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AN McHARG has provided a method of study that I has been adopted by many rural land use planners. 
In his well-known work, Design with Nature, individual 
elements of the environment are depicted on maps, and 
these are overlaid to determine future land uses that are 
best suited to specific geographical areas.' In some 
instances, whether a particular land use conflicts with 
the physical limitations of the land may not be clear. 
Such is the case when agricultural use is being planned 
for areas of groundwater recharge (the replenishment of 
aquifers through percolation of surface water). The 
uncertainty pertains specifically to the potential for 
undesirable chemical compounds from fertilizers, herbi- 
cides, pesticides, and animal wastes to infiltrate aquifers 
that serve as a source of water for human consumption. 

Groundwater reservoirs, commonly known as aqui- 
fers, provide about 45 percent of the drinking water 
consumed in the United States.' The aquifers were once 
thought to hold water of limitless quantity and uniform- 
ly excellent quality. Recently, however, many chemicals 
have been found contaminating these reservoirs. Most 
areas of the United States, including Puerto Rico, are 
experiencing significant groundwater pollution (Figure 
1). From reports received from each of the 10 U.S. 
Environmental Protection Agency (EPA) regional admin- 
istrators, the Council on Environmental Quality com- 
piled information on the geographic distribution of 
groundwater and drinking water contamination by toxic 
organic chemicals. Data from 34 states indicate major 
 problem^.^ The area least affected, as illustrated in 
Figure 1, is in the Northwest. Even the relatively 
nonindustrial and sparsely populated state of New 
Mexico has cause for concern. While the sources of these 
pollutants are debated, agricultural lands are coming 
under close scrutiny by regional, state, and national 
officials. Although runoff from farm areas has been a 
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major problem which has received considerable attention 
and many methods are already in use to try to control it, 
the effects of agricultural contaminants percolating into 
groundwater have received less investigation. This is 
somewhat paradoxical because farms are the major 
consumers of groundwater in the United States. 

Although several agricultural experiment stations and 
land grant universities have examined the problem 
of farm pollutants entering aquifers, these studies have 
not been included in applied social science journals. This 
paper will examine various chemicals used by agricul- 
turalists and their effects on groundwater quality to 
determine whether land use restrictions should be 
considered to limit pollution from percolating water. 
Several possible actions used to minimize damage to 
groundwater quality will be noted. The latter portion of 
the paper contains a summary of federal and state 
legislative action directed toward protecting ground- 
water resources. Although this report can provide 
guidance for land use planners, the uniqueness of all 
areas necessitates on-site appraisals to determine specific 
impacts on groundwater quality. 

Agricultural Pollutants 

The pollution of groundwater comes from both point 
and nonpoint sources. Point sources-for example, indus- 
trial discharges, municipal sewage treatment plants, 
landfills, and sewer overflows-have received much atten- 
tion. Nonpoint sources of pollution, which have been a 
more recent concern, include urban runoff, construction 
projects, hydrological modification, silviculture (tree 
farming), mining, agriculture, irrigation return flows, and 
individual sewage disposal. Urban runoff is the major 
cause of pollution in most municipal water supplies. 
Agricultural sources are the largest cause of pollution in 
all other areas, but they are probably the least under- 
stood? 

Fertilizers are composed basically of nitrogen, phos- 
phorus, and potassium. Among these, only nitrogen and 
phosphorus are potentially significant agricultural pollu- 
tants of groundwater. Nitrogen, no matter in what form 
it is applied initially, eventually is converted into nitrate 
under aerobic conditions. Nitrates are water soluble and 
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FIGURE 1. GROUNDWATER POLLUTION PROBLEMS, AS IDENTIFIED BY FEDERAL, 
STATE, AND REGIONAL STUDY TEAMS 

