of pesticide use. This data base should not 
only detail what'pesticides were applied to what soils but 
also the rate, crop, and application method used. The 
information should be current to within one growing season. 
A lack of this data makes it difficult to evaluate trends in 
actual pesticide use and, therefore, potential contamination 
scenarios. 
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INTRODUCTION 

A nationwide analysis by the United States Department of 
Agriculture (USDA) of potential contamination of ground water 
from agricultural chemicals, including 38 pesticides evaluated by 
the Environmental Protection Agency (EPA) in their national well- 
water survey, was published by Nielsen and Lee in October 1987. 
A two-step procedure was used to estimate potential contamina- 
tion. First, county hydrogeologic characteristics were used to 
rate vulnerability through a computerized model (a modification 
of DRASTIC). Second, pesticide use data from Resources for the 
Future (RFF) and the Bureau of the Census were used to develop 
county-level pesticide use ratings. This was done by multiplying 
state-level pesticide use rates per crop acre obtained from 
expert opinions by the Census estimates of crop acres at the 
county level for 1982. counties were rated according to their 
vulnerability to ground water contamination based upon the area's 
hydrogeologic characteristics and amount of pesticides applied. 
The study showed that 629 counties in the South (48 percent of 
all counties) were rated as I1potentially contaminated1I. The 
Coastal Plain from Virginia to Louisiana received the highest 
possible overall rating for potential ground water contamination. 

More recently, pait et al. (1989) documented the high use of 
agricultural pesticides in estuarine areas of the nation. Among 
all regions, they found the Southeast to be among the highest, 
in both amounts of pesticides applied and potential toxicity to 
fish. Studies such as these, plus increased awareness of health 
risks and the positive identification of pesticides in well water 
throughout the region and nation, have increased public concern. 
As a result, ground water related legislation has been introduced 
in Congress; EPA is implementing a new ground water strategy; the 
Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) has 
been amended again: and nearly every state in the nation either 
has or is developing ground water protection policies. 

However, policy-making for ground water protection at the state, 
local and national levels has been hampered by several factors. 
First, the pesticide use, soil and pesticide characteristics data 
available for making informed decisions have lacked the detail 
that can be provided through access to local computerized data 
banks. Second, the USDA study of potential contamination, being 
a first-cut and an overview of the state and national situation, 
only presents fairly gross estimates of potential contamination. 
Important variables affecting pesticide degradation and 
transport, such as soil organic matter and soil pH, are not 
included in DRASTIC, and local and regional variation is lost. 
Thirdly, there are more complete farmer survey data sets on 
pesticide use which need to be utilized since they are more 
current and included a wider set of pesticide materials than the 
RFF data. Thus, contamination potential may be more or less 
severe than what was estimated by USDA. Finally, information on 
benefits and costs of possible changes in pesticide use 
regulations has not been available at the county level. 



It is generally acknowledged that state and local policies are 
essential to prevent ground water contamination because of the 
site-specific nature of the problems and because of the potential 
importance of locally based pesticide regulations. Adequate 
methods and data bases for each state are needed and, as was 
shown by Nielsen and Lee and in this report, the Southeast is a 
primary area of concern. 

OBJECTIVES OF THE STUDY 

The overall objective of this project was to develop improved and 
expanded research-based information for ground water policy- 
makers. More specifically, the objectives were to develop 
updated pesticide use estimates at the state and county level in 
the Southeast, to develop improved models for estimating the 
potential for contamination of ground water from agricultural 
pesticides for selected counties in the Southeast Coastal Plain, 
and to estimate the producer and consumer economic impacts from 
selected changes in pesticide-use regulations designed to reduce 
the potential for ground water contamination. 

STUDY AREA 

The study area for this research is comprised of the Coastal 
Plain region in the six southeastern states of Virginia, North 
Carolina, South Carolina, Georgia, Alabama and Florida (Figure 
1). The Coastal Plain areas in these states, generally 
identified by Nielsen and Lee as having high ground water 
contamination potential, are logical areas for analysis because 
of the occurrence of sandy soils, shallow aquifers and related 
characteristics often associated with increased ground water 
vulnerability. Because of the importance of site-specificity, 
the state of North Carolina and selected counties in the 
remaining states were identified for indepth analyses. 

GENERAL REGULATORY ENVIRONMENT 

CURRENT HERBICIDE USE 

Accurate estimates of herbicide use at the national, state and 
local levels are essential for understanding pesticide use issues 
and for analyses designed to reduce the potential for ground 
water contamination. Development of improved potential 
contamination models should be targeted to those pesticides of 
greatest concern based upon toxicity and/or use level. Analyses 
of the economic impacts of changes in pesticide use regulations 
requires that the base level of use be known as a point of 
departure. 





EPA (Aspelin 1992) estimates that user expenditures in the United 
States totaled $7,615 million for conventional pesticides in 
1989. By class, these were allocated as follows: herbicides 52.3 
percent, insecticides 30.2 percent, fungicides 10.5 percent and 
other 7.0 percent (includes rodenticides, fumigants and 
molluscides but not wood preservatives, disinfectants and 
sulfur). Of this, 71 percent was estimated to have been 
purchased by agriculture, 14 percent by industrial, commercial 
and government users, and 15 percent by home and garden users. 
On a volume basis, EPA estimates that 1,070 million pounds were 
used in the United States in 1989, with 75 percent being used in 
agriculture, 18 percent in industrial, commercial and 
governmental uses, and 6 percent in home and garden uses. 

Of this total, North Carolina is estimated to have used 2.3 
percent of the 1989 United States total, or 18.5 million pounds 
of pesticides, including 6.9 million pounds of herbicides, 8.7 
million pounds of insecticides and nematicides, 1.5 million 
pounds of fungicides, and 1.4 million pounds of rodenticides and 
other pesticides. Expenditures were estimated to be $125 
million. 

In North Carolina agriculture, the 1987 United States Census of 
Agriculture (United States Department of Commerce 1989) estimates 
that 39,867 farms used agricultural chemicals, spending $107,655 
million or $2,700 per farm. It is estimated that 1.4 million 
acres of cropland were sprayed for insects, 0.4 million acres 
were treated for nematodes, 0.2 million acres were sprayed for 
diseases in crops and orchards, and 2.2 million acres were 
treated for weeds, grass and brush in crops and pasture. 
Chemicals for defoliation and growth inhibition were estimated to 
have been used on 0.1 million acres. 

Analyses in this study required state and county level pesticide 
use data. In recent years, the only publicly available county- 
level pesticide use database was the one constructed by Resources 
for the Future (RFF) for the mid-1980s and based upon 1982 Census 
of Agriculture acreage data. This database has been used heavily 
by federal and state agencies for planning and regulatory 
purposes. However, during the course of this study more up-to- 
date data became available from RFF based upon the 1987 Ag 
Census. These estimates were used here as estimates of herbicide 
use representative of the period 1987/89 (Gianessi and Puffer 
1991) . (See Tables 1 and 2. ) 

A second database based upon farmer surveys of pesticide 
expenditures and acre treatments from Maritz Marketing Service 
was also used in the analysis. Its major benefit is that it 
represents a statistically random sample of farms. 

Resources for the Future. The RFF dataset is based upon I'expert I 

opinionI1 and farm surveys, and includes data on pesticide use for 
the entire nation. It is constructed using information from mail 
and telephone surveys of university and agency experts in 



Table 1. Cropland Herbicide Use, 1987/1989l 

State (000 Lb. AI/Yr.) 

Alabama 4494 

Florida 8364 

Georgia 7575 

North Carolina 7855 

South Carolina 3447 

Virginia 4333 

l~rorn Gianessi and Puffer (1991). 

Table 2. Use of Selected Herbicides in Southeastern states1 

Dicamba Metolachlor Atrazine 
State (Lbs. AI/Yr.) (Lbs. AI/Yr.) (Lbs. AI/Yr.) 

Alabama 107681 262937 458992 

Florida 434557 163522 1499107 

Georgia 

North Carolina 

South Carolina 137486 305169 376800 

Virginia 154505 608266 645409 

 able extracted from Gianessi and Puffer (1991). 



individual states, a USDA weed scientist survey conducted in 
1984, published surveys in individual states, and surveys for 
specific crops and states conducted by the federal government. 
It also incorporates state and federal agency (National 
Agricultural Statistical Service - NASS) farmer surveys. 
The survey information is used to estimate state-level 
coefficients for percentage of acreage treated and the amount of 
active ingredient applied per acre per year by crop and 
pesticide. The state-level coefficients are assumed to be equal 
across all counties within the state. These are combined with 
county-level cropland acreage data from the 1987 Ag Census to 
estimate pesticide use by crop and pesticide for each county. 
Although acreage data reflect 1987 cropping patterns, reviews and 
follow-up contacts in 1989-1991 allowed for revision of product 
use levels to reflect 1989/90 usage amounts. Herbicide use 
estimates are available for 96 active ingredients and 84 crops. 

RFF estimates that herbicides account for 60 percent of the 
volume of all pesticides used annually on cropland in the United 
States, with application of active ingredients being approxi- 
mately 460 million pounds annually. Two-thirds of this quantity 
is applied to corn and soybeans alone. Tables 1 and 2 present 
data for all herbicides, dicamba, metolachlor and atrazine use 
for states in the study area. 

I 

Maritz Survey Data. The Maritz survey data are compiled by 
annual mail and telephone surveys of a random sample of farmers. 
Data are compiled by brand name for treatment acres, product 
acres (accounting for mixtures), cropped area, expenditures and 
target pests. The surveys are proprietary and their use in this 
study is made possible by not revealing single year by product 
tabulations. In addition, only data for crop years prior to 1989 
are used. These data have advantages in that they are 
consistently collected between years and areas, they depend on 
relatively large samples of farms, and they can be assembled 
electronically in various geographic configurations. The 
disadvantages are that there are no complete estimates of active 
ingredient pounds, some minor use regions are not surveyed, and 
data are expensive and confidential. Comparisons between the RFF 
and Maritz data for aggregate herbicide use by crop and state and 
by brand name are made elsewhere in this report. 

METHODS TO ESTIMATE LEACHING POTENTIAL 

This section compares several methods of estimating leaching 
potential of pesticides on various soils, and gives the rationale 
for utilizing a simple pesticide and soil ranking system (PSRS) 
for evaluation of information and regulatory evaluations. Many 
methods for evaluating the leaching potential of soils and 
pesticides have been proposed, and they can be classified in two 
broad categories, deterministic or stochastic. Deterministic 
models generally utilize numerous input variables, traditional 



differential equations, and component process routines to predict 
at what concentration and depth a chemical will move. Many are 
compartmentalized, breaking the soil continuum into discrete 
zones where movement is modeled in each section. Rainfall 
infiltration, saturated and unsaturated water flow, gas phase 
transport, hydrodynamic dispersion, microbial population 
densities, and pesticide decay rates are some of the parameters 
typically modeled in sub-routines of a deterministic model. They 
are frequently used to evaluate movement of chemical spills or 
leaks or as research aids in contaminant transport theory. 

stochastic models are generally based upon knowledge and 
experience of the researcher and evaluation of existing 
literature and data sets. They can be thought of as probability 
models and give relative differences instead of numerical 
solutions for chemical depth and concentration. These types of 
systems tend to have fewer input variables but use many of the 
same ones incorporated in deterministic models. Stochastic 
systems are often used as screening tools to prioritize which 
soils or pesticides have greatest mobility or contamination 
potential. 

The GLEAMS (Leonard et al. 1987; Davis et al. 1990), PRZM (Carsel 
et al. 1990) and a mathematical screening model by Jury et al. 
(1987) are good examples of deterministic models used to predict 
pesticide transport. Both GLEAMS and PRZM use a large number of 
input variables (60 or more) and sub-routines to determine 
chemical movement. Numerical solutions for specific chemical 
concentration and distribution with depth are calculated. They 
are of interest as research tools but the large number of inputs 
required and the level of training needed to use them prevents 
the models from being more widely adopted. 

The mathematical screening model (JURY) developed by Jury et al. 
(1987) uses fewer input variables to predict movement. The 
organic carbon partition coefficient, Koc, and biochemical half- 
life, T-1/2, are the benchmark parameters used to characterize 
each chemical. soil is characterized by volumetric water 
content, bulk density, and organic carbon fraction. Assumptions 
of the model include chemical movement by piston flow (no 
diffusion or dispersion), equilibrium linear adsorption, and 
first-order decay with depth. Several equations are derived 
which allow calculation of residual chemical concentration and 
travel time to reach a user specified depth. Fifty chemicals and 
high and low ground water contamination potential scenarios 
(e.g., contrasting soil properties) are used to demonstrate the 
model. Table A1 lists some of the chemicals, their residual mass 
percentage (percent of the applied mass) reaching 3 meters and 
the time to reach 3 meters. The authors concluded from the 
analysis that site-specific soil and environmental factors were 
the major determinant of ground water pollution potential for a 
given pesticide. This model has not been validated for Coastal 
Plain conditions, and it is not chosen for further use in this 
study. 



By contrast, the DRASTIC system (Aller et al. 1985) typifies the 
stochastic approach of determining ground water pollution 
potential. DRASTIC was developed by the National Well Water 
Association for the EPA to give a relative measure of aquifer 
vulnerability to contamination. Seven factors affecting chemical 
movement to ground water along with a set of weights and ratings 
were established by expert opinion. The factors considered to be 
the best predictor of aquifer vulnerability to chemicals are: 

D = depth to water table 
R = net aquifer recharge 
A = aquifer media 
S = soil media 
T = topography or slope 
I = impact of vadose zone 
C = hydraulic conductivity of the aquifer 

Relative weights (see Table A2) developed for use with 
agricultural pesticides are used in conjunction with ratings for 
each of the seven factors to give a single index of contamination 
potential. Table A3 shows the ratings and ranges for one of the 
seven factors, soil media. The DRASTIC pollution potential index 
is calculated as follows: 

Pollution potential = DRD, + RRR, + A,% + S,S, + TRT, 
+ IRIU + CRCU 

where: R = rating, W = weight, and D, R, A, Sf T, I, C, 
correspond to the seven factors defined above. 

Nielson and Lee (1987) generated DRASTIC scores for each county 
in the United States using the pesticide weights. Values for 
North Carolina ranged from 119 to 216 with the Coastal Plain 
region of the state receiving the higher scores. DRASTIC 
includes only soil and hydrogeologic factors and does not include 
pesticide information of any kind. By not accounting for use 
rates and differences in pesticide chemistry, DRASTIC assumes all 
chemicals behave the same in a given soil. This could lead to 
over or under estimation of ground water contamination potential. 
Using the DRASTIC index to compare the relative pollution 
potential of several locations, county comparisons for example, 
may give a misleading picture if pesticide use varies from 
location to location. DRASTIC also excludes soil organic matter 
content as a factor affecting pesticide movement. Organic matter 
is considered one of the most important soil properties affecting 
the movement of many pesticides (Weber 1972, 1991; Weber and 
Miller 1989). The absence of pesticide and soil organic matter , 

parameters from the DRASTIC methodology may jeopardize its 
usefulness to adequately reflect relative pollution potential. 

r I 

The pesticide/soil ranking system (PSRS) developed and utilized 
in this study (described in detail in a later section) attempts 
to overcome some of the difficulties encountered with the DRASTIC 
model. It is a stochastic ranking system that includes soil and 
pesticide characteristics as well as pesticide levels. The 



system is flexible so that it can be used at the soil series, 
field, farm, county or state levels of aggregation. Validation 
with various soils and pesticides is in process. 

COST CHANGES FROM PESTICIDE RESTRICTIONS 

Farm decision makers utilize particular pesticide materials and 
dosages (rates per application or crop season) to maximize 
profits. Relative efficiency against pests, costs and ease of use 
are important determinants of use. Farmers also consider user 
safety and water quality contamination potential in their 
herbicide choices (Beach and Carlson 1993). Some crop protection 
choices are made without complete information on what pest 
densities, types and environmental factors will be present, and 
adjustments for variability and risk aversion are needed (Marra 
and Carlson 1983). However, given limited knowledge, there 
usually are management and other economic reasons for the current 
patterns of pesticide use. If there are restrictions on pesticide 
use such as cancellations or maximum use rates, this will usually 
result in lower crop yield or higher pesticide costs (material 
plus application costs) or both. 

Farmers may not consider all costs to others in their pesticide 
use choices. Pesticide drift, surface runoff to other property 
owners or damage to wildlife may be unknown; these are known as 
external costs. Exposure to ground water contamination from 
pesticides may fall on consumers other than farmers and their 
families. In these cases regulations or other restrictions can be 
used to equate marginal private costs of pesticides plus marginal 
external costs to the value of marginal benefits of pesticides 
Zilberman and Marra 1993). Whereas farmers want to balance 
marginal private benefits (yield and profit gains) of pesticide 
use to private pesticide use costs, the socially optimum rate of 
use is to equate marginal social costs and benefits. The US EPA 
is charged with the primary responsibility of administering FIFRA 
to balance social costs and benefits of pesticide use (National 
Research Council 1980). 

The major changes in private costs of agricultural production 
that occur when pesticide use is constrained by statutes are 
decreases in crop yield, and increases in pesticide material and 
application costs. There may also be net revenue reductions from 
reduced product quality, crop acreage adjustments and changes in 
other farm inputs. As an example of the latter, when farmers are 
faced with replacing a canceled pesticide they will need to 
allocate extra management time to learn how to use the 
replacement products. Sometimes they will be using extra non- 
chemical inputs such as more cultivation to control weeds. 

In this analysis we will focus on crop yield changes on the area 
previously treated with a banned herbicide and on extra material 
costs of replacement herbicides. These two components and how 
they affect equilibrium prices of the crops are the primary focus 



of most studies of pesticide cancellations (~ianessi et al. 1988; 
Lichtenberg et al. 1988). 

To estimate pesticide cost and yield changes of major regulator 
actions, evaluations at many locations for many crops are 
required. Usually state level evaluations are made. However, 
since external costs associated with potential ground water 
contamination vary greatly by soil type (series), and these soils 
vary greatly over space, an effort must be made to evaluate yield 
and cost changes at a more disaggregated level. This report 
assesses whether information can and should be compiled on a 
county or soil series basis for estimating changes in pesticide 
contamination potential. It also examines pesticide use data to 
determine if substitute chemical use evaluations are possible for 
estimating production cost changes at the county level. 

Cost and yield changes from pesticide cancellations (known as 
supply shifts) are primarily estimated by "expert opinion1' for 
most proposed regulatory actions. In this report we compare 
farmer survey sources of pesticide use information. Determining 
supply shifts involves estimating five variables: (a) current 
pesticide treatment acres and use rates per treated acre per 
season, (b) pesticide market shares across pesticide products, 
(c) changes in market shares following a cancellation, (d) 
average per acre yield changes on the currently treated area, and 
(e) average per acre change in pesticide costs. In the sections 
below we will describe these components in detail and illustrate 
how they are computed using hypothetical cancellations of 
selected corn herbicides used in North Carolina. The economic 
model for computing changes in producer and consumer costs 
requires additional data on crop prices, costs of production and 
product demand elasticity. These are described in the section 
below. 

