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Managing Groundwater
Contamination In Rural
Areas
Groundwater in many States has become
contaminated, raising concerns about
risks to tiuman health. Farm chemicals
are a major source of contamination.
Congress has introduced several bills to
protect groundwater, and some States
haue adopted groundwater protection
strategies. Rural areas, relying heavily on
private wells, may be at the most risk
from contaminated groundwater, yet
would likely receive less protection than
urban areas under proposed strategies
permitting different levels of protection.
Programs to protect farm and rural
income while meeting water quality goals
are likely to receive the most enthusiasm
in rural areeis.
Groundwater contamination from farm
use of pesticides and nitrogen fertilizers
has been documented in many States,
including
Florida,
Pennsylvania,
Wisconsin, California, New York, and
Iowa. The Economic Research Service,
(JSDA, estimates that nearly half of all
U.S. counties have a potential for
groundwater contamination from
agricultural chemicals (fig.l). Nearly
three-fourths of those counties are
nonmetropolitan, of which nearly ninetenths have populations under 20,000
(fig. 2).
In the potentially contaminated counties,
an estimated 50 million people rely on
groundwater for their drinking water. Over
19 million of them obtain their water from
private wells (fig. 3) which, being
shallower than public wells and often not
as well built, are more vulnerable to
contamination. Nor are they subject to
public regulation. The individual well
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Some States are ahead of Federal action in developing plans for managing polluted
groundwater and monitoring groundwater quality. These technicians are taking water
samples from a Delaware well for analysis.
owner is responsible for assuring the
quality of the water.
Nonmetro counties contain 45 percent of
all the people using private wells in
potentially contaminated areas (fig. 1).
These include 1.1 million people who
reside in completely rural counties. They
are the people least likely to be targeted
by programs to protect groundwater
resources and who most often cannot
hook up to public water supplies.
Pesticides affect more regions and people
than fertilizers, according to the ERS
analysis. Counties with pesticide
contamination potential (alone or in
combination with nitrates from nitrogen
fertilizers) constitute 78 percent of the
potentially contaminated counties and
include 90 percent of the affected people.
The dimensions of the problem have
generated a growing demand for
legislation to prevent contamination.
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motivated by concerns for public health
and by the perception that prevention is
usually more cost efficient than cleaning
up a contaminated aquifer or treating
drinking water.
There is no comprehensive Federal
groundwater protection statute, although
many legislative proposals have been
introduced in Congress. State legislatures
are also developing innovative
approaches to groundwater quality
protection. Although States generally
possess better information than does the
Federal Government on the location of
potentially polluting activities and local
hydrogeologic conditions. State budgets
may be insufficient to finance a
comprehensive groundwater quality
control program. Given budget realities,
rural areas, because of their low
population densities, would receive a
lower level of groundwater protection
under some suggested solutions than
areas more densely populated.
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Environmental Control of Farm
Activities Historically Based on
Voluntarism
Regulatory (or mandatory), as well as
voluntary approaches have been
developed in response to specific
environmental goals. Goals for protecting
a resource such as groundwater fall into
three general categories: nondegradation,
limited degradation, and differential
protection (see box, "Groundwater
Lexicon"). Cinder a differential protection
strategy, rural areas would likely be
assigned water quality guidelines less
stringent than those of more populated
localities. In rural areas, monitoring and
other costs would be more expensive per
capita than in urban areas, and the
number of people affected
by
contamination would be far fewer.
Regulation is the major control strategy
used to protect public health and the
environment in the united States. The
most common regulatory approaches
have been ambient water quality
standards and design and operating
standards for facilities that produce or
■* otherwise handle wastes.
Ambient standards imply limited
degradation and are used where
environmental quality can be monitored
at a reasonable cost. They are sometimes
used to apply differential protection. An
example of ambient standards is the Safe
Drinking Water Act (SDWA), which
establishes health-based standards for the
quality of water produced by water
treatment plants. The SDWA, however,
does not protect the quality of water
drawn from private wells.
Where monitoring is unreliable,
excessively expensive, or technically
infeasible, design standards have been
used to control pollution. The Resource
Conservation and Recovery Act, for
example, establishes design and
operating standards for hazardous waste
facilities and the Clean Water Act
establishes design and operating
standards for wastewater treatment
plants. For a firm to receive an operating
permit, standards reflecting appropriate
pollution-handling technology must be
met. Design standards can be applied in
response to any of the three major
groundwater protection goals.
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Figure 1

