
Give to AgEcon Search

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search.

Help ensure our sustainability.

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their 
employer(s) is intended or implied.

https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/


United States 
Department of 
Agriculture 

Economic 
Research 
Service 

Agriculture 
tnfornnation 
Bulletin 
Number 676 

July 1993 

Agricultural and 
Water-Quality Conflicts 
Economic Dimensions 
of tlie Problem 

Steve Crutchfield 
LeRoy Hansen 
Marc Ribaudo 

^Quah 

Modern farm production practices, which use agricultural 
chemicals, benefit consumers through lower prices and 
increased output. Consequences of agricultural production, 
however, such as soil erosion, chemical runoff and leaching, 
and wetlands conversion, may impair surface and ground water 
quality. These off-farm water-quality effects impose costs on 
society, including damage to fish and wildlife resources, costs 
of avoiding potential health hazards and preserving natural 
environments, and lost recreational opportunities. This report 
summarizes conflicts between agricultural production and 
water quality and discusses policies that stress the use of 
economic and technical assistance incentives to encourage 
adoption of pollution-reducing farming practices. 

Agricultural production may adversely affect the environment. 
Fertilizers and pesticides used to grow crops may leach through 
soils and contaitiinate ground water supplies. Dissolved 
chemicals in drinking water may then pose a human health 
risk. Runoff of chemicals and sedhnent from aopland, as well 
as soil erosion, may impah the quality of streams, lakes, and 
rivers. Many valuable ecological functions served by weüands, 
especially filtering sedmient and nutrients in runoff, may be lost 
when wetlands are converted to agricultural production. 

When water quality is impaired by agricultural production, 
society bears a cost not fully reflected in the market prices for 
agricultural products and inputs used in producing them. These 
costs include damage to fish and wildlife resources, which have 
both recreation and commercial use, increased water treatment 
costs, and lost recreational opportunities (see box). Assessing 
tiie tradeoff between costs of water-quality hnpairments and 
benefits of agricultural production is difficult because direct 
measures of market value are not available for most water- 
quality hnpairments. Indirect measures of environmental value 
must be used. 

Despite fairly widespread detection of nitrates and pesticides in 
drinking water supplies, only a small proportion of the Nation's 
wells appear to contain pesticides or nitrates in amounts 
thought to pose a risk to humans. Estimated cost to monitor for 
agriculttiral contamination of ground water supplies on a one- 

time basis is between $890 million and $2.2 billion. 
Agricultural sources of surface water contamination are fahly 
widespread, but the severity of the problem also varies among 
regions.  Information on economic costs of these unpahments 
is incomplete, but estimated costs range from $2-$8 biUion per 
year. 

Policymakers are considering legislation that will help reduce 
agricultural sources of water-quality problems, while 
protecting profitable production of food and fiber. New 
initiatives from USD A, the Environmental Protection Agency, 
and State governments stress tiie ünportance of voluntary 
adoption by fanners of pollution-reducing agricultural 
practices. Farm legislation enacted in 1990 has provided 
incentives and Ihnited financial support for programs that 
retire environmentally sensitive land from production, reduce 
chemical use, and encourage adoption of less-poïluting 
famüng systems. 

Tradeofife Between Agriculture and 
Water Quality 

America's farms provide an abundant supply of food and fiber, but off- 
farm consequences from impaired water quality can impose costs on 
society. 

• Off-farm effects on water quality impose costs on society, including 
costs of avoiding potential health hazards, degradation of natural 
environments, and lost recreational opportunities. 

• Since these off-farm costs arc not dircctly revealed through market 
prices, farmers may not consider them in private decisions on 
production choices. 

• Evaluating economic costs of water-quality effects requires 
sophisticated econonüc valuation techniques. Available evidence 
indicates that these costs may be several billion dollars per year. 

• Agriculture is only one source of water pollution, and efforts to 
protect surface and ground water resources must be carefully 
designed to maximize expected economic benefits while 
minimizing costs to farmers and consumers. 



Introduction and Overview 

Increasing public concern about conflicts between agriculture and water quality has led to policies intended 
to protect both the environment and farm profitability. 

The potential for agricultural chemicals and sediment 
from cropland to reduce the quality of America's surface 
and ground water resources has become a priority issue 
for numerous public and private organizations, including 
the U.S. Department of Agriculture. Conflicts between 
production of food and fiber and prevention of 
environmental pollution have received new attention, and 
new policies and programs have been developed to 
address these issues (see box). 

Use of chemical fertilizers and pesticides increases 
agricultural output and has helped boost agricultural 
production worldwide by 60 percent since the mid- 
1960's. However, chemicals remaining in the soil after 
appUcation to cropland may move through the soil to 
underground drinking water supplies. Soil erosion and 
cropland runoff may move chemicals and sediment to 
adjacent lakes, rivers, and estumes, impairing both 
wildhfe and human use of these waters. Wetlands 
provide habitat for a variety of wildlife species and serve 
other important functions, such as flood control, but 
wetlands are degraded by agricultural runoff, and their 
functions are lost through drainage and conversion to 
cropland. 