COMPARING CONTAMINATION AND COST CHANGES 

Water quality is regulated by several federal and state statutes. 
At the federal level the Safe Drinking Water Act (SDWA) and 
FIFRA,- the federal pesticide regulatory law, predominate. State 
and local control of water quality is increasing since court 
cases now permit communities and states to enforce safety 
standards which are more stringent than federal levels. 

This report is concerned with non-point pollution from legally 
applied pesticides. FIFRA is risk-benefit balancing legislation. 
The main regulatory actions are a) control of marketing of new 
products, b) use regulations on existing pesticides and c) 
cancellation of products on all or some use sites. Use 
regulations printed on pesticide labels can include maximum 
rates, areas for non application, method of application and many 
other restrictions to protect workers, wildlife, and to reduce 
residues in water and food. 



Protection of ground water through FIFRA has primarily been 
directed at geographical areas where use is restricted (e.g. 
aldicarb use rules by county). But several pesticide cancellation 
evaluations have also been made (atrazine, alachlor). Several 
states have placed maximum use rates per season on herbicides 
(Nebraska, Iowa and Wisconsin), while other states (California, 
Massachusetts, New York and Florida) have banned uses of some 
pesticides to protect ground water. 

The balancing or comparison of marginal changes in farmer and 
consumer benefits of pesticide use versus marginal ground water 
hazard changes requires one to examine both the cost changes 
(cost and yield changes to farmers and product price changes to 
consumers) as well as the leaching potential changes described in 
the two proceeding sections. To simplify the comparisons the 
following assumptions are made in this report: 

a) there are no other major external cost changes from the 
pesticide use changes, 

b) the average farm gate prices reflect social benefits of the 
agricultural products, 

c) losses or gains to producers other than farmers (pesticide 
companies, pest control consultants) are ignored, and 

d) there are equal herbicide market shares for all corn acreage 
evaluated. 

These assumptions can be relaxed, but for this study we will 
compare changes in potential contamination (county GWCP) and 
farmer and consumer cost changes at the county and regional 
level. Ground water contamination may be more likely in the 
Coastal Plain region. Therefore we will provide estimates from 
hypothetical herbicide bans for the Coastal Plain counties of 
North Carolina to illustrate the methodology. National level 
estimates of consumer and producer cost changes from hypothetical 
bans of thirteen different pesticide bans are presented in 
Appendix B, and explained later in this report. Five of these 
bans dealing with only corn herbicides used in the Coastal Plain 
region are used to illustrate the methodology for comparing 
percent changes in ground water contamination potential (GWCP) 
and changes in consumer and producer costs. 

IMPROVED METHODS TO ESTIMATE LEACHING OF PESTICIDES 

DRASTIC AND COUNTY LEVEL PESTICIDE USE 

The DRASTIC system, as described previously, may be limited in 
its usefulness to gauge potential ground water contamination 
because of the lack of inclusion of any pesticide parameters in 
the model (a key soil property which affects pesticide movement, 
organic matter content, is also excluded). By not considering 
the vast differences in chemistries and rates of application of 
pesticides in current use, DRASTIC assumes all chemicals behave 
similarly in all soils. Therefore, use of DRASTIC by itself 



could lead to over or under estimation of ground water 
contamination potential. 

One major study which attempted to improve on the use of DRASTIC 
alone was conducted by USDA (Nielsen and Lee 1987). Modified 
county level DRASTIC scores were calculated for each county in 
the contiguous United States. Next, estimates by Resources for 
the Future of pesticide use coefficients at the state level were 
used along with estimates of county cropland acreages to 
calculate average per acre pesticide application rates. The 
modified DRASTIC scores and average pesticide application rates 
were independently divided into low, medium, and high categories. 
Maps of the United States showing areas receiving both high 
DRASTIC/high pesticide, high DRASTIC/medium pesticide, and medium 
DRAs~Ic/high pesticide scores were then developed. These maps 
identified the Coastal plain of the southeastern region of the 
United States to be at greatest risk of ground water 
contamination. 

As pointed out by Nielsen and Lee, the approach of combining both 
soil and pesticide parameters gave more insight than either of 
the two alone. However, the pesticide information used in the 
USDA study (average per acre rate) assumed that all chemicals 
behave similarly in a soil at a given rate. They also were 
forced to assume that all planted area of a given crop received 
the state average application rate. What is needed is a 
simplified system that incorporates both key soil and pesticide 
parameters which affect movement, and hence, potential ground 
water contamination, into the decision making process. The 
system needs to be flexible enough to allow aggregation to county 
and other regional levels so that pesticide use information can 
be combined with the soil characteristics. 

PSRS: A PESTICIDE/SOIL RANKING SYSTEM FOR EVALUATING POTENTIAL 
GROUND WATER CONTAMINATION 

This section describes the components of PSRS for the local and 
county levels and compares it to the ground water contamination 
estimates of the DRASTIC system. 

Introduction. The fate of chemicals applied to plant foliage or 
soils depends on two general classes of change: transfer and 
transformation (Weber 1991). Transfer processes move the 
chemical within the system but do not change the chemical 
structure. Transformation processes change the structure of the 
chemical. Transfer processes include: 1) absorption and 
exudation by plants and organisms, 2) adsorption by soil 
constituents such as organic matter, clay, and hydrous oxide, 3) 
volatilization into gaseous forms that escape the soil, 4) 
movement downward with percolating water (leaching), 5) movement 
upward with evaporating water (capillary movement), 6) movement 
over the soil surface in runoff water, and 7) very small amounts 
that may be present in harvested crops. 



Transformation processes include: 1) detoxification by target 
organism (pests), 2) chemical decomposition by hydrolysis, 
oxidation, or reduction reactions, 3) photodecomposition by 
sunlight, and 4) biological degradation by microorganisms and 
other soil microflora. 

The potential for pesticides to leach to ground water or reach 
surface water with eroded sediment depends on: 1) properties of 
the chemical, 2) properties of the soil, 3) application 
conditions, and 4) climatic conditions. The ground water 
contamination potential (GWCP) for a given pesticide applied to a 
given soil can be estimated by considering the soil leaching 
potential (SLP), and the pesticide leaching potential (PLP), for 
a given set of climatic conditions. 

Soil Leachins Potential (SLP). The leaching potential of a soil 
depends on many factors but the ones that are of greatest 
importance to pesticide movement are texture, soil reaction and 
organic matter content (Weber 1972; Weber and Miller 1989; Weber 
and Whitacre 1982). The relative importance of each differs with 
each pesticide, but for this system, weight factors of 6, 3, and 
10 (on a scale of 10) have been assigned to these three key soil 
properties, respectively (Tables 3, 4, and 5, respectively). 
Information needed to calculate the SLP for a given soil can be 
obtained from local county soil survey reports published by the 
National Cooperative Soil Survey or local Soil Conservation 
Service (SCS) off ices. 

The movement of dissolved chemicals (those that travel with the 
aqueous phase) can be modeled by characterizing water movement in 
soil. Water can be expected to move most readily through sand, 
less readily through loams, and least in clays and muck (Smith 
and Cassel 1991). A rating scheme for various soil textures 
ranging from 1 to 10 is shown in Table 3. The textural component 
of the SLP is obtained by computing a simple weighted average 
rating for texture through the soil profile to 91 cm depth (Table 
6). This weighted average rating is multiplied by the weight 
factor for texture, 6, and the product is used as the textural 
component of the SLP. 

Soil pH affects the mobility and/or the degradation of pesticides 
to varying degrees depending on the chemical and biological 
properties of the compound (Weber 1987). The mobility of 
pesticides with acidic or basic properties normally increases as 
soil pH increases (Weber 1982). Chemical degradation of many 
pesticides is generally greater under acidic conditions (Weber 
1990). A rating scheme for various soil pH levels is given in 
Table 4. The pH component of the SLP is obtained by computing a 
weighted average rating for pH through the soil profile to 91 cm 
depth. The weighted average rating is multiplied by the weight 
factor, 3, and the product is used as the pH component of the SLP 
(Table 6) . 



Table 3. Textural Component of the Soil Leaching Potential (SLP) 

USDA Weight 
Soil Texture Rat ins Factor Product 

coarse sand, sand, fine sand, 
very fine sand, loamy coarse 10 
sand, loamy sand, loamy fine sand 

loamy very fine sand, coarse 
sandy loam, sandy loam, 8 
fine sandy loam 

very fine sandy loam, loam, silt 6 
loam, silt 

sandy clay loam, clay loam, 
silty clay loam, 

sandy clay, silty clay 2 6 12 

clay or muck 1 6 6 

Table 4 .  Soil Reaction (pH) Component of the Soil Leaching Potential (SLP) 

Weight 
PH Rat ins Factor Product 

Table 5. Organic Matter (or Humic Matter) Component of the Soil Leaching 
Potential (SLP) 

Weight 
% OM % HM Rat ins Factor Product 



Tab le  6. Sample C a l c u l a t i o n  of  t h e  S o i l  Leaching P o t e n t i a l  (SLP) f o r  a 
Norfo lk  S o i l  (Typic  Kandiudul t ,  Fine-loamy, S i l i c e o u s ,  Thermic) 

Nor fo lk  pedon d e s c r i p t i o n  from s o i l  su rvey  of Bladen County, NC: 

Ap - 0 t o  7 inches; grayish brown (10YR512) loamy fine sand; weak fine granular structure; very friable; common fine roots; medium acid; 
clear smooth boundary. 

E - 7 to 15 inches; light yellowish brown (25 Y 614) loamy fine sand; weak fine granular structure; very friable; few fine roots; very 
strongly acid; clear smooth boundary. 

BE - 15 to 18 inches; yellowish brown (IOYR 514) fine sandy loam; weak fine subangular blocky structure; friable; few fine roots; few faint 
clay bridges between sand grains; very strongly acid; clear smooth boundary. 

B t l  - 18 to 35 inches; yellowish brown (10YR 518) sandy clay loam; weak medium subangular blocky structure; friable; slightly sticky; few 
fine pores; few distinct clay films on faces of peds; very strongly acid; gradual wavy boundary. 

Bt2 - 35 t o  50 inches; yellowish brown (10YR 518) sandy clay loam; few medium distinct yellowish red (SYR 418) mottles; weak medium 
subangular blocky structure; friable; slightly sticky; few fine pores; few distinct clay films on faces of peds; very strongly acid; gradual 
wavy boundary. 

T e x t u r e  Component: 
Weight 

Depth ( i n )  Tex tu r e  Ra t i nq  Weiqhted Averaqe Ra t i nq  F a c t o r  Produc t  

0-15 l f s  10 (15  x  1 0 ) + ( 3  x  8 ) + ( 1 8  x 4 )  
15-18 f s l  8  15  + 3 + 18 
18-36 s c l  4 

= 246 = 6 . 8 3  X 6  - - 41 
36 

p H  component1: 
Weight 

Depth ( i n l  p H  Rat  i n q  Weishted Averaqe Ra t i nq  F a c t o r  Produc t  

Or san i c  Ma t t e r  ~omponent" :  

Depth ( i n )  % OM 

0-6 0.5 - 2.0 

Rat  i n q  

10 

Weight 
F a c t o r  Produc t  

S L P ~  : 

SLP = T e x t u r e  + Organic  Mat te r  + pH components = 4 1  + 4 + 100 = 14s4 

'see county  s o i l  su rvey  o r  c o n s u l t  SCS f o r  meaning of  p H  d e s c r i p t i v e  t e r m s  l i k e  
medium a c i d  and ve ry  s t r o n g l y  a c i d .  Medium a c i d  = pH of  5.6-6.0, Very 
s t r o n g l y  a c i d  = pH of 4.5-5.0. U s e  average  f o r  pH component c a l c u l a t i o n .  

'organic m a t t e r  pe r cen t ages  f o r  t h e  s u r f a c e  l a y e r  a r e  found i n  t h e  chemical  and 
p h y s i c a l  p r o p e r t i e s  t a b l e  of county  s o i l  su rveys  o r  can  be  o b t a i n e d  from 
t h e  S o i l  Conserva t ion  Se rv i ce .  

3~aximum p o s s i b l e  SLP f o r  any s o i l  i s  60 + 30 + 100 = 190 and t h e  minimum 
p o s s i b l e  i s  6 + 3 + 10 = 19. SLP r anges  a r e  Very High ( V H )  = >l6O, High 
( H )  = 135 t o  160, Moderate ( M )  = 100 t o  134, Low ( L )  = 55 t o  99, and Very 
Low ( V L )  = <55. 

4 ~ h e  SLP v a l u e  may be  s l i g h t l y  l a r g e r  o r  s m a l l e r  depending on t h e  pedon 
d e s c r i p t i o n  used t o  c a l c u l a t e  t h e  SLP. 



Organic matter (OM) adsorbs pesticides to varying degrees 
depending on the chemical properties of the compound and is 
considered the single most important determinant of pesticide 
movement in soil (Weber 1990). Adsorption increases and mobility 
decreases as organic matter content of the soil increases. A 
rating scheme for various organic matter (or humic matter) levels 
of the surface 0 to 15 cm depth (plow layer) is given in Table 5. 
The organic matter component of the SLP is the product of the 
rating and the weight factor, 10 (Table 6). 

Once the values are calculated for texture, pH, and organic 
matter the SLP for a given soil is computed by summing the three 
values : 

SLP = Texture + pH + OM (1) 

where : SLP = soil leaching potential 
Texture = weighted average textural rating to 91 cm 

depth X texture weight factor 
pH = weighted average pH rating to 91 cm depth X 

pH weight factor 
OM = OM rating for surface 15 cm (plow layer) X 

OM weight factor 

A sample calculation is given in Table 6 for a Norfolk soil. The 
maximum SLP possible for a highly leachable soil is 190 and the 
minimum SLP possible for a soil with low leaching potential is 
19. SLP ranges are as follows: Very High (VH) = indices greater 
than 160, High (H) = indices of 135 to 160, Moderate (M) = 
indices of 100 to 134, Low (L) = indices of 55 to 99, and Very 
Low (VL) = indices less than 55. Ranges were established by 
reviewing existing literature on pesticide movement in soils and 
comparing this with SLP component values and indices for 163 
soils. Table A4 lists the SLP component values, indices and 
ratings for 131 soils (soil series) prevalent in the southeastern 
region. The acreage distribution of these soils summed over a 
random sample of 19 North Carolina coastal plain counties is 
computed and shown in Figure 2. What this figure shows is that 
for North Carolina Coastal Plain soils about 43 percent of the 
acreage has a SLP rating of high or very high. Table A4 shows 
the wide range of SLP values by soil series. Soil leaching 
potentials can be calculated for any soil series in any region of 
the country by using the method described. 

Pesticide Leachins Potential (PLP). The leaching potential of a 
particular pesticide depends on its chemical properties, 
including ionizability, water solubility, volatility, and 
reactive groups present, and the biological properties, including 
half-life in soil, water, and air (Weber 1972; Weber 1987; Weber 
et al. 1986; Weber 1990). The chemical properties of a pesticide 
determine its reactivity with (and mobility through) soil 
constituents. This is estimated from sorption isotherm studies 
which provide K, values (from Freundlich isotherms) or K, values 



Figure 2. Percentage of Soil Acreage with 
Various Soil Leaching Potentials 
(SLP) for 131 Soil Series Found 
in Coastal Plain Counties of North 
Carolina (Appendix A, Table 4) 

Percent 

SLP Rating 



(from pesticide sorbed/pesticide in solution distribution 
studies). A Kt value is an estimate of the sorption capacity of 
a given pesticide for a given soil at an equilibrium 
concentration of 1 nmol/ml, as obtained using the Freundlich 
equation, x/m = KC"", where: x/m = pesticide sorbed (nmol/g) , 
K = constant, C = equilibrium concentration (nmol/ml), and l/n = 
constant. K, values may be obtained from sorption isotherm 
studies by equilibrating selected soils (1 to log) with varying 
aqueous concentrations (0.1, 1, 5, 10, 50, 100 nmol/ml) of a 
given pesticide, plotting the logarithm of the amount sorbed (log 
x/m) versus the logarithm of the equilibrium concentration (log 
C) and reading the K, value (log x/m) off of the plot at an 
equilibrium concentration of 1 nmol/ml (C = 1 nmol/ml). Kd 
values may be obtained by equilibrating the concentration of 
pesticide normally applied in the field to soil in a saturated 
condition, squeezing the water out of the soil, determining the 
concentration of pesticide in the solution and calculating the 
distribution coefficient (K,), using the equation K, = amount 
sorbed by the soil (nmol/g)/amount of pesticide in solution 
(nmol/ml). K, and K, values are normally divided by the fraction 
of organic carbon in the soil to yield Koc values which are 
reported in pesticide data bases in the literature (Wauchope 
1988). The relationship between pesticide movement through soil 
and Koc is inverse in that chemicals with small Koc values are 

I 

more mobile and chemicals with large Koc values are less mobile. I 

The Koc value is a relative index of the composite transfer 
processes (listed previously) for a given pesticide. I 

The length of time that a parent pesticide compound is present to 
be leached is estimated by half-life (T-1/2) values (decay I 

kinetics assumed to be first order), as determined from 
laboratory studies in air, soil, and water at various pH levels, 
and in the field at several locations. The T-1/2 values are a 
relative index of the composite transformation processes (listed 
previously) for a given pesticide. The relative potential for a 
given pesticide to leach through any given soil matrix can be 
estimated by considering the Koc and T-1/2 values for the 
compound along with the-rate that is applied and the fraction 
that hits the soil. This pesticide leaching potential (PLP) has 
been calculated for 110 pesticides and can be used to estimate 
the leaching potential for any pesticide using the following 
expressions: 

PLP = (T-1/21 (R) (F1 (2) 
Koc 

where : PLP = Pesticide leaching potential index 
Koc = Pesticide retention by soil index 
T-1/2 = Half-life of pesticide (days) in the 

field for the region 
R = Rate of pesticide applied (kg ai/ha) 
F = Fraction of pesticide hitting the soil 

(0.1 to LO), depending on canopy size 
and row spacing (see Table 7) 



Table 7. Estimation of the Fraction of Applied Herbicide that Reaches the 
Soil for One Row Spacing and Several Canopy Widths (Weber and Warren 
1993) 

Row 
Width 
(ft) 

Application Method 
Canopy (con6entional tillage12 
Width 

Fraction of applied reaching soil (F) 

l~xample of quick reference tables that can be constructed for estimation of the 
F component of the PLP. F = 1 - (Canopy Width in ft/Row Width in ft). 

 re = preemergence to soil, PPI = preplant incorporated, Post OT = post overtop 
of crop. Tables could also be constructed estimating F values for other 
application techniques such as post directed sprays. 