Areas of potential contamination
Three-fourths of the counties are nonmetro

Counties

^^^B

Population using
private wells

26%

45%

55%

Nonmetro

Metro

Semirural counties contain three-flfths of
nonmetro people reliant on private wells
P?T-——
Nonmetro counties

14%

Nonmetro population
using private wells

..!«!i^"Vg

27%

59%

27%

60%

13%

ig¡¡¿¿

Hi urban (population of 20,000 or more living in an urban place)
^B Semirural (population of 2,500-20,000 living in an urban place)
^H R^''à\ (no population in an urban place)
(urban place = place with 2.500 or more population.)
Sources: Nielsen and Lee, and data from the Agriculture and Rural Economy Division. Economic Research Service.
1983 definitions of metro and nonmetro.

Groundwater Lexicon
Adsorption—Adherence of molecules to the surface of the solids or liquids with
which they are in contact.
Ambient water quality standards—Criteria that specify an acceptable level of
pollution.
Differential protection—A policy under which water resources are given differing
levels of protection, depending on the resource's use and value.
Leaching—Passing through or out of by percolation. Agricultural chemicals leach
when they move downward beyond the root zone with the flow of water. Chemical
and environmental factors affect leaching.
Limited degradation—A policy that allows specified levels of contaminants in water.
Water resources may be equally protected or receive differential protection.
Nondegradation—A policy that protects a water resource at its current level of
quality.
Persistence—A substance's "lasting power" or stability, usually measured in halflife, the time it takes for half of the substance to be degraded or transformed.
Water solubility—The amount of a substance that will dissolve in water under
specific circumstances.
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Figure 2

Identifying Areas of Potential
Contamination
The potentially contaminated
counties were identified by
synthesizing several data sources.
This approach was necessary
because there is currently no national
database on the broad range of
agricultural chemicals capable of
reaching groundwater. Counties
with groundwater potentially
contaminated by pesticides were
estimated by combining data on
specific pesticide application rates
with a rating of each county's physical
vulnerability to groundwater
contamination (which takes into
account such factors as rainfall and
depth to groundwater). Counties
potentially contaminated by nitrates
from nitrogen fertilizers, on the other
hand, were inferred primarily from
historical data on nitrate levels in
groundwater provided by the U.S.
Geological Survey.

In contrast to the pollution control
measures imposed on nonagricultural
industries, mandatory ambient standards
or design regulations have not been used
for controlling agricultural pollution.
Although agriculture has been identified
as a major source of water pollution, only
voluntary policy instruments to enhance
water quality have been designed, to
avoid interfering too much with individual
farmer's activities.

Areas of potential groundwater contamination from
agricultural chemicals

Nitrates Only
Pesticides Only
Nitrates and Pesticides
Data used to develop this map are reliable at a regional level. Individual counties should be evaluated with
additional local data.

