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The industrial agriculnere system consumes fossil fuel, water, and topsoil at unsustainable fares. It
contributes to numerous forms of environmental degradation, induding air and water pollution,
sail depletion, diminishing biodiversity, and fish dic-offs, Meat production contributes dispropor-
tionately to these problems, in part because feeding grain to livestock 1o produce meat—instead
of feeding it direcely to humans-—involves a large energy Joss, making animal agriculture more
resonrce intensive than other forms of food production. The proliferation of factory-style animal
agriculture creates environmental and public health concerns, including pollution from the high
concentration: of animal wastes and the extensive use of antihiotics, which may compromise their
effectiveness in medical use. At the consumption end, animal fat is implicated in many of the
chronic degenerative diseases that afffict industrial and newly industrializing societics, particularly
cardiovascular disease and some cancers. In terms of human health, both afffuent and poor coun-
tries could benefir from policies that maore equitably distribute high-protein foods. The pesticides
used heavily in industrial agricultare are associated with elevated cancer risks for workers and
consumers and are coming under greater scrutiny for their links to endocrine disruption and
reproductive dysfunction, In this article we outline the environmental and human health prob-
lems associated with current foed production practices and discuss how these systems could be
made more sastainable. Key words: diet, environment, health, industrial agriculture, sustinabil-
ity, sustainable agriculsure. Environ Health Perspect 110:445-456 (2002). [Online20March 2002]
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The Union of Concerned Scientists {7} said

that industrial agriculture
views the farm as a factory with “inputs” {such as
pesticides, feed, fentifizer, and fuel) and “outputs”
{corn, chickens, and so forth]. The goal is 1o
increase yield {such as bushels per acrel and
decrease costs of pmduction, usuzlly by exploir-
ing economies of scale.

Industrial agriculture depends on expen-
sive inputs from off the farm {e.g., pesticides
and fertilizer), many of which generate
wastes that harm the environment; it uses
large quantities of nonrenewable fossil fucts;
and it tends toward concentration of pro-
duction, driving out small producers and
undermining rural communities. The fol-
lowing environmental and public health
concerns are associated with the prevailing
production methods:

* Monocultures are eroding biodiversity
amaong both plants and animals,

+ Synthetic chemical pesticides and ferrilizers
are polluting soil, warter, and air, harming
both the environment and human health.

* Soil is eroding much faster than it can be
replenished-taking with it the land’s fer-
tility and nutrients chat nourish both
plants and those who eat them,

» Warer is consumed at unsustainable rates
in many agriculrural areas.

Many of the problems inherent in indus-
trial agriculture are more acute when the out-
put is meat. Our food supply becomes more

resource intensive when we eat grain-fed ani-
mals instead of eating the grain directly,
because a significant amount of energy is fose
as livestock convert the grain they eat into
meat, Cattle are the most nefficient in their
energy conversion, requiring 7 kg of grain w0
produce 1 kg of beef {compared 1o 41 for
pork and 2:1 for chicken) (2.

Despite this inefliciency, livestock diets
have become higher in grains and lower in
grasses, The grain raised o supply feediors
(cartle) and factory farms (chickens, hogs, veal
calves} is grown in intensive monocultures
that stretch over thousands of acres, leading to
more chemical use and exacerbating atrendane
problems (e.g., pesticide resistance in inseces,
and pollution of surface waters and aquifers
by herbicides and insecticides).

The use of growth-promoting antibiotics
in animal agriculture is thought to be one of
the factors driving the inerease in ansibioric
resistance in humans. [n additon, the most
prevalent foodborne pathogens are over-
whelmingly associated with animal producss,
most of which come from factory farms and
high-speed processing facilities. The crowded
conditions in factory farms, as well as many
of their production practices, raise ethical
concerns about the inhumane treatment of
animals.

Because they contain excessive amounts
of fat—particulasly saturated fat—and pro-
tein, animal-based diets are linked to many
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of the chronic degenerative diseases that are
characteristic of affluent societies, such as
heart disease; colon, breast, and prostate can-
cer; and type Ii diabetes. The animal-based
diert that prevails int the industrialized world—
and is on the rise in many developing coun-
tries—thus harms bath the environment and
the public's health.

High consumption of animal products
in affluent countries can be placed in the
context of broader global inequities between
industrialized and developing couniries.
Since 1950, meat consumption has doubled
among the world’s richest 20%, whereas the
world’s poorest quintile has not increased its
consumption of meat much ar all (3).

Some portions of the developing world
are beginning to adopt Western dictary pat-
rerns and, as a result, are experiencing an
increase in the chronic diseases associated
with a richer diet, China offers a sobering
case in peint: meat consumption nearly dou-
bled countrywide during the 19905 (4), with
the increase especially pronounced among
urhan residents. This dietary shift is consid-
ered a major reason that chrenic diseases
have become a more common cause of death
in China, with acute diseases becoming less
common because of improvements in water,
sanitation, and immunizations. According 1o
Zhao er al. {5), measles, tuberculosis, and
senility were che three most common causes
of death before 1950, but in 1983 malignant
tumeors, cerebrovascular disease, and ischemic
heart disease were the most common. To
support its “Westernizing” diet, China has
also begun a shift roward more of the
resource-intensive agriculturat practices that
predominate in richer countries,

Resource-intensive agricultural practices
are considered unsustainable for two reasons:
much of the consumption is of nonrenewable
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resources, in particular, fossil fuels; and con-
sumption of some renewable resources is
occurring faster than the rate of regeneration.

Developing a sustainable sconomy
involves more than just a sustainable food
system, and the food system invelves more
than just agriculture. However, because agri-
culture can have such profound effects on the
environment, human health, and the social
order, it is 2 critical pare of any movement
toward sustainability.

Sustainable agriculture systems are
based on relatively small, profitable farms
that use fewer off-farm inputs, integrate
animat and plant production where appro-
priate, maintain a higher biotic diversity,
emphasize technologies that are appropriate
to the scale of production, and make the
transition to renewable forms of energy.
The average U.5. farm uses 3 keal of fossil
energy in producing 1 keal of food energy
(in feediot beef production, this rado is
35:1}, and this does not incdlude the energy
used to process and transport the food.
Sustainable systems invobve less reliance on
chemical inputs and decteased emphasis on
economic efficiencies that shunt environ-
reental costs onto society.

The health of both the environment and
humans would be enhanced if more of sur
farms made the wansition to sustainable sys-
tems of production. A more sustainable food
system would involve closer conmections
between predacer and consumer, meaning
more direct markezing of foods to local con-
sumers (through farmers markets, commu-
nity-supparted agriculture farms, farmer
cooperatives, etc.), These localized marketing
strategies mean shoreer distances from the
farm to the dinner plate, and therefore less
energy use for food transport,

In chis paper, we use examples from
around the world to tHustrate our points, but
we place heavy emphasis on the ULS, food
system because it represents one of the
worst-case examples of the pitfalls of indus-
tial agriculture. The type of agriculture that
has become conventional throughout the
industrialized world s, in historical terms, a
new phenomenon, Humans have practiced
agriculture for more than 10,000 years, but
anly in the past 3§ years or so have farmers
become heavily dependent an syntheric
chemical fertilizers and pesticides and fossil
fuel-powered farm machinery.

In that half-century of ascendance,
industrial agriculture has substantially
increased crop yields through high-yielding
plant varieties, mechanization, and synthetic
chemical inputs. For example, U.S. farmers
were producing 30 bushels of corn per acre
in 1920, whereas 1999 yields averaged about
134 bushels per acre, an increase of almost
330% (6.7}
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The higher vields of industrial agricul-
ture have come, however, at great cost to the
environment and the social fabric—costs
that are net included in the price of our food
(economists would call these costs “externali-
ties™}. Low prices at the grocery store pive us
a false sense that our food comes cheap, but
they do not include the cost of cleaning up
farm pollution, for example, or the cost of
vast government subsidies o agricultare, In
1996, the U.S. government spent $68.7 bil-
lion on agricultural subsidies, which trans-
lates into $259 per consumer and even more
per taxpavet (8.