Concern About Ground Water Quality Increases 

Until recently, little was known about agricultural 
chemical residuals in ground water. Discovery of nitrates 
and pesticides in ground water during the late 1970's and 
early 1980's dispelled a commonly held view that ground 
water was protected from these chemicals by layers of 
rock, soil, and clay. At least some quantities of 46 
pesticides have been detected in drinking water wells in 
25 States (Williams and others, 1988). The 
Environmental Protection Agency (EPA) recently 
completed a nationwide study of drinking water wells 
showing that 1.2 percent of community water systems 
and 2.4 percent of rural private domestic wells sampled 
in the smvey contained nitrates at levels higher than 
EPA's recommended levels. About 10 percent of 
community wells and 4 percent of domestic wells tested 
contained detectable levels of one or more pesticides 
(U.S. EPA, 1990). 

^^^urface Water Pollution From Nonpoint Sources 
^ Receives New Emphasis 

The contribution of soil emsion and cropland runoff to surface water 
pollution has long been recognized Most early efforts to protect 
surface water quality, however, were directed at municipal and 
industrial sources of pollution where a single pollutant source could be 
identified. With enactment of the 1987 Water (Quality Act, new 
emphasis is being placed on controlhng nonpoint sources, such as 
runoff from cropland and forest land, where there is no single 
identifiable source of pollution. Recent studies in the Midwest suggest 
that some farm chemicals may wash off aoplandand end up in lakes 
and streams at rates greater than suspected (Goolsby, Coupe, and 
Maikovdiick, 1991). 

Protecting or Restoring Wetlands May Conflict With 
Agricultural Production 

Provisions of the 1985 Food Security Act designed to protect wetlands 
(commoiüy temied "Swampbusto-") deny farm p-ogram payments to 
producers who convert wetlands to agricultural production. 
Caitroversy ova* how to implement the recent policy goal of "no net 
loss of wetlands" has highlighted the œnflict between uses of 
wetlands for wildlife habitat and other environmental or ecological 
sauces and tiaeir uses as productive cropland. Difficult issues, such as 
defining wetlands, the value placed on them, the degrœ of restoration 
needed, and property rights, have complicated public dedsionmaking 
in this area 

Protecting the Environment From Agricultural Pollution 
Implies Tradeoffs Among Social Objectives 

Programs and policies to prevent environmental degradation 
fi-om agricultural sources must balance public and private 
benefits with costs of improved environmental quality. Reducing 
farm chemical use, controlling soil erosion, and protecting 
wetlands may generate economic benefits from improved 
environmental quality. Such changes in production practices, 
however, may raise farmers' production costs, and possibly 
maease food and fiber costs to consumers. Programs to protect 
the environment must be carefully designed and implemented to 
balance the goal of improving environmental quality with the 
need to minimize costs of preventing pollution. 



Programs and Polides To Protect Water Quality From Agricultural Sources 
of Pollution 

Policy initiatives reflect an increasing commitment to accommodate environmental 
concerns while minimizing the costs to farmers and the public of protecting water quality. 

USDA Water Quality Activities 

• Food Security Act of 1985 provisions: 

Conservation Compliance 
Sodhuster 
Swamphuster 
Conservation Reserve Program (CRP) 

• Agricultural Conservation Program (ACP) 
• Conservation Technical Assistance (CTA) 
• Extension Service activities 
• USDA Low Input, Sustainable Agriculture (LISA) activities 

Other Programs and Policies 

• EPA programs provide technical guidance, water-quality standards, and some financial 
support for State and local water pollution control efforts. 

1987 Water Quality Act Nonpoint Source Programs 
Pesticides in Ground Water Strategy 
Safe Drinking Water Act: Standards for Chemicals in Drinking Water 
Federal Insecticide, Fungicide, and Rodenticide Act (FÎFRA) 

Regulation of Agricultural Chemicals 
1991 Coastal Zone Management Act (CZMA) Nonpoint Pollution Provisions 

• State efforts implement Federal policies, and may also include innovative State-level 
pollution control legislation and programs tailored to meet local needs. 

State Nonpoint Source Management Plans filed in accordance with 
1987 Water Quality Act and the 1991 CZMA Amendments 

State ground water protection plans 
Fertilizer tax and funding of LISA 
Monitoring ground water for trend and frequency of contamination 



Environmental Quality Problems Arising from Agricultural Sources Impose Costs on 
Society 

When water resources are degraded by agricultural chemicals and sediment, the pollution imposes costs on 
society that are not considered in farm production decisions. 

The fundamental economic issue concerning agricultural 
impairments of environmental quality reflects divergence 
between private and public costs. When making production 
decisions, farmers balance their expected private costs of 
various production options, including tillage practices and 
chemical use, with returns from crops produced. However, 
farmers' decisions may have unintended effects far removed 
from their private fields; consumers of water resources or other 
environmental services, such as recreation, may bear üie costs 
when agricultural runoff, sediment, or farm chemicals degrade 
the quality of these resources. Though the public may place a 
value on these lost services, this value is not fiilly reflected in 
private costs farmers pay for farm mputs or in fanners' cost/ 
benefit calculations in deciding how to produce a crop. 

Full Economic Costs of Agricultural Chemicals Not 
Reflected in Their Market Prices 

Econonüc losses from impaired environmental quality reflect, 
in part, tíie value of the services the resources provide. When 
the value of these services is impaired by agricultural chemical 
pollution, these losses can take a number of fonns, including 
costs of providing altemative sources of drinking water, 
increased treatment costs for public and private water systems, 
lost boating and swinmiing opportunities, and damage to 
valuable recreational and commercial fishery resources. The 
total social cost of farm chemicals includes these 
envkonmental costs as well as private market prices. The 

prices paid by users of agricultural chemicals, tiien, do not fully 
reflect their full social cost. 

