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Abstract   
 
The industrial agriculture system consumes fossil fuel, water, and topsoil at unsustainable rates. 
It contributes to numerous forms of environmental degradation, including air and water 
pollution, soil depletion, diminishing biodiversity, and fish die-offs. Meat production 
contributes disproportionately to these problems, in part because feeding grain to livestock to 
produce meat--instead of feeding it directly to humans--involves a large energy loss, making 
animal agriculture more resource 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 antibiotics, which may compromise their effectiveness in medical use. At the consumption 
end, animal fat is implicated in many of the chronic degenerative diseases that afflict industrial 
and newly industrializing societies, particularly cardiovascular disease and some cancers. In 
terms of human health, both affluent and poor countries could benefit from policies that more 
equitably distribute high-protein foods. The pesticides used heavily in industrial agriculture 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 problems associated with current food production 
practices and discuss how these systems could be made more sustainable. 
 
Introduction 
 
The Union of Concerned Scientists (1) said that industrial agriculture views the farm as a factory 
with "inputs" (such as pesticides, feed, fertilizer, and fuel) and "outputs" (corn, chickens, and so 
forth). The goal is to increase yield (such as bushels per acre) and decrease costs of production, 
usually by exploiting economies of scale.  Industrial agriculture depends on expensive 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 fuels; and it tends toward 
concentration of production, driving out small producers and undermining rural communities.  
 
The following environmental and public health concerns are associated with the prevailing 
production methods: 
 
(1) Monocultures are eroding biodiversity among both plants and animals. 
(2) Synthetic chemical pesticides and fertilizers are polluting soil, water, and air, harming both 

the environment and human health. 
(3) Soil is eroding much faster than it can be replenished--taking with it the land's fertility and 

nutrients that nourish both plants and those who eat them. 
(4) Water is consumed at unsustainable rates in many agricultural areas. 

                                                           
1  Center for a Livable Future, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA 
2  Horrigan L, R.S. Lawrence and P. Walker.  2002. How Sustainable Agriculture Can Address the Environmental and 

Human Health Harms of Industrial Agriculture. Environ Health Perspect 110:445-456. doi:10.1289/ehp.02110445 
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Many of the problems inherent in industrial agriculture are more acute when the output is meat.  
Our food supply becomes more resource intensive when we eat grain-fed animals instead of 
eating the grain directly, because a significant amount of energy is lost as livestock convert the 
grain they eat into meat. Cattle are the most inefficient in their energy conversion, requiring 7 kg 
of grain to produce 1 kg of beef (compared to 4:1 for pork and 2:1 for chicken) (2).  Despite this 
inefficiency, livestock diets have become higher in grains and lower in grasses. The grain raised 
to supply feedlots (cattle) 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 attendant problems (e.g., pesticide resistance in insects, 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 increase in antibiotic resistance in humans. In addition, the most prevalent 
foodborne pathogens are overwhelmingly associated with animal products, 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--particularly saturated fat-
-and protein, animal-based diets are linked to many of the chronic degenerative diseases that 
are characteristic of affluent societies, such as heart disease; colon, breast, and prostate cancer; 
and type II diabetes. The animal-based diet that prevails in the industrialized world--and is on 
the rise in many developing countries--thus harms both 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 countries. 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 at all (3).  Some portions of the developing 
world are beginning to adopt Western dietary patterns and, as a result, are experiencing an 
increase in the chronic diseases associated with a richer diet. China offers a sobering case in 
point: meat consumption nearly doubled countrywide during the 1990s (4), with the increase 
especially pronounced among urban residents. This dietary shift is considered a major reason 
that chronic 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 to Zhao et al. (5), measles, tuberculosis, and senility were the three most common 
causes of death before 1950, but in 1985 malignant tumors, cerebrovascular disease, and 
ischemic heart disease were the most common. To support its "Westernizing" diet, China has 
also begun a shift toward more of the resource-intensive agricultural practices that predominate 
in richer countries. 
 
Resource-intensive agricultural practices are considered unsustainable for two reasons: much of 
the consumption is of nonrenewable resources, in particular, fossil fuels; and consumption of 
some renewable resources is occurring faster than the rate of regeneration.  Developing a 
sustainable economy involves more than just a sustainable food system, and the food system 
involves more than just agriculture. However, because agriculture can have such profound 
effects on the environment, human health, and the social order, it is a critical part of any 
movement toward sustainability.  Sustainable agriculture systems are based on relatively small, 
profitable farms that use fewer off-farm inputs, integrate animal and plant production where 
appropriate, 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.S. 
farm uses 3 kcal of fossil energy in producing 1 kcal of food energy (in feedlot beef production, 
this ratio is 35:1), and this does not include the energy used to process and transport the food.  
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Sustainable systems involve less reliance on chemical inputs and decreased emphasis on 
economic efficiencies that shunt environmental costs onto society. 
 
The health of both the environment and humans would be enhanced if more of our farms made 
the transition to sustainable systems of production. A more sustainable food system would 
involve closer connections between producer and consumer, meaning more direct marketing of 
foods to local consumers (through farmers markets, community-supported agriculture farms, 
farmer cooperatives, etc.). These localized marketing strategies mean shorter distances from the 
farm to the dinner plate, and therefore less energy use for food transport. 
 
In this paper, we use examples from around the world to illustrate our points, but we place 
heavy emphasis on the U.S. food system because it represents one of the worst-case examples of 
the pitfalls of industrial agriculture. The type of agriculture that has become conventional 
throughout the industrialized world is, in historical terms, a new phenomenon. Humans have 
practiced agriculture for more than 10,000 years, but only in the past 50 years or so have 
farmers become heavily dependent on synthetic 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 
350% (6,7). 
 
The higher yields of industrial agriculture have come, however, at great cost to the environment 
and the social fabric--costs that are not included in the price of our food (economists would call 
these costs "externalities"). Low prices at the grocery store give 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 to agriculture. In 1996, the U.S. government spent $68.7 
billion on agricultural subsidies, which translates into $259 per consumer and even more per 
taxpayer (8).  Industrial agriculture's tendency toward larger, more mechanized farms has also 
exacted a social toll. Studies have shown that farm consolidation leads to the deterioration of 
rural communities (9). According to University of California anthropologist Dean MacCannell: 
We have found depressed median family incomes, high levels of poverty, low education levels, 
social and economic inequality between ethnic groups, etc., ... associated with land and capital 
concentration in agriculture (10). 
 
In this paper we first outline the environmental and public health problems associated with our 
current agricultural system, highlighting animal agriculture as a worst-case example. We then 
discuss how a sustainable agriculture can address these issues. 
 
Impact of Food Production on the Environment 
 
Fertilizers   
 
In 1998, the world used 137 million metric tons of chemical fertilizers, of which U.S. agriculture 
consumed about 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 (11,12). Tilman (13) 
estimated that crops actually absorb only one-third to one-half of the nitrogen applied to 
farmland as fertilizer.  Nitrogen that runs off croplands into the Mississippi River and its 
tributaries has been implicated as a major cause of a "dead zone" in the Gulf of Mexico (14). This 
zone suffers from hypoxia--a dearth of dissolved oxygen (< 2 mg/L). Excess nutrients fuel algal 
blooms by speeding up the algae's growth-and-decay cycle. This depletes oxygen in the water, 
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killing off immobile bottom dwellers and driving off mobile sea life such as fish and shrimp. In 
1999, the Gulf's dead zone grew to 20,000 km2 (about 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. Additionally, some ecologists contend that this decrease in diversity makes the 
ecosystem more susceptible to drought, although this issue has been controversial (16).  
Chemical fertilizers can gradually increase the acidity of the soil until it begins to impede plant 
growth (17). Chemically fertilized plots also show less biologic activity in the soil food web (the 
microscopic organisms that make up the soil ecosystem) than do plots fertilized organically with 
manure or other biologic sources of fertility (18). 
 
Pesticides 
 
Each year the world uses about 3 million tons of pesticides (comprising herbicides, insecticides, 
and fungicides), formulated from about 1,600 different chemicals. Complete toxicity data are 
lacking, however, for most of these substances. In the United States, insecticide use increased 
10-fold between 1945 and 1989 (19).  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 imprecise nature of pesticide application. Cornell entomologist David Pimentel (19) 
and colleagues stated: 
 

It has been estimated that only 0.1% of applied pesticides reach the target 
pests, leaving the bulk of the pesticides (99.9%) to impact the environment. 

 
That environmental impact can include widespread decline in bird and beneficial insect 
populations. This can disrupt the balance between predator and prey because pests often 
recover faster from pesticide applications than do the predators that normally keep pest 
populations under control (20). Pesticide runoff and airborne pesticide "drift" pollute surface 
waters and groundwater.  Some of the more disturbing findings on pesticide impact are as 
follows: 
 
(1) The number of honeybee colonies on 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 
natural enemies such as mites--and can also disrupt their reproduction and development 
(21,22). Honeybees are involved in the pollination of at least $10 billion worth of U.S. crops 
(23), providing farmers with an essential "natural service." 

 
(2) A study in the St. Lawrence River Valley in Quebec, Canada, suggests a link between 

pesticides and developmental abnormalities in amphibians. 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 deformities may 
be caused by UV-B radiation (25) or parasites (26). 

 
(3) Pesticide exposures have compromised immune function in dolphins, seals, and whales (27). 

Because of the widespread use of pesticides, many target species--whether insects or plants--
develop resistance to the chemicals used against them. The number of insect species known 
to display pesticide resistance has increased from < 20 in 1950 to > 500 as of 1990. 
Meanwhile, scientists have identified 273 plant species that exhibit herbicide resistance 
(28,29). 
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Soil 
 
Land degradation – and, in particular, the deterioration of soils – is one of the most serious 
challenges facing humankind as it attempts to feed a growing population. It takes anywhere 
from 20 to 1,000 years for a centimeter of soil to form (30), yet the United Nations has 
estimated that wind and water erode 1% of the world's topsoil each year (31).  In 1990, Oldman 
et al. (32) estimated that since World War II, poor farming practices had damaged about 550 
million hectares--an area equivalent to 38% of all farmland in use today.  More than 30 years 
ago, the U.S. Soil Conservation Service recommended that farmers reduce soil erosion to no 
more than 5 tons of topsoil per acre per year (33). Between 1982 and 1997, the average erosion 
rate fell from 7.3 tons per acre per year to 5 tons (34). 
 