Industrial agriculiure’s rendency toward
larger, more mechanized farms has also
exacted a social toll. Scudies have shown that
farm consolidation leads to the dererioration
of rural communities {9). According to
University of Califorsia anthropologist Dean
MacCannell:

We have found depressed median family
ircomes, high levels of poverty, lew education
levels, social and economic inequality between

ethnic groups, ete., ... associased with fand and
capital concentration in agricutture {J{).

In this paper we first ouddine the environ-
mental and public health problems associ-
ated wich our current agricultural system,
highlighting animal agriculrure as a worst-
case example. We then discuss how 2 sus-
tainable agriculture can address these issues.

Impact of Food Production on
the Environment

Fertilizers. In 1998, the world used 137 mil-
lior metric tons of chemical fertilizers, of
which TLS, agriculrure consumed abour 20
million tons, or 15%. Between 1950 and
1998, worldwide use of fertilizers increased
more than 10-fold overall and more than 4-
fold per person (12.12). Tilman {13} esti-
mated that crops actually absorb oniy
one-third to one-half of the nitrogen applied
to farmland as fertilizer.

Nitrogen that runs off croplands into the
Mississippi River and its eriburaries has been
implicated as a major cause of a “dead zone”
in the Guif of Mexico (14}, This zone suffers
from hypoxia—a dearth of dissolved oxygen
{< 2 mg/L). Excess nutrients fuel ajgal
blooms by speeding up the algae’s growth-
and-decay cycle. This depletes oxygen in the
water, killing off immobile botrom dwellers
and driving off mobile sea life such as fish
and shrimp. In 1999, the Gulf's dead zone
grew to 20,000 km? {ahout the area of New
Jersey), its largest recorded size {15},

Excess nitrogen in soil can lead to less
diversity of plant species, as well as reduced
production of biomass. Additonally, same
ecologists contend that this decrease in dives-
sity makes the ecosystemn more susceptible 1o

drought, although this issue has been con-
trovessial {10).

Chemical fertilizers can gradually increase
the acidity of the soil until it begins 10
impede plant groweh (17, Chemically fertil-
ized plots also show less biologic activity in
the soil food web {the microscopic organisms
that make up the soil ecosystem) than do
plots ferrilized organically with manure or
other biologic sources of fertility (18).

Pesticides. Fach year the world uses about
3 million tons of pesticides (comprising her-
bicides, insecticides, and fuagicides), formu-
lated from abour 1,600 different chemicals.
Complete roxicity data are lacking, however,
for most of these substances. In the United
States, insecticide use increased 10-fold
beeween 1945 and 1989 {/9).

Some of the increase in pesticide use can
be attributed to monocropping practices,
which make crops more vulnerable to pests,
but high-volume use also reflects the impre-
cise nature of pesticide application, Cornelt
entomologist David Pimentel {19 and col-
leagues stated:

Tt has been estimated that only 9.1% of applied

pesticides reach the targer pests, leaving the bulk of
the pesticides (99,9%) w impact the environment.

That environmental impact can include
widespread decline in bird and bencficial
insect populations. This can disrupt the bal-
ance between predator and prey because pests
often recover faster from pesticide applica-
tions than do the predators that normally
keep pest populations under contro] (26}
Pesticide runoff and airborne pesticide “drift”
pollute surface waters and groundwater.
Some of the more disturbing findings on
pesticide impact are as follows:
* The number of honeybee colonies en U.S.
farmland dropped from 4.4 million in
1985 to < 1.9 million in 1997, in large
part due to direct and indirect effects of
pesticides. Exposure to pesticides can
weaken honeybees’ immune systems—
making them more vulnerable to narural
enemies such as mites—and can alse dis-
rupt their reproduction and development
{21.22). Honeybees are involved in the
pollination of at least $1¢ billien worth of
.S, ceops (23), providing farmers with an
essential “natural service,”
A study in the St. Lawrence River Valley in
Quebec, Canada, suggests a link between
pesticides and developmental abnormalities
i amphibizns, Among other deformities,
researchers observed frogs with extra legs
growing from their abdomens and backs,
stumps for hind legs, or fused hind legs
{24). Other studies suggest that amphibian
deformiries may be caused by UV-B radia-
tion (23} or parasites {26}

+ Pesticide exposures have compromised
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immune function in delphins, seals, and

whales (27).
Because of the widespread use of pesticides,
many target species—whether inseers or
plants—develop resistance to the chemicals
used against them. The number of insect
species known to display pesticide resiszance
has increased from < 20 in 1950 to » 500 as
of 1990. Meanwhile, scientists have ident-
fied 273 plant species that exhibit herbicide
resistance {28,29).

S0l Land degradation—and in particu-
lar, the deterioration of soils—is ane of the
most sesious challenges facing humankind as
it atternpts o feed a growing population. It
takes anywhere from 20 to 1,000 years for a
centimerer of soil to form (36}, yer the
United Narions has estimared that wind and
water erode 1% of the world’s topsoil each
vear (313

In 1990, Oldman et al. {32 estimared
that since World War H, poor farming prac-
tices had damaged abour 550 million
hectares—an area equivalent to 38% of all
farmiand in ase today.

More than 30 years ago, the U.S. Soii
Conservation Service recommended that
farmers reduce soil erasion to ne more than 3
rons of topsoil per acre per year (33). Berween
1982 and 1997, the average erosion rate fefl
frotn 7.3 tons per acre per year to 5 wons { 34}

{ndustrial agriculture also endangers soit
health because it depends on heavy machin-
ery that compacts the soif, destroying soll
strwcture and killing beneficial organisms in
the soil food web {35).

Free-range caitle can have a positive influ-
ence on natural ecosystems when they graze in
a sustainable fashion. The U.S, Department of
Agticulture {USDA} Agricultural Research
Service found that moderately grazed land
{one cow per 16 acres) had more biodiversity
than did ungrazed or heavily grazed land (36).

When animals graze land heavily they
can also cause soil erosion by compacting the
setl and stripping the land of vegetation that
holds soil in place. Feedlot carde {and indus-
trial animal agriculture in general) descroy

Hectares per person

topsoil because growing grain for this indus-
try requires so much cropland.

Land. Most of the world’s arable land
either is in use for agricultare or has been
used up by {ansustainable} agricubture, most
often because once-fertile soil has been
degraded or eroded (37, The world's supply
of arable land per person has been declining
steadily (Figure 1},

An extreme example of land degradatien
is the phenomenon known as desertification,
which the United Nations has defined as
“fand degradation in arid, semi-arid and dry
sub-humid areas resulting from various fac-
rors, including climaric variations and human
activities” (38). The annaual global cost of
desertification has been roughly estimated ar
$42.3 billion (39,

Desertification reduces the amount of
land available for agricultare. Agriculture can
contribute directly to desertificacion through
poor agricultural practices such as overcultiva-
tion, overgrazing, and overuse of water, and
indirectly when land is deforested to create
new ctopland or new pastures for livestock.
According to the Worldwatch Instituze,
almost 20 millien km?, or 15% of the all land
surface, may already be experiencing some
degree of desertification (400,

In the past, increasing demand for grain
has been met by two means: increasing the
amount of land used to grow grain and
increasing the yvields per land unit. Both
avenues to higher grain production have
become mote constrained in recent years {47).