can flow freely into aquifers.' High concentrations of 
nitrates cause accelerated algal growth, which is the 
initial stage of stream or lake eutrophication. Between 
40 and 80 percent of all nitrogen applied to the soil is 
consumed by crops.6 Denitrification and volatilization 
result in atmospheric release of part of the remainder, 
although the exact amount is difficult to ascertain 
because of differences in soil types, temperatures, and 
moisture and organic contents. Generally, denitrification 
proceeds much more rapidly in warm soil than in cold 
and in saturated soils than in dry. An important factor in 
denitrification is the amount of organic matter in the 
ground; higher organic levels result in higher rates of 
denitrification. In areas of moderate temperatures and 
medium soil textures, about half of the remaining 
nitrogen will be released due to denitrification. From I0 
to 30 percent of the applied nitrogen leaches into 
aquifers.' 

Nitrogen leaching can be kept to a minimum through 
several management techniques. These include adjusting 
seasonal applications to soil, moisture, and temperature 
conditions; adjusting the application to crop needs 
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instead of indiscriminately overfertilizing; educating 
fertilizer users; and adding bactericides to inhibit nitrate 
production.' All of the above can be carried out by 
individual users with the aid of farm agencies. Help in 
reducing fertilizer usage should be especially welcome to 
farmers because the cost of nitrogen products is increas- 
ing rapidly. 

Phosphates are also applied as fertilizer, although not 
in quantities as large as nitrogen. Phosphates are moder- 
ately soluble and do not move as rapidly in groundwater 
as  nitrate^.^ Phosphate compounds seldom percolate 
into groundwater because they are less soluble and 
adsorb readily onto soil particles. While such adsorption 
poses a sizable risk to surface water because adsorbed 
phosphates may be transported on runoff sediment, it 
poses a negligible threat to groundwater except in areas 
with water tables very close to the surface. 

The control chemicals, such as pesticides, herbicides, 
and fungicides, vary widely in solubility, adsorptive 
characteristics, toxicity levels, and breakdown time. 
Chlorinated hydrocarbons are a large group of pesticides 
which can pose major threats to the environment. They 
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are readily assimilated by aquatic animals, are fat 
soluble, and thus enter the food chain. Most chlorinated 
hydrocarbon pesticides, however, are readily adsorbed at 
the surface by clay and organic matter. They have very 
low water solubility and are thus more of a threat to 
surface water through runoff than they are to ground- 
water, unless the groundwater is very close to the 
surface. The adsorbed chlorinated hydrocarbons are 
generally decomposed by bacteria.’ These pesticides 
are also volatilized and degraded by ultraviolet light.’ ’ 

Another major group of pesticides which has become 
increasingly popular recently are organophosphates. 
These are the most toxic of the pesticides, both to 
insects and to animals. Most organophosphates are 
biodegraded much more quickly than the chlorinated 
hydrocarbons. Although great care must be taken in 
their application, they are not very persistent in the 
environment and do not appear to pose a threat to 
groundwater.’ 

The third major group of pesticides is the carbamates. 
These are very broad-spectrum insecticides and are of a 
relatively low toxicity level. The carbamates probably do 
not seriously harm groundwater supplies because of their 
low toxicity and relatively rapid decomposition.’ 

Those persistent pesticides which have extremely long 
half-lives, such as DDT, chlordane, lindane, and aldrin, 
have been restricted by the Environmental Protection 
Agency.’ The recent introduction of more water-sol- 
uble pesticides may be a cause for concern. However, the 
amounts used are far less than those of the chlorinated 
hydrocarbons or organophosphates, and these new pesti- 
cides do not persist in the soil very long. These must be 
used cautiously to avoid excessive and improper applica- 
tions. Furthermore, care should be used in areas with 
high water tables. 