Industrial agriculture also endangers soil health because it depends on heavy machinery that 
compacts the soil, destroying soil structure and killing beneficial organisms in the soil food web 
(35).  Free-range cattle can have a positive influence on natural ecosystems when they graze in a 
sustainable fashion. The U.S. Department of Agriculture (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 soil and stripping the land of vegetation that holds soil in place. 
Feedlot cattle (and industrial animal agriculture in general) destroy topsoil because growing 
grain for this industry requires so much cropland. 
 
Land 
 
Most of the world's arable land either is in use for agriculture or has been used up by 
(unsustainable) agriculture, 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.  An extreme 
example of land degradation is the phenomenon known as desertification, which the United 
Nations has defined as "land degradation in arid, semi-arid and dry sub-humid areas resulting 
from various factors, including climatic variations and human activities" (38). The annual global 
cost of desertification has been roughly estimated at $42.3 billion (39). 
 
Desertification reduces the amount of land available for agriculture. Agriculture can contribute 
directly to desertification through poor agricultural practices such as overcultivation, 
overgrazing, and overuse of water, and indirectly when land is deforested to create new cropland 
or new pastures for livestock. According to the Worldwatch Institute, almost 20 million km2, or 
15% of the all land surface, may already be experiencing some degree of desertification (40). 
 
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 yields per land unit. Both avenues to higher grain 
production have become more constrained in recent years (41).  The discussion of grain supplies 
sometimes leaves out the impact of meat production and consumption on these calculations. A 
reduction in meat consumption would help alleviate land scarcity because 37% of the world's 
grain, and 66% of U.S. grain production, is fed to livestock (42).  Land planted in cereal grains 
produces 2-10 times as much protein for human consumption as land devoted to beef 
production; for legumes the ratio is anywhere from 10:1 to 20:1 (43). Yet, in the competition for 
land in poorer countries, the cattle industry sometimes crowds out subsistence farmers, who are 
then forced to grow food on marginal land. Often, that land is steep and susceptible to erosion 
when cultivated (44). 
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Water 
 
Agriculture affects water resources in two ways: irrigating fields using surface waters or aquifers 
diverts water from other potential uses; and when farming practices pollute surface waters and 
aquifers, they reduce the amount of water that is suitable for other uses.  The U.S. 
Environmental Protection Agency has blamed current farming practices for 70% of the pollution 
in the nation's rivers and streams. The agency reports that runoff of chemicals, silt, and animal 
waste from U.S. farmland has polluted more than 173,000 miles of waterways (45).  Agriculture 
accounts for about two-thirds of all water use worldwide, far exceeding industrial and municipal 
use (46). In many parts of the world, irrigation is depleting underground aquifers faster than 
they can be recharged. In other cases, agriculture depends upon "fossil aquifers" that mostly 
contain water from the last ice age. These ancient aquifers receive little or no recharge, so any 
agriculture that depends upon them is inherently unsustainable. 
 
The Ogallala Aquifer covers parts of eight states in the U.S. Midwest and is a critical resource for 
the region's agriculture. The aquifer receives little recharge, and its water table is dropping as 
much as 1 m/year (30). It has been estimated that in another decade or two the aquifer will be so 
low that its use for irrigation will become prohibitively expensive (41). 
 
Irrigation has been used to turn many low-rainfall regions into agricultural wonders--at least in 
the short term. One-third of all the food we grow comes from the one-sixth of cropland that is 
irrigated (33). However, excessive irrigation can exact an ecologic price, through waterlogging 
and salinization. Irrigation water leaves behind salts that slowly diminish the soil's productivity. 
The Food and Agriculture Organization of the United Nations (FAO) estimates that about 13% of 
the world's irrigated 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 (47). According to hydrologist Daniel Hillel (33), many of the problems with 
irrigation arise from careless practices such as overwatering. He advocates modernizing the 
irrigation systems in developing countries, where the most acute irrigation problems exist. 
 
Water use in irrigation is extremely inefficient: 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 extracted for 
irrigation actually reaches crops. Agriculture extracts 92% of the water taken from the river, 
which in 1997 failed to reach the sea for 226 days, its worst dry spell ever recorded. Since the 
1950s, the amount of land irrigated with water from the Yellow River has more than tripled (48).  
In parts of the United States, much of the water used for irrigation serves the livestock sector. 
For example, the beef feedlots of Colorado, Kansas, Nebraska, and the Texas panhandle get their 
feed grain from irrigated agriculture that relies on diminishing groundwater supplies. Beef 
production requires large volumes of water--as much as 100 times that required to produce 
equivalent amounts of protein energy from grains (49). 
 
Energy 
 
Converting grain into meat entails a large loss of food energy, particularly if cattle are doing the 
converting. Conservative estimates are that cattle require 7 kg of grain to create 1 kg of beef, 
compared with about 4 kg for pork and just over 2 kg for chicken (50). Fossil fuel energy is also 
a major input to industrial agriculture. The food production system accounts for 17% of all fossil 
fuel use in the United States, and the average U.S. farm uses 3 kcal of fossil energy in producing 
1 kcal of food energy. Meat production uses even more energy. In the typical feedlot system--
where a little more than one-half of the cattle's feed is grain--the fossil energy input is about 35 
kcal/kcal of beef protein produced (37).  In addition, the road from the farm to the dinner plate 
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is an energy-intensive one because transporting, processing, and packaging our food require 
large amounts of fuel. For instance, before arriving at the Jessup (Maryland) Terminal Market, 
vegetable shipments travel, on average, about 1,600 miles and fruit shipments about 2,400 
miles (51). Some estimated energy inputs for processing various foods are 575 kcal/kg for 
canned fruits and vegetables, 1,815 kcal/kg for frozen fruits and vegetables, 15,675 kcal/kg for 
breakfast cereals, and 18,591 kcal/kg for chocolate (37).   
 
A 1969 study by the Department of Defense estimated that the average processed food item 
produced in the United States travels 1,300 miles before it reaches consumers (52). Processing 
accounts for about one-third of the energy use in the U.S. food system, and each calorie of 
processed food consumes about 1,000 calories of energy (52). In all likelihood, the food system 
has become more energy intensive since the time of this study. 
 
Biodiversity 
 
Agriculture is dependent on biodiversity for its existence and, at the same time, is a threat to 
biodiversity in its implementation. One way that agriculture depends on biodiversity is in 
developing new varieties of plants that keep pace with ever-evolving plant diseases. When plant 
breeders need to find a resistance gene to improve a domestic variety, they sometimes cross-
breed the variety with a wild relative. However, because they are under pressure to bring a 
product to market quickly, plant breeders usually search for a single gene that confers 
resistance. This practice is risky, as Cary Fowler and Pat Mooney explain in Shattering: Food, 
Politics, and the Loss of Genetic Diversity (53): 
 

Frequently, resistance in a traditional landrace [wild variety] is not nearly so simple 
[as one gene]. Resistance may be the product of a complex of genes, literally hundreds 
of genes working together.... By utilizing one-gene resistance ... the plant breeder gives 
the pest or disease an easy target. It has only to overcome or find a way around that 
one line of defense.... The use of one gene for resistance, one gene which is routinely 
overcome by pest or disease, results in that gene being "used up." It no longer provides 
resistance. 

 
It may have taken thousands of years for a wild plant to develop its complex of resistance genes, 
but modern plant breeding methods are chipping away at this natural resource--one resistance 
gene at a time--and at a rate beyond nature's ability to replenish it (54).  The practice of 
monocropping or monoculture--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 
monocropping if a crop variety that may be susceptible to a plant disease or insect pest is 
planted contiguously and in great volume. 
 
Industrial agriculture erodes biodiversity not only because it favors monocultures but also 
because those monocultures replace diverse habitats. One example is the way rice monocultures 
crowd out local wild varieties. In the Philippines, Indonesia, and some other developing 
countries, more than 80% of farmers now plant modern rice varieties. In Indonesia, this led to 
the recent extinction of 1,500 local rice varieties in just 15 years (55). 
 
Another threat to biodiversity is the continued 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 controlled 30% of the global market (56). Large seed companies tend to rely on first-
generation hybrids because they force growers to buy new seed every year. As the industry has 
consolidated, traditional varieties have been removed from seed catalogs at an alarming rate. In 
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1981, nearly 5,000 nonhybrid vegetable varieties were being sold through mail-order catalogs; 
by 1998, 88% of those varieties had been dropped (57). 
 
The dependence of industrial agriculture on synthetic chemicals has reduced biodiversity in the 
insect world, as well. Pesticides kill wild bees and other beneficial species that are nontarget 
victims. Managed pollination--a $10 billion a year industry in the United States and Canada--
relies on just two species of bee. In contrast, North America has 5,000 wild bee species, but 
these have mostly disappeared from agricultural lands, due primarily to pesticides, a lack of 
floral diversity, destruction of habitats, and competition with managed pollinators (58). 
Excessive fertilizer use also reduces biodiversity because of the effect that nitrogen runoff is 
having on ecosystem balance. A minority of species can thrive in high-nitrogen environments, 
and these sometimes crowd out all other species in the ecosystem (59). 
 
Global Warming and Climate Change 
 
Agriculture is directly responsible for about 20% of human-generated emissions of greenhouse 
gases, according to estimates by the Intergovernmental Panel on Climate Change. Changes in 
land use contribute about 14% of the total human-generated emissions of greenhouse gases, and 
much of this land development is for agricultural purposes (60). 
 
Industrial Animal Production 
 
Animals have traditionally played an important role in agriculture, not only as a source of food 
but also as a way to recycle nutrients and build soil organic matter. Their manure deposited on 
croplands or rangelands helps build the fertility of the soil.  In recent decades, however, 
industrial agriculture has increasingly separated animals from the land. More and more meat 
production is occurring in concentrated operations commonly called factory farms.  The manure 
output from these factory farms overwhelms the capacity of local croplands to absorb it. The 
USDA has estimated that animals in the U.S. meat industry produced 1.4 billion tons of waste in 
1997, which is 130 times the nation's volume of human waste--or 5 tons of animal waste for 
every U.S. citizen (61). 
 