The discussion of grain supplies some-
times leaves out the impact of meart produc-
tion and consumption on these calculations.
A reduction in mest consumption would
help alleviate land scarcity because 37% of
the world’s grain, and 66% of U.5. grain
production, is fed o livestock (42}

Land planted in cereal grains produces
2-10 times as much protein for human con-
sumption as land devoted to beef produc-
tian; for legumes the ratio Is anywhere from
10:1 to 20:1 (43). Yer, in the competition
for land in poorer countries, the catle

Figure 1. Average number of hectares of arable land per persen, worldwida {4).
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industry sometimes crowds out subsistence
farmers, who are then forced te grow food on
margina} fand. Often, that land is steep and
susceptible to erosion when cultivated (44).

Water. Agricalture alffects water resources
in two ways: irrigating fields using surface
waters ot aguifers diverts water from other
potential uses; and when farming practices
poilute surface wazers and aguifers, chey
reduce the amount of water that is suitable for
other uses,

The U.S. Eavironmenta] Protection
Agency has blamed current farming pracices
for 76% of the poliution in the nation’s
rivers and streams. The agency reports that
runoff of chemicals, silt, and animal waste
from U.S. farmfand has polluted more than
173,000 miles of waterways {43).

Agriculture accounts for about two-thirds
of all water use worldwide, far exceeding
industrial and municipal use {46} (Figure 2.
In many parts of the world, irrigation is
depleting underground aquifers faster than
they can be recharged. In other cases, agricul-
ture depends upon “fossil aquifers” that
mostly contain water from the last ice age.
These ancient aquifers receive litdle or no
recharge, so any agriculture that depends
spon them s inherently unsustainable,

The Ogallala Aquifer covers parrs of
eight states in the U.5. Midwest and is a crit-
ical respurce for the regien's agriculeure. The
aquifer receives little recharge, and s warer
table is dropping as much as | miyear (34).
It has been estimared that in another decade
or two the aquifer will be so low thar its use
for irrigation will become prohibirively
expensive (41).

Irrigation has been used to turn many
low-rainfall regions into agricultural won-
ders—at least in the short term. One-third of
all the food we grow comes from the one-
sixth of cropland that s krrigared {33),
However, excessive irrigation can exact an
ecologic price, through waterlogging and

WM Agrivettured

# industriat

Municipal

Figure 2. Giobal watar use, by sector, basad on
1990 figures. Adapted from Postel (46).
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salinization. [rrigation warter {eaves behind
salts that slowly diminish the soil’s productiv-
ity. The Food and Agriculture Omganization
of the United Nations (FAQ) estimates thar
about 13% of the world’s brrigated land is
either waterlogged or excessively salty, and
another 33% is affected to some degree.
Salinization affects 28% of the irrigated land
in the United States and 23% in China, for
example {£7). According ro hydrologist
Daniel Hillel (33}, many of the problems
with: irrigation arise from careless practices
such as overwatering. He advocates modern-
izing the irrigation systems in developing
coundries, where the most acute irrigation
problems exist.

Water use in irrigation is excremely inef-
ficient: the FAO estimates that crops use
only 45% of irrigation water (47). In the
case of China’s Yellow River, only 30% of
the water exzracted for irrigation actually
reaches crops. Agricalture extracts 92% of
the water taken from che river, which in
1997 failed to reach the sea for 226 days, its
worst dry spell ever recorded. Since the
13505, the amount of land irrigated with
water from the Yellow River has more than
tripled (48).

In: parts of the United Stares, much of the
water used for irrigation serves the |ivestack
sector, For exampte, the beef feedlots of
Colorade, Kansas, Nebraska, and the Texas
panhandle ger their feed grain from irrigated
agriculture that relies on diminishing ground-
water supplies. Beef production requires large
vilurnes of wates—as much as 100 tdmes that
required to produce equivalent amounts of
protein energy [rom grains {49

Energy. Converting grain inte meat
entails a large loss of food energy, particu-
larly if cattde are doing the converting.
Conservative estimates are that cattle require
7 kg of grain 10 create | kg of beef, com-
pared with about 4 kg for pork and just over
2 kg for chicken {50

Fossil fue energy is alse a major inpur 1o
industrial agriculeare. The food production
systeen accounts for 17% of alf fossi fuel use
in the United States, and the average U.S.
farm uses 3 keal of fossil energy in producing
1 keal of ford energy. Meat production uses
even more energy. [n the wypical feedlot sy
tem—where a [ittle more than one-half of
the cattle’s feed is grain—the fossil energy
input is zhour 35 kealfkeal of beef protein
produced {37,

In addition, the road from the farm
the dinper plate is an energy-inzensive one
because transposting, processing, and pack-
aging owt Tood require large amounss of fuel.
For instance, before atriving az the Jessup
{Marvland) Terminal Market, vegetable
shipments travel, on average, about 1,600
miles and fruit shipments about 2,400 miles
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{51). Some estimated energy inputs for pro-
cessing various foods are 575 keal/kg for
cangned fruits and vegetables, 1,815 kealfkg
for frozen fruits and vegetables, 15,675
keal/kg for breakfast cereals, and 18,591
kealfkg for chocolate (37},

A 1969 study by the Department of
Drefense estimated that the average processed
food item produced in the United States
travels 1,300 miles before it reaches con-
sumers {52). Processing aceounts for about
one-third of the energy use in the U.S. food
system, and each calorie of processed food
censumes abeat 1,000 caleries of energy
{52}, In all likelihood, the foed system has
become mote energy intensive since the time
of this study.

Biodiversity. Agriculture is dependent on
biodiversity for its existence and, at the same
time, s a threat to biodiversity in its imple-
mentation, One way that agriculture depends
on biodiversity is in developing new varieties
of plants that keep pace with ever-evolving
plane discases, When plant breeders need o
find a resistance gene 1o improve & domestic
variety, they sometimes cross-breed the variety
with a wild relacive. However, because they are
under pressure to bring a product ro market
quickly, plant breeders usually search for a sin-
gle gene that eonfers resistance. This practice is
risky, as Cary Fowler and Pat Mooney explain
in Skastering: Food, Politics, and the Loss of
Genetic Diversity (531

Frequently, resistance in a traditional landrace
{wild variety} is not nearly so simple [as one
gene}. Resistance may be the product of @ com-
plex of penes, literally hundreds of genes working
together. ... By utilizing one-gene resistance ...
the plant breeder gives the pest or disease an casy
tﬂrg.e!- It ’135 ﬂniff' to OVEICOmE 01 F{fld 2 wWay
arouad that ane line of defense. ... The use of one
gene for resistance, one gene which is routinely
overcorne by pest or disease, results in that gene
being “used up.” It no Jonger provides resistance,

it may have taken thousands of years for 2
wild plant o develop its complex of resis-
tance genes, but modern plznt breeding
methods are chipping away at this natural
rE30LICe——GNE TesisTance gene at a time——
and at a rate beyond nature’s ability to
replenish it {54).

The practice of menocropping or mono-
culture—planting the same crop over a large
land area~—creates greater necessity for
quick-cure plant breeding. Insect pests and
plant diseases are both aided by moenocrop-
ping if a crop variety that may be susceprible
to a plant discase or insect pest is planted
contiguously and in great volume.

Industeial agriculiure erodes biodiversity
not only because it favors monocultures but
also because those monocultures replace
diverse habirats. One example is the way rice
monocultares ceowd out local wild varieties.

In the Philippines, Indonesia, and some other
developing countries, more than 80% of
farmers now plant modern rice varieties, In
Tndonesia, this led to the recent extinction of
1,500 local rice variedies in just 15 years (35).