Economic Costs of Impaired Water Qualify and Wetland 
Conversion Difficult To Measure 

The wide array of environmental effects of agricultural 
chemicals makes valuation of these effects difficult. Economic 
costs of degraded surface and ground water depend on many 
factors, including the population affected by impaired water 
quality, uses of the water resources, and value placed on üiose 
uses by consumers. In a similar vein, economic benefits of die 
services provided by weüands, such as recreational use and value 
placed on the existence of wildlife habitat, are frequentiy not 
measurable in the marketplace. 

Without direct, observable measures such as market prices, 
indirect measures of economic costs of impaired wetlands must 
be used, such as statistical techniques to measure willingness to 
pay for improved recreational opportunities (see box). 
Economists also use nonmarket valuation methods to measure 
the value of environmental resources not based on consumption 
or use. For example, mdividuals may place a positive value on 

*the existence of clean water or preserved wetiands even if they do 
not directiy use die resources themselves. Better estimates of 
economic costs require additional research into relationships 
between agricultural production and environmental effects. 



Economic Costs of Water-Quality Impairments 

Market prices do not reveal all the costs of impaired water quality; therefore, these costs 
must be estimated using indirect measures. 

Ground Water 

• Many concerns about agricultural chemicals in ground water arise from uncertainties about health 
effects of human exposure to low levels of pesticides and nitrates in drinking water. These health 
effects are poorly understood. 

• The extent of actual contamination (as opposed to the weaker measure of vulnerability to potential 
contamination) is unknown, making quantification of these health effects more difficult. 

• Placing dollar values on the increased risk of death or illness from human exposure to hazardous 
chemicals is very controversial. Indirect measures, such as willingess to pay for clean water, are 
available for some specific sites, but aggregate measures of the total cost of impaired drinking water 
supplies are not available. 

One measure of costs of potential ground water contamination is the cost to consumers to avoid 
risk of exposure through monitoring of drinking water wells and provision of alternative supplies 

of clean water* 

Wetlands and Other Surface Water Bodies 

• Some direct measures of the cost of water pollution are available, such as the cost of treating 
municipal drinking water supplies for sediment, bacteria, and nutrient enrichment, 

• Other damage, such as loss of recreational opportunities, is to goods and services for which no formal 
market exists; prices are therefore unavailable as indicators of the value of these goods and services to 
society. 

• Some damage from nonpoint source surface water pollution and loss of wetlands is to the surrounding 
ecosystem, such as degradation of wildlife habitiat and loss of fish stocks. Society may place a value 
on this environmental effect even if the water systems are directly used only by a few anglers or 
boaters. 

Indirect measures of economic costs of many water-quality effects must be estimated using 
statistical analyses to measure the implicit loss in value of impaired fishing, swimming, and other 
recreation opportunities. These data are collected by surveying individuals about the value they 
place on the existence of environmental services provided by water resources. 



Agricultural Production Can Have Many Off-Farm Effects on Environmental 
Quality 

Environmental eflfects arising from commercial agriculture can extend far beyond the physical 
boundaries of the farm. 

After plant uptake of the agricultural chemicals applied to 
cropland, some residues may remain in üie soil, move to the 
atmosphere, or enter waterways through cropland runoff. 
These residues and their breakdown products in the air and 
streams can have adverse ecological effects far from the point 
where they are applied to cropland. 

Some Cropland Has Greater Potential for Water- 
Quality Problems Than Other Cropland 

The potential for fertilizers and pesticides to accumulate in 
ground water depends on a combination of factors. Soil 
characteristics, geologic factors, and rainfall all influence the 
likelihood that chemicals applied to aopland will leach into 
ground water or be washed away into lakes and streams. Areas 
most at risk for ground water contamination generally have 
sandy, highly permeable soils with little organic matter, 
receive enough rainfall or irrigation to promote deep leaching, 
and are located over shallow, unconfined aquifers. The 
seriousness of any nonpoint source surface water pollution 
from cropland runoff also depends on soil type, type of tillage 
practices, and mtensity of agricultural chemical use. Some 
cropping patterns, such as growing com on the same land year 
after year, are more erosive and use more farm chemicals than 
others and have a greater potential for runoff to degmde the 
quality of adjacent waters (fig. 1). 

The potential for chemicals and sediment to reach either 
surface water or ground water is also strongly influenced by 
fertilizer and pesticide use, method and rate of applications, 
chemical properties of materials applied (such as solubility in 
water), tendency of applied chemicals to adsorb onto soil 
particles, and management practices used on the farm. Some 
chemicals may persist in the soil after application or break 
down into components that percolate through the soil profile 
into ground water. Production systems using these chemicals 
have a greater effect on water quality than do those using 
shorter lived or nonleachable chemicals. 

Water-quality problems have also been caused by manure 
accumulations and disposal. When manure is spread on frozen 
fields or when plants do not need nitrogen, excess nitrogen can 
leach to ground water or run off to surface water. Runoff from 
feedlots and areas of intensive livestock production can aeate 
point sources of nutrient pollution of both surface and ground 
water. 