Figure 3

•

Distribution of population using private wells in potentially
contaminated areas

Two examples of Federal legislation
using a voluntary approach to reduce
agricultural pollution and protect water
quality are the Rural Clean Water Program
(RCWP), an experimental program
consisting of 21 projects nationwide,
and the Conservation Reserve Program
(CRP). Both programs provide farmers
with financial incentives to participate.
The RCWP (PL 95-217) authorizes the
use of cost-sharing subsidies to persuade
participating farmers to adopt "best
management practices" (BMP's) to
conserve soil and to
protect
environmental quality. BMP's (such as
terraces, sediment basins, conservation
tillage, and contour plowing) are
conceptually similar to the design and
operating standards used for other
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industries. The CRP, authorized by the
1985 Food Security Act, is a voluntary
land retirement program. Owners and
operators of "highly erodible" cropland
may submit bids for enrollment of their
eligible acreage.
In most RCWP projects, BMP's are not
used to protect groundwater quality.
Likewise, farmland cannot be enrolled in
the CRP on the basis of potential
groundwater contamination. However,
both BMP's and CRP retirement for
groundwater protection are being
considered by Congress and may appear
in the 1990 farm legislation.

Groundwater Contamination
From Agricultural Chemicals:
Its Causes...
There is no one factor that
determines whether or not a
particular agricultural chemical will
eventually enter the groundwater.
Chemical characteristics including
high water solubility, low adsorption,
and high persistence mean an
increased likelihood of leaching (see
box "Groundwater Lexicon ").
Mitrates and certain pesticides,
including some of the most common
such as alachlor, atrazine, butylate,
and metolachlor, have been found in
groundwater and traced to
agricultural activities.

r
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Even a "leacher," however, will not
necessarily reach groundwater under
all conditions. Certain hydrogeological characteristics of an area
such as soil type, depth to
groundwater, and amount of rainfall,
are also important factors.
Agricultural practices such as the
method and timing of chemical
application, tillage technique, and
irrigation practices, also play a role.
Unfortunately, much remains to be
learned about how specific
agricultural practices affect the
leaching of chemicals. It appears,
however, that some practices that
reduce erosion (such as reduced
tillage) actually increase the potential
for le£
leaching.

A mandatory policy option being
considered to protect groundwater is the
pesticide registration process (a type of
design standard.) In 1972, Congress
amended the Federal Insecticide,
Fungicide, and Rodenticide Act (FIFRA)
to require new health and safety
standards. Under these provisions,
pesticide manufacturers are required to
provide test data for the new standards.
If the test data indicate that the pesticide
does not meet health or safety standards,
the Environmental Protection Agency
conducts a special review to weigh the
benefits of using the pesticide against its
possible health and environmental effects.

...Its Effects...
The primary potential effects of
agricultural chemicals in groundwater
are human health risks. Other
potential effects include livestock
health problems from nitrate
ingestion, crop losses from fertilizer
salts leached to groundwater and
concentrated in irrigation water, and
damage to vegetation, waterfowl,
and aquatic life in surface waters fed
by groundwater. No instances of
these other effects, however, have
been documented.
Very high concentrations of nitrates
in drinking water can cause infant
methemoglobinemla, which can be
fatal at very young ages. Reported
instances of death from this disorder
are rare, although the true incidence
is unknown. A 1986 infant death in
South Dakota was tentatively linked
to fertilizer applications. While the
link between nitrate consumption
and cancer has been investigated, no
firm conclusions have been reached.
The risk from drinking water
containing pesticide residues, though
much studied, remains little
understood. Since all pesticides are
designed to be toxic to certain forms
of life, and because few are
completely selective in their actions,
most could harm human health,
depending on their concentrations.
Evidence indicates that some
chemicals which have been found in
groundwater could cause harmful
effects. Examples include EDB and