Herbicides are also widely used in agriculture. These 
generally have lighter molecular weights than pesticides 
and are somewhat more water-soluble. Although exact 
percentages are not known, some of the unused herbi- 
cides are volatilized into the atmosphere, some are 
metabolized by plants, and others are biodegraded at or 
near the ground surface by microorganisms. Although 
these chemicals will percolate downward with water, 
most herbicides can be broken down under anaerobic 
conditions. The chemical decomposition does not cease 
in the deeper soils where oxygen is of low concentra- 
tion.’ ’ Herbicides such as fluometuron have been field 
tested using 10 times the needed amount and have been 
found as deep as four feet, although in small concentra- 
tions of less than 0.5 parts per million, These small 
quantities appear to have broken down after reaching 
the water table.I6 While herbicides do not pose asgreat a 
threat to surface water as pesticides, they have a greater 
likelihood of entering the groundwater through percola- 

tion. Thus, even greater caution is advised where use is 
considered on lands with a water table within 10 feet of 
the surface. The relatively low toxicity levels of most 
herbicides and their rapid decomposition minimize their 
effects on groundwater.’ 

Fungicides, the third major group of control chemi- 
cals, are also applied extensively to agricultural lands. 
There are two categories of fungicides: organic and 
inorganic. The organic fungicides generally have very 
short half-lives, lasting from a few hours to a few weeks. 
Nearly all of these biodegrade rapidly and pose little 
threat to groundwater. A few, such as quintozene, are 
more persistent but again degrade in the soil unless the 
water table is very high.’ The use of these longer-lived 
fungicides is declining. The inorganic fungicides can pose 
more serious environmental problems because of their 
metal bases, such as copper, mercury, or arsenic, and 
because of their persistence for many years in the soil. 
These chemicals are not biodegradable, but they do 
adsorb to clay and organic matter in the ground. This 
adsorption causes problems with runoff, but the ad- 
sorbed metals seldom reach the groundwater and do not 
migrate rapidly when they do. Fortunately, the use of 
inorganic fungicides has declined in recent years. 

Animal waste also contributes to groundwater con- 
tamination. Such wastes are of two forms: nutrients and 
bacteria. Nitrogen levels in animal waste can be relatively 
high. Where wastes are kept in confined areas such as 
feedlots, manure piles, or waste treatment lagoons, 
nitrate leaching is particularly evident. Investigators who 
conducted field studies in Colorado concluded that 
nitrate passed through the soil into groundwater under 
surfaces covered by feedlots and irrigated fields.’ Only 
in irrigated fields of alfalfa were nitrate concentrations 
reduced in the soil profile. 

Reports with conflicting conclusions emphasize the 
importance of examining local environmental conditions 
and agricultural practices carefully. Another empirical 
investigation in Colorado was performed in an area 
before 90,000 cattle were confined in a feedlot and 
again after the lot was stocked.20 It was determined that 
few water quality changes occurred after the cattle were 
confined. This was attributed to limited availability of 
recharge, relatively compact manure, denitrification in 
the unsaturated soil zone, and slow vertical movements 
of leachate. 

Mielke and Ellis stated, “Feedlots should not pose a 
threat to regional groundwater quality in areas of glacial 
till and alluvial or loess deposits, since once a feedlot has 
been established and continuously stocked, nutrient 
seems to move slowly in the soil profie.”” They 
further expressed concern about seasonally empty or 
abandoned feedlots, especially on clayey soils, where 
drying causes soil to crack and allows infiltration of 
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waste nutrients. In these instances groundwater quality 
can be affected negatively. Again, these investigators 
noted the importance of planting alfalfa in abandoned 
feedlots to reduce the likelihood of nitrates reaching the 
water table. 

Regularly cleaned feedlots tend to cause more of a 
problem than ones which have accumulated waste 
products. Regular cleaning promotes nitrification. An 
accumulation of waste material generally results in 
anaerobic soil conditions; however the resulting change 
in the pH level due to ammonia build-up causes some 
ammonia volatilization. The unvolatilized ammonia ad- 
sorbs to the soil and reduces the amount of nitrogen that 
will percolate.2’ Nitrate leaching can also be avoided by 
paving feedlots and storing waste in watertight structures 
for future processing. 