Another threat to biediversity is the con-
tinued consolidation of the seed industry
and the effect it is having on the availability
of nonhybrid plant varieties, As of 1998, the
10 largest seed companies controlied 309 of
the global marker {56}. Large seed compa-
nies tend to rely on firse-generation hybrids
because they force growers to buy new seed
every year. As the industry has consolidated,
tradirional varieties have been remaved from
seed catalogs at an alarming rate. In 1981,
nearly 3,000 nonhybrid vegetable variedies
were heing sold through majl-order catalogs;
by 1998, 88% of those varieties had been
dropped (57}

The dependence of industrial agriculure
on synthetic chemicals has reduced biodiver-
sity in the insect world, as well. Pesticides kill
wild bees and other beneficial species that are
nontarget victims. Managed pollinazion—a
%10 billion a year industry in the United
States and Canada—relies on just two species
of bee, In comirast, North America has 5,000
wild bee species, but these have mostly disap-
peared from agricultural lands, due primasily
to pesticides, a lack of floral diversity,
destruction of habitats, and competition with
managed pollinarors (58).

Excessive fertifizer use also reduces biodi-
versity because of the effect that nitrogen
runoff is having on ecosystem bafance. A
minority of species can thrive in high-nitrogen
environments, and these sometimes crowd out
all other species in the ccosystem (59).

Global warming and climaze change,
Agricalture is direcely responsible for about
20% of human-generared emissions of green-
house gases, according to estimares by the
Intergovernmental Panel on Climate Change.
Charges in fand use contribuse abour 14% of
the total human-generated emissions of
greenhouse gases, and much of this land
development s for agricultural purposes (60,

Industrial animal production. Animals
have traditionally plaved an important role
in agriculture, not enly as a source of food
but also as a way to recycle nutrients and
build soil organic marter. Their manure
deposited on croplands or rangelands helps
build the fertility of the soil.

In recent decades, however, industrial
agriculture has increasingly separated ani-
mals from the land. More and more meat
production is occarring in concentrated
opetations commonty calfed factory farms.

The manure output from these factary
farms averwhelms the capacity of local crop-
lands o absorb it. The USDA has estimated

that animals in the U.5. meat industry
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produced 1.4 billion tens of waste in 1997,
which is 130 dmes the natien’s volume of
human waste—or § tons of animal waste for
every ULS, citizen (67).
By concentraring thousands of animals
into a small area, industrial animal produc-
tion creates threats to both the environment
and human hezlth. Despite this, the trend in
the meat industry has been toward greater
concentration of livestock. Fewer and fewer
farms are raising animals, and the average
number of animals per farm is going up.
For exemple, between 1967 and 1997
the number of hog farms in the United
States declined from over a million o just
157.009. The largest 3% of farms {all wich
at least 1,000 hogs esch} now produce 60%
of U.5. hegs (61,62
According to Copeland and Zian (62},
the wtory is similar i poulery and beef output:
Broiler production neardy tripled between 1969
and 1992, while the number of farms with
brailer houses dropped by 35%. ... Firms with
meore than 196,008 brotlers accounted for 70%

- afall sales in 1973, but now accouns for mors
than 97% of sales.

In beef, more than 40% of all production
comes from 2% of the feedlots {61).

Because the huge volume of manure
from factory farms cannot be absotbed by
local croplands, the industry stores it in open
pits—eupheristically called “lagoons” by the
industry—~that are prone to spills, Animal
wasie is a major contributor to the excessive
nutrient loading that is suspected of causing
outbreaks of Plesterda piseicida and large fish
kills in North Carolina waters and in the
Chesapeake Bay in recent years (67,63}

By concentrating hundreds or thousands
of animaly into crowded indoar facilities,
factory farms raise ethical issues about their
rrestment of animals. Each full-grown
chicken in a factory farm has as lietde as 0.6
ft? of space. Crowded together in this way,
chickens become aggressive roward each
other and sometimes even eat one another.
For this reason, factory farms subject them
to painful debeaking {64}

Haogs, too, become aggressive in tight
guarters and often bite each other’s tails. In
response, factory farmers often cut off their
tails, Concrete or slarted floors aliow for easy
removal of manure, but because they are
unnzataral surfaces for pigs, they resulr in
skeletal deformities of the fegs and feet {63).
Ammonia and other gases from the manure
reritate animals’ fungs, making them suscep-
tible to pneumonia. Researchers from the
University of Minnesota found pneumonia-
like lesions on the lungs of 63% of 34,000
hogs they inspected (66].

Factory farms chain veal calves around
the neck to prevent them from turning
around in their narrow stalls. Movement is

discouraged so that the calves’ muscles will

be underdeveloped and their flesh will be

ender, They are kept in isolation and near

or total darkness during their 4-month lives

and are fed an iron-deficient diet 10 induce

anemiz so that their flesh develops the pale

color prized in the marketplace {65},

Genetically engincered crops. Genetically
engineered crops have been on the market
only since 1996, but already they occapy
130 million acres worldwide, including a
19% increase in acreage in 200}, This
includes 88 million acres in the United
States {67,

Transgenic crops have been defined as
geaetically engineered to contain traits from
unrelated arganisms. In traditional plant
breeding, a desired trait must be obrained
trom a closely related species that will breed
with that plant through natural mechanisrms,
but generic engineers can search for the
desired trait anywhere in the plant or animal
kingdom {68).

Introducing genes into crops in this
novel way raises ethical, environmental, and
health concerns, In this paper we do not dis-
cuss the ethics of transgenic crops, but we
review the health issues in “Impact of Food
Predaction and Dier on Health” below.

The environmental concerns raised by
genetically engineered crops include the
following:

* Gene transfer to wild relatives: Herbicide-
reststance genes engineered into crops can
spread to wild relatives of those crops. The
FAQ has said this "could create super-
weeds and make weed control more diffi-
cult” (69).

* Increased herbicide use: The most com-
mon reason for manipulating crop genes is
to confer resistance to commercial herbi-
cides. Increased use of genetically engi-
neered crops of this sore will likely be
accompanied by increased use of the rele-
vant herbicides (69, Weeds would there-
fore be exposed to more herbicide, helping
them develop herbicide resistance more
rapidly.

Insect resistance to Bacillus thuringiensis

{ B4 roxis: The second most popular reason

for genetically engineering crops is to give

them resistance To insecrs, viruses, znd
fangl. Genetic engincers have produced
insect resistance in corn, rice, cotton,
tobacco, and many other crops by intro-
ducing a gene thar produces the Br roxin,

In other words, the plant gives off its own

pesticide, so farmers do not need to apply

pesticides. In nature, the soif bacterium

B. thuringiensi produces the Br roxin. The

widespread use of Bt crops would in all

likelifioed hasten the development of Br
tesistance in insects that are currently vul-
nerable 1o this natural pest control method.

-
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This would eliminate an important organic
pest control method often used by organic
growers as a last resort {68). B crops may
also pose tisks for nontarget species. Two
recent studies reported that pollen from Bt
corn can be deadly for monarch buwertly
larvae (70, 71).

impact of Food Production
and Diet on Health

The preceding section describes the environ-
mental harms caused by our dominant food
praduction system. Industeial food produc-
tion methods—and some of the foods they
produce~—are also causing both acure and
chronic disease in humans. Among the prob-
lems are the following:

* Animal-based fouds conrribute o chronic
diseases,

* Pesticide residues enter our bodies through
air, water, and food and raise risks for cer-
tain cancers as well as reproductive and
endocrine system disorders.

* Concentrated, high-speed meat production
leads to a greater risk from foodborne
pathogens, some of them newly emerging.

+ Excessive use of antibiotics in animal agri-
culture may creare resistanc strains of
microbes in humans.

In this section we discuss many comparison
studies of the diets of varieus popularion
groups and their health outcomes. These epi-
demiofogic studies have methodologic defi-
ciencies, in that most data sources are not
sufficiently comprehensive to climinate the
effects of all possible confounding variables
during multivariaze analysis. However, in
cases where the body of epidemiofogic evi-
dence 15 substaatial and/or the disparizies are
large, these comparisens still provide resules
wortthy of our consideration.