By concentrating thousands of animals into a small area, industrial animal production creates 
threats to both the environment and human health. 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 example, between 1967 and 1997 
the number of hog farms in the United States declined from over a million to just 157,000. The 
largest 3% of farms (all with at least 1,000 hogs each) now produce 60% of U.S. hogs (61,62).  
According to Copeland and Zinn (62), the story is similar in poultry and beef output: 
 

 Broiler production nearly tripled between 1969 and 1992, while the number of farms with 
broiler houses dropped by 35%.... Firms with more than 100,000 broilers accounted for 70% 
of all sales in 1975, but now account for more 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 absorbed by local croplands, 
the industry stores it in open pits--euphemistically called "lagoons" by the industry--that are 
prone to spills. Animal waste is a major contributor to the excessive nutrient loading that is 
suspected of causing outbreaks of Pfiesteria piscicida and large fish kills in North Carolina 
waters and in the Chesapeake Bay in recent years (61,63). 
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By concentrating hundreds or thousands of animals into crowded indoor facilities, factory farms 
raise ethical issues about their treatment of animals. Each full-grown chicken in a factory farm 
has as little as 0.6 ft2 of space. Crowded together in this way, chickens become aggressive 
toward each other and sometimes even eat one another. For this reason, factory farms subject 
them to painful debeaking (64).  Hogs, too, become aggressive in tight quarters and often bite 
each other's tails. In response, factory farmers often cut off their tails. Concrete or slatted floors 
allow for easy removal of manure, but because they are unnatural surfaces for pigs, they result in 
skeletal deformities of the legs and feet (65). Ammonia and other gases from the manure irritate 
animals' lungs, making them susceptible to pneumonia. Researchers from the University of 
Minnesota found pneumonia-like lesions on the lungs of 65% 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 tender. They are kept in isolation and near or total darkness during their 
4-month lives and are fed an iron-deficient diet to induce anemia so that their flesh develops the 
pale color prized in the marketplace (65). 
 
Genetically Engineered Crops 
 
Genetically engineered crops have been on the market only since 1996, but already they occupy 
130 million acres worldwide, including a 19% increase in acreage in 2001. This includes 88 
million acres in the United States (67).  Transgenic crops have been defined as genetically 
engineered to contain traits from unrelated organisms. In traditional plant breeding, a desired 
trait must be obtained from a closely related species that will breed with that plant through 
natural mechanisms, but genetic 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 discuss the ethics of transgenic 
crops, but we review the health issues in "Impact of Food Production and Diet on Health" below. 
 
The environmental concerns raised by genetically engineered crops include the following: 
 

 Gene transfer to wild relatives: Herbicide-resistance genes engineered into crops can spread 
to wild relatives of those crops. The FAO has said this "could create super-weeds and make 
weed control more difficult" (69). 

 Increased herbicide use: The most common reason for manipulating crop genes is to confer 
resistance to commercial herbicides. Increased use of genetically engineered crops of this 
sort will likely be accompanied by increased use of the relevant herbicides (69). Weeds 
would therefore be exposed to more herbicide, helping them develop herbicide resistance 
more rapidly. 

 Insect resistance to Bacillus thuringiensis (Bt) toxin: The second most popular reason for 
genetically engineering crops is to give them resistance to insects, viruses, and fungi. Genetic 
engineers have produced insect resistance in corn, rice, cotton, tobacco, and many other 
crops by introducing a gene that produces the Bt toxin. In other words, the plant gives off its 
own pesticide, so farmers do not need to apply pesticides. In nature, the soil bacterium B. 
thuringiensis produces the Bt toxin. The widespread use of Bt crops would in all likelihood 
hasten the development of Bt resistance in insects that are currently vulnerable to this 
natural pest control method. This would eliminate an important organic pest control method 
often used by organic growers as a last resort (68). Bt crops may also pose risks for nontarget 
species. Two recent studies reported that pollen from Bt corn can be deadly for monarch 
butterfly larvae (70,71). 
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Impact of Food Production and Diet on Health 
  
The preceding section describes the environmental harms caused by our dominant food 
production system. Industrial food production methods--and some of the foods they produce--
are also causing both acute and chronic disease in humans. Among the problems are the 
following: 
 
(1) Animal-based foods contribute to chronic diseases. 
(2) Pesticide residues enter our bodies through air, water, and food and raise risks for certain 

cancers as well as reproductive and endocrine system disorders. 
(3) Concentrated, high-speed meat production leads to a greater risk from food-borne 

pathogens, some of them newly emerging. 
(4) Excessive use of antibiotics in animal agriculture may create resistant strains of microbes in 

humans. 
 
In this section we discuss many comparison studies of the diets of various population groups 
and their health outcomes.  These epidemiologic studies have methodologic deficiencies, in that 
most data sources are not sufficiently comprehensive to eliminate the effects of all possible 
confounding variables during multivariate analysis. However, in cases where the body of 
epidemiologic evidence is substantial and/or the disparities are large, these comparisons still 
provide results worthy of our consideration. 
 
Diet and Disease  
  
We have evidence that large quantities 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 saturated fat, dominate in the West and are on the increase in 
many developing countries.  Although undernutrition is still common in developing countries 
(affecting about 800 million people worldwide), in affluent countries the main causes of death 
are associated with overnutrition. In the United States, for example, the average adult male 
consumes 154% of the recommended daily allowance (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 to a 34% average 
worldwide (37). Meanwhile, the World Health Organization (WHO) estimates that > 40% of 
children (or 230 million) in poor countries are stunted by undernutrition (74). 
 
According to the U.S. Surgeon General (75), the "preponderance" of scientific evidence strongly 
suggests that a dietary pattern that contains excessive intake of foods high in calories, fat 
(especially saturated fat), cholesterol, and sodium, but that is low in complex carbohydrates and 
fiber, is one that contributes significantly to the high rates of major chronic diseases among 
Americans.  Animal products contain no fiber and almost no complex carbohydrates. Animal 
products are also the only source of cholesterol in the diet, and they contribute most of the 
saturated fat in the typical U.S. diet. On the other hand, vegetarian diets are associated with 
lower rates of chronic disease. According to the American Dietetic Association (76), a 
considerable body of scientific data suggests positive relationships between vegetarian diets and 
risk reduction for several chronic degenerative diseases and conditions, including obesity, 
coronary artery disease, hypertension, diabetes mellitus, and some types of cancer. 
 
Cardiovascular disease – Diseases of the circulatory system account for almost one-half of 
all deaths in the developed world, according to the WHO (77). Mortality from circulatory system 
disease has been falling in affluent countries in recent years but it is increasing in newly 
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industrializing countries 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 rates and greater urbanization).  In 1999, the 
average U.S. citizen consumed 124 kg (273 pounds) of meat. By contrast, average meat 
consumption for all industrialized countries is 77 kg/person, and for all non-industrialized 
countries it is 27 kg. Since 1961, U.S. per capita meat consumption has increased by 40% (4). 
 
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 manufactures all the 
cholesterol it needs, and any cholesterol acquired through diet comes from animal foods because 
plant foods contain no cholesterol (78).  Consumption of animal foods elevates a person's 
cholesterol level, and this in turn elevates the person's risk for heart attack, stroke, and arterial 
disease. Whereas the average cholesterol level among heart attack victims is 244 mg/dL of blood 
serum, heart attack risk falls to virtually zero when the cholesterol 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 consume dairy products and/or eggs have lower cholesterol 
levels than do omnivores. Still lower are cholesterol levels in vegans, people who refrain from 
eating any animal products. One meta-analysis found that in nine comparison studies, vegans 
had an average cholesterol level of 158 mg/dL, vegetarians 182 mg/dL, and omnivores 193 
mg/dL (80). Vegetarians also have lower-than-average mortality in general, and this is 
attributed mostly to their lower rates of heart disease and certain cancers (80). 
 
Cancer – Diets which 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 leads to lower risk of not 
only colon cancer but also breast and prostate cancer (80). Prostate cancer has been linked to 
high intakes of calories, total fat, and milk, meat, and poultry (82).  Lung cancer is also less 
prevalent in vegetarians, even when one controls for the effects of smoking (83).  Countries with 
high rates of fat consumption have the highest breast and colon cancer mortality, whereas the 
lowest death rates from these diseases occur in populations with the lowest levels of fat 
consumption (84). 
 
Diabetes – Seventh Day Adventists are overwhelmingly vegetarian or near-vegetarian, so 
researchers and others often compare their health outcomes with those of the general 
population. One study (80) found that rates of diabetes in Seventh Day Adventists were 45% of 
rates in all U.S. white adults, and that type II (non-insulin-dependent) diabetes correlated 
positively with obesity and fat and protein intake. Vegetarians have lower rates of these risk 
factors (80).  Treatment programs for diabetics now recommend drastic reductions in 
consumption of meat, dairy products, and oils but increased consumption of grains, legumes, 
and vegetables. 
 
Medical costs of meat consumption – Barnard et al. (85) estimated that meat consumption 
costs the United States roughly $30-60 billion a year in medical costs. The authors made this 
calculation (which they considered a conservative one) on the basis of the estimated 
contribution that eating meat makes to the diseases discussed above, plus other chronic diseases 
common in affluent countries and foodborne illnesses linked to meat consumption. 
 
Pesticides and Health – Pesticides produce both short- and long-term effects on human 
health. The United Nations has estimated that about 2 million poisonings and 10,000 deaths 
occur each year from pesticides, with about three-fourths of these occurring in developing 
countries (86). The long-term effects of pesticides include elevated cancer risks and disruption 
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of the body's reproductive, immune, endocrine, and nervous systems. Population-based studies 
have shown associations between certain types of pesticide and certain cancers.  Pesticides can 
suppress the immune system. In a 1996 report, Repetto and Baliga (27) cite epidemiologic 
evidence of an association between pesticide exposure and increased incidence of human 
disease, particularly those diseases to which immunocompromised individuals are especially 
prone (27). 
 
The list of pesticides that are suspected endocrine disruptors includes atrazine and alachlor, two 
of the most commonly applied herbicides on corn and soybean crops in the United States. Just 
over one-half of the herbicides used in the United States in 1991 were applied to corn, soybeans, 
or cotton (88).  Many pesticides have not been tested for their toxicity, and testing in the past 
has focused on acute effects rather than long-term effects. In an inventory of commonly used 
chemicals in 1984, the National Research Council found that data required for complete health 
hazard evaluations were available for only 10% of pesticides (89). 
 
Human exposure to pesticides can come through residues in food--either on or within fruits and 
vegetables, or in the tissues of fish and animals we eat--through contaminated drinking water, 
and through the air we breathe (because of "pesticide drift" from the spraying of fields or lawns). 
Some pesticides accumulate up the food chain, or "bio-accumulate." A 1967 study found that 
DDT levels were 20,000 times higher in one fish species than they were in the surrounding sea 
water, and 520,000 times higher in fish-eating cormorants (90). So, when humans eat foods 
higher on the food chain (more meat, milk, cheese, and eggs and fewer plant foods), they 
increase their exposure to bio-accumulated pesticides. 
 