Bacterial pollution of groundwater does exist in 
agricultural areas although it is not recognized as a major 
waste problem. Most bacteria reaching the groundwater 
from animal waste are fecal coliform bacteria, yet small 
quantities of streptococcal bacteria and other pathogens 
can be present. While coliform bacteria are not con- 
sidered harmful to humans, high bacteria counts do 
indicate the possible presence of pathogens which can 
pose a health threat. Leaching of these bacteria can be 
controlled using the watertight lagoons mentioned pre- 
viously or by spreading the waste thinly on the ground. 
By far the most common form of bacterial pollution of 
water comes from runoff. 

Discussion 

The question that arises for planners is whether the 
threat of undesirable chemicals entering groundwater 
recharge areas is serious enough to require land use 
restrictions, or whether better management practices and 
education can keep the problems at a tolerable level. 
Although the answer remains somewhat elusive, there is 
no doubt that the identification of recharge areas and 
restrictions on the use of these lands would lower 
contamination through percolation. A total ban on any 
type of farming activity would halt the problems in 
these areas. Less-than-total restriction, such as allowing 
only grazing or light farming with no nutrient or pest 
control, would also reduce groundwater pollution. How- 
ever, there are many problems with these approaches. 
Identification of some recharge areas may be difficult to 
achieve. Once they have been mapped, attempts to halt 
individuals from farming these lands would probably 
meet with widespread resistance by farmers, farm 
organizations, and local governments that depend on this 
land for a tax base. 

A much more serious land use problem would arise if 
these obstacles were cleared. Many of the recharge areas 

and the immediately surrounding areas are also prime 
agricultural lands. The loss of the best agricultural land 
in this country is already a major concern. Restricting 
intensive farming on recharge areas would greatly exacer- 
bate this situation. One program proposed recently 
recognized these problems.’ The proposal suggested 
identification of “critical recharge areas” and, through 
regulatory agencies, rezoning and restriction of landfill 
uses, manufacturing, road development, and residential 
and commercial development. No attempts would be 
made to restrict agricultural use, even though ideally this 
total protection of recharge areas implies preservation of 
the area in its natural vegetated state. 

If land use restrictions are not the answer to nutrient 
control and animal waste pollution, alternatives must be 
found to alleviate these problems. Nutrient overuse and 
misuse will be partially solved economically. With the 
continuously increasing cost of nitrogen and phosphorus 
compounds, most users will be forced to use more 
rational application techniques. At that time, farmers 
will reconsider their application program and seek advice 
which will help control excessive nutrient use. 

Technical assistance would also benefit the users of 
control chemicals. Scientific advances and manufacture 
of more selective strains of these chemicals with shorter 
half-lives are already reducing pollution. Because rela- 
tively small amounts of these chemicals percolate into 
the groundwater, as discussed earlier, control chemicals 
will seldom pose a severe threat to the groundwater. 

Animal wastes from large feedlots can be handled 
with a minimum of problems by using water-tight 
storage areas and lagoons under anaerobic conditions. 
These wastes can then be reprocessed and applied to the 
land as fertilizer or converted into methane. Roofed 
feedlots and deflection of surface runoff from waste 
collection areas will also lessen the problem of pollution 
from percolation. Waste from large grazing areas is not as 
great a problem, especially when these lands are planted 
with alfalfa, but some contaminants, particularly ni- 
trates, will leach into aquifers. This is a problem for 
which there is no complete solution, but it is also only a 
very small part of the overall pollution profile. 

Status of Legislative Action 

Although groundwater contamination by agricultural 
activities is not generally viewed as constituting a signifi- 
cant problem, there are localized instances in which this 
situation may become very detrimental. Where surface 
and subsurface conditions contribute to rapid nitrifica- 
tion and do not inhibit downward movement of harmful 
contaminants, steps should be initiated to ameliorate the 
condition. This is especially true in a sole-source rural 
water supply area. Two actions can be taken: (1) 
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receiving voluntary commitments from agriculturalists to 
change their management practices, and (2) legislating 
land use controls that protect critical recharge areas. 