States Develop Innovative
Approaches to Groundwater
Protection
Various States have, since 1980,
developed management plans for coping
with groundwater contamination. The
plans and strategies vary according to the
nature of the pollution, population
density, settlement patterns, the pattern
of economic growth, and the physical
dimensions of the groundwater resource.
A 1984 survey of all 50 States
undertaken by the EPA found that 16 had
adopted nondegradation goals, 16 had
adopted limited degradation goals, and
DBCP, which appear to cause genetic
mutations and reproductive
disorders, alachlor, EDB, and DBCP,
which are suspected carcinogens,
and atrazine, cyanazine, simazine,
2,4-D, 2,4,5-T, and 2,4,5-TP
(Silvex), which have been linked to
central nervous system disorders.
...And Its Costs
Individuals must weigh the perceived
risks from drinking contaminated
water with the costs of reducing those
risks. Just obtaining information on
the water's quality, however, is not
costless. Monitoring wells for nitrates
can cost up to $28. Testing for just
a few pesticides can cost
$100-$300. The cost is essentially
the same for an individual well owner
as for a public system well, where the
cost is spread out over a network of
users.
If the levels of chemicals in the water
are thought to be risky, the individual
may adopt a remedial strategy, which
also can be expensive. Water
treatment units installed to reduce
the level of contaminants can cost
from $25-$800, depending on the
type of unit, its effectiveness and
capacity, and other factors. Most
require periodic maintenance.
Drilling a new well or hooking up to
a public system require much larger
outlays, and may not be feasible at
any cost. Finally, drinking bottled
water can cost an average family
$7-$ 15 per week, in addition to the
cost and inconvenience of
transporting the water.
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12 had adopted differential protection
goals for protecting groundwater quality.
Although these categories represent
different levels of "acceptable"
contamination, they are not necessarily
mutually exclusive, and some States have
more than one goal. For example, where
a nondegradation policy is in force,
waivers may be granted for specific
activities that cannot be reasonably
expected to achieve that goal. In total, 29
States had adopted and 21 had not
adopted groundwater protection
strategies.
An innovative approach to controlling
groundwater degradation is the Safe
Drinking Water and Toxic Enforcement
Act of 1986 (Proposition 65) passed by
referendum in California. This initiative
makes it unlawful for any person in the
course of doing business to knowingly
discharge a chemical known to the State
to cause cancer or reproductive toxicity
into any source of drinking water. For
such chemicals, the act embodies a
nondegradation goal that gives equal
protection to all resources. Among the
unusual features of this initiative is the
"bounty hunter" provision, which allows
individuals to file suit against alleged
violators of the law and share 25 percent
of any fines. While considerable
disagreement exists concerning the
interpretation of several of the law's
provisions, a number of other States are
considering a similar approach to
controlling groundwater quality.
In 1987, Iowa passed a comprehensive
groundwater protection bill with a
nondegradation intent that relies more on
education and demonstration than on
regulation, it establishes groundwater
protection funds for various pollution
sources. For example, the Agricultural
Management Account receives funds
from a pesticide dealer fee, a pesticide
registration fee, and a tax on nitrogen
fertilizer. With the funds gathered by these
fees, the State will establish a sustainable
agricultural research center, test rural
drinking water wells for contamination,
demonstrate alternatives to agricultural
drainage wells, and develop a database on
health effects from exposure to
agricultural chemicals. Other accounts are
established for household hazardous
waste, storage tank management, and
solid waste. Other States are considering
similar approaches for managing their
own groundwater contamination
problems.

Various Factors Influence
Demand for State Groundwater
Policies

Table 1—Economic, and environmental factors are correlated with
the demand for groundwater policies

using the EPA data and voting data on
the California referendum and the Iowa
bill, we examined the relationship
between groundwater policies and various
economic, environmental, and demographic factors. This analysis (table 1)
compares decisions by individuals (the
referendum), representatives (the Iowa
bill), and States (the EPA data).

Variables

We found that groundwater policies are
associated with States that have high per
capita incomes, high percentages of the
population completing high school, low
percentages of the population living in
rural areas, and low percentages of the
population living on farms. One possible
explanation for these results is that
environmental regulations can result in
increased production costs, the loss of
jobs, and an increase in prices. Rural areas
that
face
limited
employment
opportunities are probably more sensitive
to possible plant closings than are urban
areas where employment opportunities
are greater. Likewise, farmers and others
in the agricultural economy are likely to
be wary of regulations that could raise
farm production costs.