Surface Water and Ground Water Quality Are Related 

Underground aquifers may discharge into lakes and streams, 
causing degraded ground water to contribute to surface water 
pollution. Also, chemicals dissolved in surface water runoff 
may enter ground water through abandoned mines and wells, 
or sinkholes in karst areas. 

Impair^ Water Quality Affects Humans, Livestock, 
andWUdlife 

When runoff from cropland reaches lakes, streams, and 
estuaries, residues fi"om nutrient or pesticide applications and 
sediments can contribute to water-quality problems. Nutrients, 
particularly nitrogen and phosphorus, promote algae growth 
and premature agmg of lakes, streams, and estuaries (a process 
called eutrophication). Sediment harms aquatic life by 
reducing sunlight, smothering spawning grounds, and choking 
fish. Pesticide residues reaching surface water systems may 
also harm freshwater and marine organisms. 

The primary concern with a^cultural chemicals in ground 
water is the possibility that exposure to dissolved materials in 
drinking water may pose a human health risk. A well- 
documented human health risk fi'om nitrate contamination is 
mfantmethemoglobinemia, by which nitrates impair the 
ability of an infants blood to carry oxygen (US DA, 1991). 
Other agricultural chemicals may also pose health risks when 
present in drinking water, but the amount of risk posed to 
humans is uncertain (Conservation Foundation, 1987). 
Concentration of pesticides or nitrates in drinking water may 
be below levels at which acute health effects have been 
observed. The health risk associated with ingestmg water 
containing traces of pesticides or nitrates at levels below those 
in which human health is considered endangered is poorly 
understood (Conservation Foundation, 1987). 

Wetlands Provide Many Environmental Services That 
Agricultural Production Can Impair or Destroy 

Quality of water in wetiands can also be degraded from 
excessive levels of contanünation by farm chemicals and 
runofi. Wetlands are also directly destroyed when drained for 
crop production. Water degradation and wetiand loss reduce 
direct and indirect environmental benefits of wetlands. 
Wetiands provide direct benefits through tiie fish, wildlife, and 



plant life they support Indirect benefits of wetlands flow from 
their water-cleaning capability, flood control, and their 
support of fisheries in lakes, streams, or estuaries. 

Wetlands directly provide many social benefits. These benefits 
are accentuated by wetlands' unique habitats that support bird. 

fish, and plant species that otherwise may not exist. Wetlands 
provide food, cover, and nesting for a wide variety of plants and 
animals, and provide spawning grounds and juvenile habitat for 
many unportant fish populations that have both recreational use 
and conunercial value. Wetlands can also support tree growüi for 
commercial harvest, flood control, and shoreline stabilization. 

Figure 1 

Conflicts between agriculture and water quality 

Chemical runoff, soil erosion, leaching of nitrates, and draining of wetlands are all consequences of 
agricultural production. 
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Pesticide and Fertilizer Use on U.S. Farms Has Increased Over the Past 30 Years, 
While Many Areas of Wetlands Have Been Converted to Crop Production 

Economic and agricultural policy factors have encouraged intensive use of agricultural chemicals and 
subsidized wetland drainage for agriculture. 

U.S. agriculture increasingly relies on chenniical fertilizers, 
herbicides, insecticides, and fungicides. Use of inorganic 
nitrogen fertilizers (a source of nitrate in ground water) 
increased by a factor of four during 1960-80. Nitrogen 
application rates on com and wheat more than doubled 
between 1964 and 1985 (fig. 2).  Use of pesticides on cropland 
rose from an estimated 225 million pounds active ingredient 
(a.i.) in 1964 to nearly 560 million pounds a.i. by 1982. 
Herbicides are used most intensively on com and soybeans, 
while application rates of insecticides are greatest in grain 
production (fig. 2). Recent trends in both nitrogen fertilizer 
and pesticide use have been downward; application of 
pesticides fell to 480 million pounds by 1991. This decline 
reflects both tiie depressed farm economy in the early part of 
the 1980's and shifts to chemicals that are applied at lower 
rates than those previously used (Osteen and Szmedra, 1987). 

Agricultural chemical use grew during the past 30 years 
because the costs of chemicals fell relative to other farm inputs, 
such as labor, fuel, and machinery. Since chemicals were 
cheaper, they were substituted for other inputs. Use of 
pesticides and inorganic fertilizers may have been encouraged 
by farm conomodity programs, which increase the relative 
return to input-intensive crops and discourage chemical- 
reducing crop rotations. 

New Survey Data Indicate Widespread Herbicide Use 

US DA has begun a new data collection program to gather 
detailed statistics on agricultural chemical use. Herbicides are 
the most widely used pesticide, accounting for about 84 percent 
of total pounds of pesticides applied. Survey results for 1990 
and 1991 show that more than 90 percent of the acreage 
devoted to com, soybeans, sorghum, cotton, and spring and 
durum wheat were treated at least once with herbicides. 
Insecticides were used on 14 percent of the acreage, and 
fungicides on only 2 percent. Com, cotton, and soybeans 

together account for most pesticide use, about 87 percent of 
herbicides, and 86 percent of insecticides (US DA, 1991). 