3~ince Pre and PPI applications are made prior to crop planting or emergence 
with conventional tillage all of the applied is assumed to reach the soil. 
The F values would be lower for Pre applications in reduced or no-tillage 
situations, or in turf. 

4~ssumes that at least 10% will reach the soil, even when there is a full 
canopy. 



PLP ratings for the 110 pesticides were calculated using average 
rates of application, commonly reported Koc and T-1/2 values, and 
estimated fractions hitting the soil (1.00 for soil and 0.50 for 
foliar applications). They are presented to demonstrate the 
system and show typical PLP values for the most commonly used 
pesticides (Table A5). Several chemicals list two PLP values for 
different soil pH levels and this is due to the influence of pH 
on Koc and T-1/2 for compounds with acidic or basic properties. 
The PLP value should be calculated for specific conditions of use 
whenever possible. Also, a conservative or Igworst casegg 
calculation can be made for maximum safety. A lgworst-caselg 
calculation would use the lowest reported Koc, highest registered 
use rate and fraction hitting soil, and longest reported T-1/2. 
A sample ggworst casevv calculation for acifluorfen is as follows: 

80 - 200 
30 - 60 days 
0.28 - 0.84 kg ai/ha 
0.7 - 0.9 

The PLP indices ranged from >10.00 for chemicals with very high 
potential to contaminate ground water to <0.001 for chemicals 
with extremely low potential to contaminate ground water. For 
the 113 chemicals listed in Table A5 the following PLP ratings 
were selected: Very High (VH) = indices greater than 10.00, High 
(H) = indices of 1.00 to 10.00, Moderate (M) = indices of 0.20 to 
0.99, Low (L) = indices of 0.05 to 0.19, and Very Low (VL) = 
indices less than 0.05. Ranges were established by reviewing 
existing literature or pesticide mobility in soils and comparing 
this with PLP indices and ratings for over 100 pesticides. 

PLP/SLP Matrix: A Site Specific Example. After calculating a 
SLP and PLP for the soil(s) and pesticide(s) of interest, the 
results are entered in the PLP/SLP selection matrix (Table 8) to 
characterize the relative potential of contaminating ground water 
(GWCP). Numerical ratings giving equal weights to evenly spaced 
ratings of soil and pesticide ratings yield the GWCP values shown 
in Table 9. 

For example, on the farm field level, if a grower wants to 
produce soybean [~lvcine max (L.) Merr.] and control large 
crabgrass [DIGSA, Diqitaria sanquinalis (L.) Scop.], the WEEDS 
program (Linker et al. 1990) suggests that he can select from the 
following herbicide treatments: 1) Preemergence to soil using 
alachlor, metolachlor, or pendimethalin, 2) preplant incorporated 
in soil using trifluralin, vernolate, or clomazone, or 3) 
postemergence to the crop using fluazifop, sethoxydim, or 
fenoxaprop. I 

From local soil survey reports or information from the local SCS i , 

office it is determined that the predominant soil in the field of 
4 1 



T a b l e  8. P L P / S L P  M a t r i x  fo r  D e t e r m i n i n g  t h e  S i t e  Specific G r o u n d  W a t e r  
C o n t a m i n a t i o n  P o t e n t i a l  (GWCP) R a t i n g  of P e s t i c i d e / s o i l  C o m b i n a t i o n s  

P e s t i c i d e  
L e a c h i n g  

P o t e n t i a l  

So i l  L e a c h i n g  P o t e n t i a l  
( S L P )  

R a t  i n a  
a 

( P L P )  
R a t i n g  V e r y  H i g h  H i g h  M o d e r a t e  L o w  V e r y  L o w  

V e r y  H i g h  

H i g h  

M o d e r a t e  

L o w  

V e r y  L o w  

V e r y  H i g h  
R i s k  

V e r y  H i g h  
R i s k  

H i g h  
R i s k  

M o d e r a t e  
R i s k  

L o w  
R i s k  

V e r y  H i g h  
R i s k  

V e r y  H i g h  
R i s k  

H i g h  
R i s k  

M o d e r a t e  
R i s k  

L o w  
R i s k  

H i g h  M o d e r a t e  L o w  
R i s k  R i s k  R i s k  

H i g h  M o d e r a t e  L o w  
R i s k  R i s k  R i s k  

M o d e r a t e  L o w  V e r y  L o w  
R i s k  R i s k  R i s k  

L o w  L o w  V e r y  L o w  
R i s k  R i s k  R i s k  

V e r y  L o w  V e r y  L o w  V e r y  L o w  
R i s k  R i s k  R i s k  

T a b l e  9. P L P / S L P  M a t r i x  f o r  D e t e r m i n i n g  a N u m e r i c a l  V a l u e  fo r  t h e  S i t e  
Specif ic  G r o u n d  Water C o n t a m i n a t i o n  P o t e n t i a l  (GWCP) R a t i n g  of 
P e s t i c i d e / s o i l  C o m b i n a t i o n s  

P e s t i c i d e  S o i l  L e a c h i n g  P o t e n t i a l  
L e a c h i n g  

P o t e n t i a l  
( S L P  ) 
R a n k  

( P L P  
R a n k  5 4 3 2  1 

GWCP: V e r y  H i g h  (VH)  > 16.00 
H i g h  ( H )  = 1 2 . 0 0  t o  15.99 

M o d e r a t e  ( M) = 8.00 t o  11.99 
L o w  ( L )  = 4 . 0 0  t o  7 . 9 9  

V e r y  L o w  ( V L )  < 4 . 0 0  

S L P :  VH = 5 P L P :  VH = 5 
H = 4  H = 4  
M = 3  M = 3  
L = 2  L = 2  

VL = 1 VL = 1 



interest is classified as Lakeland (thermic, coated Typic 
Quartzipsamment). As shown in Table A4 this soil has a very high 
(VH) leaching potential. Pesticides with a very high or high PLP 
used on this soil would be classified as being a Irvery high riskm 
to ground water. Those with moderate PLP would be considered 
"high riskr1 while those with low and very low PLP would be 
classified as "moderate riskw and 'low risk,Ir respectively. 

Using the pesticide parameters in Table A5, the grower's specific 
application rates (from the pesticide label), and the PLP equation 
(equation 2), it is determined that rnetolachlor or alachlor 
applied preemergence to soil has a PLP of ffmoderate.ff 
using the matrix it is determined that the use of these 
herbicides on the Lakeland soil is classified as "high riskrr. 
Returning to Table A5, the farmer calculates that trifluralin, 
vernolate, and clomazone applied preplant incorporated in soil 
have PLP ratings of Voww. Using the PLP/SLP matrix, he 
determines that the use of these chemicals on the Lakeland soil 
is considered a I1moderate risktf. Finally, from the pesticide 
parameters in Table A5, pendimethalin applied preemergence to 
soil and fluazifop, sethoxydim, and fenoxaprop applied 
postemergence are determined to have "very lowff PLP ratings. 
From the PLP/SLP (Table 8) matrix it is determined that the use 
of these herbicide treatments on the Lakeland soil are classified 
as 'low riskff. Herbicides with the lowest potential to 
contaminate the ground water should be selected for the major 
soil type of each field so that the chances of ground water 
contamination are minimized. 

COUNTY LEVEL EVALUATIONS I 

PSRS for County Level Analysis. While the PSRS method is best I 

suited to site specific evaluations, it may also be applied to 
aggregate situations such as county or higher level analysis. 
However, due to the enormous amount of spatial variation 
associated with soils, and particular crops grown on particular 
soil types, aggregate analysis with any model or system provides 
only general information about trends in potential ground water 
contamination. Small areas of high susceptibility could be 
masked in aggregate analysis. These areas, if located over a 
shallow community aquifer, for example, could facilitate serious 
contamination problems. However, when regional ground water 
protection evaluations are needed, and other data is limited, the 
PSRS system can be cautiously applied. 

To evaluate the relative ground water contamination potential for 
a county with PSRS three pieces of information are needed: 1) the 
market share of the pesticides used in the county expressed as a 
fraction, 2) the PLP ranking for each of the pesticides, and 3) 
the fraction of the county acreage that has a high or very high 
SLP. 

Pesticide market share information and total use information can 
be obtained from grower or expert opinion surveys. Market share 



information can be easily combined with SLP and PLP information 
at the county or other levels of aggregation. Market share 
fractions based on total pesticide use for a single crop or 
groups of crops within a county could be used depending on 
interest. Market share data is useful in estimating relative 
changes in potential ground water contamination from regulatory 
changes and reflects the proportional pesticide use pattern 
within an area. It might be expected that the absolute level of 
potential ground water contamination would increase with 
increasing intensity of pesticide use. However, it must be 
recognized that an intensity of use measure, such as total 
kilograms of active ingredients divided by total crop acreage in 
a county (Nielson and Lee 1987), ignores both soil and pesticide 
factors affecting movement. The ground water contamination 
potential for a county where pesticides with limited leaching 
mobility are extensively used on soils with predominately low 
leaching potentials may be less than a county where a highly 
mobile pesticide is used sparingly on soils that have high 
leaching potentials. Cropland use by soil series is not well 
known over large areas. For the purpose of this report in 
comparing relative changes in costs and relative changes in 
ground water contamination potential, market share information by 
pesticides is sufficient. Use of intensity information like that 
developed by Nielsen and Lee (1987) or Moreau and Danielson 
(1990) could be coupled with PSRS analysis. Overlay maps 
generated from both sources may give added information. 

The PLP for each pesticide may be determined as previously 
explained for the site specific case (equation 2) with the 
exception that an average application rate instead of the actual 
rate would be used. Pesticide application rates depend on soil 
type, label restrictions, pest populations, and grower 
preferences. The last two factors are not in readily available 
county level databases. Since it is not known what proportion of 
chemicals will be used on which soil types it is difficult to 
correct the average application rate for soil type. An estimate 
of the fraction hitting the soil for postemergence materials will 
also have to be made as many pesticides are applied to crops at 
different growth stages or with variable canopy or planting 
geometries (Table 7). Once the PLP value is calculated for a 
pesticide the PLP ranking is simply determined using the 
information shown in Table 10. 

The acreage in a county which has a high or very high SLP may be 
readily determined using information from local county soil 
surveys or local and state Soil Conservation Services offices. 
An SLP for each series in the county should be determined as 
previously described (Table 6 and Table A 4 ) .  Acreages for bodies 
of water should be excluded. Urban land acreages should also be 
excluded unless the pesticides of interest are used primarily for 
urban purposes (lawn and garden pesticides for example). Once an 
SLP has been determined for each soil series in the county, the 
acreages of those that received a high or very high rating are 
summed then divided by the total acreage. This gives the 
fraction of the county which has a high or very high rating. 



Table 10. Summary of Values, Ratings, and Ranks for the PSRS System 

Calculated Connot at ive Numerical 
Component Value Rat inu Rank 

SLP : 

PLP : 

Very High (VH) 
High ( H) 

Moderate ( M) 
Low ( L) 

Very Low (VL) 

>10.00 Very High (VH) 
1.00 to 10.00 High ( H) 
0.20 to 0.99 Moderate ( M) 
0.05 to 0.19 Low ( L) 

< 0.05 Very Low (VL) 

Site Specific 
GWCP : >16.00 Very High (VH) 

12.00 to 15.99 High ( H) 
8.00 to 11.99 Moderate ( M) 
4.00 to 7.99 Low ( L) 

< 4.00 - Very Low (VL) 

County Level 
GWCP : High ( H) 

Moderate ( M) 
Low ( L) 



Utilizing the fraction instead of total acreage with a high or 
very high rating, for example, prevents large counties from being 
shifted into higher leaching potential categories simply because 
of their size. 

The relative county ground water contamination potential (county 
GWCP) is then calculated using the following equation: 

county GWCPj = [ 2, (sharei X PLP,)] X SLPj X 100 (3) 

where : 

county GWCPj = 

The market share 

ground water contamination potential score for - 

county i 
market share of pesticide i as a fraction 
PLP rank (1 to 5) of pesticide i (Table 10) 
fraction of county i with high or very high 
scaling factor 

(fraction) for each pesticide is multiplied 

SLP 

by 
its PLP rank as determined from Table 10. The products are 
summed then multiplied by the fraction of the county receiving a 
high or very high SLP rating and a scaling factor, 100, for ease 
of use. See Table 11 for an example calculation for Lee County, 
North Carolina. The lowest possible county GWCP is 0 and would 
indicate a low potential of ground water contamination. The 
maximum county GWCP possible is 500 and would indicate a high 
potential for ground water contamination. The following county 
GWCP ranges have been selected: Low = less than or equal to 75, 
Moderate = 75 to 150, High = greater than 150. These ranges were 
selected to yield results analogous to the PSRS site specific 
rating matrix (Table 8). These GWCP scores are displayed for 19 
counties in North Carolina in column one of Table 12. 

DRASTIC and PSRS comparison: County Level Examples. To 
determine how closely the DRASTIC and PSRS systems predicted the 
potential for ground water contamination, 24 southeastern Coastal 
Plain counties were evaluated with both systems (see Table 13 for 
county names). DRASTIC scores for the counties were obtained 
from USDA (Nielson and Lee 1987). Since DRASTIC incorporates 
only soil and hydrogeologic parameters it was first determined if 
the soil portion of PSRS, by itself, agreed with the DRASTIC 
scores. To make this comparison a weighted average county level 
SLP score was computed for each county (Table 13). The SLP was 
calculated for each series in a county (equation 1) then 
multiplied by the number of acres of the series present in the 
county. These products were summed then divided by the total 
number of acres to give a county level SLP. Figure 3 shows poor 
correlation between the DRASTIC scores and the SLP component of 
the PSRS system (linear fit R value = 0.259). The lack of 
correlation between the systems is primarily due to the lack of 
an organic matter component in DRASTIC. As previously discussed, 
organic matter is generally considered the single most important 



Table 11. Data and Example Calculation of County GWCP for Lee County, 
North Carolina 

% of A c r e a g e  w i t h  H i g h  (H) and V e r y  H i g h  (VH) SLP: 

SLP Component Scores 
Soil Series Acres Texture pH %OM - SLP 

Blaney 
Candor 
Cecil 
Chewacla 
Congaree 
Creedmoor 
Dothan 
Durham 
Fuquay 
Gilead 
Mayodan 
Nason 
Pacolet 
Pinkston 
Roanoke 
State 
Vaucluse 
Wehadkee 
White Store 
Wickham 

Total acreage sum (excluding water and urban land) - - 
Number of acres with high (H) or very high (VH) rating = 

M a r k e t  S h a r e  and PLP Data: 

Market Applic. 
Common Name Share Method Koc 

2,4-D 12. 50 
Alachlor 20.00 
Ametryn 2.00 
Atrazine 38.00 
Butylate 7.00 
Cyanazine 0.50 
Dicamba 1.70 
EPTC 2.30 
Glyphosate 0.40 
Linuron 1.30 
Metolachlor 7.90 
Paraquat 2.40 
Pendimethalin 0.20 
Simazine 4.20 
Trifluralin 0.10 

Sum = 100. 50 

T-1/2 Rate 
(days) (kg ai/ha) 

Frac . 
(0-1) 

0.5 
1.0 
0.5 
1.0 
1.0 
1.0 
0.5 
1.0 
0.5 
0.5 
1.0 
0.5 
1.0 
1.0 
1.0 

Rat inq 

Calc. PLP 
PLP Rank - - 

2.702 X SLPj X 100 = 2.702 X 0.525 X 100 = 142 I I* 

County GWCPLee = 142 



Table 12. County GWCP Scores for 19 Counties in North Carolina 
and GWCP Values following Hypothetical Corn Herbicide 
Bans 

Atrazine 
GWCP Atrazine Dicamba 
Starting Atrazine Dicamba Metolachlor Dicamba Metol. 

County scores1 Ban Ban Ban Ban Ban 

Bert ie 
Bladen 
Brunswick 
Carteret 
Columbus 
Cumber land 
Currituck 
Edgecombe 
Hert f ord 
Hoke 
Jones 
Lee 
Mart in 
Nash 
Pamlico 
Pender 
Sampson 
Tyrrell 
Wilson 

'column 1 computed from base level corn herbicide shares (Table 14) 
using equation 3. Other columns based on market share 
shifts in Table 14. 



Table 13. DRASTIC and County Level SLP Scores for 24 Southeastern counties1 
-- 

State County DRASTIC Score SLP Score 

North Carolina Bertie 
Bladen 
Brunswick 
Carteret 
Columbus 
Cumberland 
Currituck 
Edgecombe 
Hertf ord 
Hoke 
Jones 
Lee 
Mart in 
Nash 
Pamlico 
Pender 
Sampson 
Tyrrell 
Wilson 

Virginia Isle of Wight 179 134 

South Carolina Orangeburg 196 137 

Georgia Worth 181 134 

Florida Jefferson 185 154 

Alabama Covington 173 143 

l~aximum DRASTIC score possible = 256, minimum = 26. Maximum county SLP score 
possible = 190, minimum = 19. 



Figure 3. 
County level SLP scores versus pesticide 

DRASTIC scores for 24 counties 

Figure 
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PSRS county level GWCP scores versus 
pesticide DRASTIC scores for 24 counties 
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soil factor affecting pesticide movement. Failure to include 
this parameter may limit the usefulness of the DRASTIC 
methodology to more accurately reflect relative ground water 
contamination potential. 

Comparison of county GWCP values from the PSRS system (equation 
3) with the DRASTIC scores also showed little correlation (Figure 
4, linear fit R value = 0.158). This was expected since unlike 
PSRS, DRASTIC uses no pesticide parameters to evaluate potential 
ground water contamination. The pesticide products and market 
shares used in this portion of the analysis were taken from 1987 
and 1988 Maritz farmer surveys and were assumed to be constant 
for each county (Table 14) . 
Pesticide Restrictions: Shifts in County Level Contamination 
Potential. The Maritz data was also used to evaluate the effect 
of pesticide restrictions and resulting market share shifts on 
potential ground water contamination. The starting shares were 
calculated as the percentage of 1.963 million acre treatments 
applied to corn in North Carolina during 1987 and 1988. Based on 
these starting shares, market share shifts following hypothetical 
bans of atrazine, metolachlor, dicamba, or combinations thereof, 
were estimated by ~ianessi and Puffer (~ppendix B), (Table 14). 
Again, each set of resulting market shares following a 
restriction were assumed to be constant for all counties. 

The GWCP scores for the base level use of the herbicides and 
changes by county are given in Table 12. Contamination potential 
changed following market share shifts. The difference was less 
pronounced in counties with lower acreage percentages in high and 
very high SLP categories. With only a small percentage of a 
county rated as highly leachable it would be expected that 
increased use of pesticides with larger leaching potentials would 
have less effect on GWCP. Comparisons of changes in costs 
associated with changes in herbicide use are developed below. 

It can be concluded from these analysis that there is little 
relationship between the DRASTIC and PSRS systems. In the 
absence of adequate data to validate either system it is not 
possible to evaluate which one, if either, best predicts relative 
contamination potential. It is hoped, however, that by utilizing 
key pesticide and soil parameters, the PSRS system better 
describes the relative potential for ground water contamination. 