Diet and Disease

We have evidence that large quansities of
saturated fat in the diet contribute to the
chronic degenerative diseases that are the
most common causes of death in affluent
societies. Animal-based diets, which are high
in sagurared far, dominate in the West and
are on the increase in many developing
countries.

Although undernutrition is still com-
mon in developing countries {affecting
about 800 million people worldwide), in
afffuent countries the main causes of death
are associated with overnutrition. In the
United States, for example, the average
adult male consumes 154% of the recom-
mended daily aflowance (RDA) for protein
(97 g vs. an RDA of 63 g}, and the average
adult female consumes 127% of the RDA
{63.5 g vs. an RDA of 50 g} {72,73). The
average American derives 67% of protein
from animal sources, compared 1o 2 34%
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average wotldwide (37). Meanwhile, the
World Health Organization (WHO) esti-
mates that > 40% of children {or 230 mil-
lion) in poor coantries are stunted by
undernutrition {74).

According to the U.S. Surgeon General
(751, the “preponderance” of scientific evi-
dence strongly suggests that

a dietary pattern that contains excessive ingake of
foods bigh tn calories, fat {espectally saturated
fag), cholesterol, snd sodium, but that is fow in
complex carbohydrates and fiber, is one that con-
tributes significantly to the high rares of major
chronic diseases among Americans.

Animal products contain no fiber and
almost no complex carbohydrates, Animal
products are also the only source of choles-
terol in che diet, and they contribute most of
the saturated fat in the typical U.S, dier. On
the other hand, vegerarian diets are associ-
ated with lower rates of chronic disease.
According to the American Dietetic
Association {76},

A congidershle body of scientific data suggests
positive relationships berween vegetarian diets
and risk reduction for several chronic degenera-
tive diseases and conditions, induding obesiry,
coranary arcery disease, hyperiension, diabetes
melfitis, and some types of cancer.

Cardievascular disease. Discases of the
circulatory system account for almost one-
half of all deaths in the developed world,
according to the WHO {77). Moreabizy from
circulatory system disease has been falling in
affluent countries in recent years bur it is
increasing in newly industriabizing ceantries
that are adopting “Western” diet patterns
{77). This increase in “diseases of affluence”
in newly industrializing countries parallels
the increasing consumption of animal-based
foods (as well as higher smoking razes and
greater urbanization}.

In 1999, the average U.S. citiven con-
sumed 124 kg {273 pounds) of meat. By
contrase, average meat consumption for all
industrialized countries is 77 kg/person, and
for all nenindustrialized countries ir is 27 ke,
Since 1961, U.S. per capita meat consump-
tion has increased by 40% (4) (Figare 3).

Cardiovascular disease is the leading
cause of death in the United States, and one
of the major risk factors is a high cholesterol
level in the blood. The human body manu-
factures all the cholesterof it needs, and any
cholesterol acquired through diet comes
from animal foods because plant foods con-
rain no cholesteral {78}

Consumption of animal foods elevates a
person’s cholesterol level, and this in tarn
elevares the person’s risk for heart arrack,
stroke, and arrerial disease. Whereas the
average cholesterol level among heart attack
victiens is 244 mg/dL of blood serum, heart
attack risk falls o virtually zero when the
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cholestero] level is less than 150 mg/dL {79).
As of 1990, the average cholesterol level in
the United States was 205 mg/dL (78},

Vegetarians who avoid meat but con-
sume dairy products and/or eggs have lower
cholesterol fevels than do omnivores. Still
lower are cholesteral levels in vegans, people
who refrain from eating any animal prod-
scts. One meta-analysis found that in nine
comparison studies, vegans had an average
cholesterol level of 158 mg/dL, vegetarians
182 mg/dL, and omnivares 193 mg/dL (801,
Vegetarians also have lower-than-average
mortality in general, and this is attributed
mostly to their lower rates of heart disease
and certain cancers {86

Cancer. Dicts that are high in fat and low
in fiber are associated with an increased risk of
colon cancer (81). In addition to being high in
fat, meat and dairy products contain no fiber.

In contrast, many epidemiologic studies
have found that high fiber intake [eads to
lower risk of not only colon cancer but also
breast and prostate cancer {86}, Prostate can-
cer has been linked o high intakes of calories,
total fat, and milk, meag, and poukery (82).

Lung cancer is also less prevalent in vege-
tarians, even when one controls for the
effects of smoking (83}

Countries with high rates of fat consump-
tion have the highest breast and colon cancer
mortality, whereas the lowest death rates from
these diseases ocour in populations with the
lowest levels of fat consumption (84),

Diabetes. Seventh Day Adventists are
overwhelmingly vegetarian or near-vegetar-
ian, so researchers and athers often compare
their health outcomes with those of the gen-
eral population. One study {86) found that
rates of diabetes in Seventh Day Adventises
were 43% of rates in all U.5, white adults,
and that type I (non-insulin-dependent) dia-
betes correlated positively with obesity and
fat and protein intake. Vegetarians have
{ower rates of these risk facrors {86).

Treatment programs for diabetics now
recommend drastic reductions in consump-
tien of meat, dairy products, and oils bur
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increased consumption of grains, legumes,
and vegetables.

Medical costs of meat consumption.
Barnard et al. (89) estimated that meat con-
sumption costs the United Seates roughly
$30-60 biltion a year in medical costs. The
authots made this calculation {which they
considered a conservative one) on the basis
of the estimated contribution that eating
meat makes to the diseases discassed above,
plus other chronic diseases commen in afflu-
ent countries and fondborne #inesses linked
to meat consumption.

Pesticides and Health

Pesticides produce both short- and long-term
effects on human health. The United
MNations has estimated that about 2 million
poisonings and 10,000 deaths occur each
year from pesticides, with about three-fourths
of these pccurring in developing countries
{86). The long-term effects of pesticides
include elevated cancer tisks and disruption
of the body's reproductive, immune,
endocrine, and nervous systems. Population-
based studies have shown associations
between certain types of pesticide and certain
cancers {Table 1).

Pesticides can suppress the immune sys-
tem. In a 1996 report, Reperto and Baliga
{27) cite epidemiologic evidence of an associa-
tion between pesticide exposure and increased
incidence of human disease, particularly those
diseases to which immunocompromised indi-
viduals are especially prone {27},

The list of pesticides thar are suspecred
endocrine disruptors includes atrazine and
alachlor, two of the most commonly applied
herbicides on corn and soybean crops in the
United States. fust over one-half of the herbi-
cides wsed in the United States in 1991 were
applied to com, soybeans, or cotton (88).

Many pesticides have not been zested for
their toxicity, and testing in the pase has
focused on acute effects rather than long-term
effects. In an inventory of commonly ased
chemicals in 1984, the National Research
Council found thar data required for
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Figure 3. Average meat consumption in selected countries i 1999 and averages for ali industrialized and

develoging countries {4
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complete health hazard evaluations were avail-
able for only 10% of pesticides (59

Human exposure to pesticides can come
through residues in food-—ecither on or
within fruits and vegetables, or in the tissues
of fish and animals we est—through conta-
minated drinking water, and through the air
we breathe (because of "pesticide drift” from
the spraying of felds or lawns}.

Some pesticides accumulate up the food
chain, or "bicaccamulate.” A 1967 study
found that DDT levels were 20,000 times
higher in one fish species than they were in
the surrounding sex water, and 520,000
times higher in fish-eating cormorants {96}
So, when humans ear foods higher on the
food chain {more meat, milk, cheese, and
eggs and fewer plant foods), they increase
their exposure to bivaccumulated pesticides,

Industrial Food System and
Public Health

The production and processing of food are
increasingly concentrated {fewer owners and
larger operations), automared, and fast-
paced, which has implications for public
health. Among the major problems:

* Pollution from [actory farms is harming
the health of both workers and residents
living downstream or doewnwind from
these operations.