Farm Policy Decisions Can Influence Potential for 
Chemical Leaching and Runoff 

Federal agricultural programs, such as price supports, base 
acreage requirements, or subsidies for irrigation, may 
encourage production of crops that can have unmtended off- 
farm environmental effects (Crutchfield, 1990; Reicheiderfer 
and Phipps, 1988). For example, base acreage requirements 
and com price supports may have encouraged some farmers to 
grow com on the same land year after year, which tends to be 
erosive, and to use large amounts of chemicals. A more 
flexible policy would allow farmers to rotate crops, thus 
reducing adverse effects on water quality. Prior to the 1990 
farm legislation, agricultural policies discouraged crop 
rotations because changing crops may have resulted in a loss of 
crop base upon which program payments are based. Federal 
subsidies for irrigation water can lead to increased irrigation, 
thereby affecting quality by increasing the concentration of 
pesticides and nitrogen in irrigation water return flows. 

Early Wetland Policy Encouraged Drainage of 
Wetlands 

Over half of the 221 million acres of wetiands in the United 
States were drained between 1780 and 1980, Federal 
incentives to drain wetiands existed until the early 1970's. 
Most of the drained areas were converted to agricultural use. 
The "Swampbuster" provision of tíie Food Security Act of 
1985 denies a wide range of farm program benefits to fanners 
who drain wetlands. The provision has reduced, though not 
eliminated, wetiand losses. Annual losses were estimated at 
124,000 acres between 1982 and 1987, tiie most recent 
estimates available (Heimlich, 1991). 



Figure 2 

Agricultural chemical use In the United States 
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Some of America's Ground Water May Be Vulnerable to Agricultural Chemical 
Leaching 

Potentíal risk to underground water sources depends on how, when, and where chemicals are used. 

Studies of ground water vulnerability at the national level have 
combined estimates of physical characteristics of cropland with 
estimates of agricultural chemical use and available water- 
quality monitoring data. Using this approach, Nielsen and Lee 
(1987) and Kellogg, Maize!, and Goss (1993) identified areas 
where hydrogeologic conditions appear to favor movement of 
water to aquifers and where agricultural practices using large 
amounts of leachable pesticides and nitrogen fertilizer are 
found (fig. 3). 

Ground Water Vulnerability to Chemical Leaching 
Depends on Many Factors 

The potential for agricultural chemicals to accumulate in 
ground water depends on a combination of environmental 
factors and farm management decisions. Irrigation practices, 
kinds and quantities of chemicals used, and chemical 
properties of pesticides influence the likelihood of chemicals 
being leached into ground water, in addition to the influence of 
the soil and geophysical characteristics of cropland overlying 
ground water. 

Areas most at risk for chemicals leaching into ground water 
generally have sandy, highly permeable soils, receive enough 
rainfall or irrigation to promote leaching, and are located over 
shallow, unconfined aquifers. The potential for agricultural 
chemicals to leach into ground water is also influenced by 
properties of the materials applied (such as water solubility or 

the tendency to attach to soil particles) and how the chemicals 
are used (for example, method, timing, and rate of 
application). 

Potential for Nitrate or Pesticide Contamination Varies 
by Re^on 

The ground water of some regions is more vulnerable to 
pesticides than to nitrates, and vice versa. The Com Belt, 
Southeast, and Lake States have more acreage thought to be 
both vulnerable to leaching and treated with leachable 
pesticides. Conversely, the Northern and Southern Plains 
regions show more acreage with a potential for nitrate leaching 
than for pesticide leaching. This variability among regions 
illustrates the importance of targeting ground water protection 
strategies. 

Vulnerability does not necessarily indicate contamination. 
Aquifers considered vulnerable to chemical leachmg may not 
be contaminated. The time factor must be kept in mind. Even 
if a given aquifer is found to be free from chemical residues, it 
may take years for a "plume" of chemicals applied to cropland 
to leach through overlying soil into aquifers. There is 
considerable variability in any measure designed to quantify 
vubierabiñty of ground water to chemicals applied to overlying 
cropland; these assessments will unavoidably mask some 
localized variability in vulnerability arising from specific local 
hydrogeologic conditions. 
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Figure 3 

Ground water pesticide vulnerability in the United States, 1993 

The potential for pesticides to leach into underground water resources depends on the chemical properties of the 
pesticides, the way they are applied, and the soil characteristics at the point of application. 
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Pesticides and Nitrates From Fertilizer May Pose a Risk to Some Drinking Water 
Supplies 

Drinking water supplies in some rural areas may be vulnerable to leaching pesticides and fertilizers. 

EPA Data Show National Extent of Agricultural 
Chemicals in Drinking Water 

The Environmental Protection Agency has released 
results of a nationwide survey of drinking water wells. 
Conducted over a 5-year period, the survey evaluated the 
presence of pesticides and nitrates in both community and 
private drinking water wells. The survey showed that 
while at least half of the Nation's drinking water wells 
contained detectable amounts of nitrate, only about 1.2 
percent of community water systems and 2,4 percent of 
rural private domestic wells contained nitrates at levels 
higher than EPA's recommended levels (fig. 4). About 
10 percent of community wells and 4 percent of domestic 
wells contamed detectable levels of one or more 
pesticides, but EPA estimates that less than 1 percent of 
the wells contained pesticides at concentrations higher 
than those considered to pose an unacceptable risk to 
human health. 