VALIDATION STUDIES 

The PSRS system developed for this report is currently in the 
validation process. Lysimeter studies involving combinations of 
soils and pesticides typical of the southeastern region are being 
evaluated. Soils and pesticides which had a broad range of 
characteristics affecting mobility were selected. Information 
collected on mobility and longevity of the pesticides in each 
soil should allow for adjustment of rate and weight factors if 
necessary. In the absence of validation data the comparisons 



Table 14. Starting Market Shares and Estimated Shifts after H pothetical 
Regulatory Bans of Selected Herbicides Used in Corn Y 

Atrazine, 
Atrazine, Dicamba, 

Starting Atrazine Dicamba Metolachlor Dicamba Metol. 
Common Name Share Ban Ban Ban Ban Ban 

2,4-D 12.50 
Alachlor 20.00 
Ametryn 2.00 
Atrazine 38.00 
Butylate 7.00 
Cyanazine 0.50 
Dicamba 1.70 
EPTC 2.30 
Glyphosate 0.40 
Linuron 1.30 
Metolachlor 7.90 
Nicosulf uron 0.00 
Paraquat 2.40 
Pendimethalin 0.20 
Primisulfuron 0.00 
Simazine 4.20 
Trifluralin 0.10 

'starting shares are percent of 1.963 million acre treatments for 1987 and 
1988 (taken from Maritz 1987 and 1988 farmer surveys). Estimated 
regulatory changes from Appendix B. 



between any of the current contamination models is a theoretical 
exercise. validation data must be generated to determine if any 
method suitably predicts ground water contamination potential. 

ESTIMATING COST CHANGES OF PESTICIDE REGULATIONS 

To compare reductions in relative ground water contamination 
potential to marginal costs of complying with pesticide use 
regulations, agencies such as EPA, USDA and pesticide companies 
conduct what is known as Itbenefit analysis." That is, how 
beneficial is a particular pesticide used on a particular site 
(crop and region) relative to what substitute or replacement 
pesticides and other practices are undertaken if there is a use 
restriction (cancellation ban, or other use restriction). The 
major components of a benefit assessment are: (a) determining 
the base or pre-regulation pesticide use pattern; (b) estimating 
pesticide market shares following the restriction; (c) estimating 
crop yield changes; (d) determining pesticide cost changes; and 
(e) determining overall economic costs of the regulation. This 
section discusses these components, emphasizing data sources, 
methods and simplifying assumptions. ~ttention is directed to 
possibilities for county level assessments. Data from state and 
national level assessments of hypothetical cancellations of 
several major pesticides are described for the Coastal Plain 
region. 

DETERMINING PESTICIDE USE PATTERNS 

For assessing both ground water contamination potential and costs 
of adjusting to specific pesticide regulations, base level 
pesticide use must be estimated. Data needed include the acreage 
of a particular crop site receiving treatment(s) with the target 
pesticide(s) and all its major substitute pesticides. Also, 
application numbers, rates of active ingredients, and costs of 
materials and application are needed for a complete estimate of 
current crop protection activity. Frequently, mixtures of 
pesticides are applied in a single application, and many fields 
receive multiple applications per crop season. Of course, some 
cropped areas receive no applications of many pesticides that are 
registered for use. 

Pesticide use surveys are conducted by both public and private 
organizations. The USDA, state organizations and a pesticide 
data base at the Resources for the Future are primary sources 
which are non-proprietary. Pesticide manufacturers, EPA, the 
USDA and others also rely on private market research firms 
(Doanes, Maritz) for pesticide use estimates. The private 
surveys use mail and telephone surveys of random samples of farms 

r l  

in each or alternate years. The USDA surveys conducted by the 
NASS are also based on random samples of farms, but they use 
personal interviews conducted at less frequent intervals. The S 

RFF data base includes all the NASS data, but also relies on 



surveys of farmers conducted by state pesticide specialists and 
on "expert opiniontt surveys of pesticide research and extension 
personnel in the states. 

Accuracy of pesticide use surveys or expert opinions for local 
sites, say a particular herbicide product in county i in year t 
for crop j will depend upon several key factors. First, there is 
variation between years for some pesticide products because of 
variable pest infestations, weather changes, introduction of new 
products and changes in relative pesticide prices. Spatial 
variation in use, for example, county to county, in the same year 
for a given herbicide and crop depends upon uniformity of pest 
(weed) infestations and uniformity of sales effort (availability 
of pesticides). State extension service recommendation guideline 
such as the North Carolina Agricultural chemicals Manual (NCACM 
1993) can also affect use over time and by-location. The NCACM 
is revised annually and gives advise for limiting use by soil 
type and moisture condition by pest target. For the first time 
the 1992 NCACM gave potential contamination ratings for pesticide 
similar to those described in Table A5. 

The private surveys have the advantage that they contact large 
numbers of growers each year for each of the major crops (Doanes 
also surveys fruit, vegetables and nut growers in alternate 
years). They concentrate on estimating pesticide levels and 
market shares by application. They call these treatment acres 
for an acre of cropland receiving a particular pesticide product 
or mixture. They also compile product acre treatments and 
pesticide expenditures. Product acres are the number of cropland 
acres receiving a particular brand of a pesticide, including 
mixtures. Therefore, if a farmer in a given year applied a 
mixture of chemical A and chemical B in one application to 100 
acres and the same area received a second application of chemical 
B, this would be 300 product acres, but only 200 treatment acres. 
Some information is compiled on application rates in active 
ingredient pounds, but the most complete measures of rates are 
the expenditures per treatment, product or crop acre in a given 
area. Survey farms are keyed to particular county codes so one 
can examine data at the county level. The sampling frequency 
varies depending on farm size, pesticide use variability and 
other factors. Table 15 shows the number of farms sampled for 
1987 and 1988 for several southeastern crops and states by Maritz 
(1987). 

Two major data sets were compared for total herbicide use on 
major southeastern field crops. Figures 5-8 show total treated 
acreage from the 1987 RFF data base, and total herbicide 
treatment acres and product acres from the average of the 1987 
and 1988 survey years of the Maritz surveys. The six states and 
four crops show some differences between the three estimates. 
First, the difference between treatment acres and product acres 
for the Maritz surveys reflects the importance of capturing 
herbicide mixtures. Second, except for a few cases the RFF 
estimates of number of herbicide applications is larger than the 



Table 15. Number of Farmers Sampled by Maritz (1987) by Crop, State 
and year1 

Crop Ala. Fla. Ga. N.C. S.C. Vir . 
Corn 

1987 

1988 

Cotton 

1987 

1988 

Peanuts 

1987 

1988 

Soybeans 

1987 

1988 

l~abulated from Maritz electronic files. 
2n.s. means farms not sampled in that state and year. 



Figure 5. Comparison of Herbicide Treatment 
Acres and Product Acres from 
Maritz Surveys (1 987) and RFF 
Total Treatment Acres, Corn 

Treat 

Prod 

RFF 



Figure 6. Comparison of Herbicide Treatment 
Acres and Product Acres from 
Maritz Surveys (1 987) and RFF 

Total Treatment Acres, Cotton 

Treat 

Prod 



Figure 7. Comparison of Herbicide Treatment 
Acres and Product Acres from 
Maritz Surveys (1 987) and RFF 
Total Treatment Acres, Peanuts 

Treat 

Prod 
RFF 
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Figure 8. Comparison of Herbicide Treatment 
Acres and Product Acres from 
Mark Surveys (1 987) and RFF 
Total Treatment Acres, Soybeans 

Treat 

Prod 

RFF 



Maritz estimates for product acres (These are the comparable 
figures for the two data sets). Only in the case of cotton 
herbicides for Georgia, North Carolina and South Carolina are the 
RFF estimates lower than the Maritz estimates. The RFF data is 
based on 1987 Census crop acreage data while the Maritz data 
shown is an average of 1987 and 1988. Adjusting the RFF data to 
reflect 1987-1988 crop acreage will tend to narrow the gap 
between the two sources. For example, the N.C. corn acreage fell 
from 1987 to 1988, and correcting for this will reduce the 
difference between the RFF and Maritz product acres by about 40 
percent. 

It is also important to know market shares of various pesticide 
products when evaluating yield, cost and ground water risk 
changes. The RFF and Maritz herbicide data were compared by 
individual products for the six states and four crops - corn, 
cotton, peanuts and soybeans. (~ppendix Tables A6-A9). A market 
share in this case is the ratio of acres treated by a given 
product to the total treatments (product acres) in that state. 
Several differences in the market shares are evident from these 
tabulations. First, the RFF data has zero shares for some of the 
minor use herbicides. Secondly, most of the market shares of the 
major use herbicides are fairly similar between RFF and the 
Maritz survey. Finally, there may be gaps in one or more of the 
surveys. For example, Florida and ~irginia are minor cotton 
growing states (less than 10,000 acres in most years), and 
therefore they are omitted from the Maritz sampling of cotton 
farms. It is not possible to know which of the data sets is more 
accurate for market shares or total herbicide use. They do 
conform in a general way, but also they point out the difficulty 
of assessing use of minor use pesticides at even the state level 
of aggregation. Tabulations of pesticide use data at the county 
or crop reporting district level (about 8-10 county groups) with 
the Maritz data is possible. The maps in Appendix A (Figures Al- 
A3) are based upon county level use information (active 
ingredients (a-i.) in lbs) from the RFF data. However, these 
data were created by assuming equal a.i.lbs for each crop acre in 
a state, then adjusting by cropped area and square miles per 
county. 

ESTIMATING PESTICIDE MARKET SHARES FOLLOWING REGULATIONS 

Farmers often have several choices of pesticides to apply for 
their particular complex of pests (weeds). When a product is 
canceled or banned there will be changes in the levels of use of 
the replacement pesticides. The cost of crop protection and the 
crop yield will depend upon which replacement pesticides are 
used. In addition, the ground water contamination potential is 
also affected by the pesticide use shares (Tables 12 and 14). 

There are several methods to estimate post-regulation market 
shares: (a) expert opinion, (b) historical average, (c) 
historical trend and (d) econometric models. Expert opinion of 
local pest management personnel is a very common method. It is 



frequently used in national assessments by USDA and EPA, and it 
was used by RFF (1987) in estimating the replacement pesticides 
for the 13 hypothetical pesticide cancellations evaluated. The 
entire final report completed by RFF under subcontract for this 
project is included in Appendix B. (For each of 13 case studies, 
Appendix B contains six tables, labeled A through F.) These 
replacement chemical estimates can be found in Table B for each 
of the 13 case studies. For the case of a national ban on 
atrazine on corn, RFF used 20 experts to give estimates for 46 
corn growing states (Appendix B, Table XI-B). However, there was 
a civil court suit that ruled the EPA should not rely on "expert 
opinion," and that other methods should be utilized if possible. 

The historical market share, trend market share and econometric 
models can supplement expert opinion market share estimates. 
Historical shares would use a 3-5 year average use rate of all 
substitute pesticides. It is assumed that each replacement 
pesticide is allocated its historical share of the banned 
pesticide treatment acres. The main difficulty with this 
approach is determining the set of true substitutes for the 
pesticide targeted for evaluation for each region of analysis. 
Usually these assessments are made at the state level. The trend 
market share method allocates the banned treatment acres to the 
replacement pesticides. However, if there is a statistically 
significant time trend in use (positive or negative) for any 
pesticide, this is used to adjust market shares (Gianessi 1992). 
Finally, a more elaborate method to predict future pesticide use 
rates and shares is to include information on pesticide prices, 
pesticide efficacy and location effects. Linear and multinomial 
logit models have been applied with some success to corn and 
soybean herbicide use in the Southeast (Liu 1993). 

The time frame for regulatory evaluations for pesticide 
cancellations is about five years. That is, market share and 
base use rates of pesticides over the five years following a 
cancellation action are to be estimated. If new products come 
onto the market or relative prices or efficacies change (e.g. due 
to pesticide resistance development), these need to be accounted 
for in market share estimates. 

A further complication occurs when EPA considers restricting use 
of multiple pesticides. For example, in the past, cancellation 
of families of pesticides have been considered (e.g. 
organochlorine insecticides, EBDC fungicides). In this case 
allocation of the total acre treatments of all of the banned 
pesticides to replacements is needed. 

As an example of market shares, "starting sharesu for North 
Carolina herbicide use on corn were taken from the average of 
1987 and 1988 product acres in the Maritz surveys. These are 
shown in column 1 of Table 14. There are fifteen different 
chemicals with positive starting shares. 

The other columns of Table 14 show expert opinion estimates of 
market shares following five different bans of atrazine, dicamba, 



metolachlor and combinations thereof. These were made by one 
expert in the first three cases and by L. Gianessi for the 
multiple herbicide bans. They are used here to illustrate the 
methodology, and they should not be assumed to be best estimates 
of North Carolina herbicide use specialists. Other expert 
opinion estimates of market share changes following cancellations 
are given in Tables B for the 13 cases in Appendix B. 

ESTIMATING YIELD CHANGES FOLLOWING PESTICIDE RESTRICTIONS 

Commonly, yield changes are the largest component of changes in 
farmer costs of accommodating pesticide cancellations (Taylor, 
Lacewell and Talpaz 1979). This can either be a small percent 
(1-5 percent) on large acreage of treatment such as in field 
crops, or it can be a large percent yield loss (5-30 percent) for 
a small geographical area. The latter occurs when there are poor 
or no close substitute pesticides for particular pests. The 
importance of closely coordinating the estimates of yield and 
cost changes become obvious when canceled pesticides are replaced 
with non chemical as well as "the best remaining pe~ticide.~' 

The primary methods for estimating percent yield changes (AY) 
are: (a) expert opinion of local pest control specialist; (b) 
statistical analysis of field trials which compare various 
pesticides; and (c) analytical models such as HERB (Wilkinson 
et al. 1988). The objective is to compute 

where si is the share of pre-regulation acre treatments of 
pesticide i, 

fi is the share of post-regulation acre treatments of 
pesticide i for i = 1,2 . . . n possible substitute pesticides, 
and 

yi is the expected yield from using chemical i. 

This value is needed from each of the major geographical regions. 
The advantages of expert opinion are expediency and completeness 
of coverage of all geographical areas. Statistical analysis of 
field trials is more accurate and more uobjective,w but there may 
be insufficient numbers of trials comparing each replacement 
chemical in all geographical areas. Objectivity will be reduced 
if only trials with high pest populations easily controlled by a 
particular pesticide are chosen. The analytical models like HERB 
use experimental data to compute percent control, but their 
accuracy is only as good as the quality of the data used in 
computing percent control. 



In this evaluation of corn herbicides, state experts estimated 
yield change from canceling single herbicides for all major corn 
growing states. Those estimated by state are shown in Table C 
for the 13 cases in Appendix B. For multiple herbicide bans, 
Gianessi at RFF computed weighted average yield changes as 

where fi and fj were the percent of acres treated with herbicide 
i and j, respectively from Tables A of the relevant herbicide 
evaluation (Appendix B) . 
The possibilities for estimating yield changes for county or 
other substate regions primarily depends upon manpower and time 
availability. Usually there is insufficient data in terms of 
field trials or pest density at the county level. In the case of 
weed populations, the target weed data compiled by Maritz records 
farmer's llimpressionsll of their primary target weeds. Weed and 
crop scientists have made substate estimates of target pests and 
corresponding yield changes for some of the major field crops 
(United States Department of Agriculture 1985). Often, dividing 
pesticides into particular pest groups such as all broadleaf 
weeds, all grass weeds, or all prebloom insecticides on a 
particular crop in a particular state will provide more yield 
change accuracy than attempting to estimate substate yield 
changes. Using a fixed percentage yield loss for all potential 
yield situations (yield without any pest damage) is another 
common simplification. Recall that we want to estimate 5-year 
average regulatory effects. In our case we use a 5-year average 
corn yield as the base to which to apply the percent yield 
changes for each of the 5 hypothetical herbicide bans. 

ESTIMATING CONTROL COST CHANGES 

The final component in estimating supply shifts of proposed 
pesticide bans is determining cost changes for pesticide 
materials, pesticide applications and non-chemical cost changes. 
This component critically depends upon the estimates of market 
shares of pesticides following the cancellation. 

The estimation procedure used is to compute 

where f: are the pre-cancellation acreage shares for 
pesticide i, 

f i are the post-cancellation acreage shares for 
pesticide i, excluding the target pesticide t, and I 



Wi are the per acre treatment costs including 
application costs and any extra applications 
needed. 

This estimation step is usually not as difficult as those for 
cost and market share changes. The wi treatment costs for pre- 
cancellation are usually obtained by applying quoted retail 
prices (Pi) for pesticide i at the recommended rate. However, 
rates of particular herbicides actually used by farmers are often 
not at the mean or mid point of the recommended rates, but at 
about 80-90 percent of these rates according to the expenditure 
information in the Maritz survey data (Beach and Carlson 1993). 

In our evaluation of hypothetical corn herbicide bans, Gianessi 
(1987) used quoted prices or USDA or Extension Service estimates 
(see Appendix B, page 5 for discussion and data sources). The 
cost of extra cultivations was set at $6 per acre based on 
"expert opinionff of a USDA economist. Again, these estimates can 
be improved by using state or local level estimates from experts 
or farm surveys. Usually this is a small part of cost changes, 
and minimal effort is needed to get useful estimates. 

OVERALL ECONOMIC ASSESSMENT OF LOST BENEFITS 

The conceptual model for the benefit side of pesticide 
cancellation assessment comes from aggregating individual farmer 
marginal cost of production to an industry level supply curve 
(So) for each major crop or commodity. Usually these are 
national level markets. The base or no regulation case is 
denoted as So and the shift following the cancellation is denoted 
as S, in Figure 9. Usually linear or simple step function supply 
curves are used (Gianessi et al. 1988; Kopp and Krupnik 1987; 
National Research Council 1980). For the Appendix B calculations 
a step function is used based on the yield and control costs 
changes by state. The supply shift So to S, is upward and to the 
l e f t  i f  t h e r e  a r e  e x t r a  costs from t h e  bans. 

The demand side of the model requires an industry level demand 
curve (D,). If there is product improvement that consumers 
recognize following the pesticide ban, then demand would shift 
outward to the right. In the case of ground water protection the 
reductions in external cost will be reflected in the local GWCP 
and not in the price or demand for corn or other products. 
Therefore, for this case demand remains constant at Do following 
the cancellations (Carlson and Wetzstein 1993). A constant 
elasticity demand curve ( - . 6  or - 0 4 )  for corn is used in the 
illustrative evaluations in the next section. For the other 
crops see the demand elasticities on p. 7 of Appendix B. 