New strains of feodborne pathogens {e.g.,
Listeria and toxigenic Escherichia cold) have
emerged in recent years, and long recog-
nized pathogens have been causing more
widespread harm.

The nonmedical use of antbiotizs in animal
agriculture may be threatening the effective-
ness of antibintics in treating human disease
by creating selective pressure for the emer-
genee of antibiotic-resistant bacreria.
Genetically engineered foods present risks
of new allergens in the food supply and
may be harmful to immune systems and
vita] organs.

These phenomena are due, in part, w6 pro-
duction and processing methods that
emphasize economic efficiency but do not
give sufficient priotity to public health or
the environment.

Factory farming and human health.
Gases from animal manure at factory farms
create potential human health risks for work-
ers and residents living downwind, and

marure runoft can damage local water qual-
ity by overloading it with nutrients, particu-
larly phosphates.

Facrory farms store manure from animal
confinement buildings either in pits undes-
neath the buildings or in nearby open-air
pits, often extending over several acres.
Farmers and farm workers have died from
asphyxiation after entering underground pits
used for storing animal manare (97},

The prevalence of occupational respira-
tory diseases {occupational asthma, acure
and chronic bronchitis, organic dust toxic
syndrome} in factory farm workers can be as
high as 30% (92). A University of fowa
study found ihat people living near large-
scale hog facilities reported elevared inci-
dence of headaches, respiratory problems,
eye irritation, nausca, weakness, and chest
tightness {93},

Manure runeff from factory farms is
among the suspected causes of outbreaks of
Bftesteria piscicida in Maryland, Virginia, and
North Carolina. The human health effects
have included acute short-term memeory loss,
cognitive impairment, asthmalike symptoms,
fiver and kidney dysfunction, blurred vision,
and vomiting (94},

Water polluted with manure runoff has
other health implications. A Senate report

{61} noted that

Manure contains pathegens to which humans
are vulnerable, including Safmonells and
Cryptasporiditem, and can pollure drinking warer
with nitrates, perentially fatal to infants. More
indjrcctly, microbes that are toxic to animals and
people are thoughe to thrive in waters thar have
excessively high levels of nurrients from sources
including animal waste pollution.

Foodbarne pathogens. The U.S. Cenzers
for Disease Control and Prevention {CDC}
have estimated that foodborne diseases cause
approximately 76 mithon iflnesses, 325,000
hospiralizations, and 5,000 deaths in the
United States cach year. Of the apprexi-
marely 1,800 deachs attributed to known
pathogens, more than 75% are blamed on
Salmonelia, Listeria, and Toxaplasma {95).
All three pathogens are rransmirred to
humans primarily through meat.

Two bacteria commonly found on
meat—Campylobacter and Selmonella—cause
more than 3 million foodborne illnesses in the
United States each year (95). These bacteria

Tablg 1. Associations between various classes of pesticide and various forms of cancar.

Class of pesticide Cancer

Phenaxyacetic acid herbicides
Organochlorine insecticides

Organophosphate nsecticides
Arsenical smsecticides
Trisang herbisides

Lung, skin
{Ovary

Non-Hodgxin's lymphoma, soft-tissue sarcoma, prostate

{gukemia, non-Hodgkin's fymphoma, soft-tissue sarcoma, pancrgas,
fung, breast

Non-Hodgkin's lymphoma, teukemia

Data from Bisir and Zahm (7).
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occur naturally on chickens and are not
always harmfu! to them, buz in humans they
can cause severe diarrhea and nausea and
occasionally produce fatal disease. The
crowded conditions of factory farms increase
the levef of contamination, .and the high-
speed, zutomated methods of slaughtering
and processing the animals make it difficult
o detect that contamination.

Much less common but more deadly
than the bacteria mentioned zbove are the
newly emerging strains of toxigenic E. colf
and Listeriz. The CDC puts the annual dis-
case burden for £ cofi at abour 62,000 ill-
nesses and 30 deaths, and blames Listeria for
about 2,500 illnesses and 960 deaths (99).

Infection with the enterohemorrhagic
strain of E coli (O157:H7) was first discov-
ered in 1975, The pathogen causes bloody
diarrhea and acute renal failure and is some-
times fatal; children and the elderly are at
greatest tisk. £ colf O157:H7 is most often
spread by undercooked ground beef or raw
milk (96).

Listeria monocyrogenes is teferred to as an
emerging pathogen because only recently has
food been recognized to play a role in its
spread. According o the LS. Food and Drug
Administration, infections with Listeria can
cause abortion and stillbirek, and blood poi-
soning or meningits in infants and irmmone-
deficient persons. Listeria is most often
assoctated with consumption of certain dairy
products and processed meats {97},

Another newly emerging concern about
the food supply is a neurologic disease in cat-
tle known as bovine spongiform encephalopa-
thy {BSE). According o the WHO {98), a
new variant of Creutzfeldt-Jakob disease, a
degenerative neurolopic disease in humans,
has a strong link to exposure to BSE, proba-
bly through the food supply. BSE was first
recognized in catde in 1986, and epidemio-
logic studies suggest that carde feed prepared
from carcasses of dead ruminants was the
source of the disease (98).

Antibiotics in animal agriculture,
Sevency percent of U.S.-produced antibiotics
are fed to animals to promote growth {99,
Excessive use of such drugs in animals can
enhance the development of drug-resistant
strains of disease, which can then be trans-
mitted to humans through the foed supply.

The National Research Council and
Instituce of Medicine {106 have noted that
there is

a tink between the use of antibiotics in foed ani-
mals, the development of bacterial resistance wo

these drugs, and human diseases—although the
incidence of such disease is very low.

The WHO has called for reduced use of

antibiotics in animal agriculture, noting that
resiseant steaing of Salmonells, Campylobaceer,
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Enterococet, and £, colf have been transmitced
from animals to humans (101,

Genetically engineeved foods, Only recently
have genetically engineered foods been intro-
duced into the human food supply. One of the
concerns surrounding penetic engineering of
foods is that new alfergens could be introduced
into the food supply because the sources for
genetically engineered material may include
organisms not previously eaten by humans
(192, In addition, it will be harder for people
with food allergies to avoid consuming an
offending food if proteins from that foed are
integrated into a food to which they are not
allergic. For example, sovbeans thar weze genet-
ically engineered to contain proteins from
Brazil nuts caused reactions in individuals who
were allergic to Brazil nus {20).

Antibiotic resistance genes are ased as
markers in the genetic engineering of foods.
This pracrice raises two possible concerns:
eating such foods soon after taking antibi-
atics could reduce or eliminate the drugs’
effectiveness because enzymes produced by
the resistance genes can break down antibi-
ofics; and resistance could be transferred o
disease organisms in the digestive tract, mak-
ing it harder to trea them with antibiotics.
But there is disagreement over these issues
within the scientific community, and more
research is under way (/04,103).

Sustainable Agriculture

Unsustainability in agricalture is not 2 new
issue. Large civilizations have risen on the
strength of their agriculture and subse-
quently collapsed because their farming
methods had eroded the natural resource
base {106). Today's conventional or indus-
trial agriculrure is considered unsustainable
because it is similarly eroding nacural
respurces faster than the environment can
regenerate them and because it depends
heavily on resources that are nenrenewable
(eg., fossil fuels and fossit aquifers).

One of the goals of the suseainable agricul-
ture movement is to create farming systems
that mitigate or climinate envirenmenral
harms assoctated with industrial agricultare,
Sustainable agriculture is part of a larger move-
ment toward sustainable development, which
recegnizes that natural resources are finite,
acknowledges Hmits on economic growth, and
encourages equity in resource allocarion.