Industrial Food System and Public Health – The production and processing of food are 
increasingly concentrated (fewer owners and larger operations), automated, and fast-paced, 
which has implications for public health. Among the major problems: 
 

 Pollution from factory farms is harming the health of both workers and residents living 
downstream or downwind from these operations. 

 New strains of foodborne pathogens (e.g., Listeria and toxigenic Escherichia coli) have 
emerged in recent years, and long recognized pathogens have been causing more widespread 
harm. 

 The nonmedical use of antibiotics in animal agriculture may be threatening the effectiveness 
of antibiotics in treating human disease by creating selective pressure for the emergence of 
antibiotic-resistant bacteria. 

 Genetically engineered foods present risks of new allergens in the food supply and may be 
harmful to immune systems and vital organs. 

 
These phenomena are due, in part, to production and processing methods that emphasize 
economic efficiency but do not give sufficient priority to public health or the environment. 
 
Factory farming and human health – Gases from animal manure at factory farms create 
potential human health risks for workers and residents living downwind, and manure runoff can 
damage local water quality by overloading it with nutrients, particularly phosphates.  Factory 
farms store manure from animal confinement buildings either in pits underneath 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 manure (91).  
The prevalence of occupational respiratory diseases (occupational asthma, acute and chronic 
bronchitis, organic dust toxic syndrome) in factory farm workers can be as high as 30% (92). A 
University of Iowa study found that people living near large-scale hog facilities reported elevated 
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incidence of headaches, respiratory problems, eye irritation, nausea, weakness, and chest 
tightness (93). 
 
Manure runoff from factory farms is among the suspected causes of outbreaks of Pfiesteria 
piscicida in Maryland, Virginia, and North Carolina. The human health effects have included 
acute short-term memory loss, cognitive impairment, asthmalike symptoms, liver 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 pathogens to which 
humans are vulnerable, including Salmonella and Cryptosporidium, and can pollute drinking 
water with nitrates, potentially fatal to infants. More indirectly, microbes that are toxic to 
animals and people are thought to thrive in waters that have excessively high levels of nutrients 
from sources including animal waste pollution. 
 
Food-borne pathogens – The U.S. Centers for Disease Control and Prevention (CDC) have 
estimated that food-borne diseases cause approximately 76 million illnesses, 325,000 
hospitalizations, and 5,000 deaths in the United States each year. Of the approximately 1,800 
deaths attributed to known pathogens, more than 75% are blamed on Salmonella, Listeria, and 
Toxoplasma (95). All three pathogens are transmitted to humans primarily through meat.  Two 
bacteria commonly found on meat--Campylobacter and Salmonella--cause more than 3 million 
foodborne illnesses in the United States each year (95). These bacteria occur naturally on 
chickens and are not always harmful to them, but in humans they can cause severe diarrhea and 
nausea and occasionally produce fatal disease. The crowded conditions of factory farms increase 
the level of contamination, and the high-speed, automated methods of slaughtering and 
processing the animals make it difficult to detect that contamination. 
 
Much less common but more deadly than the bacteria mentioned above are the newly emerging 
strains of toxigenic E. coli and Listeria. The CDC puts the annual disease burden for E. coli at 
about 62,000 illnesses and 50 deaths, and blames Listeria for about 2,500 illnesses and 500 
deaths (95).  Infection with the enterohemorrhagic strain of E. coli (O157:H7) was first 
discovered in 1975. The pathogen causes bloody diarrhea and acute renal failure and is 
sometimes fatal; children and the elderly are at greatest risk. E. coli O157:H7 is most often 
spread by undercooked ground beef or raw milk (96).  Listeria monocytogenes is referred to as 
an emerging pathogen because only recently has food been recognized to play a role in its 
spread. According to the U.S. Food and Drug Administration, infections with Listeria can cause 
abortion and stillbirth, and blood poisoning or meningitis in infants and immune-deficient 
persons. Listeria is most often associated with consumption of certain dairy products and 
processed meats (97). 
 
Another newly emerging concern about the food supply is a neurologic disease in cattle known 
as bovine spongiform encephalopathy (BSE). According to the WHO (98), a new variant of 
Creutzfeldt-Jakob disease, a degenerative neurologic disease in humans, has a strong link to 
exposure to BSE, probably through the food supply. BSE was first recognized in cattle in 1986, 
and epidemiologic studies suggest that cattle feed prepared from carcasses of dead ruminants 
was the source of the disease (98). 
 
Antibiotics in animal agriculture – Seventy 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 transmitted to humans 
through the food supply.  The National Research Council and Institute of Medicine (100) have 
noted that there is a link between the use of antibiotics in food animals, the development of 
bacterial resistance to these drugs, and human diseases--although the incidence of such disease 

http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r93
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r94
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r61
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r95
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r95
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r95
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r96
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r97
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r98
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r98
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r99
http://ehp03.niehs.nih.gov/article/fetchArticle.action?articleURI=info:doi/10.1289/ehp.02110445#r100


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 14 

 

is very low.  The WHO has called for reduced use of antibiotics in animal agriculture, noting that 
resistant strains of Salmonella, Campylobacter, Enterococci, and E. coli have been transmitted 
from animals to humans (101). 
 
Genetically engineered foods – Only recently have genetically engineered foods been 
introduced into the human food supply. One of the concerns surrounding genetic engineering of 
foods is that new allergens could be introduced into the food supply because the sources for 
genetically engineered material may include organisms not previously eaten by humans (102). 
In addition, it will be harder for people with food allergies to avoid consuming an offending food 
if proteins from that food are integrated into a food to which they are not allergic. For example, 
soybeans that were genetically engineered to contain proteins from Brazil nuts caused reactions 
in individuals who were allergic to Brazil nuts (103). 
 
Antibiotic resistance genes are used as markers in the genetic engineering of foods. This practice 
raises two possible concerns: eating such foods soon after taking antibiotics could reduce or 
eliminate the drugs' effectiveness because enzymes produced by the resistance genes can break 
down antibiotics; and resistance could be transferred to disease organisms in the digestive tract, 
making it harder to treat them with antibiotics. But there is disagreement over these issues 
within the scientific community, and more research is under way (104,105). 
 
Sustainable Agriculture   
 
Unsustainability in agriculture is not a new issue. Large civilizations have risen on the strength 
of their agriculture and subsequently collapsed because their farming methods had eroded the 
natural resource base (106). Today's conventional or industrial agriculture is considered 
unsustainable because it is similarly eroding natural resources faster than the environment can 
regenerate them and because it depends heavily on resources that are nonrenewable (e.g., fossil 
fuels and fossil aquifers).  One of the goals of the sustainable agriculture movement is to create 
farming systems that mitigate or eliminate environmental harms associated with industrial 
agriculture. Sustainable agriculture is part of a larger movement toward sustainable 
development, which recognizes that natural resources are finite, acknowledges limits on 
economic growth, and encourages equity in resource allocation. 
 
Sustainable agriculture gives due consideration to long-term interests (e.g., preserving topsoil, 
biodiversity, and rural communities) rather than only short-term interests such as profit. 
Sustainable agriculture is also place specific. For example, a farming system that is sustainable 
in a high-rainfall area may not be sustainable in an arid climate. Sustainable agriculture is 
dynamic, meaning that it must evolve to respond to changes in its physical environment or its 
social or economic context. Sustainable agriculture is holistic in that it takes a systemwide 
approach to solving farm management problems, and also 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: 
 
(1) Sustainable agriculture integrates three main goals--environmental health, economic 

profitability, and social and economic equity.... Sustainability rests on the principle that we 
must meet the needs of the present without compromising the ability of future generations 
to meet their own needs (107). 

(2) Sustainable agriculture is a model of social and economic organization based on an equitable 
and participatory vision of development which recognizes the environment and natural 
resources as the foundation of economic activity. Agriculture is sustainable when it is 
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ecologically sound, economically viable, socially just, culturally appropriate, and based on a 
holistic scientific approach (108). 

(3) Sustainable agriculture does not refer to a prescribed set of practices. Instead, it challenges 
producers to think about the long-term implications of practices and the broad interactions 
and dynamics of agricultural systems. It also invites consumers to get more involved in 
agriculture by learning more about and becoming active participants in their food systems. A 
key goal is to understand agriculture from an ecological perspective--in terms of nutrient 
and energy dynamics, and interactions among plants, animals, insects and other organisms 
in agroecosystems--then balance it with profit, community and consumer needs (109). 

 
Sustainable Methods  
 
Although no one set of farming practices constitutes sustainable agriculture, we briefly describe 
here certain methods that enhance sustainability. 
 
Crop rotation – By rotating two or more crops in a field, farmers interrupt pests' reproductive 
cycles and reduce the need for pest control (110). Rotations sometimes reduce the need for 
added fertilizer because one crop provides nutrients for the next crop. 
 
Cover crops – Cover crops are planted to improve soil quality, prevent soil erosion, and 
minimize weed growth. Some cover crops can also generate income. 
 
No-till and low-till farming – These farming systems are based on the premise that 
minimizing disturbances to the soil will increase the retention of water, nutrients, and the 
topsoil itself. Between 1980 and 1993, the amount of land under conservation tillage increased 
from < 15% to about 35% of all U.S. farmland (111). 
 
Soil management – Good stewardship of the soil involves managing its chemical, biologic, 
and physical properties. Industrial agriculture has tended to emphasize the chemical properties 
of soil, to the detriment of the other two. An acre of healthy soil can contain 4 tons of organisms, 
which make up the soil's ecosystem (112). Organic matter and compost are food for beneficial 
bacteria, fungi, nematodes, and protozoa. If managed properly, these soil organisms perform 
vital functions that aid in plant growth (113). Healthy soil produces plants that are more 
vigorous and therefore less susceptible to pests. 
 
Diversity – Growing a variety of crops provides a buffer against both ecologic and economic 
problems. Monocultures are more vulnerable to pests as well as to fluctuations in market price. 
Crop variety can also create more niches for beneficial insects (107). 
 
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 only what the plants and soil can absorb, with no excess. 
 