There are several common benefit and risk reduction values that 
are computed from the model shown in Figure 9. These can be 
found in Appendix B, Tables F for 13 national and regional 
pesticide cancellations simulated (see page 1 and page 7 of 
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Figure 9. Conceptual Model for Measuring 
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Appendix B). These measurements are shown in Figure 9 for the 
general case as: 

net change in producer area abcd 
and consumer surplus 

net change in producer area abed 
and consumer surplus 
less dead weight loss 

change in total production Q, - Q, 
change in total cost obcQ, - oadQ, 
change in market price P1 - Po 

Notice that consumer cost changes are given by the area bPlc. 
Percent changes in total production, total cost of production and 
market prices are also given (Tables F in Appendix B). In 
addition, for the national and regional cancellations (six 
Southeastern states), there are tabulations of changes in 
aggregate pesticide use by chemical product in both acre 
treatments and total a.i. pounds. (See Tables E of Appendix B 
for the 13 hypothetical ban simulations.) 

The national level evaluations do not tell us state or county 
level changes; this is the area to which we now turn. 

COMPARING LOCAL CHANGES IN GROUND WATER CONTAMINATION 
POTENTIAL AND CHANGES IN CROP PRODUCTION COSTS 

COMPUTING AND MERGING GWCP AND COST CHANGES 

The direct effect of a pesticide cancellation is an increase in 
the costs of production, because of a switch to higher-cost 
alternative pesticides, or a reduction in yield because of a 
switch to the use of less effective alternatives or no use of 
pesticides, or both. The shifts in the mix of pesticide products 
used following five hypothetical cancellations of corn herbicides 
was discussed earlier (see Table 14). With the market shares of 
alternative pesticides used for each hypothetical cancellation, 
the changes in county level GWCP values were estimated (Tables 12 
and 14). The values given are GWCP for 19 North Carolina 
counties in the Coastal Plain before and after the cancellations. 
This is a large sample of soils and farming conditions in the 
Coastal Plain of North Carolina (about 50%) (Table A4). 

It makes more sense to use the relative rather than absolute 
changes in GWCP to evaluate the risk reduction effect of a 
pesticide ban. The relative changes in GWCP with a ban of 
pesticides is estimated by 



%AGWCP= AGwCP *loo, 
GWCP 

where AGWCP is the difference in regional GWCP expressed as a 
fraction comparing GWCP before and after the 
cancellation, and 

GWCP is the GWCP for the starting market shares of 
pesticide use. 

The estimated starting values and percent changes of GWCP for the 
nineteen North Carolina counties are given in Table 16. It can 
be seen that the range of reductions in GWCP across all counties 
and for five bans is from 0.85 to almost 19 percent. The largest 
GWCP reduction are for bans on atrazine but the values almost 
double when both atrazine and dicamba are banned. This occurs 
because dicamba and atrazine are close substitutes for many post 
emergence broadleaf weeds. 

The percent changes of GWCP for the entire Coastal Plain of North 
Carolina are the weighted percent changes for each GWCP for the 
five cases. 
in 1987 and 

where 

The weights are average corn acreage in each county 
1988. These can be expressed as 

A, is county its corn acreage, 
GWCP, is county i s GWCP, and 
GWCPia denotes county its GWCP after the particular 

cancellation, a, a=1,2...5. 

As previously discussed, a pesticide ban can cause supply curve 
shifts. The shifts can be attributed to changes of weed control 
cost and yield per acre after a pesticide ban. The crop yield 
effects are estimated by expert opinion. The estimated yield 
changes of five hypothetical pesticide cancellations are given in 
Table 17. The changes of control costs for those five 
hypothetical pesticide cancellations are also given in Table 17. 
These changes in yield and control cost are combined into a 
supply shift at the market level of analysis as described in the 
last section (Figure 9). 

To approximate local levels of producer and consumer costs of a 
national ban of selected herbicides, other procedures must be 



Table 16. County and Coastal Plain Percent Changes in GWCP from 
Various Hypothetical Cancellations of Corn Herbicides 
in North Carolina 

Atrazine 
Metola- Atrazine Dicamba 

Starting Atrazine Dicamba chlor Dicamba Metol. 
County GWCP~ Ban Ban Ban Ban Ban 

.................... Percent Change ------------- 

Bert ie 70.50 9.93 0.85 1.42 17.59 18.58 

Bladen 120.80 10.02 0.91 1.49 17.72 18.68 

Brunswick 129.70 10.02 0.93 1.46 17.66 18.66 

Carteret 53.80 10.04 0.93 1-49 17.66 18.72 

Columbus 112.10 9.99 0.89 1.43 17-66 18.64 

Cumberland 

Currituck 

Edgecombe 

Hertf ord 

Hoke 

Jones 

Lee 

Mart in 

Nash 101.10 9.99 0.99 1.48 17.71 18.69 

Pamlico 35.90 10.03 0-84 1.39 17.55 18.66 

Pender 117. 50 9.96 0.94 1.45 17-62 18.64 

Sampson 159.20 10.05 0.94 1.51 17.71 18.72 

Tyrrell 20.30 10.34 0.99 1.48 17.73 17.24 

Wilson 147.00 10.00 0.95 1.43 17.69 18.71 

Coastal 112.81 10.10 0.92 1.46 17.67 18.66 
plain2 

l~ased on Table 12, other columns computed as percent changes using column 1 as 
base on Table 14. 

'~crea~e weighted average using 1987-1991 county corn acres, North Carolina 
Agricultural Statistics, 1987-1991. 



Table  17. Yie ld ,  Cost ,  Consumer and Producer Cost ,  and P e r c e n t  GWCP Changes 
from Hypo the t i ca l  C a n c e l l a t i o n s  of  Corn He rb i c ide s  f o r  19  North 
C a r o l i n a  coun t i e s1  

At raz ine  
A t r a z i n e  Dicamba 

At r az ine  Dicamba Meto lach lor  Dicamba Metol. 
Ban Ban Ban Ban Ban 

Yield change ( % ) I  -5 -5 0 -5 -4 

Con t ro l  c o s t  
change ( $ / a c r e ) '  1.16 

[ CS+PS ] change2 
demand e. -0.4 4 . 3 1  

[CS+PS ] change2 
demand e. -0.6 4.23 0.08 

% change G W C P ~  10.10 0.92 1.46 17.67 18.66 

'From e s t i m a t e s  by G i a n e s s i  and P u f f e r ,  see Appendix B, Tab l e s  V.C, X.C,  X I . C ,  
X I I . C ,  X I I 1 . C  f o r  y i e l d  changes; Tables  D f o r  c o s t  changes. .  

2~omputed  u s i n g  equa t i on  ( 9 )  based on North Ca ro l i na  d a t a ,  and assumed demand 
e l a s t i c i t i e s  ( e ) .  Consumer p l u s  producer  s u r p l u s  change d i v i d e d  by t h e  
co rn  ac r eage  f o r  t h e  n ine t een  North Ca ro l i na  c o u n t i e s ,  1987-1991 i n  
$ / a c r e .  

3 ~ r o m  Table  16. 



used. Price changes come from the national model as described in 
Figure 9 and the last section. The numerical values for these 
price changes come from Appendix B tables for the five corn 
herbicide bans. The per-acre cost changes were compiled from the 
expert opinion estimates of corn yield and control costs changes 
for North Carolina for each of the five hypothetical bans. This 
information taken from Appendix B is summarized in Table 17. The 
calculation of the change in cost of production per corn acre 
grown was made by 

Where A[CS+PS] is the local changes in consumer plus producer 
costs per corn acre grown, 

AQ is the change in yield per acre plus changes in 
control costs in bushel equivalents, 

AP% is the national level price change from the 
particular herbicide cancellation, 

Po is the base corn price which for the five year 
period was $2.50 per bu., and 

CA, is the sum of the corn acres grown in the nineteen 
county area. 

The producer plus consumer cost changes computed in this way 
reflect local yield and control cost changes rather than national 
averages for each of the five simulated bans. These cost changes 
range from $.07--08 per acre for the dicamba and metolachlor bans 
to over $4 per acre for the other hypothetical bans. Overall 
cost of production for corn in the Coastal Plain of North 
Carolina is about $180 per acre. Therefore, the percent cost 
changes range from 0.5 to about 2.7 percent. 

The percent reductions in GWCP and per acre cost increases for 
each of the five hypothetical bans are plotted in Figure 10. In 
this figure it is clear that the relatively large reductions in 
GWCP (greater than 10%) are not obtained by cancellations of only 
dicamba or metolachlor. The primary reason is not the relative 
GWCP scores of the individual herbicides, but because of the much 
higher level (high market shares) of atrazine use compared with 
the other two herbicides. 

This methodology does provide a more rigorous way to combine 
ground water hazard ratings based on both soil and pesticide 
leaching characteristics with local estimates of pesticide use. 
One of its primary strengths is the use of soil series acreage 
and characteristics by county. The merging of the GWCP ratings 
with the pesticide use data can be made at the county, regional 
or state levels. It is very expensive to collect economic data 
for computing lost benefits at the county level --- primarily 



Figure 10. Relative Changes in GWCP and 
Per Acre Consumer Plus Producer 
Losses in Benefits for Five Hypothetical 
Herbicide Bans on Coastal Plain Corn 
in North Carolina 

Percent Reductions in GWCP 

A = Atrazine 
D = Dicamba 
M = Metolachlor 

A/D = Atrazine + Dicarnba 

A/D/M = Atrazine + Dicamba + Metolachlor 



yield and control cost changes. However, if this data were 
available then similar computations to those shown in Table 17 
could be made at the county level. 

DISPLAYING FINDINGS TO DECISION MAKERS 

Earlier in this report, the high value and potential usefulness 
to policy makers of computerized data sets related to estimated 
pesticide use, farmer surveys of pesticide applications, results 
of predictive models, and similar data have been highlighted. 
However, complex data and results of analyses often are not made 
available to policy makers in a form that is easy to comprehend 
(i.e. it is presented as data and not information). This section 
discusses methods for presenting data in forms that are designed 
to provide useful information for policy making. 

Tarqetinq. pesticide policies to protect ground and surface 
water should be targeted to those pesticide products and 
geographical areas where potential problems are expected to be 
the most severe and yet improved at least cost. First consider 
targeting of pesticide products. The PLP/SLP ratings and classes 
developed in this report present information about potential 
contamination that reflects the importance of interactions 
between pesticide and soil characteristics. In order to be most 
useful to policy makers and users of pesticides, this information 
has been presented in the form of a matrix, where the soil 
leaching rating and the pesticide leaching rating can be combined 
to clearly show the overall rating of the pesticide/soil 
combination (see Tables 8 and 9). Although beyond the scope of 
this project, geographic information systems also could be used 
to map the location of soil series (and therefore SLPs) for 
particular pesticide products, thereby providing a detailed 
visual picture of potential contamination. 

Geographic areas of concern can also be targeted. Potential 
contamination from a pesticide, even with a high PLP, will be low 
if a product is not used in an area, or if its use is very low. 
Thus, relative intensity of use of different pesticide products 
between geographical areas becomes important in targeting 
policies to areas of greatest concern. Such knowledge of the 
geographical distribution of a product's use provides, in 
addition, essential information for analyzing the distribution of 
impacts from a pesticide restriction. Costs of a product 
restriction are expected to be directly correlated with the 
amount and intensity of the product used in an area, although 
other factors such as availability of close substitutes also play 
a primary role. 

This information can be conveyed effectively to policy makers 
with thematic maps showing intensity of pesticide use at the 
county level. Resources for the Future data for selected 
products are used to illustrate this technique. Relative levels 
of herbicide use per square mile by county for metolachlor used 
on corn and soybeans in the study area are mapped in Figures A1 



and A2. Relative use levels are calculated by comparing each 
county's use level per square mile with the average use per 
square mile over all counties in the six-state area. The darkest 
shading in each figure indicates a county use level more than 50 
percent above average. Figure A3 shows the relative intensity of 
use of metolachlor on peanuts and even more dramatically shows 
the potential impacts of different product use patterns across 
geographical areas. Similar thematic mapping of estimated 
pesticide use or relative pesticide use intensity could be done 
using Maritz (1987) or other data. 

Costs of Pesticide Restrictions. Of primary interest to policy 
makers is the extent to which the costs of pesticide restrictions 
translate into a reduction in ground water contamination 
potential. In this study, these results are expressed 
graphically in Figure 10 showing the relationship between average 
losses of benefits per acre and the estimated percent changes in 
ground water contamination potential that is associated with the 
pesticide ban. 

SUMMARY OF METHODOLOGICAL AND DATA FINDINGS 

There is a large body of information and methods for making 
policy evaluations and decisions in protecting ground water 
quality at least cost. Soil and pesticide physical scientists 
have models and soil series specific information that can 
numerically rate soil leaching potential of pesticides (Table 
A4). Pesticide leaching potential ratings of particular 
pesticide compounds under region-specific conditions is also 
available (Table A5). These can be assembled and used with 
acreage data of soil series, and pesticide use data to obtain 
county level ground water contamination potential scores as was 
shown in Tables 11 and 12. However, the rating systems are 
primarily intended for farm level use. They are currently being 
validated against actual leaching levels of particular soil 
series, rainfall conditions and other variables. Care is needed 
in their use at the county or regional levels. 

The primary focus of economic analyses of costs of pesticide 
restrictions to reduce external costs is usually national in 
scope. Crop markets are national and international, and 
pesticide use regulations are frequently at the national level. 
But ground water contamination threats are highly variable over 
space. Spatially uniform regulations are very inefficient. One 
of the major tasks of any evaluation of ground water protection 
from pesticide regulations is how to make them locally efficient 
(matching marginal social costs and benefits). This study has 
shown how national or regional pesticide cancellation costs 
(Appendix B) can be compared with physical measures of GWCP 
improvements at the county or regional levels (Coastal Plain of 
North Carolina) (Table 17 and Figure 10). 



An alternative approach would be to assess social costs of local 
pesticide restrictions or other interventions (e.g., subsidies 
for pesticide substitutes). However, this approach is difficult 
also. Local restrictions such as taxes, use regulations or 
permits have high monitoring costs and strong border effects 
(Zilberman and Marra 1993). There are incentives to avoid new 
restrictions or buy untaxed pesticides in other geographical 
areas. 

The major data gaps in the regional level evaluation include the 
following: 

(a) no consideration of what crops are grown on which soil 
series, 

(b) no county or regional yield change data, 

(c) no regional or county pesticide market share change 
data, 

(d) uniform pesticide use per acre data assumed for all 
counties, 

(e) lack of validation of the soils series, and GWCP scores 
against experimental or survey data. 

Research is in progress on item e in the North Carolina State 
University Department of Crop Science. USDA, ERS has made an 
effort to overcome item a. Some particular pesticide special 
review studies have addressed items b, c and d. There seem to be 
farmer survey data on pesticide use that can be tabulated at the 
county level in both the Maritz (1987) and RFF (1987) data bases 
reviewed in this study. 

This study points to the need for more data on pesticide use 
(market shares), yield changes with pesticide restrictions and 
soil series information by crop area at the county level. Ground 
water contamination measurements in wells from non-point (field) 
use of pesticides are also needed to address the seriousness 
(economically and from a health view point) of the problem. The 
latter item was outside the scope of this study, but it has been 
addressed some by economists (Smith 1993) and by pesticide survey 
specialists (Maas et al. 1992). 
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APPENDIX A 



Table A l .  Residual Mass Percent and Travel Time to Reach 
Three Meters for Selected Chemicals Under Two 
Pollution Potential ~cenariosl*~ 

Low Potential Hiqh Potential 
Pesticide Residual Mass Time Residual Mass Time 

Trifluralin 
Alachlor 
2,4-D 
Metolachlor 
Atrazine 
Simazine 
Dicarnba 
Carbofuran 
Metribuzin 
Aldicarb 
Bromacil 

l~rorn Tables 3 and 4 of Jury, et al., 1987. 
2~esidual mass reaching 3 m is percent of mass applied in single 

application at the soil surface. 



Table A2. Assigned DRASTIC Weights for Use with Agricultural 
pesticides1 

Feature Weiqht 

Depth to water table 
Net recharge 
Aquifer media 
Soil media 
Topography 
Impact of vadose zone 
Hydraulic conductivity of the aquifer 

l~ller, et al., 1985. 



Table A3. Ranges and Ratings for Soil ~edia' 

Ranse Rat ins 

Thin or absent 
Gravel 
Sand 
Shrinking and/or aggregated clay 
Sandy loam 
Loam 
Silty Loam 
Clay Loam 
Nonshrinking and nonaggregated clay 

l~ller, et al., 1985, 



Table A4. Acreage Summary and Leaching Potential of 131 Soils Found in 
19 Coastal Plain Counties in North ~arolinal*~ 

SLP Component Score 
Soil Series Acres Percent Texture pH OM SLP Rating 

(A) ( %  ) 
ALPIN 
ALTAVI STA 
ARAPAHOE 
ARGENT 
AUGUSTA 
AUTRYVILLE 
AY COCK 
BALLAHACK 
BAYBORO 
BAYMEADE 
BELHAVEN 
BIBB 
BLANEY 
BLANTON 
BO JAC 
BONNEAU 
BRAGG 
BROOKMAN 
BUTTERS 
BYARS 
CAINHOY 
CANDOR 
CAPE FEAR 
CAROLINE 
CECIL 
CENTENARY 
CHARLESTON 
CHEWACLA 
CHIPLEY 
CONABY 
CONETOE 
CONGAREE 
COXVILLE 
CRAVEN 
CREEDMOOR 
CROATAN 
DARE 
DELOSS 
DOGUE 
DOTHAN 
DRAGSTON 
DUCKSTON 
DUNBAR 
DUPLIN 
DURHAM 
ECHAW 
EXUM 
FACEVILLE 
FORESTON 
FORK 
FUQUAY 
GEORGEVILLE 
GILEAD 
GOLDSBORO 
GRANTHAM 
GRIFTON 
GRITNEY 
HELENA 1204 0.02 24 2 100 129 M 

62 



Table A4. ( continued) 

Soil Series 
SLP Component Score 

Acres Percent Texture pH OM SLP Rating 

HYDE 
JOHNS 
JOHNSTON 
KALMI A 
KENANSVILLE 
KUREB 
LAKE LAND 
LEAF 
LENOIR 
LEON 
LIDDELL 
LUMBEE 
LYNCHBURG 
LYNN HAVEN 
MANDARIN 
MARLBORO 
MARVY N 
MAYODAN 
MEGGETT 
MUNDEN 
McCOLL 
NAHUNTA 
NANKIN 
NASON 
NIMMO 
NORFOLK 
OCILLA 
ONSLOW 
ORANGEBURG 
OUSLEY 
PACOLET 
PACTOLUS 
PAML I CO 
PANTEGO 
PASQUOTANK 
PAXVILLE 
PENDER 
PERQUIMANS 
PINKSTON 
PONZER 
PORTSMOUTH 
RAINS 
ROANOKE 
ROPER 
RUMFORD 
SEABROOK 
STALLINGS 
STATE 
STOCKADE 
TARBORO 
TATUM 
TOISNOT 
TOMAHAWK 
TOMOTLEY 
TORHUNTA 
VARI NA 
VAUCLUSE 
WAGRAM 