The EPA survey, however, does not fully reflect the overall 
scope of potential ground water quality problems related to 
agricultural chemicals. The survey collected data on 
drinking water at the tap, and was not designed to 
accurately characterize the quality of the Nation's 
underground water systems, Tlie U.S. Geological Survey is 
studying the quality of America's ground water resources in 
a comprehensive manner in its National Water Quality 
Assessment, but this project will not be complete for several 
years. 

Not All Instances of Ground Water Contamination Are 
Due to Normal, Recommended Chemical Use 

In addition to field use of pesticides, local chemical contamination 
can also arise from spills, careless mixing and rinsing, improper 
disposal of chemical containers, back-siphoning into irrigation 
wells, septic tank drainage, and land disposal of municipal and 
industrial wastes. High nitrate concentrations in ground water can 
arise from a variety of agricultural and nonagricultural activities. 
Primary agricultural sources of nitrogen include fertihzer use, 
feedlots, dairy and poultry fanning, and cultivation of mineralized 
soils. Nonagricultural sources, such as natural deposits of nitrate- 
bearing minerals, septic tanks, and municipal wastes may also 
contiibute to occurrences of nitrates in ground water. 

Avoiding Exposure to Contaminated Drinking Water May 
Involve Cosily Monitoring 

ERS has analyzed some costs incurred by consumers to avoid 
consuming drinking water that may contain agricultural 
chemicals. A "damage avoided" approach measures costs society 
would have to pay to reduce die risk of exposure by estimating the 
costs of monitoring private and public wells for the presence of 
pesticides and nitrates. Testing private drinking water wells in 
areas thought to be potentially vulnerable for the presence of 
nitrates or pesticides on a one-time basis is estimated to cost 
between $890 million and $2.2 billion. Monitoring costs for 
public wells may be much smaller (about $14 million per year) 
than those for private wells because there are many more private 
wells than public, and each public well serves many people 
(Nielsen and Lee, 1987). 
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Figure 4 

Agricultural chemicals in U.S. drinking water wells, 1990 

Detection of agricultural chemicals in ground water has caused concern, but extent and seriousness of any 
potential pesticide or nitrate contamination are still uncertain. 

Community wells 

Private wells 

20 40 60 

Percent of wells tested 

100 

Source: EPA 1990 

Uncertainties Remain About Üie Seriousness of 
Ground Water Pollution 

• Detection of chemicals does not necessarily mean the ground 
water is unsafe to drink; some of the reported detections are at 
concentration levels well below EPA health standards. 

• As yet, no comprehensive, nationwide data exist on the extent to 
which pesticides and nitrates are present in the Nation's ground 
water. The EPA survey provides a snapshot of drinking water 
quality, but does not accurately characterize the quality of the 
aquifer. 

• Presence or absence of chemicals from any well may not indicate 
future water quality since it may take months or even years for 
chemicals applied to cropland to leach into ground water. 
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Agricultural Runoff and Wetland Conversion Affect the Quality of Lakes, Streams, 
and Estuaries 

Sediment, fertilizers, and pesticides from cropland runoffare sources of surface water quality problems, but 
effects vary across the Nation. 

Soil erosion and runoff from agricultural land can carry nutrients 
and dissolved solids to surface water bodies. Nationwide, runoff 
from agricultural land contributes nearly 60 percent of the 
sediment and about half of the phosphorus and nitrogen reaching 
freshwater systems. The Economic Research Service studied the 
extent of agricultural nonpoint source pollution in America's 
streams and lakes (Ribaudo, 1986). Using data on sources and 
levels of surface water pollution from the Environmental 
Protection Agency and Resources for the Future, the relative 
contribution of agricultural sources to the overall water-quality 
problem was identified (Gianessi, Peskin, and Puffer, 1985). Of 
the 99 watersheds examined in the ERS study, 48 had levels of 
sediment high enough to impair use, 28 had undesirable levels of 
nitrogen, and 60 were impaired by phosphorus. The study found 
runoff from agricultural land (including cropland, rangeland, and 
forest land) to be a "significant source" (defined as contributing 
more than 50 percent of pollutant discharge) of nitrogen in nine 
watersheds. Agricultural sources of sediment were significant in 
34 watersheds, and 31 watersheds had significant agricultural 
discharge of phosphorus (fig. 5). 

Agricultural Runoff a Problem for Some Coastal Water 
Bodies 

Soil erosion and runoff from cropland also contribute to water- 
quality problems in coastal areas. ERS studies have obtained data 
from the EPA and the National Oceanic and Atmospheric 
Administration on quantities (loadings) of surface water 
pollutants from both point and nonpoint sources in 22 coastal 
States and 78 estuarine systems. Among specific pollutants the 
study identified were nutrients, sediment, and pesticides. For the 
78 estuarine systems considered, agricultural runoff supplied an 
average of 24 percent of total nutrient loadings and 40 percent of 
total sediment. Agriculture contributed more than 25 percent of 
the total nutrients in 22 of the 78 estuaries. High rates of 
pesticide losses to surface waters were found in 21 systems. 
Fifteen estuarine systems showed both significant agricultural 
nutrient loadings and high pesticide losses (Crutchfield, 1987). 