Integrated pest management – An integrated pest management (IPM) system prefers 
biologic methods and uses (least-toxic) chemical pesticides only as a last resort. To keep 
destructive insects under control, an IPM emphasizes crop rotations, intercropping, and other 
methods of disrupting pest cycles, as well as plant varieties that have high resistance to pests. 
IPM also uses insect predators, as well as biopesticides such as Bt (114). As of 1994, coordinators 
of the federal 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 agriculture (115). 
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Rotational grazing – By continually moving animals to different grazing areas, rotational 
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 contributes to 
soil fertility. 
 
Barriers to sustainability – If our current agricultural system is so harmful and 
unsustainable, why is it being perpetuated? Most important, powerful economic interests 
benefit from the status quo in agriculture. Industrial agriculture relies heavily on external inputs 
(e.g., synthetic chemical fertilizers and pesticides, machinery, fossil fuels), which mean costs for 
farmers but profits for farm input industries.  Farmers use such inputs because they promise 
greater yields from their crops, but greater yields have been a mixed blessing, according to 
agricultural economist John E. Ikerd (116): 
 

“Over most of the past century, profits from farming have gone primarily to those who 
found ways to reduce costs first and expand production the fastest. However, each new 
round of cost cutting technology has resulted in increased production and lower prices, 
erasing initial profitability.” 
 

Thus, the quest for greater yields has landed farmers on a technologic treadmill of increasing 
inputs and decreasing profit margins.  Increasing dependence on off-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 outputs. Madden and Chaplowe (108) estimate 
that between 1910 and 1990, the share of the U.S. agricultural economy going to farmers 
declined from 41% to 9%, while the marketing and farm input industries' shares increased by 
similar amounts (108). 
 
As farmers' profit margins shrink, some farmers choose to enlarge their operations to 
compensate. Invariably, this means some farmers get pushed out of business. For example, in 
the hog industry, about one-fourth of all U.S. producers went out of business between 1998 and 
2000 (117), leaving only 50 producers controlling one-half of all hog production (118).  The 
trend toward large-scale farming has implications for the economic health of rural communities. 
Studies have shown that independent hog farmers produce more jobs, more local retail 
spending, and more local per capita income than do larger corporate operations (62). Profits 
generated by small-scale producers (of hogs or any other commodity) are more likely to remain 
in the community and create multiplier effects in the local economy.  Despite these benefits of 
small farms, U.S. agricultural subsidies flow disproportionately to large farms. The International 
Institute for Sustainable Development (8), based in Winnipeg, Canada, reports that almost 30% 
of subsidies go to the top 2% and over four-fifths to the top 30%. Ironically, if the United States 
government were to shift its target from the top 30% to the bottom 70% of farmers, it could save 
at least $8 billion a year while supplying a competitive boost to lower-income farms. 
 
Government subsidies often help perpetuate unsustainable practices. For example, one of the 
largest beneficiaries of federal agricultural subsidies are the cattle ranchers whose animals graze 
on federal lands for less than one-third the price they would pay on private land. Total subsidies 
in the federal grazing program cost taxpayers at least $500 million a year, not counting the cost 
of the environmental degradation caused by overgrazing (8). 
 
Subsidies often stimulate greater use of chemical inputs, despite their environmental and public 
health harms. Rice farmers in Japan, Taiwan, and Korea use just over one-half of all insecticides 
applied to rice worldwide yet produce only 2% of the world's crops. The reason is that large 
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government price supports ($13 billion worth in Japan) make it profitable to increase insecticide 
use even when the resulting production gains are small (119). 
 
Besides encouraging harmful practices, farm subsidy programs often fail to reward good 
stewardship. They tend to emphasize a handful of major crops and "put resource-conserving 
crop rotations at a financial disadvantage" (120). Farmers receive no government incentives for 
sustainable practices such as growing clover or alfalfa to enhance soil fertility (120).  
Governments also help perpetuate chemical-intensive agriculture by funding research on 
chemical fixes for agricultural problems, to the exclusion of research on more sustainable 
options. Of 30,000 agricultural research projects on the USDA's Current Research Information 
System for 1995, only 34 had a strong organic focus (121). 
 
Adopting sustainable methods – Government programs, research, and other factors can 
influence moves toward sustainability in agriculture, but ultimately this shift also involves 
decisions by individual farmers. Some farmers will be motivated to change because of 
environmental concerns, but we also need to reassure farmers that sustainable methods are 
economically viable. Comparisons between conventional (industrial) and sustainable agriculture 
systems can be complicated, but those that exist describe sustainable practices as "highly 
productive and economically competitive" (110).  In the early 1990s, the Gallo Wine Company 
(Sonoma County, CA) shifted 6,000 acres of wine grapes from conventional to organic methods. 
After a transition phase during which production was more expensive, Gallo was producing 
yields equivalent to those produced by its previous chemical methods but at a lower cost per 
acre (115). 
 
Sustainable systems are especially apt to compare favorably with conventional systems when the 
comparison includes a full-cost accounting of the environmental and public health harms and 
benefits of each system. For example, if a conventional system were to produce higher yields per 
acre than a sustainable one but also degrade local water supplies because of pesticide or 
fertilizer runoff, the benefits of the higher yield may be offset by the cost of environmental 
cleanup (costs that are usually "externalized," meaning they are paid by society rather than the 
polluter). 
 
Other factors that influence adoption of sustainable practices are land ownership and the age of 
the farmer. According to an FAO report (122), land tenure is ... critical to the adoption of organic 
[free of synthetic chemicals] agriculture. It is highly unlikely that tenant farmers would invest 
the necessary labour and sustain the difficult conversion period without some guarantee of 
access to the land in later years when the benefits of organic production are attainable. 
 
Urban agriculture – The world is becoming increasingly urbanized. The United Nations has 
estimated that world 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 to cities) (123). This makes urban agriculture an increasingly important component of 
agricultural sustainability.  Because it produces closer to consumers, 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 wastewater for irrigation), creates economic 
development, and improves food security in poor communities (124). 
 
Alternative marketing – Farmers can capture more of the profitability of agriculture through 
value-added products or direct marketing strategies such as farmers markets and community-
supported 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 capital at the beginning of the 
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growing season and a guaranteed market at the end. Consumers develop a direct link to their 
food supply and have input into production decisions. CSAs have helped keep many small farms 
in business (125). Meanwhile, farmers markets have enjoyed rapid growth in the United States. 
Between 1994 and 2000, the number of U.S. farmers markets increased by 63%, from 1,755 to 
2,863 (126). 
 
Conclusion  
  
Hunger and food insecurity are currently problems not of resource scarcity but of insufficient 
political will or moral imperative to change the way food is allocated--Pinstrup-Anderson et al. 
have estimated that 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 insecurity.  Coupled with energy- 
and resource-intensive food production methods, rising population and rising per capita 
consumption 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 limits. 
The FAO reported that "11 of the world's 15 most important fishing areas and 70% of the major 
fish species are either fully or overexploited" (128). 
 
The United Nations' most recent midrange projection is that the world population will increase 
to 9.3 billion by 2050 (129). The world's population is rapidly becoming more urbanized. In 
1975, about one-third of the world's people lived in cities (130); by 2030, that figure is expected 
to rise to > 60% (131). Both population growth and urbanization bode ill for the environment 
and the social order that it upholds. To meet their need for food and other goods, the additional 
people will make further demands upon finite resources such as arable land, fertile soil, and 
freshwater. 
 
When people move from rural to urban areas, they characteristically increase their 
consumption, including the amount of animal products they consume. Thus, the combination of 
more people and greater consumption per capita are creating a threat of future scarcity in vital 
resources.  These problems are complex and have no single solution, which leaves many people 
feeling powerless to affect them.  One personal act that can have a profound impact on these 
issues is reducing meat consumption. To produce 1 pound of feedlot beef requires about 2,400 
gallons of water and 7 pounds of grain (42). Considering that the average American consumes 
97 pounds of beef (and 273 pounds of meat in all) each year, even modest reductions in meat 
consumption in such a culture would substantially reduce the burden on our natural resources. 
For the United States and other industrialized nations, lowered meat consumption would yield 
significant public health benefits, particularly a reduction in heart disease, several cancers, and 
other chronic diseases. These diseases are largely associated with the excessive fat and protein 
intakes that are characteristic of animal-based diets. Coupled with sedentary lifestyles, excess 
meat consumption also contributes to the epidemic of obesity. 
 
Public policies that encourage a shift toward a more plant-based diet could bolster individual 
actions in this area. These policies should include preventing factory farms from polluting and 
requiring them to pay cleanup costs when they do pollute. Without such policies, the products of 
factory farms will continue to be artificially cheap, in that prices will not reflect their impact on 
the environment, human health, animal welfare, or the economic and social stability of rural 
communities. 
 
Both the individual and collective actions described above would hasten the shift toward a more 
sustainable agriculture, which is an important component in the larger transition to a 
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sustainable economy.  Sustainable agriculture is not merely a package of prescribed methods. 
More important, it is a change in mindset whereby agriculture 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 farming systems. It also recognizes that farm management 
problems (weeds, insects, etc.) cannot be dealt with in isolation but must be seen as part of a 
whole ecosystem whose balance must be maintained. 
 
In this paper we have introduced some of the environmental and human health problems 
inherent in industrial agriculture. In many respects, industrial-style meat production provides a 
worst-case example of these problems. It also provides an opportunity for dramatic 
improvements in environmental stewardship and public health. Because meat consumption is 
such a major component in the broader issues described here, its reduction--through both 
individual and collective action--can have profound effects on the health of humans, animals, 
and the environment. 
 