The numbers in the table are correlation
coefficients, which indicate the direction
and strength of the relationship between
variables. The larger the number, the
greater the correlation. A perfect relationship) and no correlation gives a coefficient
of zero. Only relationships at the 0.10
level, indicating that the observed relationship could occur purely by chance only 1
time out of 10, are presented in the table.

The relationships found across all States
are also found in California and Iowa. In
California, counties with high per capita
incomes, high percentages of the
population completing high school, low
proportions of the population living in
nonmetropolitan areas, and low
proportions of the labor force working in
agriculture were more likely to vote for
California's Proposition 65. In Iowa,
representatives from districts with high per
capita incomes and representatives from
districts with low proportions of the labor
force employed in agriculture were more
likely to vote for the groundwater
protection bill. Again, the implication is
that the costs of controlling groundwater
contamination in rural and agricultural
areas is higher than in other areas and that
legislation to protect groundwater is less
popular in areas where jobs and incomes
are likely to be adversely affected.
We also found that groundwater policies
are associated with States that had
experienced
some
groundwater
contamination from pesticides. Of all the
chemicals we tested for association
(nitrates, volatile organic chemicals,
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California Iowa All States
(Correlation coefficient)

Pesticides
in groundwater
Level of income
Rural
Level of education
Importance of
agriculture

—
0.25
.22
.69

—
0.19
—
—

0.34
.30
- .24
.27

-.80

-.27

-.24

synthetic organic chemicals, fluorides,
arsenic, salt, metals, and radioactive
materials), only nitrates and pesticides
were significant. This suggests that the
public perceives contamination from
agricultural chemicals as different from
other chemicals, and as a significant
threat to public health and the
environment.

Proposed Federal Legislation
Draws on Variety of Strategies
Groundwater quality legislation considered in the 100th Congress took one
or more of the historical approaches
described above (table 2). The policy
option with the largest consequences for
farmers was probably proposed legislation
based on ambient water quality standards.
Two sorts of ambient quality standards,
reflecting differences in groundwater
quality protection goals, were offered.
Legislation (S.20) proposed by Senator
Daniel Moynihan (NY) would require
States to develop their own management
strategies and set their own ambient
groundwater standards. While technical
information supporting the standards
would be provided by the Federal
Government, States would be permitted
to have different water quality standards
depending on "the use of the water and
the threat to human health and the
environment" (a differential protection
approach). In particular, States would be
allowed to have standards less stringent
for uses such as "agriculture, waste
39

disposal,
mining."

industrial processes, and

The differential protection goal is also part
of EPA's Proposed Pesticide Strategy for
Agricultural Chemicals in Groundwater:
"The Agency will use a differential
protection approach to protect the
ground-water resource. With this
approach, the Agency will focus
protection efforts on ground waters that
are current or potential sources of
drinking water or that are vital to fragile
ecosystems."
in contrast to the differential protection
approach, S. 2091 (proposed by Senator
Dave Durenberger, MM) would provide
equal protection for all groundwater
regardless of its relative use and value.
This bill reflects concern that a differential
protection goal would not adequately
protect groundwater quality for rural
America.
Another approach before Congress was
to amend the FIFRA legislation to change
pesticide registration requirements. Some
proposals, none of which were included
in the amendments recently signed into
law, gave special attention to pesticides
that leach to groundwater. The most
stringent example of this approach was
provided by S. 1419 (also proposed by
Senator Durenberger). under this
approach, pesticides that are potential
leachers would require health-based
standards to be developed by EPA for
residues in groundwater similar to the
standard-setting process in the SDWA.
Regulatory responses, such as restricting
chemical use in specific locations, would
be triggered by EPA and the States if
ambient levels exceed the standard, if a
pesticide is determined to be a leacher,
the registrant would be required to
develop BMP's that would be effective in
preventing groundwater contamination.
A third approach considered in Congress
was to allow land contributing to
groundwater contamination to be eligible
for enrollment in the CRP. Several bills in
the Senate and House proposed this
option.
In the end, the 100th Congress adjourned
without passing groundwater legislation.
Implications
Many rural areas potentially face
groundwater contamination from
40