Other Factors Contribute to Water-Quality Problems 

Agricultural runoff and soil erosion from cropland are only 
two of a number of sources of water pollution. Others include 
urban runoff, municipal waste treatment plants, and industrial 
sources. Given this variety of possible sources and pathways, it 
can be difficult to determine whether nitrogen, phosphorus, 
sediment, or pesticides detected in water bodies result from 
agricultural or nonagricultural activities (especially when these 
activities coincide geographically). 

Loss of Wetlands Can Contribute to Water-Quality 
Problems 

Wetlands are not closed aquatic systems. Most water leaves 
wetlands for lakes, streams, estuaries, or aquifers. Wetlands 
improve water quality as suspended solids fall or are filtered 
out, and chemicals are absorbed or decompose. Municipalities 
have created artificial wetlands to assist their wastewater 
purification processes since such lands arc so effective at 
removing impurities. Aquifers receiving water from wetlands 
gain benefits from both the water's quality and quantity: 
water-quality benefits through the adsorption and 
decomposition of nutrients and other chemicals, and water- 
quantity benefits by recharging the aquifer. 

Impaired Quality of Surface Water Also Has 
Economic Cost 

Several studies have estimated costs of agricultural nonpoint 
source pollution of surface water. One study estimates costs of 
impaired water quality from cropland erosion to be $2-$8 
billion per year, with a "best guess" estimate of $3 billion per 
year. TTiese annual costs consist primarily of damage to 
freshwater fishing, boating, and recreation (28 percent), water 
storage facilities (13 percent), navigable waterways (as silt 
requires dredging), commercial fishing, and municipal 
treatment plants (Ribaudo, 1987). 
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Figure 5 

Surface water pollution from agricultural sources 

The effects of chemical runoff and soil erosion on lakes, streams, and estuaries vary across the 
Nation. 

Agricultural sources of coastal 
and estuarine pollution 

Agricultural sources account for more 
than 25 percent of total phosphorus and 
nitiogen. 

Regions with higher than average 
pesticide runoff from cropland. 

Both high pesticide runoff and signiflcant 
nutrient runoff from cropland. 

Agriculture is not a significant source 
of pollution. 

Source: Crutchfield, 1987, 

Agricultural sources of 
freshwater pollution 

I A^culture supplies more than 50 percent of 
I nutrient loadings. 

j Agriculture supplies more than 50 percent of 
I sédiment loadings, 

I Agriculture supplies more than 50 percent of 
I both nutrient and sediment loadings. 

Source: Ribau do, 1986. 

Pollution comes from many sources 

Pesticides-may damage valuable marine fishery resources and contanninate drinking water supplies. 

Nutrients-may degrade water quality when nitrogen and phosphorus promote algae growth, harm aquatic organisms, and impair recreational uses. 

Sediments-may clog waterways, increase water treatment costs, and carry attached nutrients. 

Point sources-may predominate in water systems where municipal and industrial sources of pollution contribute more pollutants to surface waters 
than agriculture. 
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Policy Options Are Being Considered To Promote Both Environmental Quality and 
Profitable Agriculture 

New initiatives to control agricultural nonpoint source pollution stress preventing ground water 
contamination from agricultural chanicals* 

In response to increased public awareness and concern about 
water-quality problems related to agriculture, Federal, State, 
and local officials are developing new policies and progranns to 
address the issue. New research and demonstration initiatives 
are being implemented by USDA and other Federal agencies. 
In addition, several existing programs (such as USDA soil 
conservation efforts) are being reoriented and refocused to 
stress off-farm water-quality concerns as well as more 
traditional onfarm soil productivity issues. 

Past efforts to reduce pollution have taken a regulatory 
approach, in which the Government sets standards for 
allowable discharges to air and water, and imposes fines and 
penalties when these standards are exceeded by polluters. A 
less rigid approach is generally considered preferable in the 
case of agriculture. Since agricultural sources of pollution can 
be diffuse and difficult to monitor, it is often impossible to 
establish environmental consequences of an individual fanner's 
actions. Rather than directiy regulate each fanner, public 
policy to prevent agricultural pollution generally relies on a 
combination of incentives and technical assistance to 
encourage adoption of less-polluting fann management 
systems, with some regulations on chemical application and 
handling to protect against improper or dangerous use. 

USDA*s Water Qualify Program and Other Federal 
Policies Stress Voluntary Approaches to Protecting 
Water Quality 

The USDA Water Quality Program is a multiagency program 
to assess water-quality problems and to develop means to 
prevent or reduce degradation of the Nation's surface and 
ground water resources (see box, facing page). USDA and 
other Federal agencies provide farmers, ranchers, and foresters 
v/ith information, education, and technical and financial 
assistance to address onfarm environmental concerns and State 
water-quality requirements. 

A principal emphasis of the program is ground water 
protection, particularly protection from nitrogen fertilizer, 
pesticides, and animal waste. Since water-quality problems 
related to the use of agricultural chemicals tend to be localized, 
national policies and programs stress the importance of joint, 
cooperative efforts with State and local governments. Federal 
activities in support of the initiative fall into three components: 
research and development, data and evaluation, and education 
and technical assistance. 

EPA policy in implementing the 1987 Water Quality Act 
(WQ A) and the agricultural chemicals in ground water 
strategy also emphasizes the primary role of State and local 
officials in the design and implementation of pollution control 
and mitigation. Federal agencies will provide technical 
expertise, information, and guidance to State and local officials 
to support nonpoint source pollution control efforts. 