Sustainable agriculture gives due consider-
ation to long-termy interests {e.g., preserving
topsoil, biodiversity, and rural communities)
rather than only short-term interests such as
profit. Sustaimable agriculture is also place
specific. For example, a farming systero that is
sustainable in a high-rainfall area may not be
sustainable in an arid clismate. Sastainable
agriculture is dynamic, meaning thar it must
evalve 1o respond to changes in its physical
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envirenment or its social or economic con-
text. Sustainable agriculture is holistic in that
it takes a systemwide approach to solving
farm management preblems, and afso because
it places farming within a social context and
within the context of the entire food system.
Sustainable agriculture has been defined
in several ways, for example:
+  Sustainable agriculture inzegrates three main
goals——environmental health, economic prof-
itability, and social and ecoromic eguiry....
Sustainability rests on the principle that sve muss
meee the needs of the present without cempro-

mising the zbility of future generasions o meee
their awn needs {107,

+  Sustainable agriculture is a model of social
and economic erganization based on an equitable
and paticipatory vision of development which
recagnizes the environmest and natural resources
zs the foundation of economic activiry.
Agriculrues is sustzinzble when it is ecologicaliy
sound, economically viable, soctally just, cultur-
ally appropriate, and based e 2 holistic scientiflc

approach { J08).

+  Sustainable agricslture does not tefer ro a
prescribed sec of practices. Instead, it challenges
preducers to think about the feng-serrn implica-
tions of pracrices and the broad interactions and
dynamics of agriculrural systems. It also invites
consumers to get more involved in agricuirure by
learning more about 2nd becoming acrive pasici-
pants in theic food systems. A key goal is to
understand agriculture fromr 2n scological per-
spective——in terms of nutrient and energy
dynamics, and interaccions among plants, ani-
mals, insects and other organisms in agroecosys-
tems—then balance it with profit, communicy
and consumer needs {108,

Sustainable methods. Although no one
set of farming practices constitutes sustain-
able agricubture, we briefly describe here cer-
rain methods that enhance sastainability.

* Crop rotation. By rotating two or more
crops in a field, farmers interrupt pests’
reproductive cycles and reduce the need for
pest control (/10). Rotations sometimes
reduce the need for added fertilizer because
one crop provides nutrients for the next crop.

* Cover crops. Cover crops are planted 10
improve soil quality, prevent soif erosion,
and minimize weed growth. Some cover
crops can also generate income.

*+ No-till and low-till farming. These farm-

ing systems are based on the premise thar

minimizing disturbances to the seil wiil
increase the retention of water, nutrieats,
and the topsoil ftself. Berween 1980 and

1993, the amount of land under conserva-

tion tillage increased from < 15% o about

35% of 1§ U.S, farmiand (J11%

Soil management. Good stewardship of

the soil invelves managing its chemical,

biologic, and physical properries. Industrial
agriculeure has tended to emphasize the
chemical properties of soil, 1o the detriment
of the other two. An acre of healthy soil

can contain 4 tons of organisms, which
make up the soil's ecosystem ([12).
Organic marter and compaost are foed for
beneficiai bacteria, fungi, rematodes, and
protozoa. If managed properly, these soil
organisms petform vital functions that aid
in plant growth (113), Healthy soil pro-
duces plants that are more vigorous and
therefore less susceptible to pests.
Diversity. Growing a variety of crops pro-
vides 2 buffer against both ecologic and eco-
nomic problems. Monocultures are more
vulnerable to pests as well as to fluctuations
in market price. Crop varlety can also create
more niches for beneficial insects {707,
Nutrient management. After monitoring
the soil content of nitrogen and other
nutrients, farmers can prevent runoff into
adjacent waters—and also save money on
purchased fertilizers—by applying enly
what the plants and soil can absarb, with
no excess,

Integrated pest management. An integrated
pest management (1PM} system prefers bio-
logic methods and uses {feast-roxic) chemi-
cal pesticides only as 2 last resort. To keep
deseructive insects under control, an IPM
emphasizes crop rotations, intercropping,
and other methods of disrupting pest cydles,
as well as plant varieties that have high resis-
tance to pests, [PM also uses insect preda-
tors, as well as biopesticides such as Br
(114). As of 1994, coordinators of the fed-
eral IPM program were reporting that

-

more than 40,000 farmers in 32 states have made
significant reductions in their use of synthetic
chemical pesticides by implementing practices
associated with sustainable agriculwure {175).

* Rotational grazing. By continually moving
animals to different grazing areas, rota-
tional grazing prevents soil erosion by
maintaining sufficient vegetative cover. It
also saves on feed costs, averts the manure
buildup of concentrated animal feeding
operations, and contribures 1o sofl fertility.

Barriers to sustainabiliey. If our current
agricaltural system is so harmful and unsus-
tainable, why s it being perpetuarsd? Most
important, pawerful econemic interests ben-
efit from the status quo in agricalture.
Industrial agriculture relies heavily on exter-
nal inputs {e.g., synthetic chemical fertilizers
and pesticides, machinery, fossil fuels),
which mean costs for farmers but profies for
farm inpur industries.

Farmers use such inputs because they
promise greater yields from their craps, but
greater yields have been: & mixed blessing,
according to agricultural economist John E.

tkerd {176}

Ower most of the past century, profits frem fatm-
ing have gone primarily ro those who found ways
to reduce costs first and expand preduction the
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fastest. However, each new round af cost cutting
technology has resulted in increased production
and lower prices, erasing initizl pmﬁ(abﬂiry.

Thus, the quest for greater vields has landed
farmers on a technologic treadmill of increas-
ing inputs and decreasing profit margins.

Increasing dependence on eff-farm
resources and distant markets has caused
much of the profitability of agriculture to
shift from the farmer to the industries that
supply the inputs and market the ourpurs,
Madden and Chaplowe (708} estimate that
between 1910 and 1990, the share of the
ULS, agricultural economy going to farmers
declined from 41% 1o 9%, while the mar-
keting and farm input industries’ shares
increased by similar amounts (108).

As farmers’ profit margins shrink, some
farmers choose to enlarge their aperations to
compensate. Invariably, this means some
farmers get pushed oat of business. For
example, in the hog industry, about ene-
fourth of ali 1.5, producets wear out of
business berween 1998 and 2006 {117,
leaving only 50 producers controlling one-
half of all hog preduction (118).

The wend roward large-scale farming has
implications for the economic health of rural
communities. Studies have shown that inde-
pendent hog farmers produce more jobs,
more Jocal retail spending, and more local
per <apita income than do larger corporate
openations {62). Profits generated by small-
scale producers (of hogs or any other com-
modity} are more likely to remain in the
community and create multiplier effects in
the local economy.

Drespite these beaefits of small farms,
U.S. agricalcural subsidies flow dispropor-
tionately to large farms. The International
Institute for Sustainable Development {8},
based in Winnipeg, Canada, reports thar

Almost 30% of subsidies go to the top 2% and
over four-fifths 1w the top 30%. lroaically, if the
United States government were to shift its tasgee
from the rop 30% tw the bortom 70% of fazm-
ers, it could save at least $8 billion a year while
supplying a competitive boost to lower-income
farms,

Government subsidies often help perpetu-
ate unsustainable practices, For example, one
of the largest beneficiaries of federal agricul-
tural subsidies are the cartde ranchers whose
animals graze on federal lands for less than
ong-third the price they would pay on privare
land. Total subsidies in the federal grazing
PIOErAIn Cost taxpayers at beast 3300 million a
year, ot counting the cost of the environ-
mental degradation caused by overgrazing {8).