References and Notes  
  
1. Union of Concerned Scientists. Industrial Agriculture: Features and Policy. Available: 
http://www.ucsusa.org/food/ind.ag.html [cited 22 January 2001].  
2. Brown LR, Renner M, Flavin C. Vital Signs 1998: The Environmental Trends That Are 
Shaping Our Future. New York:W.W. Norton & Company, 1998.  
3. Heap B, Kent J, eds. Toward Sustainable Consumption: European Perspective. London:The 
Royal Society, 2000. Also available: http://www.royalsoc.ac.uk/policy/sustain
/!fullsustainreport.PDF [cited 27 February 2002].  
4. U.N. Food and Agriculture Organization. FAOSTAT Database. Available: http://apps.fao.org/ 
[cited 10 August 2001].  
5. Zhao F, Guo J, Chen H.Studies on the relationship between changes in dietary patterns and 
health status. Asia Pac J Clin Nutr 4(4):294–297. 1995. Find this article online  
6. USDA. Agricultural Statistics 2000. Washington DC:U.S. Department of Agriculture, National 
Agricultural Statistics Service, 2000.  
7. USDA. Agricultural Statistics 1936. Washington DC:U.S. Department of Agriculture, 1936.  
8. Myers N. Perverse Subsidies: Tax $s Undercutting Our Economies and Environments Alike. 
Winnipeg, Manitoba, Canada:The International Institute for Sustainable Development, 1998.  
9. Strange M. Family Farming: A New Economic Vision. Lincoln, NE:University of Nebraska 
Press and the Institute for Food and Development Policy, 1988.  
10. U.S. Congress, Office of Technology Assessment. Technology, Public Policy, and the 
Changing Structure of American Agriculture. OTA-F-285. Washington, DC:U.S. Government 
Printing Office, 1986.  
11. FAO. Annual Fertilizer Yearbook 1998. Rome:Food and Agriculture Organization of the 
United Nations, 1999.  
12. FAO. An Annual Review of World Production and Consumption of Fertilizers 1953. 
Rome:Food and Agriculture Organization of the United Nations, 1953.  
13. Tilman D.The greening of the green revolution. Nature 396:211–212. 1998. Find this article 
online  
14. Rabalais NN, Turner RE, Justic D, Dortch Q, Wiseman WJ, Gupta BKSNutrient changes in 
the Mississippi River and system responses on the adjacent continental shelf. Estuaries 
19(2b):386–407. 1996. Find this article online  
15. Simpson S.Shrinking the dead zone: political uncertainty could stall a plan to rein in deadly 
waters in the Gulf of Mexico. Sci Am 285(1):18–20. 2001. Find this article online  

http://www.ucsusa.org/food/ind.ag.html
http://www.royalsoc.ac.uk/policy/sustain/!fullsustainreport.PDF
http://www.royalsoc.ac.uk/policy/sustain/!fullsustainreport.PDF
http://apps.fao.org/
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Zhao&title=Studies%20on%20the%20relationship%20between%20changes%20in%20dietary%20patterns%20and%20health%20status.&source=Asia%20Pac%20J%20Clin%20Nutr&year=1995&firstpage=294
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Tilman&title=The%20greening%20of%20the%20green%20revolution.&source=Nature&year=1998&firstpage=211
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Tilman&title=The%20greening%20of%20the%20green%20revolution.&source=Nature&year=1998&firstpage=211
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Rabalais&title=Nutrient%20changes%20in%20the%20Mississippi%20River%20and%20system%20responses%20on%20the%20adjacent%20continental%20shelf.&source=Estuaries&year=1996&firstpage=386
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Simpson&title=Shrinking%20the%20dead%20zone:%20political%20uncertainty%20could%20stall%20a%20plan%20to%20rein%20in%20deadly%20waters%20in%20the%20Gulf%20of%20Mexico.&source=Sci%20Am&year=2001&firstpage=18


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 20 

 

16. Vitousek PM, Aber J, Howarth RW, Likens GE, Matson PA, Schindler DW, Schlesinger WH, 
Tilman GDHuman alteration of the global nitrogen cycle: causes and consequences. Ecol Appl 
7(3):737–750. 1997. Find this article online  
17. Barak P, Jobe BO, Krueger A, Peterson LA, Laird DAEffects of long-term soil acidification 
due to agricultural inputs in Wisconsin. Plant Soil 197:61–69. 1998. Find this article online  
18. Raupp J. Yield, Product quality and soil life after long-term organic or mineral fertilization. 
In: Agricultural Production and Nutrition: Proceedings of an International Conference, 
Medford, MA:Tufts University, 1997;91-102.  
19. Pimentel D, Greiner A, Bashore T.Economic and environmental costs of pesticide use. Arch 
Environ Contam Toxicol 21:84–90. 1991. Find this article online  
20. Pesticide Action Network North America Regional Center. Disrupting the Balance: 
Ecological Impacts of Pesticides in California. San Francisco:Autumn Press, 1999.  
21. Nabhan GP, O'Brien M. Pesticides, plant/pollinator interactions, and protection of nature's 
services. Presented at the Wildlife, Pesticides and People Conference held by the Rachel Carson 
Council, 25-26 September 1998, George Mason University, Fairfax, VA.  
22. Daily GC. Nature's Services: Societal Dependence on Natural Ecosystems. Washington, 
DC:Island Press, 1997.  
23. Raloff J.Growers bee-moan shortage of pollinators; pandemic devastating wild and 
commercial honeybee populations. Sci News 149(26):406. 1996. Find this article online  
24. Ouellet M, Bonin J, Rodrigue J, DesGranges J-L, Lair SHind-limb deformities (ectromelia, 
ectrodactyly) in free-living anurans from agricultural habitats. J Wildl Dis 33:95–104. 1997. 
Find this article online  
25. Blaustein AR, Kiesecker JM, Chivers DP, Anthony RGAmbient UV-B radiation causes 
deformities in amphibian embryos. Proc Natl Acad Sci USA 94:13735–13737. 1997. Find this 
article online  
26. Sessions SK, Ruth SBExplanation for naturally occurring supernumerary limbs in 
amphibians. J Exp Zool 254:38–47. 1990. Find this article online  
27. Repetto R, Baliga SS. Pesticides and the Immune System: The Public Health Risks. 
Washington, DC:World Resources Institute, 1996.  
28. Steingraber S. Living Downstream: An Ecologist Looks at Cancer and the Environment. 
Reading, MA:Merloyd Lawrence, 1997.  
29. U.S. National Research Council, Committee on Pest and Pathogen Control. Ecologically 
Based Pest Management: New Solutions for a New Century. Washington, DC:National Academy 
Press, 1996.  
30. McMichael AJ. Planetary Overload: Global Environmental Change and the Health of the 
Human Species. Cambridge, England:Cambridge University Press, 1993.  
31. United Nations. Global Outlook 2000: An Economic, Social and Environmental Perspective. 
New York: United Nations, 1990.  
32. Oldeman LR, Hakkeling RTA, Sombroek WG. World Map of the Status of Human-induced 
Soil Degradation: An Explanatory Note. Wageningen, Netherlands:International Soil Reference 
and Information Centre and United Nations Environment Programme, 1991.  
33. Hillel D. Out of the Earth: Civilization and the Life of the Soil. New York:The Free Press, 
1991.  
34. USDA's Natural Resources Conservation Service. Summary Report: 1997 National Resources 
Inventory (revised December 2000). Available: http://www.nhq.nrcs.usda.gov/NRI/1997/su
mmary_report/report.pdf [cited 18 July 2001].  
35. Managing your soil microherds for healthier plants, better profits. LandOwner Newsletter of 
Farmland Investment and Stewardship 20(6):7. 1998. Find this article online  
36. Comis D. Moderate grazing promotes plant diversity. Agr Res 47(5):7 (1999). Also available: 
www.ars.usda.gov/is/AR/archive/may99/plant0599.htm [cited 7 May 1999].  

http://ehp03.niehs.nih.gov/article/findArticle.action?author=Vitousek&title=Human%20alteration%20of%20the%20global%20nitrogen%20cycle:%20causes%20and%20consequences.&source=Ecol%20Appl&year=1997&firstpage=737
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Barak&title=Effects%20of%20long-term%20soil%20acidification%20due%20to%20agricultural%20inputs%20in%20Wisconsin.&source=Plant%20Soil&year=1998&firstpage=61
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Pimentel&title=Economic%20and%20environmental%20costs%20of%20pesticide%20use.&source=Arch%20Environ%20Contam%20Toxicol&year=1991&firstpage=84
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Raloff&title=Growers%20bee-moan%20shortage%20of%20pollinators;%20pandemic%20devastating%20wild%20and%20commercial%20honeybee%20populations.&source=Sci%20News&year=1996&firstpage=406
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Ouellet&title=Hind-limb%20deformities%20(ectromelia,%20ectrodactyly)%20in%20free-living%20anurans%20from%20agricultural%20habitats.&source=J%20Wildl%20Dis&year=1997&firstpage=95
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Blaustein&title=Ambient%20UV-B%20radiation%20causes%20deformities%20in%20amphibian%20embryos.&source=Proc%20Natl%20Acad%20Sci%20USA&year=1997&firstpage=13735
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Blaustein&title=Ambient%20UV-B%20radiation%20causes%20deformities%20in%20amphibian%20embryos.&source=Proc%20Natl%20Acad%20Sci%20USA&year=1997&firstpage=13735
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Sessions&title=Explanation%20for%20naturally%20occurring%20supernumerary%20limbs%20in%20amphibians.&source=J%20Exp%20Zool&year=1990&firstpage=38
http://www.nhq.nrcs.usda.gov/NRI/1997/summary_report/report.pdf
http://www.nhq.nrcs.usda.gov/NRI/1997/summary_report/report.pdf
http://ehp03.niehs.nih.gov/article/findArticle.action?author=&title=Managing%20your%20soil%20microherds%20for%20healthier%20plants,%20better%20profits.%20LandOwner&source=Newsletter%20of%20Farmland%20Investment%20and%20Stewardship&year=1998&firstpage=7
http://www.ars.usda.gov/is/AR/archive/may99/plant0599.htm


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 21 

 