T a b l e  A4. ( c o n t i n u e d )  

SLP Component S c o r e  
S o i l  S e r i e s  A c r e s  P e r c e n t  T e x t u r e  pH OM SLP R a t i n g  

WAHEE 
WAKULLA 
WANDO 
WASDA 
WEDOWEE 
WEEKSVILLE 
WEHADKEE 
WHITE STORE 
WICKHAM 
WILBANKS 
WINTON 
WOODINGTON 
WORSHAM 
YAUPON 
YONGES 

SUM = 5638504 100.00 
1 

AVG = 43042 0.76 36 7 76 119 M 

P e r c e n t  w i t h  VH SLP = 14.0% ( 787580 A )  
P e r c e n t  w i t h  H SLP = 29.0% (1635166 A )  
P e r c e n t  w i t h  M SLP = 19.0% (1112129 A )  
P e r c e n t  w i t h  L SLP = 27.2% (1535524 A )  
P e r c e n t  w i t h  VL SLP = 10.1% ( 567246 A )  

'coastal P l a i n  C o u n t i e s :  Bertie, Bladen,  Brunswick,  C a r t e r e t ,  Columbus, I 

Cumberland, C u r r i t u c k ,  Edgecombe, H e r t f o r d ,  Hoke, J o n e s ,  Lee,  
M a r t i n ,  Pamlico,  Nash, Pender ,  Sampson, T y r r e l l ,  Wilson 

2~~~ Ranges: Very High (VH)  > 160 
High ( H )  = 135 t o  160 

Moderate ( M )  = 100 t o  134 
Low ( L )  = 55 t o  99 

Very Low (VL) < 55 



Table A5. Typical Pesticide Leaching Potential (PLP) Indices and Ratings 
Calculated Using Commonly Reported Koc, T-1/2 (Days), and Rate (kg 
ai/ha) Values and Estimated Fraction Hitting the Soil (0-1)'p2 

Common Trade Applic. 
Name Name Met hod Koc T-1/2 Rate Frac . --- PLP--- 

Herbicides: 

Acifluorfen Blazer 
Alachlor Lasso 
Ametryn Evik 

Amitrole Amitrole-T 
Asulam Asulox 
Atrazine Attrex 

Benef in Balan 
Bensulfuron Londax 

Bensulide Betasan 

Bentazon Basagran 
Bromacil Hyvar 
Bromoxynil Buctril 
Butylate Sutan 
Cacodylic Radecate 
acid 
Chloramben Amiben 
Chlorimuron Classic 

Chlorpropham Chloro-IPC 
Chlorsulfuron Glean 

Clomazone Command 
Clopyralid Stinger 
Cyanazine Bladex 

Cycloate Ro-Neet 
2,4-D Weedone 
2,4-DB Butyrac 
Dalapon Dalapon 
Desmedipham Bet anex 
Dicamba Banvel 

Dichlorprop DP-Amine 
Diclof op Hoelon 
Diethaty-ethy Antor 
Dif enzoquat Avenge 
Diphenamide Enide 
Diquat Diquat 
Diuron Karmex 

DSMA Methar-30 
EPTC Eptam 
Ethalfluralin Sonalan 
Ethofumesate Nortron 



Table A5. (continued) 

Common Trade Applic . 
Name Name Met hod Koc T-112 Rate Frac . --- PLP--- 

Fenoxaprop 
Fluazif op 
Fluometuron 
Fluridone 
Fomesaf en 
Fosamine 
Glyphosate 
Hexazinone 

Whip 
Fusilade 
Cotoran 
Sonar 
Reflex 
Krenite 
Roundup 
Velpar 

Arsenal Imazapyr 

Imazaquin Scepter 

Imazethapyr Pursuit 

I sopropa 
Lactof en 
Linuron 
MAA 
MCPA 
MCPB 
Metolach 
Metsulfu 

lin 

lor 
ron 

Paarlan 
Cobra 
Lorox 
Calar 
Chiptox 
Thistrol 
Dual 
Ally 

Metribuzin Sencor 

Molinate 
Napropamide 
Naptalam 
Norflurazon 
Oryzalin 
Oxyfluorfen 
Paraquat 
Pebulate 
Pendimethali 
Phenmedipham 
Picloram 

Ordram 
Devriniol 
Alanap 
Zorial 
Surf lan 
Goal 
Gramoxone 
Tillam 
Prowl 
Betanal 
Tordon 

Prodiamine 
Prometon 

Rydex 
Pramitol 

Prometryn Caparol 

Pronamide 
Propachlor 
Propanil 
Propazine 

Kerb 
Ramrod 
Stam 
Miloguard 

Pyrazon 
Quizalofop 
Sethoxydim 

Pyramin 
Assure 
Poast 

Siduron Tupersan 

Simazine Princep 



Table A5. ( cont inued) 

Common Trade Applic. 
Name Name Method Koc T-1/2 Rate Frac . ---p~p--- 

Sulfometuron 

Tebuthiuron 
Terbacil 

Terbutryn 

Thifensulfurn 
Thiobencarb 
Triallate 
Tr iclopyr 
Tridiphane 
Trifluralin 
Vernolate 

Oust 

Spike 
Sinbar 

Igran 

Pinnacle 
Bolero 
Far-Go 
Garlon 
Tandem 
Tref lan 
Vernam 

Growth Regulators: 

Daminozi.de Alar f 10 7 0.95 0.5 0.333 M 
Flumetralin Prime Plus f 100000 20 3.5 0.5 <0.001 VL 
Mepiquat Pix f 100000 500 0.049 0.5 <0.001 VL 
MH RoyalMH f 20 30 2.52 0.5 1.890 H 
NAA Fruitone f 10 10 0.175 0.5 0.088 L 
Thiadiazuron Dropp f 500 80 0.125 0.5 0.010 VL 

Fungicides: 

Dodine Dodine f 100000 20 12.86 0.5 0.001 VL 
Mancozeb Dithane-M45 f 2000 70 1.65 0.5 0.029 VL 
Maneb Dithane-M22 f 2000 70 0.409 0.5 0.007 VL 
Metalaxyl Ridomil f 50 35 0.84 0.5 0.294 M 

s 50 35 0.84 1.0 0.588 M 
Z ineb Dithane-Z78 f 200 16 0.755 0.5 0.030 VL 

Insecticides : 

Aldicarb Temik s 
Carbaryl Sevin f 
Carbofuran Furadan f 

S 
Chlorpyrifos Lorsban f 

s 
Diazinon Spectricide s 
Disulfoton Di-Syston s 
Ethoprophos Mocap s 
Malathion Malathion f 
Methylparathio Penncap f 
Naled Dibrom f 
Terbufos Counter s 

'very High (VH) = >10.00, High (H) = 1.00-10.00, Moderate (M) = 0.20-0.99, Low 
(L) = 0.05-0.19, Very Low (VL) = <0.05. 

'PLP indices computed using average cropping rate, Koc, and T-112 values 
reported for the southeastern region. Values used for fraction hitting 
the soil (F) were 0.50 and 1.00 for foliar and soil applications, 
respectively. The PLP should be calculated for specific conditions of 
use. This table is intended only to demonstrate the system and should 
not be used for specific application situations. 

3s = soil, f = foliar, nc = application of pesticide at noncropland use rates. 



T a b l e  A6.  C o r n  H e r b i c i d e  P r o d u c t  S h a r e s :  F a r m e r  S u r v e y  and R F F  D a t a  by state1 

TRADE 
 NAME^ 

ALABAMA FLORIDA GEORGIA 

SURVEY R F F  SURVEY R F F  SURVEY R F F  

2 ,4-D 

ARENA 

ATRAZ I N E  

BANVEL 

BLADEX 

DALAPON 

DUAL 

EPTC 

ERADICANE 

EVIK 

LASSO 

LEXONE 

LOROX 

O I L S  

PARAQUAT 

PRINCEP 

PROWL 

ROUNDUP 

SAFENER 

SENCOR 

SUTAN 

TANDEM 

TREFLAN 

UNKNOWN 

TOTAL T- ACRE^ 233100 457719 67158 255660 556244 1158821 

TOTAL P-ACRE 288213 81268 730966 

' s u r v e y  shares are product t r e a t m e n t  percentages w h i c h  w e r e  s u m m a r i z e d  from 
1987 and 1988 s u r v e y s  of farms by M a r i t z  M a r k e t i n g  R e s e a r c h ,  Inc .  R F F  
data f r o m  G i a n e s s i  and P u f f e r  (1991). 

2 ~ - ~ c r e  is  t o t a l  t r e a t m e n t  acres fo r  M a r i t z  and RFF; P - A c r e  i s  t o t a l  p r o d u c t  
acres from Mari tz  surveys .  

3 ~ o m m o n  n a m e s  of t h e s e  h e r b i c i d e s  can be f o u n d  i n  T a b l e  A 5 .  



T a b l e  A6. ( c o n t i n u e d )  

TRADE 
 NAME^ 

-- - - -- - - -- -- 

NORTH CAROLINA SOUTH CAROLINA VIRGINIA 

SURVEY RFF SURVEY RFF  SURVEY RFF  

ARENA 0.16 0 0 0 0 0 

ATRAZ INE 36.28 34.21 45.99 27.43 40.31 28.89 

BANVEL 1.54 3.07 0.5 5.21 3.18 4.07 

BLADEX 0.49 0.88 4.42 4.86 2.12 3.33 

DUAL 3.09 7.89 4.98 10.42 9.67 15.56 

EPTC 0 3.51 0 3 . 47 0 1.85 

ERAD ICANE 2.49 0 1.77 0 1.89 0 

EVIK 2.18 0.88 3.89 2.43 0 0 

LASSO 21.13 18.86 13.94 8.33 9.04 7 .41 

LEXONE 0.08 0 0 0 0 0 

LOROX 1.43 0 4.1 0 0 0 

PARAQUAT 2.61 7.02 0 4.86 4.59 20.37 

PRINCEP 4.56 3 .51 4.5 1.74 15 .1  7 .41 

PROWL 0.68 0 1 .21 0 1.42 3.7 

ROUNDUP 

SAFENER 

SENCOR 

STALL 0.14 0 0 0 0 0 

SUTAN 2.21 5.26 1.1 5.21 1.33 1.85 

SUTAZ INE 3.91 0 0 0 1.2 0 

TANDEM 0.17 0 0 0 0 0 

TREFLAN 0.21 0 0 0 0 0 

UNKNOWN 1.08 0 2.29 0 6.45 0 

TOTAL T-ACRE' 1489931 2696003 475566 970620 580843 1509531 

TOTAL P-ACRE 1960349 613012 850454 

' s u r v e y  shares are p r o d u c t  t r ea tmen t  percentages w h i c h  w e r e  s u m m a r i z e d  f r o m  
1987 and 1988 s u r v e y s  o f  f a r m s  b y  Mar i t z  M a r k e t i n g  R e s e a r c h ,  I n c .  RFF 
data f r o m  G i a n e s s i  and P u f f e r  (1991) .  

2 ~ - ~ c r e  is  t o t a l  t r e a t m e n t  acres f o r  M a r i t z  and RFF; P - A c r e  i s  t o t a l  p r o d u c t  
acres f r o m  M a r i t z  s u r v e y s .  

3 ~ o m m o n  n a m e s  of these h e r b i c i d e s  can be f o u n d  i n  T a b l e  A5. 



Table A7. Cotton Herbicide Product Shares: Farmer Survey and RFF Data by 
state1 

TRADE 
 NAME^ 

ALABAMA FLORIDA GEORGIA 

SURVEY RFF SURVEY RFF SURVEY RFF 

BLADEX 

BLAZER 

CAPAROL 

COTORAN 

DIREX 

DSMA 

DUAL 

ENDOTHALL 

FUS ILADE 

GOAL 

KARMEX 

LOROX 

MSMA 

PARAQUAT 

POAST 

PROBE 

PROWL 

ROUNDUP 

TREFLAN 

UNKNOWN 

ZORIAL 

TOTAL T- ACRE^ 1183596 

TOTAL P-ACRE 1470660 

'survey shares are product treatment percentages which were summarized from 
1987 and 1988 surveys of farms by Maritz Marketing Research, Inc. RFF 
data from Gianessi and Puffer (1991). 

'T-AC~~ is total treatment acres for Maritz and RFF; P-Acre is total product 
acres from Maritz surveys. 

3~ommon names of these herbicides can be found in Table A5. 



Table A7. ( cont inued) 

NORTH CAROLINA SOUTH CAROLINA 
TRADE 
 NAME^ SURVEY RFF SURVEY RFF 

BASALIN 0 0 0.03 0 

BLADEX 2 7.14 11.35 17.22 

CAPAROL 0 1.68 0 0 

COTORAN 40.26 28.15 30.3 23.51 

DACTHAL 0.24 0 0 0 

DINITRO 0.03 0 0 0 

DIREX 0 0 0 .51 0 

DSMA 3.18 3.36 11.32 9.6 

DUAL 0.1  0 0 0 

FUS ILADE 0.21 0 0 .11  0 

LOROX 0.86 1.68 0.25 3.31 

MSMA 8.58 7.14 10.08 11.59 

OILS 0 0 0.24 0 

PARAQUAT 

POAST 

PROBE 

PROWL 

ROUNDUP 0 0 0.05 0.33 

SURFLAN 0 0 0.08 0 

TREFLAN 19.87 8.82 22.47 22.52 

UNKNOWN 0.05 0 1.97 0 

ZORIAL 2.31 10.5 5.17 3 .31 

TOTAL T-ACRE* 

TOTAL P-ACRE 

'survey shares are product treatment percentages which were summarized from 
1987 and 1988 surveys of farms by Maritz Marketing Research, Inc. RFF 
data from Gianessi and Puffer (1991) .  

2 ~ - ~ c r e  is total treatment acres for Maritz and RFF; P-Acre is total product 
acres from Maritz surveys. 

3~ommon names of these herbicides can be found in Table A5. 



T a b l e  A8 .  P e a n u t  H e r b i c i d e  P r o d u c t  Shares: F a r m e r  Survey and R F F  D a t a  by 
state1 

TRADE 
 NAME^ 

ALABAMA FLORIDA GEORGIA 

SURVEY R F F  SURVEY R F F  SURVEY R F F  

2 ,4 -DB 

ALANAP 

AMIBEN 

ARENA 

BALAN 

BASAGRAN 

BASALIN 

BLAZER 

C L A S S I C  

COBRA 

DUAL 

DYANAP 

FUSILADE 

JUDGE 

LASSO 

O I L S  

PARAQUAT 

POAST 

PROWL 

ROUNDUP 

SONALAN 

STALL 

TOUGH 

TREFLAN 

UNKNOWN 

VERNAM 

TOTAL T- ACRE^ 

TOTAL P-ACRE 

'survey shares are p r o d u c t  t r e a t m e n t  percentages w h i c h  w e r e  s u m m a r i z e d  f r o m  
1987 and 1988 s u r v e y s  of f a r m s  by M a r i t z  M a r k e t i n g  R e s e a r c h ,  I nc .  R F F  
data f r o m  G i a n e s s i  and P u f f e r  (1991). 

' T - A C ~ ~  is  t o t a l  t r e a t m e n t  acres f o r  M a r i t z  and R F F ;  P - A c r e  is  t o t a l  product 
acres f r o m  M a r i t z  s u r v e y s .  

3 ~ o m m o n  n a m e s  of these h e r b i c i d e s  can be found i n  T a b l e  A5 .  



Table A8. (continued) 

NORTH CAROLINA SOUTH CAROLINA VIRGINIA 
TRADE 
 NAME^ SURVEY RFF SURVEY RFF SURVEY RFF 

ALANAP 0.28 1.44 0 0 2.56 4.51 

AMIBEN 0 0.29 0 0 0 0.23 

BALAN 7.11 11.49 23.96 19.28 3.28 2.26 

BASAGRAN 5.54 4.31 6.24 8.43 5.31 15.8 

BLAZER 5.02 5.75 4.43 13.25 7.08 14.67 

DUAL 15.04 8.62 2.27 6.03 16.91 7.9 

DYANAP 0.09 0 0.16 0 0.91 0 

FUSILADE 1.13 0 0 0 0.05 0 

LASSO 19.03 20.11 14.55 14.46 21.79 13.54 

PARAQUAT 3.15 5.75 6.49 19.28 3.02 9.03 

POAST 1.74 4.31 1.63 2.41 1.51 4.51 

PREMERGE 0.01 0 0 0 0 0 

PROWL 5.45 7.18 7.24 2.41 4.45 3.39 

ROUNDUP 0.06 0.57 1.11 0 0.03 0.45 

SONALAN 2.87 5.75 4.67 0 4.89 3.39 

TACKLE 0.61 0 0 0 0.6 0 

TOUGH 0.23 0 0 0 0.13 0 

TREFLAN 0 0 1.03 0 0.12 0 

UNKNOWN 3.27 0 0.57 0 6.56 0 

VERNAM 19.77 7.18 18.92 9.64 11.86 3.39 

TOTAL T- ACRE^ 351164 503491 30713 46672 190351 410808 

TOTAL P-ACRE 445702 40323 267303 

'survey shares are product treatment percentages which were summarized from 
1987 and 1988 surveys of farms by Maritz Marketing Research, Inc. RFF 
data from Gianessi and Puffer (1991). 

'T-AC~~ is total treatment acres for Maritz and RFF; P-Acre is total product 
acres from Maritz surveys. 

3~ommon names of these herbicides can be found in Table AS. 



Table A9. Soybean Herbicide Product Shares: Farmer Survey and RFF Data by 
state1 

TRADE 
 NAME^ 

ALABAMA FLORIDA GEORGIA 

SURVEY RFF SURVEY RFF SURVEY RFF 

2,4-DB 
ALANAP 
AMIBEN 
ARENA 
ASSURE 

BASAGRAN 

BASALIN 
BLAZER 
CIPC,FURLOE 
CLASSIC 
COBRA 

COMMAND 
DUAL 
DYANAP 
FUSILADE 
HOELON 
LASSO 
LIURON 

LOROX 
NAPTALAM 

PARAQUAT 
POAST 
PROWL 
REFLEX 

ROUNDUP 
SCEPTER 
SENCOR 

SONALAN 
SURFLAN 
TACKLE 
TREFLAN 

UNKNOWN 
VERNAM 

WHIP 

ZORIAL 

TOTAL T- ACRE^ 891680 1444175 129868 262622 1140303 1655890 

TOTAL P-ACRE 1073147 167741 1469653 

'survey shares are product treatment percentages which were summarized from 
1987 and 1988 surveys of farms b Maritz Marketing Research, Inc. RFF 
data from Gianessi and Puffer ( 1891) 

2 ~ - ~ c r e  is total treatment acres for ~aricz and RFF; P-Acre is total product 
acres from Maritz surveys. 

3~ommon names of these herbicides can be found in Table A 5 .  