Subsidies often stimulate greater use of
chemical inputs, despite their environmen-
1al and public health harms. Rice farmers in
fapsn, Taiwan, and Korea use just over

one-half of all insecticides applied 1o rice
worldwide yer produce only 2% of the
world’s crops, The reason is thar farge gov-
ernment price supports {$13 billion worth in
Japan) make it profitable to increase insecri-
cide use even when the resufting production
gains are small (179,

Besides encouraging harmful practices,
farm subsidy programs often fail to reward
good stewardship. They rend ro emphasize 2
handful of major crops and “put resource-
conserving crop rotations at a financial dis-
advantage” (720). Farmers receive no
governiment incentives for sustainable prac-
tices such as growing clover or alfaifa w
enhance soit ferdlicy (120),

Governments also help perpetuate chem-
ical-intensive agricultuse by funding research
on chemical fixes for agricuttural problems,
1o the exclusion of research on more sustain-
able options. Of 30,000 agricultural research
projects on the USDA’s Current Research
Information System for 1993, only 34 had a
strong organic focus (121},

Adopting  sustainable methods,
Government programs, research, and other
factors can influence moves roward sustain-
ability in agriculture, but ultimately this
shift also involves decisions by individual
farmers. Some farmers will be motivated 10
change because of envitonmental concerns,
but we alsa need to reassure farmers that sus-
rainable mechods are economically viable.
Comparisons between conventional {indus-
wrial) and sustainable agriculeure systems can
be complicated, bur those thar exist describe
sustainable practices as “highly productive
and economically competitive" (1105

In the early 1990s, the Gallo Wine
Cempany (Sonoma Couaty, CA} shifted
6,000 acres of wine grapes from conventional
to organic methods. After a tansition phase
during which productien was more expen-
sive, Gallo was producing yields equivalent to
those produced by its previous chemical
metheds but at a lower cost per acre ({15).

Sustainable systems are especially aprt to
compare faverably with cenventional sys-
tems when the comparisen includes a full-
cost accounting of the environmental and
public health harms and benefits of each
system. For example, if a conventional sys-
tern were to produce higher vields per acre
than 2 sustainable one but also degrade local
watet supplies because of pesticide or ferdl-
izer runoff, the benefits of the higher vield
may be offset by the cost of environmenzal
cleanup (costs that are usually “external-
ized,” meaning they are patd by seciery
rather than the poliurer).

Other factors char influence adoption of
sustainable practices are land ownership and
the age of the farmer. According 1o an FAG
report (123},
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Land tenure is ... critical to the adoption of
arganic [free of synthetic chemicals] agriculture.
It is highly pnlikely thar tenant farmers would
invest the necessary Jabour and sustain the diffi-
cult conversion period without some guaranzee
of access to the land in Jater yeart when the bene-
fits of orpanic production are arminable.

Urban agriculture. The world is becom-
ing increasingly urbanized. The Uniced
Nations has estimated that wotld population
will increase by about 2 billion people in the
next 30 years, and all of that growth is
expected to occur in urban areas {population
growth plus continued migration 1o cities)
{123). This makes urban agriculture an
increasingly important companens of agri-
cultural sustainability,

Because it produces closer 1o consumess,
urban agriculture reduces energy costs and
pollution from transport and storage and
reduces packaging and spoilage. It also offers
a viable use for urban waste {such as waste-
water for irrigation), cteates economic devel-
apment, and impraves food security in poor
comtnunities { 124),

Alternative marketing. Farmers can cap-
ture more of the profitability of agricultare
through value-added products or direct mag-
keting strategies such as farmers markets and
community-supperted agriculture {CSA). In
the CSA model, consumers purchase a
“share” in a farm and receive a portion of its
harvest. This gives farmers more working
capiral at the beginning of the growing sea-
son and a guaranteed marker at the end.
Cansumers develop a direct ink w their food
supply and have input into production deci-
sions, C5As have helped keep many small
farms in business (125}, Meanwhile, farmers
markets have enjoyed rapid growrth in the
Unired Stares. Between 1994 and 2004, the
number of U.S. farmers markezs increased by

63%, from 1,755 10 2,863 (126),
Canclusion

Hunger and food insecurity are currently
problems not of resource searcity bur of
insufficient political will or moral imperative
to change the way food is allocated-—
Pinstrup-Anderson et al. have estimared thar
the developing world alone is producing
enough food to provide every person with
> 2,500 calories/day {127). If unsustainable
agriculture remains the norm, however,
scarcity of resources could soon become a
major factor in food insecuricy.

Coupled with energy- and resource-
intensive food production methods, rising
population and rising per capita consump-
tion are bringing us closer to the limits of
the planet's ability to produce food and fiber
for everyone, The world’s fisheries may be
putting out a warning signal about nature’s
Hmits. The FAQ reported that “11 of the
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world’s 15 most impottant fshing areas and
70% of the major fish species are either fully
o1 overexploited” { 1.28).

The United Nations’ mest recent
midrange prejection is that the world pepu-
lation will increase to 9.3 billion by 2050
(129). The world’s population is rapidly
becoming more urbanized, In 1975, about
ane-third of the world’s people lived in ciries
(130); by 2030, that figure is expected to rise
ta > 60% (/37). Both population growth
and urbanization bode ilf for the environ-
ment and the social otder that it apholds.
To meet their need for food and other
goods, the additional people will make fur-
ther demands upon finite resources such as
arzble land, fertite sotl, and freshwater.

When people move from rural to urban
areas, they characteristically increase their
consumption, including the amount of ani-
mal products they consume. Thus, the com-
binatien of more peopie and greater
conswmption per capira are creating a threat
of future scarcity in vital resourees,

These problems are complex and have
no single solation, which leaves many people
feeling poweless to affect them.

One personal act that can have a profound
impact on these issues is reducing meat con-
sumption. To produce 1 pound of feedlot beefl
requires about 2,400 gallons of water and 7
pounds of grain (42). Considering thar the
average American consumes 97 pounds of beef
{(and 273 pounds of meat in all} each year,
even modesz reductions in meat consumption
in such a culrure would substantially reduce
the burden on our natural resources.

Far the United Staces and other industri-
alized narions, lowered meat consumption
would yield significant public health benefits,
particularly 2 reduction in hearr diseass, sev-
eal cancers, and other chronic diseases. These
discases are largely associated with the exces-
sive fat and protein intakes that are characrer-
istic of animal-based diets. Coupled with
sedentary lifestyles, excess meat consumption
also contributes to the epidemic of ohesiry,

Public policies that encourage a shift
toward a more plant-based diet could bolster
individual actiens in this area. These policies
should include preventing factory farms
from polluting and requiting them to pay
cleanup costs when they do pollute. Wichout
such policies, the products of factary farms
will continge o be artificially cheap, in that

rices will not reflece their impact on the
environment, human healch, animal welfare,
ar the econemic and social stability of rural
comemunities,

Both the individual and collective
actions described above would hasten the
shift toward 2 more sustainable agriculture,
which is an important component in the
larger transition to a sustainable economy.
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Sustainable agriculture is not merely a
package of prescribed methods. Mare
important, it is a change in mindset whereby
agriculruee acknowledges its dependence on
a finite natural resource base—including the
finite quality of fossil fuel energy that is now
a critical component of conventional farm-
ing systems. [t also recognizes that farm
management problems {weeds, insects, ete.)
cannot be dealt with in isolarion bur must be
seen as part of a whole ecosystem whose bal-
ance must be maintained.

In this paper we have introduced some
of the enviranmental and human health
problems inherent in industrial agriculeare,
In many respects, industriat-style meat pro-
duction provides a worst-case example of
these problems. It also provides an opporru-
nity for dramatic improvements in environ-
mental stewardship and public healch,
Because meat consumption is such a major
component in the broader issaes described
here, its reduction—through both individual
and collective action——can have profound
effects on the health of humans, animals,
and the enviromiment.
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