While it appears impossible to expect water to return 
to a pristine state, there is no cause to be satisfied with 
water that is hazardous to human health and welfare. 
Voluntary contraints on the part of the public have been 
inadequate. Groundwater contamination continues to 
render some supplies unfit for human consumption. In 
other cases, contamination has limited the water usabil- 
ity for agriculture and industry. 

According to Hurd, 

There is no Federal statute devoted solely to 
groundwater concerns, no Federal program exclu- 
sively devoted to problems unique to the ground- 
waters, and no national groundwater policy. Rath- 
er, there exist fragmented authorities whose imple- 
menting responsibilities are divided among various 
Environmental Protection Agency water and wa- 
ter-related  program^.'^ 

Hurd cites six federal statutes that directly relate to 
groundwater: the Clean Water Act, the Safe Drinking 
Water Act, the Resources Conservation and Recovery 
Act, the Toxic Substances Control Act, the National 
Environmental Protection Act, and the Federal Insecti- 
cide, Fungicide, and Rodenticide Act. It is the conten- 
tion of Hurd, an EPA representative, that adequate 
authority is contained in these acts to allow the federal 
government to fulfill its role in groundwater protection. 
Conversely, it may be argued that because no one, 
comprehensive federal law exists to protect ground- 
water, the total reliance on federal statutes might not be 
justified.2 The immediate tasks of federal authorities 
appear to center on coordinating their various programs 
to achieve effective groundwater quality and to produce 
legislation that solely addresses the problem of ground- 
water quality. 

One of the more pertinent sections of federal legisla- 
tion pertaining to recharge zones is 1424 (e) of the Safe 
Drinking Water Act. This section allows EPA administra- 
tors to designate an aquifer as the sole or principal source 
of drinking water for a region and thus uses protection of 
the recharge zone as a method of groundwater manage- 
ment.26 Such designation may result from a petition or 
from an internal EPA recommendation. The basis of 
such protection is that because an area relies on water 
from a sole or principal source its pollution would create 
a significant hazard to public health. The law specifies 
that no federal financial assistance will be given to any 
project in the recharge zone that the EPA believes would 
have a detrimental impact on public health from 
groundwater contamination.’ ’ Section 1424 (e) has 
been used sparingly and is the only federal regulation to 

use recharge zone protection to achieve groundwater 
management. 

An example of a more widely used technique of the 
federal government for groundwater planning is con- 
tained in the Clean Water Act, Pub.L. 92-500, section 
208. This legislation advocates a planned approach to 
protecting water quality, yet it has not substantially 
affected groundwater quality. Arguments have been 
advanced that cite 208’s emphasis on surface water and 
only implied action on groundwater issues. In some 
instances, a benefit to surface water may have a negative 
impact on groundwater. Because the emphasis of 208 is 
on landfills and the treatment of wastes, it can be 
expected to produce an increasing number of ground- 
water-polluting sources.2 ’ Section 208 contains the only 
Clean Water Act requirements for nonpoint source 
control.2 Although the act recognizes persistent prob- 
lems in the treatment of surface water, history has 
revealed only limited success in resolving nonpoint 
source contamination of surface waters. Groundwater 
pollution presents an even more difficult management 
situation; consequently it is unlikely that section 208 
can be relied upon to make major improvements in 
groundwater resources. 

During late 1980, the Environmental Protection Agen- 
cy proposed a plan to act as a framework for all of its 
efforts to protect groundwater. The proposal empha- 
sized management approaches, summarized existing fed- 
eral and state legislation, and recommended a closer 
interaction between the two levels of government. This 
initiative seems to have been ignored by President 
Reagan’s administrator of the EPA even though she has 
been urged by environmentally conscious congressional 
representatives to act on the two-year-old proposal? 
This neglect has effectively forced state agencies to 
assume responsibility for managing groundwater quality. 