Table 2--Critical aspects of major groundwater quality bills affecting
agriculture and rural areas
Sonsor
and
bill

Nondegradation

Moynihan
(S. 20)

Differential
protection

BMP

X

X

X

Durenberger
(S. 2091)

X

X

de ia
Garza
(H.R. 2463)

Ambient
standard

Landuse
control

X

Durenberger
(S. 1419)

Oberstar
(H.R. 3174)

Pesticide
restriction

X
X

X

X

X

X

X

X

X

X

X

Nunn
(S. 1521)

X

Hatcher
(H.R. 3357)

X

Dole
(S. 2045)

X

Roberts
(H.R. 4137)

X

agricultural chemicals. Our analysis
suggests that national groundwater quality
standards would affect some rural areas
more than others, because not all areas
have the same potential for contamination
and because standards would vary under
differential protection strategies. Also,
standards would not be popular among
farmers and rural inhabitants. Strategies
that would protect farm income while
meeting water quality goals, such as
BMP's or extension of the Conservation
Reserve, would receive more support
from the agricultural industry and many
rural localities.
Agricultural chemicals are just one of the
threats to the Nations groundwater.
States and the Federal Government must
grapple with the best way to develop
programs that protect the quality of this
water and therefore the public health
while at the same time protect jobs and
economic opportunity. This problem is
particularly acute in rural areas where
economic opportunities are limited and
the evidence of groundwater contamination is increasing. ^^^

For Additional Reading...
Committee on Ground Water Quality
Protection. "Ground Water Quality
Protection—State and Local Strategies."
Washington, DC: National Academy
Press, 1986.
Elizabeth G. Nielsen and Linda K, Lee,
The Magnitude and Costs of
Groundwater Contamination from
Agricultural Chemicals—A national
Perspective, AER-576, U.S. Dept. Agr.,
Econ. Res. Serv., 1987.
Ruth Patrick, Emily Ford, and John
Quarles, Groundwater Contamination in
the united States, second edition,
Philadelphia: university of Pennsylvania
Press, 1987.
U.S. Environmental Protection Agency,
Overview of State Ground-Water
Program Summaries y 1985.
U.S. General Accounting Office,
Groundwater Quality—State Activities to
Guard Against Contaminants, 1988.

October 19S8/Rural Development Perspectives

Get these timely reports from USDA's
Economic Research Service
These periodicals bring you the latest Information on food, the farm, and rural
America to help you keep your expertise up-to-date. Order these periodicals to
get the latest foots, figures, trends, and issues from ERS.
Agricultural Outlook. Presents USDA's farm income and food price forecasts. Emphasizes the shortterm outlook, but also presents long-term analyses of issues ranging from international trade to U.S. land use
and availability. Packed with more than 50 pages of charts, tables, and text that provide timely and useful
information.
Economic Indicators of the Farm Sector. Updates economic trends in U.S. agriculture. Each issue
explores a different aspect of income and expenses: national and State financial summaries, production and
efficiency statistics, costs of production, and an annual overview.
Farmline. Concise, fact-filled articles focus on economic conditions facing farmers, how the agricultural
environment is changing, and the causes and consequences of those changes for farm and rural people. Synthesizes farm economic information with charts and statistics.
Foreign Agricultural Trade of the United States. Every 2 months brings you quantity and value
of U.S. farm exports and imports, plus price trends. Subscription also includes monthly update newsletters and
two big 300-page supplements containing data for the previous fiscal or calendar year. A must for traders.'
Journal ofAgricultural Ekionomics Resetvrch. Technical research in agricultural economics,
including econometric models and statistics on methods employed and results of USDA economic research.
National Food Review. Offers the latest developments in food prices, product safety, nutrition programs,
consumption patterns, and marketing.
Rural Development Perspectives. Crisp, nontechnical articles on the results of the most recent and the
most relevant research on rural areas and small towns and what those results mean.
I I Check here for a free subscription to Reports, a quarterly bulletin describing the latest ERS research
reports. It's designed to help you keep up-to-date in all areas related to food, the farm, the rural economy,
foreign trade, and the environment.