Table A9. ( continued) 

NORTH CAROLINA SOUTH CAROLINA VIRGINIA 

SURVEY RFF SURVEY RFF SURVEY RFF 

ALANAP 0.01 0 0 0 0 0 

AMIBEN 

ASSURE 

BASAGRAN 

BLAZER 

CLASSIC 

COBRA 

COMMAND 

DUAL 

DYANAP 

FARGO 

FUSILADE 

LASSO 

LIURON 

LOROX 

NAPTALAM 

PARAQUAT 

POAST 3.24 4.46 0.74 1.96 1.04 3.36 

PRELUDE 

PREMERGE 

PROWL 

REFLEX 

ROUNDUP 

SCEPTER 

SENCOR 

SONALAN 

SURFLAN 

TACKLE 

TREFLAN 

UNKNOWN 2.59 0 1.84 0 3.32 0 

VERNAM 1.74 1.34 0.26 0.39 0.54 0.56 

TOTAL T- ACRE^ 1458764 2852141 1129912 1523008 626986 1641929 

TOTAL P-ACRE 1937089 1423168 977423 

'survey shares are product treatment percentages which were summarized from 
1987 and 1988 surveys of farms by Maritz Marketing Research, Inc. RFF 
data from Gianessi and Puffer (1991). 

'T-AC~~ is total treatment acres for Maritz and RFF; P-Acre is total product 
acres from Maritz surveys. 

3~ommon names of these herbicides can be found in Table AS. 





a 
(I) 





A P P E N D I X  B. THE ECONOMIC E F F E C T S  O F  SELECTED CHANGES 
I N  P E S T I C I D E  REGULATION 

Leonard P. G i a n e s s i  
C y n t h i a  A .  P u f f e r  

R e s o u r c e s  f o r  t h e  Future  



THE ECONOMIC EFFECTS 
OF 

SELECTED CHANGES 
IN 

PESTICIDE REGULATION 

Leonard P. Gianessi 
Cynthia A. Puffer 

October 1992 

Resources for the Future 
161 6 P Street, N. W. 

Washington, DOCo 20036 

This report was supported by subcontract 9OQ575 from the College of Agriculture and Life 
Sciences of North C a d i n n  State Univemity. 

83 



This report simulates the aggregate economic effects and the aggregate effects on pesticide 

usage that would result from banning certain uses of five pesticide active ingredients. The 

simulations are specific for thirteen particular uses of the five active ingredients either as single 

active i n m e n t s  or in combination as follows: 

Simulation Number Active In&ent(s) 

I. 

II. 

111. 

IV. 

v. 

VI. 

XI. 

XII. 

Fluometuron 

Metolac hlor 

Metolac hlor 

Metolachlor 

Metolachlor 

Aldicarb 

Aldicarb 

Aldicarb 

Aldicarb 

Dicamba 

Atrazine 

Dicam ba/Atrazine 

Dicam ba/Atrazine/Me tolachlor 

Crop Use 

Cotton 

Cotton 

Peanuts 

Soybeans 

Corn 

Peanuts 

Cotton 

Tobacco 

Soybeans 

Corn 

Corn 

Corn 

Corn 



Each simulation is summarized in a series of six tables which are identified by the simulation 

number (shown above) and a letter (A-F) that denotes the table's subject as follows: 

A) Current use of the active in&ent(s) 

Four of the active i n m e n t s  (Fluometuron, Metolachlor, Dicamba and Atrazine) are 

herbicides. Usage coefficients for these active ingredients are drawn from RFF's report: 

The Use of Herbicides in U.S. Crop Roduction[l]. When available, these estimates 

were modified based on more recent estimates from USDA surveys[2] from reports 

prepared by USDA's National Pesticide Impact Assessment Program[4] and from an 

RFF survey of Extension Service weed scientists. For aldicarb (an 

insecticide/nematicide), the usage coefficients have been assembled from surveys 

conducted by USDA's National Agricultural Statistics Service [2], The Cooperative 

Extension Service, [8] [9], expert opinions from Extension Service entomologists[ 101 

[ l  11 and from reports prepared by USDA's National Pesticide Impact Assessment 

Program (NAPIAP). [5] [3] The usage coefficients are specific by active ingredient, 

crop and state. Two usage coefficients are included: the percent of acres treated and the 

average annual application rate of active ingredient (AI) per treated acre. By 

multiplying these coefficients by the estimate of crop acreage from the 1987 Census of 

Agriculture, estimates of the total number of acres treated and total pounds of active 

ingredient used by state and by crop are calculated. 



B) Replacements Assuming the Unavailability of the Active Inmedient(s) 

These estimates are based on expert opinions of Cooperative Extension Service weed 

scientists and entomologists who were asked to identify the likely action of growers who 

are currently using the active in@ent(s) affected by the simulated ban. These 

estimates are drawn from NAPIAP reports covering cotton, peanuts, and aldicarb [3] [4] 

[ S ] ,  USEPA reports covering aldicarb [19], and an RFF mail survey questionnaire of 

weed scientists. Generally, the likely actions were identified as the substitution of a 

replacement active ingredient for the banned active ingredient(s). These replacement 

active ingredients are identified in terms of the crop acreage in a state that would be 

treated assuming the unavailability of the banned active ingredient(s). Generally, a ban 

on a particular active ingxwhent results in the usage of more than one replacement active 

i n m e n t .  In some cases, growers are assumed to use two active ingredients on the 

same acreage treated with a single banned active ingrechent. In other cases, it is 

assumed that a certain proportion of growers would choose a particular single active 

ingredient as a replacement. Not all growers in a state would choose the same 

replacement active ingredient due to variation in the target pest and the efficacy of the 

potential replacements in controlling the pest. In certain cases, the likely action of a 

proportion of growers faced with the ban of an herbicide was identified not as a 

replacement herbicide but rather as mechanical cultivation for weed control. In the case 

of soybean and cotton acreage currently treated with aldicarb, a proportion of growers 

were assumed to replace aldicarb use with the practice of planting resistant soybean 

cultivars and the practice of growing soybeans and cotton in rotation with another crop. 



In one instance (metolachlor on peanuts in Texas) a certain proportion of growers was 

assumed to have no substitute for the banned active ingmhent. As in Table (A) the two 

usage coefficients are: percent of acres mated and the average annual application rate of 

active ingnAent (AI) per treated acre. By multiplying the coefficients by the estimate 

of crop acreage from the 1987 Census of Agriculture, estimates of the total number of 

acres that would be treated and total pounds of active ingredient that would be used by * 

state and crop are calculated. 

Yield changes assuming the unavailability of the active ingmbent(s 

These estimates are based on the expert opinior. of Cooperative Extension Service 

weed scientists and entomologists who were asked to estimate the yield changes that 

would result if the active ingredient(s) were no longer available and the replacements 

were used. The same reports identified in (B) above were used as sources of these 

estimates. The yield change estimates are specific for the acreage currently treated with 

the active ingredient(s). The single yield change estimate for a crop and state is a 

weighted average that takes into account the efficacy of the individual replacements in 

comparison to the currently-used active ingredient(s) for which the ban is simulated. 

D) Production cost changes assuming the unavailability of the active ingredients(s) 

These production cost changes represent the difference in per acre costs of production 

resulting from the unavailability of the active ingredlent(s). Generally, they represent 

the per acre differences in the costs of pesticide active ingnxbents between the current 



usage pattern (shown in Table A) and the replacement usage pattern (shown in Table B). 

The production cost changes are specific for the acreage currently treated with the active 

ingtedient(s). The single production cost change estimate for a crop and state is a 

weighted average. The calculation procedure is as follows: (1) The average price per 

pound for each active i n w e n t  was determined. These prices are shown in Table XIV 

for all of the active ingredients included in this study. The basic source of these 

estimates is AG CHEM PRICE.[6] For active ingredients not included in AG CHEM 

PRICE the sources were USDA assessments and state Extension Service 

publications.[4] [7] The cost of cultivation was estimated at $6/Acre.[18] (2) The 

average price per acre of the currently used active ingmhent was calculated by 

multiplying its average use per treated acre (Table A) times its average price per pound 

(Table XIV). (3) The total cost of the replacement active ingmhents was calculated by 

multiplying their total usage assuming the unavailability of the active ingredient(s) 

(Table B) times their average price per pound (Table XIV). The total cost estimates for 

the individual replacement active ingredients were then summed. (4) The average cost 

of the replacement active ingredient per acre was calculated by dividing the estimate of 

the total cost of the replacement active ingredients by the estimate of the number of 

acres currently treated with the active ingredient assumed to be unavailable (Table A). 

(5) The production cost change per treated acre is calculated by state as the different 

between (4) and (2). 



E) Aggregate pesticide use changes assuming the unavailability of the active ingredient(s1. 

This table summarizes the aggregate changes in pesticide usage in terms of acres treated 

and pounds used that would result from two types of bans of the five pesticide active 

i n m e n t s :  a nationwide ban and a ban in southeastern states only (Virginia, N. 

Carolina, S. Carolina, Alabama, Georgia and Florida). The aggregate estimates are 

sums from the state estimates shown in Table (B). 

F) Aggregate economic effects assuming the unavailability of the active ingredient(s1 

This table summarizes the aggregate economic effects assuming the unavailability of the 

active ingredients. The yield and production cost changes (in Tables C and D) are used , 

in a national agricultural simulation model that estimates the aggregate social costs 

resulting from lost yields and increased production costs. This model is described in 

detail in [20], and [21]. The model has been used to estimate the economic impacts on 

agriculture of decreased yields due to air pollution[22], and to simulate the economic 

consequences of hypothetical bans on pesticide active ingredients[23]. [24]. The model 

utilizes county crop production data (acreage and yield). The county crop production 

data was specified for the 1987 crop year. The model utilizes cost of production budgets 

which are assigned to individual counties according to their regional location in the Firm 

Enterprise Data System (FEDS). The FEDS crop budgets were updated to 1987 levels 

using USDA factor price deflators. The state-by-state estimates of changes in yield and 

production cost uables C and D) are assigned to each county in the state with acreage 

of the crop. The estimates of crop demand elasticity used in the simulations are as 



follows: cotton (-.2), peanuts (-.9), soybeans (-.3), and corn (-.4). The variables that are 

summarized in Table F are: (1) net change in producer and consumer surplus, (2) net 

change in producer and consumer surplus less dead weight loss, (3) change in total 

production, (4) change in total cost of production and (5) change in market price. The 

estimates are presented in both absolute terms (million of dollars, million of lbs) and as 

percent changes. 

The economic model was not run for aldicarb on soybeans and tobacco (simulations 

VIII and IX). The economic impact model does not include tobacco. For aldicarb on 

soybeans the major alternative is crop rotation and the model does not directly simulate 

the economic effects of changing current crop rotations. In both cases the aggregate 

economic effects of a loss of aldicarb have been estimated as negligible by both USEPA 

and USDA. 



Table I-A 

Alabama 
Arkansas 
Florida 
Georgia 
Louisiana 
Mississippi 
Missouri 
N. Carolina 
S. Carolina 
Tennessee 

Cunent Fluornetwon Use on Cotton by State 

Cotton Percent LBS AV Acres 
A m s  Treated ANR Treated 

(ow 

Cotton Acreage Data from 1987 Census of Agriculture 

Source [I] and [2] 



Alabama 
(3460 13A) 

Arkansas 
(529636A) 

Florida 
(23875A) 

Georgia 
(23 1635A) 

Louisiana 
(590257A) 

Mississippi 
(1028245A) 

Missouri 
(197598A) 

N. Carolina 
(941 86A) 

Table I-B 

Replacements for Cotton Assuming Unavailability of Fluometuron 

Replacement 

Methazole 
Prome tryn 
DSMA 
MSMA 

Norflurazon 
Diuron 
Me tolachlor 

MSMA 
DSMA 
Norflurazon 
Diuron 

Diuron 
Norflurazon 

Norflurazon 
Diuron 

Diuron 
Cyanazine 

Cyanazine 
Methazole . 
Prometryn 

Diuron 
Methazole 
Norflurazon 
MSMA 

% 
Acreage 
Treated 

28 
28 
28 
28 

24 
34 
10 

6 
6 

12 
12 

34 
29 

42 
42 

86 
6 

40 
20 
7 

33 
7 

20 
7 

LBS AV 
ANR 

.75 

.50 
3.00 
2.00 

1 S O  
.80 

1.62 

1.20 
1 S O  
1.40 
.70 

.70 
1 S O  

1.10 
.50 

.70 

.60 

.80 

.75 
1-40 

.80 

.75 
1.10 
1.40 

Acres 
Treated 
(ow 

97 
97 
97 
97 

127 
180 
53 

1 
1 
3 
3 

79 
67 

248 
248 

884 
62 

79 
40 
14 

31 
7 

19 
7 

Pounds 
AYYR 
(ow 

73 
48 

29 1 
196 

190 
144 
86 

2 
2 
4 
2 

55 
100 

273 
124 

619 
37 

63 
30 
19 

25 
5 

21 
9 



Table I-B (Cont'd) 

% 
Acreage 

Replacement Treated 

S. Carolina Norflurazon 43 
(1 16424A) Me thazole 28 

Tennessee Diuron 74 
(41 1 100A) Prometryn 14 

LBS AI/ 
ANR 

Acres Pounds 
Treated A m  
(ow (ow 

Source: [3] 



Table I-C 
Cotton Yield Changes if Fluometuron is Unavailable and Alternatives are Used 

Alabama 
Arkansas 
Florida 
Georgia 
Louisiana 
Mississippi 
Missouri 
N. Carolina 
S. Carolina 
Tennessee 

Source: [3] 

Note: Yield changes are for acreage currently treated with Fluometuron. 



Table I-D 

Alabama 
Arkansas 
Florida 
Georgia 
Louisiana 
Mississippi 
Missouri 
N. Carolina 
S. Carolina 
Temes see 

Cotton Production Cost Change if Fluometuron is Unavailable 
and Alternatives are Used 

Source: See text. 

Note: Production cost changes are for acreage currently treated with 
Fluometuron. 



Table I-E 

Aggregate Pesticide Use Change for Cotton if Fluometuron 
is Unavailable and Alternatives are used. 

Nationwide Ban 

Fluometuron 
Methazole 
Rometryn 
DSMA 
MSMA 
Norflurazon 
Diuron 
Me tolac hlor 
C yanazine 

Ban in Southeast Only* 

Fluometuron 
Methazole 
Rometryn 
DSMA 
MSMA 
Norflurazon 
Diuron 

(000 Acns Treated) 

(000 Acres Treated) 

(000 lbs AI/YR) 

(000 lbs AI/YR) 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 

Source: Summed from state estimates in Table I-B. 



Table I-F 

Aggregate Economic Effects for Cotton if Fluometuron is Unavailable and Alternatives are Used 

Nationwide Ban 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

Change in total production: 

Change in total cost of 
Production: 

Change in Market Price: 

-240 (million $) 

- 164 (million $) 

-300 (million lbs) 

- 1 1 (million $) 

+.06 ($Pb) 

% Change 

Ban in Southeast Only* 

Net change in producer 
and consumer surplus - 16 (million $) - 

Net change in producer 
and consumer surplus 
less &ad weight loss: - 16 (million $) - 

Change in total production: -3 1 (million lbs) -4 

Change in total cost of 
Production: 

Change in Market Price: +.ol ( $ b )  +1 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 



Table 11-A 

Current Metolachlor Use on Cotton by State 

Cotton Percent LBS/AI/ Acres 
Acres Treated A/YR Treated 

(ow 
Arkansas 529636 
Louisiana 590257 
Mississippi 1028245 
Oklahoma 360299 
Tennessee 41 1100  
Texas 4349755 

Cotton Acreage Data from 1987 Census of Agriculture 

Source [I] and [2] 



Table 11-B 

Arkansas 
(529636A) 

Louisiana 
(590257A) 

Mississippi 
(1028245A) 

Oklahoma 
(360299A) 

Tennessee 
(41 1100A) 

Texas 
(4349755A) 

Source: 131 

Replacements for Cotton Assuming Unavailability of Metolachlor 

% LBS/AI/ Acres 
Replacement Acreage A N R  Treated 

Treated (Ow 

Fluometuron 3 1.05 16 
C yanazine 4 1 .SO 21 

Alachlor 10 1 S O  59 

Norflurazon 1 1  .75 113 

MSMA 2 1 S O  7 

Trifluralin 9 .60 37 

MSMA 3 1.40 130 



Table II-C 
Cotton Yield Changes if Metolachlor is Unavailable and Alternatives are Used 

Arkansas 0 
Louisiana 0 
Mississippi 0 
Oklahoma -1 
Tennessee -2 
Texas -1 

Source: [3] 

Note: Yield changes are for acreage currently treated with Metolachlor. 



Table 11-D 

Arkansas 
Louisiana 
Mississippi 
Oklahoma 
Tennessee 
Texas 

Cotton Reduction Cost Changes if Metolachlor is Unavailable 
and Alternatives are Used 

Source: See text. 

Note: Production cost changes are for acreage currently treated with metolachlor. 
. . * 



Table 11-E 

Aggregate Pesticide Use Changes for Cotton if Metolachlor 
is Unavailable and Alternatives are Used 

Nationwide Ban (000 Acres Treated) (000 lbs AI/YR) 

Metolac hlor 
Fluometuron 
C yanazine 
Alac hlor 
Norflurazon 
MSMA 
Trifluralin 

Ban in Southeast only* 

No changes; no use of Metolachlor on cotton in the Southeast Region. 

Source: Summed from state estimates in Table 11-B. 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, 
Georgia and Florida. 



Table 11-F 

Aggregate Economic Effects for Cotton if Metolachlor is Unavailable and Alternatives are Used 

Nationwide Ban % Change 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

Change in total production: 

Change in total cost of 
Production: 

Change in Market Price: 

Ban in Southeast Only* 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

-2 (million $) 

- 1 (million $) 

-4 (million lbs) 

+l (million $) 

No use of Metolachlor 
in Southeast. 

Change in total production: 

Change in total cost of 
Production: 

Change in Market Price: 

The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 



Table III-A 

Alabama 
Florida 
Georgia 
N. Carolina 
Oklahoma 
S. Carolina 
Texas 
Virginia 

Current Metolachlor Use on Peanuts by State 

Peanut Percent LBS/AI/ 
Acres Treated ANR 

Acres 
Treated 
(ow 

Peanut Acreage Data from 1987 Census of Agriculture. 