37. Pimentel D, Pimentel M, eds. Food, Energy and Society. Niwot, CO:University of Colorado 
Press, 1996.  
38. Mouat D, Lancaster J, Wade T, Wickham J, Fox C, Kepner W, Ball T.Desertification 
evaluated using an integrated environmental assessment model. Environ Monit Assess 
48(2):139–156. 1997. Find this article online  
39. United Nations Environment Programme. Status of Desertification and Implementation of 
the United Nations Plan of Action to Combat Desertification; 1991. Available: 
http://grid2.cr.usgs.gov/des/uncedp4.php3#a [cited 14 February 2001].  
40. Bright C. Tracking the ecology of climate change. In: State of the World 1997. Washington, 
DC:W.W. Norton, 1997;78-94.  
41. Gardner G. Shrinking Fields: Cropland Loss in a World of Eight Billion. Worldwatch paper 
no. 131. Washington, DC:Worldwatch Institute, 1996.  
42. World Resources Institute. World Resources 2000-2001: People and Ecosystems: The 
Fraying Web of Life. Washington, DC:World Resources Institute, 2000.  
43. Goodland R. Livestock Sector Environmental Assessment. World Bank Draft Report. 
Washington, DC:World Bank, 1999.  
44. Kelley HWKeeping the land alive: soil erosion--its causes and cures. FAO Soils Bull 50:27–
36. 1983. Find this article online  
45. Cook M. Reducing Water Pollution from Animal Feeding Operations. Testimony before 
Subcommittee on Forestry, Resource Conservation, and Research of the Committee on 
Agriculture, U.S. House of Representatives, 13 May 1998. Available: 
http://www.epa.gov/ocirpage/hearings/testimony/051398.htm [cited 25 July 2001].  
46. Postel S. Dividing the Waters: Food Security, Ecosystem Health, and the New Politics of 
Scarcity. Worldwatch Paper No. 132. Washington, DC:Worldwatch Institute, 1996.  
47. FAO. Dimensions of Need: An Atlas of Food and Agriculture. Rome:Food and Agriculture 
Organization of the United Nations, 1995. Also available: 
http://www.fao.org/inpho/vlibrary/u8480e/U8480E00.htm [cited 27 February 2002].  
48. China Daily (Beijing). China--Yellow River--Nation's Sorrow. 16 October 1998.  
49. Pimentel D, Houser J, Preiss E, White O, Fang H, Mesnick L, Barsky T, Tariche S, Schreck J, 
Alpert S.Water resources: agriculture, the environment, and society. BioScience 47(2):97–106. 
1997. Find this article online  
50. Worldwatch Institute. Vital Signs 1998. New York:W.W. Norton, 1998.  
51. Hora M, Tick J. From Farm to Table: Making the Connection in the Mid-Atlantic Food 
System. Washington, DC:Capital Area Food Bank, 2001.  
52. The Cornucopia Project. Empty Breadbasket? The Coming Challenge to America's Food 
Supply and What We Can Do About It. Emmaus, PA:Rodale Press, 1981.  
53. Fowler C, Mooney P. Shattering: Food, Politics, and the Loss of Genetic Diversity. Tucson, 
AZ:The University of Arizona Press, 1990.  
54. Myers N. A Wealth of Wild Species: Storehouse for Human Welfare. Boulder, CO:Westview 
Press, 1983.  
55. WRI, IUCN, UNEP. Global Biodiversity Strategy: Guidelines for Action to Save, Study, and 
Use the Earth's Biotic Wealth Sustainably and Equitably. Washington DC:World Resources 
Institute, 1992.  
56. Rural Advancement Foundation International. The Seed Giants: Who Owns Whom? Seed 
Industry Consolidation--Update 2000. Available: http://www.rafi.org/web/docus/pdfs/maste
rseed2000.pdf [cited 13 February 2001].  
57. Whealy K. Garden Seed Inventory: An Inventory of Seed Catalogs Listing All Non-Hybrid 
Vegetable Seeds Available in the United States and Canada. Decorah, IA:Seed Savers Exchange, 
1999.  
58. Winston ML. Nature Wars: People vs. Pests. Cambridge, MA:Harvard University Press, 
1997.  

http://ehp03.niehs.nih.gov/article/findArticle.action?author=Mouat&title=Desertification%20evaluated%20using%20an%20integrated%20environmental%20assessment%20model.&source=Environ%20Monit%20Assess&year=1997&firstpage=139
http://grid2.cr.usgs.gov/des/uncedp4.php3#a
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Kelley&title=Keeping%20the%20land%20alive:%20soil%20erosion--its%20causes%20and%20cures.&source=FAO%20Soils%20Bull&year=1983&firstpage=27
http://www.epa.gov/ocirpage/hearings/testimony/051398.htm
http://www.fao.org/inpho/vlibrary/u8480e/U8480E00.htm
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Pimentel&title=Water%20resources:%20agriculture,%20the%20environment,%20and%20society.&source=BioScience&year=1997&firstpage=97
http://www.rafi.org/web/docus/pdfs/masterseed2000.pdf
http://www.rafi.org/web/docus/pdfs/masterseed2000.pdf


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 22 

 

59. Moffat ASGlobal nitrogen overload problem grows critical. Science 279:988–989. 1998. Find 
this article online  
60. Rosenzweig C, Hillel D. Climate Change and the Global Harvest: Potential Impacts of the 
Greenhouse Effect on Agriculture. Oxford, England:Oxford University Press, 1998.  
61. U.S. Senate Committee on Agriculture, Nutrition and Forestry. Animal Waste 105th 
Congress, 1st Session. Pollution in America: An Emerging National Problem. Report compiled 
for Senator Tom Harkin. December 1997.  
62. Copeland C, Zinn J. Animal Waste Management and the Environment: Background for 
Current Issues. Report for Congress. Washington, DC:Congressional Research Service, 1998.  
63. Silbergeld EK, Grattan L, Oldach D, Morris JG. Pfiesteria: harmful algal blooms as 
indicators of human: ecosystem interactions. Environ Res 82 (2):97-105 (2000). Also available: 
http://www.idealibrary.com/links/doi/10.1006/enrs.1999.3987 [cited 21 February 2001].  
64. DeGrazia D. Taking Animals Seriously: Mental Life and Moral Status. Cambridge, 
UK:Cambridge University Press, 1996.  
65. Singer P. Animal Liberation. 2nd ed. New York:Random House, 1990.  
66. Davies PR, Bahnson PB, Marsh WE, Dial GD. Prevalence of gross lesions in slaughtered 
pigs--the PigMON database 1990-1993. From the 1995 Research Investment Report. Available: 
http://www.nppc.org/Research/%2795Reports/%2795Davies-PigMON.html [cited 3 August 
2001].  
67. James C. Global Review of Commercialized Transgenic Crops. International Service for the 
Acquisition of Agri-biotech Applications Briefs, No. 24. Ithaca, NY:ISAAA, 2001.  
68. Rissler J, Mellon M. The Ecological Risks of Engineered Crops. Cambridge, MA:The MIT 
Press, 1996.  
69. FAO. Technical Meeting on Benefits and Risks of Transgenic Herbicide Resistant Crops. 
Rome:Food and Agriculture Organization of the United Nations, 1999.  
70. Hansen L, Obrycki J. Field Deposition of Bt Transgenic Corn Pollen: Lethal Effects on the 
Monarch Butterfly. Oecologia Online. Available: http://link.springer-ny.com/link/service
/journals/00442/bibs/0125002/01250241.htm [cited 13 August 2001].  
71. Losey JE, Rayor LS, Carter METransgenic pollen harms monarch larvae Nature 
399(6733):214. 1999. Find this article online  
72. National Research Council. Recommended Dietary Allowances. 10th ed. Washington 
DC:National Academy Press, 1989.  
73. Wilkinson CW, Goldman JD, Cook ATrends in food and nutrient intakes by adults. Fam 
Econ Nutri Rev 10(4):2–15. 1997. Find this article online  
74. de Onis M, Monteiro C, Akré J, Clugston G. The Worldwide Magnitude of Protein-Energy 
Malnutrition: An Overview from the WHO Global Database on Child Growth. Available: 
http://www.who.int/whosis/cgrowth/bulletin.htm [cited 13 February 2001].  
75. DHHS. The Surgeon General's Report on Nutrition and Health. Washington, DC:U.S. 
Department of Health and Human Services, Public Health Service, 1988.  
76. Messina VK, Burke KIPosition of the American Dietetic Association: vegetarian diets. J Am 
Diet Assoc 97(11):1317–1321. 1997. Find this article online  
77. WHO. Executive Summary. World Health Report 1998: Life in the 21st Century--A Vision for 
All. Geneva:World Health Organization, 1998. Also available: 
http://www.who.int/whr/1998/exsum98e.pdf [cited 21 February 2002].  
78. National Heart, Lung, and Blood Institute. Facts about Blood Cholesterol. NIH 96-2696. 
Bethesda, MD:National Institutes of Health, 1996.  
79. Castelli WPEpidemiology of coronary heart disease. Am J Med 76:4–12. 1984. Find this 
article online  
80. White R, Frank E.Health effects and prevalence of vegetarianism. West J Med 160:465–471. 
1994. Find this article online  

http://ehp03.niehs.nih.gov/article/findArticle.action?author=Moffat&title=Global%20nitrogen%20overload%20problem%20grows%20critical.&source=Science&year=1998&firstpage=988
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Moffat&title=Global%20nitrogen%20overload%20problem%20grows%20critical.&source=Science&year=1998&firstpage=988
http://www.idealibrary.com/links/doi/10.1006/enrs.1999.3987
http://www.nppc.org/Research/%2795Reports/%2795Davies-PigMON.html
http://link.springer-ny.com/link/service/journals/00442/bibs/0125002/01250241.htm
http://link.springer-ny.com/link/service/journals/00442/bibs/0125002/01250241.htm
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Losey&title=Transgenic%20pollen%20harms%20monarch%20larvae&source=Nature&year=1999&firstpage=214
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Wilkinson&title=Trends%20in%20food%20and%20nutrient%20intakes%20by%20adults.&source=Fam%20Econ%20Nutri%20Rev&year=1997&firstpage=2
http://www.who.int/whosis/cgrowth/bulletin.htm
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Messina&title=Position%20of%20the%20American%20Dietetic%20Association:%20vegetarian%20diets.&source=J%20Am%20Diet%20Assoc&year=1997&firstpage=1317
http://www.who.int/whr/1998/exsum98e.pdf
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Castelli&title=Epidemiology%20of%20coronary%20heart%20disease.&source=Am%20J%20Med&year=1984&firstpage=4
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Castelli&title=Epidemiology%20of%20coronary%20heart%20disease.&source=Am%20J%20Med&year=1984&firstpage=4
http://ehp03.niehs.nih.gov/article/findArticle.action?author=White&title=Health%20effects%20and%20prevalence%20of%20vegetarianism.&source=West%20J%20Med&year=1994&firstpage=465


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 23 

 