See other side for other periodicals available from ERS!
1 year

2 years

3 years

Agricultural Ouuook (11 per year)

$22

$43

$63

Economic Indicators of the Farm Sector (5 per year)

$12

$23

$33

Farmline ( 11 per year)

$11

$21

$30

Foreign Agricultural Trade of the United States (8 per year)

$20

$39

$57

$7

$13

$18

National Food Review (4 per year)

$10

$19

$27

Rural Development Perspectives (3 per year)

$9

$17

$24

Journal of Agricultural Economics Research (4 per year)

Complete both sides of this order form.
Single copies of all periodicals available.

Save by subscribing for up to 3 years!
Situation and Outlook Reports. These reports provide timely analyses and forecasts of all major
agricultural commodities and related topics such as Tmance, farm inputs, land values, and world and
regional developments.
1 year

2 years

3 years

$10
$10

$19
$19

$27
$27

Agricultural Resources (5 per year, each devoted to
one topic, including Inputs, Agricultural Land Values
and Markets, and Cropland, Water, and Conservation.)

$10

$19

$27

Aquaculture (2 per year)

$10
$10
$10
$10
$10

$19
$19
$19

$27
$27

Agricultural Exports (4 per year)
Agricultural Income and Finance (4 per year)

Cotton and Wool (4 per year)
Dairy (5 per year)
Feed (4 per year)
Fruit and Tree Nuts (4 per year)
Livestock and Poultry (6 per year plus 2 supplements)
Oil Crops (4 per year)
Rice (3 per year)
Sugar and Sweetener (4 per year)
Tobacco (4 per year)
Vegetables and Specialties (3 per year)
Wheat (4 per year)
World Agriculture (3 per year)
World Agriculture Rcgionals (5 per year)
Supplement your subscription to World Agriculture
by subscribing to these five annuals: Western Europe,
Pacific Rim, Developing Economies, China, and USSR.

$15
$10
$10
$10

$19
$19
$29
$19

$10
$10
$10
$10

$19

$27
$27
$27
$27
$27
$27
$27

$10

$19

$27

$19
$19
$19
$19
$19

For fastest service, call toll free: 1-800-999-6779 (8:30-5:00 ET)
Use purchase orders, checks drawn on
U.S. banks, cashier's checks, or international money orders.
Make payable to ERS-NASS.
Add 25 percent for shipments to foreign
addresses (includes Canada).
• Sorry, no refunds.
D Bill me.
n Enclosed is $
Credit Card Orders:
n MasterCard D VISA

,

Name
Organization
Address
City, Stale, Zip
Daytime phone C

Total charges S

Credit card number:

Kxpiration date:
Month / Year

Complete both sides of this order form and mail to:
ERS-NASS
P.O. Box 1608
Rockville. MD 20850

$27
$27
$27
$42

Index to Articles in Volumes 3 and 4
October 1986 through June 1988
October 1986
Rural America Benefits From Airline
Deregulation, But Less Than urban
America
Patrick V. Murphy and Wayne S.
Watkins, page 2
Regulatory Reform of Interstate Trucking
Brings Improved Service to Rural
Communities
Michael W. Pustay, page 8
Can Farm Policy Help Small Farmers?
Matthew G. Smith, page 12
A Helping Hand for Displaced Farmers
Sara Mills Mazie and Herman
Bluestone, page 15
Who Makes up the U.S. Farm Population?
Vera J. Banks, page 18