Two extensive surveys of state groundwater programs, 
statutes, and regulations have been conducted using 
input from appropriate representatives of the SO states. 
It was learned that most of the state agencies involved 
with regulating groundwater quality operated under a 
general environmental law governing pollution of “water 
of the state.” As in Minnesota’s Environmental Protec- 
tion Law, protected water generally includes 

all streams, lakes, ponds, marshes, watercourses, 
waterways, wells, springs, reservoirs, aquifers, irri- 
gation systems, drainage systems, and all other 
bodies and accumulations of water, surface and 
underground, natural and artificial, public or 
private, which are contained within, flow through, 
or border upon, the State or any portion there- 

Bartelt’s survey, conducted by his Ground-Water Protec- 
tion Section (EPA, Region 5 ) ,  cited only Georgia, Utah, 
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and Virginia as having specific groundwater laws.32 
Dawson’s survey, conducted for the Virginia State Water 
Control Board, showed that respondents in all three of 
these states noted deficiencies in the legi~lation.~ 

Even though states have not enacted responsible 
groundwater legislation, they and local governments are 
logical sources to develop groundwater quality plans and 
establish implementation and enforcement of standards. 
State and local officials must decide what activities will 
be allowed to occupy the sites of important recharge 
areas. The Texas Water Control Board, for example, 
prohibited animal feedlot operations in a sole-source 
recharge zone of the Edwards Aquifer. High-density 
residential usages, hazardous industrial development, 
large commercial activities, large-area transportation 
facilities, and sanitaryltoxic landfills should be excluded 
from primary recharge areas. Although several limita- 
tions exist on local and state legislative abilities, zoning, 
permits, and similar land use regulations to prevent 
groundwater contamination are legitimate uses of police 
power and have been widely supported by the 

Dade County (Miami), Florida, exemplifies a local 
government that has effectively responded to potential 
groundwater contamination. To assure future quality of 
both surface water and groundwater, the County Metro- 
politan Planning Organization compiled the “Recom- 
mended Management Plan for the East Everglades.” 
Developed in 1979-80 with the help of the United States 
Geological Survey and the Everglades National Park 
staff, the plan was funded by the EPA and several state 
and local organizations and approved by the County 
Commission in November 1980. Additional ordinances 
recognize a large area west of Miami as an “area of 
critical environmental concern” and establish overlay 
zoning regulations and a severable use rights program.’ 

The East Everglades area consists of many types and 
usages of land, including swamp, agricultural, residential, 
and commercial. The plan recognizes that “the protec- 
tion of agriculture as a viable enterprise is an explicit 
goal . . . and the lands identified for agricultural 
use . . . are vital to the health, safety and welfare of the 
present and future residents of Dade County, Flori- 
da.”3 The zoning regulations include protection of 
both surface water and groundwater. Lot sizes and land 
usage are severely restricted. Agriculture is prohibited in 
certain critical recharge zones, ditching is regulated on 
farms, and structure concentrations and lot sizes are 
regulated. Even infiltration rates are regulated by manda- 
tory use of on-site retention techniques. 

Establishing quality standards for groundwater is 
fundamental to control of the p r ~ b l e m . ~  ’ These stan- 
dards should be implemented at a level that would allow 
all people to have safe water to drink. Although the goal 

is admirable, it will not be attained easily. Initially an 
acceptable level of contamination must be identified. 
Although scientists can provide input, in the final 
analysis, legislators must make value judgments to 
determine legal levels. As Paracelsus (1493-1 541) once 
stated, “All substances are poison; there is none which is 
not a poison. The right dose differentiates a poison and a 
remedy.” If we accept the validity of this statement, 
then we must be resigned to talk about substances that 
are more or less toxic. 

While groundwater quality standards are debated, base 
data need to be gathered. It is difficult to differentiate 
between agriculturally produced contaminants and those 
occurring naturally from decomposition of rock and 
organic matter. Without this knowledge, changes in 
groundwater quality cannot be measured. The develop- 
ment of such data not only requires sampling but also 
necessitates a thorough understanding of water recharge 
zones and aquifer systems. Currently, this detailed 
information is available only in limited areas. It will also 
be necessary to determine what constitutes a significant 
change in quality and how responsibility for the change 
is to  be assigned. 