Federal Farm Legislation Provides Incentives for 
Voluntary Adoption of Alternative Production Systems 

Two programs established by 1990 farm legislation provide 
cost sharing and other financial assistance to fanners to 
encourage environmentally sound farming practices and to 
protect water quality. Farmers may enroll land in a Water 
Quality Incentive Project, This program is targeted to lands 
considered environmentally sensitive, such as priority 
watersheds identified in State reports filed with EPA as 
required under Section 319 of the 1987 WQA, sinkholes, 
wellhead protection areas, and habitat for endangered species. 
Farmers in targeted areas will be eligible for annual payments 
up to $3,500 in Agricultural Conservation Program payments 
as an incentive to implement water-quality management plans 
lasting 3-5 years tiiat are approved by USDA. In addition, 
USDA will assist farmers to develop and implement water- 
quality protection plans. This technical assistance program 
emphasizes farm-level strategies in areas identified by State 
and Federal officials as having agricultural nonpoint source 
pollution impairments. 

The Conservation Reserve Program (CRP) has been redirected 
under the new law. Up to 11 million additional acres could be 
enrolled in the CRP in areas not previously eligible, since 
several new categories of environmentally sensitive lands are 
defined in addition to "highly erodible" land. Lands thought to 
endanger water quality when used for agricultural production 
may now be ehgible for CRP retirement even if they do not 
meet the previous enrollment criterion of highly erodible. 

The 1990 farm legislation makes a number of changes to 
program rules to encourage planting flexibiUty. Inaeased 
flexibility is expected to lead to reduced intensity of 
agricultural chemical use, reduced soil erosion, and an 
associated benefit in terms of water-quality protection. If 
farmers are free to rotate their crops instead of plantmg one 
crop year after year to protect program base, then tiiey may be 
able to break pest cycles and reduce pesticide use. Similarly, 
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reliance on chemical fertilizers may be reduced, which could 
help protect both ground and surface waters from nitrogen 
pollution. The Integrated Crop Management Program (ICM) is 
being tried in some counties to reduce agricultural chemical 
use. Farmers receive incentive payments for using integrated 
pest management, new rotations, and other steps for more 
efficientiy using chemicals. 

Concept of Acreage Reserve Is Extended to Wetlands 

The 1990 farm legislation also created anew "Wetiand 
Reserve Program" (WRP). USDA plans to enroll between 
600,000 and 1 million acres in the program, modeled after the 
Conservation Reserve Program, to restore wetiands that were 
converted to agricultural uses before 1985. Participants will 
receive annual payments, including cost sharing for restoration 
costs. Easements contracts will be long term, rather than 10- 
year contracts as m the CRP, Easements may run for 30 years, 
on a permanent basis, or for the maxünum duration under 
State law. USDA will also prepare guidelines and maps for 
wetiand delineation and determination of program eligibility 
under the "Swampbuster" provisions. Exact determination of 
what constitutes a wetland for these programs is still under 
debate. 

Success of Voluntary Programs Depends on Financial 
Appeal of Alternative Production Systems 

To assure wide-scale adoption of best management practices, 
voluntary programs must offer economic benefits to those 
adopting them. Some form of cost sharing or financial 
assistance may be necessary to speed adoption. Expenditure of 
public monies to assist fanners in adopting new faiming 
practices may be justified on the basis of the benefits received by 
the general pubhc as off-farm water quality is protected and 
enhanced. 

Making both penalties (such as forfeiture of USDA program 
benefits under conservation compliance) and incentives 
(subsidies) relating to water quality responsive to market 
conditions may be useful components of programs and policies to 
protect water quality. This would help ensure that these 
incentives point in the right direction. It is vital that any 
programs or policies directed at water quality account for 
interactions with otiier agricultural pohcies, and that 
environmental programs are consistent with commodity 
programs and provide ^p"opriate economic incentives for fanners to 
voluntarily adopt environmentally sound production practices. 

New Environmental Quality Legislation and Policy Initiatives 

New legislation and policies stress voluntary approaches to preventing pollution. 

New water-quality policies in 1990 farm 
legislation 

• Expansion of the Conservation Reserve Program: Expand 
eligibility to include lands that, while not highly erodible, 
lie over vulnerable gi*ound vi^ater resources, and lands 
where agriculture contributes to water-quaiity problems. 

• Incentives to enroll lands in 3- to 5-year contracts to adopt 
new farming practices to protect water quality. 

• Increased planting flexibility to encourage rotations and 
lower agricultural chemical use. 

• Increased efforts to provide education and technical 
assistance in support of environmentally sensitive farming 
practices, low-input agriculture, and integrated crop 
management. 

• Creation of a "Wetlands Reserve Program" (WRP). New 
wetlands delineation maps and certifications of wetland 
determinations for program benefit eligibility under 
"Swampbuster" provisions. 

The USDA Water-Quality Program 
(Joint Effort by U.S. Department of 
Agriculture, Environmental Protection 
Agency, U.S. Geological Survey, and 
National Oceanic and Atmospheric 
Administration) 

• Research and development of new farming systems. 

• Education, technical, and financial assistance to promote 
voluntary adoption of new technologies and practices, 

• Agricultural chemical use and practices surveys. 
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