Income Transfers, Taxes and the Poor
Susan Bentley, page 30

Tax Reform Implications for Rural Communities and Farmers
Ron L. Durst and Richard J. Reeder,
page 2
No Great Impact on Rural Areas Expected
from Computers and Telecommunications
Luther Tweeten, page 7
Biotech Tradeoffs in the Rural Economy
Frederick H. Büttel, page 11
How Many Farms Will There Be? Projecting
U.S. Farm Numbers and Sizes
Matthew Smith, Clark Edwards and
Neil Peterson, page 16
Texas Industrial Impact Model Helps Communities Estimate Effects of New Industry
Celeste Long, Mike Woods and
L.L. Jones, page 21

Can Rural Recycling Centers Work? Some
Anwers from Tennessee
Deborah M. Markley and William M.
Park, page 25

Rural Growth Slows Down
Mark Henry, Mark Drabenstott and
Lynn Gibson, page 25

Financial Viability of Farm Families
Priscilla Salant and William Saupe,
page 34

February 1987

Your State Data Center Has Information on
Rural Areas in Your State
John C. Kavaliunas, page 31
County Survey Valuable Tool in Rural
Development
Janet Kiser, page 34

October 1987

Shifting' Income Patterns: Implications for
Nonmetro America
Robert A. Hoppe, page 2

Rural Concerns Voiced in Drafting U.S.
Constitution
Douglas E. Bowers, page 2

Business incubators Give New Firms in
Rural Areas a Head Start
Mark L. Weinberg, page 6

Two Types of Rural Poor Need Different
Kind of Help
Peggy J. Ross and Elizabeth S.
Morrissey, page 7

Measuring Underemployment in Rural
Areas
Daniel T. Lichter, page 11
Rebuilding Rural Roads and Bridges
Norman Walzer, David L. Chicoine and
Ruth T. McWilliams, page 15
Improving Rural New York's Water Systems
Clifford Rossi, page 21
Who Advises the Council? Sources of
Advice in Smalltown Governments
Keith Snavely and Alvin D. Sokolow,
page 25

Ailing Banks and S&L's Get Federal Help,
But At What Risk?
Gregory Gajewski and Deano Hagerman,
page 29
Interstate Highway Interchanges Reshape
Rural Communities
Henry E. Moon, Jr., page 35

June 1987

Interest Rates, Farm Prices, and the U.S.
Farm Sector
John Kitchen and Frank Zahn, page 21

Reactions of County Officials to Funding
Cuts
William R. Lassey, Lorna M. Butler and
Vicki Kullberg, page 29

Rural Areas Weaning Themselves from
Farming
Thomas A. Carlin, page 24

Rural Trends in Western Europe Parallel
Our Own
Richard W. Long, page 11
Rural Areas Feel Effects of Macroeconomic
Policy
James R. Malley and Thomas F. Hady,
page 15
Matching New Jobs to Rural Workers
William R. Gillis and Ron E. Shaffer,
page 19

October ISSB/Rural Development Perspectives

February 1988
What Is the Payoff for Diversifying Rural
Economies?
Molly S. Killian and Thomas F. Hady,
page 2
Six Ways States Can Spur Their Rural
Economies
Stewart N. Smith, page 8
Employment Growth in Rural Services
Depends on Goods-Producing Industries
Herman Bluestone and James P. Miller,
page 14
New Firm Startups: Key to Rural Growth
Edward J. Malecki, page 18
Rural Sewage Treatment Falls Short of
Clean Water Goals
Barry Ryan, page 24
Mobile Homes a Viable Alternative in Rural
America
Carol B. Meeks, page 29

June 1988
The Demography of Nonmetro Areas in the
1980's
Calvin Beale, page 2
The Role of Rural Workers in the National
Economy
David McGranahan, page 7
Exits and Entrances in Farming by Age
Cohort
Matthew Smith, page 31
How Local Businesses Fared During the
Farm Crisis
Larry Leistritz, page 27
Deregulation of Intercity Bus Transportation
Clinton Oster, page 13
Farm/Agribusiness Employment in a
Recovering Farm Economy
Mindy Petrulis andD. Reimund,
page 17
Manufacturing in Rural Areas
Leonard Bloomquist, page 22