Source [4] 



Alabama 
(207963A) 

Florida 
(77632A) 

Georgia 
(562034A) 

N. Carolina 
(144682A) 

Oklahoma 
(86469A) 

S. Carolina 
(1 1246A) 

Texas 
(22921 8A) 

Table 111-B 

Replacements for Peanuts Assuming Unavailability of Metolachlor 

Replacement 

Imazethapyr 
Vernolate 
Bentazon 

Im aze thapyr 
Ben tazon 
C hlorimuron 
2,4-DB 

Imazethapyr 
Vernolate 
B entazon 
Paraquat 

Imazethapyr 
Vernolate 
Bentazon 
Sethoxydim 

Imazethapyr 
B entazon 
Sethoxydim 

Imazethapyr 
Vernolate 
B entazon 
Sethox ydim 

Imazethapyr 
Acifluorfen 
2,4-DB 
Sethoxydim 
None 

% Acreage 
Treated 

15 
10 
25 

18 
6 
6 
6 

19 
5 

10 
6 

46 
18 
16 
10 

40 
8 
5 

19 
5 

13 
3 

28 
4 
4 
5 
8 

LBS AIf 
A/YR 

.06 
1 .YO 
1.40 

.06 
1 .oo 
.008 
.25 

.06 
1 .TO 
1.00 
.12 

.06 
1.70 
1.00 
.20 

.06 
1.00 
.20 

.06 
1.70 
1 .00 
.20 

.06 

.50 

.25 

.20 
- 

Acres 
Treated 
(00) 

31 
21 
52 

14 
5 
5 
5 

107 
28 
56 
34 

67 
26 
23 
14 

35 
7 
4 

2 
1 
1 
.3 

69 
9 
9 

11 
18 

Pounds 
A m  
(ow 

2 
35 
73 

1 
5 
.04 
1 

6 
48 
56 
4 

4 
44 
23 
3 

2 
7 
1 

.1 
1 
1 
.07 

4 
5 
2 
2 
- 



Table III-B (Cont'd) 

% Acreage LBS AV 
Replacement Treated A/YR 

Virginia Imazethapyr 35 .06 
(92733A) Vernolate 15 1.70 

Bentazon 25 1.00 
Sethoxydim 25 .20 

Acres 
Treated 
(om 

Source [4] 



Table III-C 

Peanut Yield Changes if Metolachlor is Unavailable and Alternatives are Used 

Alabama 
Florida 
Georgia 
N. Carolina 
Oklahoma 
S. Carolina 
Texas 
Virginia 

Source [4] 

Note: Yield changes are for acreage currently mated with Metolachlor. 



Table 111-D 

Alabama 
Florida 
Georgia 
N. Carolina 
Oklahoma 
S. Carolina 
Texas 
Virginia 

Source: See text. 

Peanut Production Cost Change if Metolachlor is Unavailable 
and Alternatives are Used 

Note: Production cost changes are for acreage currently treated with metolachlor. 



Table ID[-E 

Aggregate Pesticide Use Changes for Peanuts if Metolachlor 
is Unavailable and Alternatives are Used 

Nationwide Ban (000 Acres Treated) 

Metolachlor 
Imaze thapyr 
Vernolate 
Bentazon 
Chlorimuron 
2,4-DB 
Paraquat 
Sethoxydim 
Acifluorfen 

Ban in Southeast Only* 

Metolac hlor 
Imazethapyr 
Vernolate 
Bentazon 
Chlorimuron 
2,4-DB 
Paraquat 
Sethoxydim 

(000 lbs AWR) 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 

Source: Summed from state estimates in Table 111-B. 
7 '9 



Table 111-F 

Aggregate Economic Effects for Peanuts if Metolachlor is Unavailable and Alternatives are Used 

Nationwide Ban 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

Change in total production: 

Change in total cost of 
Production: 

Change in Market Price: 

Ban in Southeast Only* 

-3 (million $) 

-3 (million $) 

-3 (million lbs) 

+2 (million $) 
-I 

0 

Net change in producer 
and consumer surplus -2 (million $) 

% Change 

Net change in producer 
and consumer surplus 
less &ad weight loss: -2 (million $) - 

Change in total production: 0 0 

Change in total cost of 
Production: +2 (million $) u 1  

Change in Market Price: 0 0 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 



Alabama 
Arkansas 
Delaware 
Florida 
Georgia 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maryland 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Jersey 
New York 
N. Carolina 
0 hi0 
Oklahoma 
Pennsylvania 
S. Carolina 
S. Dakota 
Tennessee 
Texas 
Virginia 
Wisconsin 

Table IV-A 

Current Metolachlor Use on Soybeans by State 

Soybean 
Acres 
(ow 
575 

3161 
220 
90 

760 
8769 
4397 
7903 
1879 
1022 
1540 
405 

1024 
4385 
2006 
4827 
2292 

106 
25 

1273 
3713 
230 
178 
597 

1289 
1184 
172 
460 
297 

Percent 
Treated 

5 
8 

49 
10 
5 

10 
19 
4 

15 
20 
21 
35 
27 
3 

15 
7 

15 
49 
40 
8 

30 
20 
35 
14 
15 
6 

30 
16 
18 

LBS AI/ 
ANR 

1 S O  
1 S O  
1 S O  
1.75 
1.75 
1 S O  
1 S O  
1.82 
1 S O  
1.83 
1.60 
1 S O  
1.69 
1.28 
1.45 
1.51 
1 s o  
1 S O  
1.40 
1.38 
1 S O  
1 S O  
1.40 
1.75 
1.80 
1.93 
1 S O  
1.40 
1.80 

Acres 
Treated 
(ow 

29 
253 
108 

9 
38 

877 
835 
316 
282 
204 
323 
142 
276 
131 
300 
338 
343 
52 
10 

102 
1114 

46 
62 
84 

193 
71 
52 
74 
54 

Soybean acreage data from the 1987 Census of Agriculture. 

Source [I] and [2] 

Pounds 
A m  
(oo) 

43 
379 
162 
16 
66 

1316 
1252 
575 
423 
373 
517 
213 
467 
168 
436 
510 
514 
78 
14 

141 
1671 

69 
87 

146 
347 
137 
78 

103 
97 

10398 



Alabama 
(575000A) 

Arkansas 
(3161000A) 

Delaware 
(220000A) 

Xllinois 
(8769000A) 

Indiana 
(4397000A) 

Iowa 
(7903000A) 

Table IV-B 

Replacements for Soybeans Assuming Unavailability of Metolachlor 

Replacement 

Bentazon 
Vernolate 

Alachlor 
Trifluralin 
Pendimethalin 

Alachlor 
Pendimethalin 
Tri fluralin 
Sethox ydim 
Flu azif op 

Metribuzin 
C hlorimuron 

Alac hlor 
Pendimethalin 
h a z e  thapyr 
Sethoxydim 
Cultivation 

Alachlor 
Trifluralin 
Pendimethalin 

Alachlor 
Trifluralin 
Pendimethalin 

Alac hlor 
Pendimethalin 
Sethox ydim 
Fluazifop 
Quizalo fop 

% 
Acreage 
Treated 

4 
1 

6 
1 
1 

29 
10 
5 
3 
2 

10 
2 

2 
1 
1 
1 
2 

8 
1 
1 

15 
2 
2 

2 
1 
1 
1 
1 

LBS AV 
A/ 
YR 

.87 
2.00 

2.50 
$75 
.7 5 

2.50 
.75 
.75 
.25 
19 

S O  
.02 

2.50 
.75 
.06 
.25 
- 

2.50 
.75 
.75 

2.50 
.75 
.75 

2.50 
.75 
.25 
-19 
.09 

Acres 
Treated 
(ow 

23 
6 

190 
32 
32 

64 
22 
1 1  
7 
4 

9 
2 

15 
8 
8 
8 

15 

702 
88 
88 

660 
88 
88 

158 
79 
79 
79 
79 

Pounds 
AYYR 
(W) 

20 
12 

475 
24 
24 

160 
16 
8 
2 
1 

4 
<1 

38 
6 

€1 
2 

1755 
66 
66 

1650 
66 
66 

395 
59 
20 
15 
7 



Kansas Alac hlor 
(1 879ooOA) Trifluralin 

Pendimethalin 
Cultivation 

Kentucky Alachlor 
(1 022000A) Trifludn 

Pendime thalin 
Sethoxydim 
Imazethapyr 
Cultivation 

Louisiana Alachlor 
(1 540000A) Trifluralin 

Pendimethalin 

Maryland A lac hlor 
(405000A) Pendimethalin 

Tri fluralin 
Sethox ydim 
Fluazifop 

Michigan Alachlor 
(1 024000A) Pendimethalin 

Trifluralin 
Clomazone 
Sethoxydim 
Fluazifop 

Alachlor 

Mississippi Alac hlor 
(2006000A) Pendimethalin 

Tri f l uralin 
Clomazone 

Missouri Alac hlor 
(4827000A) Trifluralin 

Pendimethalin 



Table IV-B (Cont 'd) 

Nebraska Alac hlor 
(2292WA) Se thox ydim 

Quizdofop 
Tri f luralin 
Pendimethalin 

Alachlor 
Pendimethalin 
Trifluralin 
S ethox ydirn 
Fl uazifop 

Alachlor 
Pendimethalin 
Triflmalin 
Sethoxydm 
Fluazifop 

New York 
(25000A) 

N. Carolina 
(1273000A) 

Alachlor 
Pendimethalin 
Trifluralin 

Alachlor 
Pendimethalin 
Trifluralin 
Sethoxydim 
Quizdo fop 
Fenoxaprop 
Fluazifop 

Oklahoma 
(230000A) 

Alachlor 
Tri fluralin 
Pendimethalin 
Sethox ydim 
Quizalofop 

Pennsylvania Alachlor 
(178000A) Pendimethalin 

Trifluralin 
Se thox y dim 
Ruazifop 



Table IV-B (Cont'd) 

S. Carolina 
(597000A) 

Alachlor 
Pendimethalin 
Imazathapyr 
S e thox ydim 
Cultivation 

S. Dakota 
(1289000A) 

Alachlor 
Sethoxydim 
Quizalofop 
Trifluralin 
Pendimethalin 

Tennessee 
(1 184000A) 

Alachlor 
Tri fluralin 
Pendimethalin 
Sethoxyhm 
Cultivation 

Texas 
(1 ZX)OOA) 

Alachlor 
Trifluralin 
Pendimethalin 

Alachlor 
Pendimethalin 
Tr i f ld in  
Sethoxydim 
Fluazifop 

Wisconsin 
(297000A) 

Alachlor 
Pendimethalin 
Tri fluralin 
Clomazone 
Sethoxyhm 
Fluazifop 



Table IV-B: References 

Alabama 
Arkansas 
Delaware 
Florida 
Georgia 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maryland 
Mchigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Jersey 
New York 
N. Carolina 
0 hi0 
Oklahoma 
Pennsylvania 
S. Carolina 
S. Dakota 
Temes see 
Texas 
Virginia 
Wisconsin 

John Everest 
Ford Baldwin 
Maryland Data Assigned 
Dan Colvin 
Steve Brown 
David Pike 
Illinois Data Assigned 
Robert Hartzler 
Dave Regehr 
William Witt 
Arkansas Data Assigned 
Ron Ritter 
Wisconsin Data Assigned 
Wisconsin Data Assigned 
Douglas Houston 
Arkansas Data Assigned 
Alex Martin 
Maryland Data Assigned 
Maryland Data Assigned 
Maryland Data Assigned 
Mark Loux 
Nebraska Data Assigned 
Maryland Data Assigned 
Georgia Data Assigned 
Nebraska Data Assigned 
Kentucky Data Assigned 
Paul Baumann 
Maryland Data Assigned 
Gordon Harvey 



Table IV-C 

Soybean Yield Changes if Metolachlor is Unavailable and Alternatives are Used 

Alabama 
Arkansas 
Delaware 
Florida 
Georgia 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maryland 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Jersey 
New York 
N . Carolina 
0 hi0 
Oklahoma 
Pennsylvania 
S. Carolina 
S. Dakota 
Tennessee 
Texas 
Virginia 
Wisconsin 

Source: See reference list for Table IV-B and [17]. 

Note: Yield changes are for acreage currently treated with Metolachlor. 



Table IV-D 

Soybean Production Cost Changes if Metolachlor is Unavailable and Alternatives are Used 

Alabama 
Arkansas 
Delaware 
Florida 
Georgia 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maryland 
Michigan 
Minnesota 
Mississippi 
Missouri 
Nebraska 
New Jersey 
New York 
N. Carolina 
Ohio 
Oklahoma 
Pennsylvania 
S. Carolina 
S. Dakota 
Tennessee 
Texas 
Virginia 
Wisconsin 

Source: See Text. 

Note: Production cost changes are for acreage currently treated with Metolachlor. 



Table IV-E 

Aggregate Pesticide Use Changes for Soybeans if Metolachlor is Unavailable and Alternatives are 
used 

Nationwide Ban 

Metolac hlor 
Alac hlor 
Trifluralin 
Pendimethalin 
Vernolate 
Irnazethapyr 
Clomazone 
Bentazon 
Sethox ydim 
Fluazifop 
Metri buzin 
Fenoxapmp 
Quizalofop 
C hlorirnuron 

Ban in Southeast Only* 

Metolachlor 
Alachlor 
Pendimethalin 
Trifluralin 
Membuzin 
Sethoxydim 
Fluazifop 
Imazethapyr 
Ben-n 
Vernolate 
Chlorimuron 

(000 Acres Treated) (000 LBS A W R )  

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 

Source: Summed from state estimates in Table IV-B. 



Table N-F 

Aggngate Economic Effects for Soybeans if Metolachlor is Unavailable and Alternatives are 
used 

Nationwide Ban 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

Change in total production: 

Change in total cost of 
Production: 

Change in Market Rice: 

Ban in Southeast Only* 

Net change in producer 
and consumer surplus 

Net change in producer 
and consumer surplus 
less dead weight loss: 

- 1 2 (million $) 

- 1 3 (million $) 

-< 1 (million lbs) 

+ 10 (million $) 

0 

-.37 (million $) 

-.80 (million $) 

% Change 

Change in total production: -4 (million lbs) -< I 

Change in to& cost of 
production: +<1 (million $) +< 1 

Change in Market Price: 0 0 

*The Southeast ban includes Virginia, N. Carolina, S. Carolina, Alabama, Georgia and Florida. 



Table V-A 

Current Metolachlor Use on Corn by State 

Corn 
Acres 

Alabama 266 
Arizona 22 
Arkansas 58 
California 347 
Colorado 786 
Connecticut 47 
Delaware 141 
Florida 111 
Georgia 597 
Idaho 103 
Illinois 9312 
Indiana 4997 
Iowa 10352 
Kansas 1353 
Kentucky 1183 
Louisiana 200 
Maine 34 
Maryland 525 
Massachusetts 34 
Michigan 2276 
Minnesota 5233 
Mississippi 159 
Missouri 2151 
Montana 61 
Nebraska 627 1 
New Hampshire 18 
New Jersey 98 
New Mexico 65 
New York 1124 
North Carolina 1 1 82 
North Dakota 773 
Ohio 327 1 
Oklahoma 98 
Oregon 40 
Pennsylvania 1508 
Rho& Island 2 

Percent 
Treated 

LBS AV 
ANR 

Acres 
Treated 
(W) 



Table V-A (Cont'd) 

South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 
Wyoming 

Corn Acreage Data from 1987 Census of Agriculture 

Source: [I] and [2] 



Table V-B 

Replacements for Corn Assuming Unavailability of Metolachlor 

% Acreage 
Treated 

14 
4 
2 

15 

38 

30 

13 

44 

30 
2 
2 
8 
2 
6 

15 

6 
2 
1 
2 
6 

10 

LBS AV 
ANR 

2.25 
1 S O  
.03 

2.25 

2.25 

2.25 

2.25 

2.25 

2.25 
5.00 
5.00 
2.00 
1 .so 
.03 

2.00 

2.25 
.87 
.87 
.25 
- 

2.25 

Acres 
Treated 
(ow 

Replacement 

Alabama 
(266000A) 

Alac hlor 
S im azine 
Nicosulfuron 

Arizona 
(22000A) 

Alachlor 

Alachlor Arkansas 
(58000A) 

Alac hlor 

Colorado 
(786000A) 

Alac hlor 

Connecticut 
( 4 7 o o w  

Alachlor 

Alachlor 
Butylate 
EPTC 
C y anazine 
S im mine 
Nicosulfuron 

Florida 
(1 11ooOA) 

A trazine 

Georgia 
(597000A) 

Alac hlor 
Pendime thalin 
Bentazon 
Paraquat 
Cultivation 

Idaho 
(1 O3OOOA) 

Alachlor 



Table V-B (Cont'd) 

Illinois A lac hlor 
(93 12000A) C y anazine 

Primisulfuron 
Nicosulfuron 
Butylate 
EPTC 

Indiana 
(4997000A) 

Alac hlor 
C y anazine 
Primisulfuron 
Nicosulfuron 
Butylate 
EPTC 

Iowa Alachlor 
(10352000A) Cyanazine 

Pendimethalin 
Nicosulf~~~n 
Butylate 
EPTC 

Kansas 
(1353000A) 

Alachlor 
Cyanazine 
Pendimethalin 

Kentucky 
(1 183000A) 

Alac hlor 
Nicosulfuron 
C y anazine 
S im azine 
Cultivation 

Alachlor 

Maine 
(340004 

Alac hlor 

Maryland 
(525000A) 

Alac hlor 
Butylate 

-c - 
Cyanazine 
S im azine 
Nicosulfuron 



Table V-B (Cont'd) 

Massachusetts 
(340004  

Alac hlor 

Michigan 
(2276000A) 

Alachlor 
EPTC 
Nicosulfmn 
Pendimathalin 
C y anazine 
B u tylate 

Alac hlor 
EPTC 
Nicosulfuron 
Pendimethalin 
C y anazine 
B u tylate 

Minnesota 
(5233000A) 

Mississippi 
(159oooA) 

Alachlor 
Pendimethalin 
Cultivation 

Missouri 
(215 IOWA) 

Alachlor 

Montana 
(6 1000A) 

Alac hlor 

Nebraska 
(627 1 OOOA) 

Alachlor 
Cyanazine 
Nicosulfuron 

New Hampshire Alachlor 
(1  8000A) 

New Jersey Alac hlor 
(98000A) 

New Mexico Alac hlor 
(65000A) 

New York Alac hlor 
(1 124000A) 



Table V-B (Cont 'd) 

N. Carolina 
(1 182000A) 

Alachlor 
Butylate 
EPTC 
Cyanazine 
Sirnazine 
Nicosulfuron 

N. Dakota 
(77 3000A) 

Alachlor 

Alachlor 
Cy anazine 
Nicosulfuron 

Oklahoma 
(98000A) 

Alachlor 
Cyanazine 
Nicosulfuron 

Oregon 
(4ooow 

Alachlor 

Pennsylvania 
(1508OOOA) 

Alac hlor 
Cyanazine 
Nicosulfuron 

Alachlor 

S. Carolina 
(337000A) 

-4lachlor 
Pendimethalin 
Ben tazon 
Paraquat 
Cultivation 

S. Dakota 
(2948OOOA) 

Tennessee 
(667OO0A) 

Alachlor 

Alachlor 
Nicosulfwon 
Cyanazine 
Simazine 
Cultivation 












































































































































