Monitoring must be one of the main components of a 
groundwater management program, but the inherent 
problems may be so complex that it may be nearly 
impossible to assign legal liability for contamination? 
In addition, the creation of an adequate monitoring 
program is hampered by fiscal realities. The state of 
Michigan illustrates these realities: 

The most serious obstacle to responding to con- 
taminated sites and implementing groundwater 
protection strategies is the lack of sufficient 
resources. For example, equipment is required to 
drill groundwater monitoring wells. Currently, the 
Michigan Department of Natural Resources has 
one well drilling rig and has only limited funds 
available for purchasing supplies needed to keep 
the rig in operation. While detecting contamina- 
tion and measuring its extent are expensive, actual 
clean-up costs of contamination sites are enormous 
and may surpass funding levels needed to respond 
to any other pollution threat experienced in 
Mi~higan.~ 

The prospect of a monitoring program raises several 
questions. Who should finance the monitoring of the 
numerous aquifers, how many samples are necessary, 
and how often should monitoring occur? It hardly seems 
justified to suggest that private individuals pay potential- 
ly exorbitant costs for chemical analyses, yet the state 
and federal governments lack the personnel and budget 
to  assume the responsibility. I t  is not realistic to expect 
possible polluters to monitor themselves and then 
remain unbiased while issuing reassuring public reports. 
Nevertheless, if standards are not developed, it will be 
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extremely difficult for any agency to prevent polluters 
from contaminating groundwater supplies. 

As with the federal government, the vast majority of the 
state governments appear to have fallen short in their at- 
tempts to protect groundwater supplies. The need is 
for well-defined legislation, adequate budgeting, knowl- 
edgeable personnel, and a will to have a comprehensive 
groundwater management program. To satisfy the need 
will require grassroots support and public acknowledg- 
ment of a groundwater crisis. Only then would it be 
likely that voluntary and legislative actions would unite 
to manage and protect our groundwater resources. 

Restoring Public Confidence 

Control of groundwater contamination from rural 
nonpoint sources such as agriculture requires site-specific 
investigations to determine the type and extent of toxic 
materials present and the characteristics of the surface 
and subsurface materials. Soil variations and aquifers can 
be very complex, especially in areas of glacial deposition. 
When chemicals enter the soil, their path is seldom 
readily known. Definitive statements should be avoided 
until input is received from geologists and groundwater 
hydrologists, soil scientists, environmental chemists, 
public health officials, and other technically trained 
specialists . 

When used with appropriate caution, certain general- 
izations can assist rural land use planners in making 
decisions regarding the compatibility of agriculture and 
groundwater quality. Water or other fluids are keys to 
the movement of possible pollutants through the soil. 
Areas which receive regular irrigation or large amounts 
of rainfall or which have soluble rock materials or 
coarse-textured soils with water tables near the surface 
are prime candidates for groundwater problems. Con- 
tamination of water sources may also result from 
chemicals with low molecular weights and which do not 
biodegrade rapidly. Where these conditions occur in the 
same geographical area, extreme care should be exercised 
by planners in endorsing certain agricultural practices. 

Even though a risk is always present, groundwater 
contamination attributed to agricultural land use is 
usually below levels that have been shown to cause 
disease? Because the threat to human health caused by 
agricultural practices is best classified as potential, 
agricultural use of groundwater recharge areas will 
continue in the future. Those who call for restrictions of 
all potentially hazardous land use demand that there be 
no risk to the groundwater, but in the United States the 
no-risk option is seldom viable. Although frequent 
policy review is desirable, production demands on our 
agricultural lands leave us little alternative but to 
continue their use. We already have the ability and the 

technology to reduce the pollution levels of our water. 
Improved cropping techniques, wiser application of 
nutrients and control chemicals, and better dissemina- 
tion of information to farmers can dramatically restore 
or maintain public confidence in the nation’s ground- 
water resources. 
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