81. Reddy BS, Cohen L. Diet, Nutrition, and Cancer: A Critical Evaluation, Vol I: Macronutrients 
and Cancer. Boca Raton, FL:CRC Press, 1986.  
82. Hebert JR, Hurley TG, Olendzki BC, Teas J, Ma Y, Hampl JSNutritional and socioeconomic 
factors in relation to prostate cancer mortality: a cross-national study. J Natl Cancer Inst 
90(21):1637–1647. 1998. Find this article online  
83. Colditz GA, Stampfer MJ, Willett WCDiet and lung cancer: a review of the epidemiologic 
evidence in humans. Arch Intern Med 147(1):157–160. 1987. Find this article online  
84. Lan HW, Carpenter JTBreast cancer: incidence, nutritional concerns, and treatment 
approaches. J Am Diet Assoc 87:765–769. 1987. Find this article online  
85. Barnard ND, Nicholson A, Howard JLThe medical costs attributable to meat consumption. 
Prev Med 24(6):646–655. 1995. Find this article online  
86. Quijano R, Panganiban L, Cortes-Maramba N.Time to blow the whistle; dangers of toxic 
chemicals. World Health 46(5):26–27. 1993. Find this article online  
87. Blair A, Zahm SHAgricultural exposures and cancer. Environ Health Perspect 103: suppl 8) 
205–208. 1995. Find this article online  
88. Wargo J. Our Children's Toxic Legacy: How Science and Law Fail to Protect Us from 
Pesticides. New Haven, CT:Yale University Press, 1996.  
89. National Research Council. Toxicity Testing: Strategies to Determine Needs and Priorities. 
Washington DC:National Academy Press, 1984. Also available: 
http://www.nap.edu/books/0309034337/html. [cited 27 February 2002].  
90. Woodwell GM, Wurster CF, Isaacson PADDT residues in an East Coast estuary: a case of 
biological concentration of a persistent insecticide. Science 156:821–824. 1967. Find this article 
online  
91. National Institute for Occupational Safety and Health. Preventing Deaths of Farm Workers 
in Manure Pits. NIOSH 90-103. Washington, DC:Department of Health and Human Services, 
1990.  
92. Choinière Y, Munroe J. Farm Workers Health Problems Related to Air Quality Inside 
Livestock Barns. Agdex #400/717. Order #93-003. Ottawa, Canada:Ontario Ministry of 
Agriculture, Food and Rural Affairs, 
www.gov.on.ca:80/OMAFRA/english/livestock/swine/facts/93-003.htm [cited 21 February 
2002].  
93. Thu K, Donham K, Ziegenhorn R, Reynolds S, Thorne P, Subramanian P, Whitten P, 
Stookesberry J.A control study of the physical and mental health of residents living near a large-
scale swine operation. J Agric Saf Health 3(1):13–26. 1997. Find this article online  
94. Glasgow HB, Burkholder JM, Schmechel DE, Tester PA, Rublee PAInsidious effects of a 
toxic dinoflagellate on fish survival and human health. J Toxicol Environ Health 46:501–522. 
1995. Find this article online  
95. Mead PS, Slutsker L, Dietz V, McCaig LF, Bresee JS, Shapiro C, Griffin PM, Tauxe RV. Food-
related illness and death in the United States. Emerg Infect Dis 5(5):607-625 (1999). Also 
available: http://www.cdc.gov/ncidod/eid/vol5no5/mead.htm [cited 13 September 2000].  
96. Cliver DO. Foodborne Diseases. San Diego, CA:Academic Press, 1990.  
97. FDA. Listeria monocytogenes. In: Foodborne Pathogenic Microorganisms and Natural 
Toxins Handbook. Washington DC:Center for Food Safety and Applied Nutrition, 1992. 
Available: http://www.cfsan.fda.gov/~mow/chap6.html [cited 21 February 2002].  
98. World Health Organization. Bovine Spongiform Encephalopathy (BSE). Fact Sheet No. 113 
(revised June 2001) Available: http://www.who.int/inf-fs/en/fact113.html [cited 17 September 
2001].  
99. Mellon M, Benbrook C, Benbrook KL. Hogging It: Estimates of Antimicrobial Abuse in 
Livestock. Cambridge, MA:Union of Concerned Scientists, 2001.  
100. National Research Council and Institute of Medicine. The Use of Drugs in Food Animals: 
Benefits and Risks. Washington, DC:National Academy Press, 1999.  

http://ehp03.niehs.nih.gov/article/findArticle.action?author=Hebert&title=Nutritional%20and%20socioeconomic%20factors%20in%20relation%20to%20prostate%20cancer%20mortality:%20a%20cross-national%20study.&source=J%20Natl%20Cancer%20Inst&year=1998&firstpage=1637
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Colditz&title=Diet%20and%20lung%20cancer:%20a%20review%20of%20the%20epidemiologic%20evidence%20in%20humans.&source=Arch%20Intern%20Med&year=1987&firstpage=157
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Lan&title=Breast%20cancer:%20incidence,%20nutritional%20concerns,%20and%20treatment%20approaches.&source=J%20Am%20Diet%20Assoc&year=1987&firstpage=765
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Barnard&title=The%20medical%20costs%20attributable%20to%20meat%20consumption.&source=Prev%20Med&year=1995&firstpage=646
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Quijano&title=Time%20to%20blow%20the%20whistle;%20dangers%20of%20toxic%20chemicals.&source=World%20Health&year=1993&firstpage=26
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Blair&title=Agricultural%20exposures%20and%20cancer.&source=Environ%20Health%20Perspect&year=1995&firstpage=205
http://www.nap.edu/books/0309034337/html
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Woodwell&title=DDT%20residues%20in%20an%20East%20Coast%20estuary:%20a%20case%20of%20biological%20concentration%20of%20a%20persistent%20insecticide.&source=Science&year=1967&firstpage=821
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Woodwell&title=DDT%20residues%20in%20an%20East%20Coast%20estuary:%20a%20case%20of%20biological%20concentration%20of%20a%20persistent%20insecticide.&source=Science&year=1967&firstpage=821
http://www.gov.on.ca/
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Thu&title=A%20control%20study%20of%20the%20physical%20and%20mental%20health%20of%20residents%20living%20near%20a%20large-scale%20swine%20operation.&source=J%20Agric%20Saf%20Health&year=1997&firstpage=13
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Glasgow&title=Insidious%20effects%20of%20a%20toxic%20dinoflagellate%20on%20fish%20survival%20and%20human%20health.&source=J%20Toxicol%20Environ%20Health&year=1995&firstpage=501
http://www.cdc.gov/ncidod/eid/vol5no5/mead.htm
http://www.cfsan.fda.gov/~mow/chap6.html
http://www.who.int/inf-fs/en/fact113.html


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 24 

 

101. WHO. Antibiotic Use in Food-Producing Animals Must Be Curtailed to Prevent Increased 
Resistance in Humans. Press Release WHO/73. Geneva:World Health Organization, 20 October 
1997.  
102. U.S. National Research Council. Genetically Modified Pest-Protected Plants: Science and 
Regulation. Washington, DC:National Academy Press, 2000.  
103. Nordlee JA, Taylor SL, Townsend JA, Thomas LA, Bush RKIdentification of a Brazil-nut 
allergen in transgenic soybeans. N Engl J Med 334(11):688–692. 1996. Find this article online  
104. MacKenzie D.Gut reaction. New Sci 161:4. 1999. Find this article online  
105. Huppatz JL. The science and safety assessment of GM foods. Singapore Microbiologist: 
Newsletter of the Singapore Society for Microbiology and Biotechnology. August-October 2000. 
Available: http://www.np.edu.sg/~dept-bio/ssm/news/aug-oct2000/science.htm [cited 1 
March 2002].  
106. Ponting C. A Green History of the World. New York:St. Martin's Press, 1992.  
107. University of California Sustainable Agriculture Research and Education Program. What is 
Sustainable Agriculture? Available: http://www.sarep.ucdavis.edu/concept.htm [cited 5 
February 2001].  
108. Madden JP, Chaplowe SG, eds. For All Generations: Making World Agriculture More 
Sustainable. Glendale, CA:World Sustainable Agriculture Association, 1997.  
109. Sustainable Agriculture Network. Exploring Sustainability in Agriculture: Ways to Enhance 
Profits, Protect the Environment and Improve Quality of Life. Available: 
http://www.sare.org/htdocs/pubs/explore/index.htm [cited 5 February 2001].  
110. Corselius K, Wisniewski S, Ritchie M. Sustainable Agriculture: Making Money, Making 
Sense. Washington DC:The Institute for Agriculture and Trade Policy, 2001.  
111. Pretty JN. Regenerating Agriculture: Policies and Practice for Sustainability and Self-
Reliance. Washington, DC:Joseph Henry Press, 1995.  
112. Brunetti J. The Soul of Soil: Basics for Beginners. Presented at the Pennsylvania Association 
for Sustainable Agriculture's Farming for the Future Conference, 13 February 1999, State 
College, PA.  
113. Soil Foodweb Incorporated. The Benefits to Plant and Soil. Available: 
http://www.soilfoodweb.com/foodwebfunc.html [cited 5 February 2001].  
114. Alexandratos N, ed. World Agriculture: Towards 2010: An FAO Study. Chichester, 
England:Food and Agriculture Organization of the United Nations/John Wiley & Sons, 1995.  
115. Hewitt TI, Smith KR. Intensive Agriculture and Environmental Quality: Examining the 
Newest Agricultural Myth. Greenbelt, MD:Henry A. Wallace Institute for Alternative 
Agriculture, 1995.  
116. Ikerd JE. Sustaining the Profitability of Agriculture. Presented at the Extension Pre-
Conference: The Economist's Role in the Agricultural Sustainability Paradigm, San Antonio, TX, 
27July 1996. Available: http://www.ssu.missouri.edu/faculty/JIkerd/papers/aae-sasa.htm 
[cited 5 February 2001].  
117. Freese B.Pork Powerhouses 1998. Successful Farming 96 ((10):1–2. 1998. Find this article 
online  
118. USDA Agricultural Statistics Board. Hogs and Pigs. Washington DC:National Agricultural 
Statistics Service, 2000.  
119. Vorley W, Keeney D, eds. Bugs in the System: Redesigning the Pesticide Industry for 
Sustainable Agriculture. London:Earthscan Publications, 1998.  
120. Faeth P, Westra J. Alternatives to corn and soybean production in two regions of the United 
States. In: Agricultural Policy and Sustainability: Case Studies from India, Chile, the Philippines 
and the United States. Washington, DC:World Resources Institute, 1993.  
121. Lipson M. Searching for the "O-Word": Analyzing the USDA Current Research Information 
System for Pertinence to Organic Farming. Santa Cruz, CA:Organic Farming Research 

http://ehp03.niehs.nih.gov/article/findArticle.action?author=Nordlee&title=Identification%20of%20a%20Brazil-nut%20allergen%20in%20transgenic%20soybeans.&source=N%20Engl%20J%20Med&year=1996&firstpage=688
http://ehp03.niehs.nih.gov/article/findArticle.action?author=MacKenzie&title=Gut%20reaction.&source=New%20Sci&year=1999&firstpage=4
http://www.np.edu.sg/~dept-bio/ssm/news/aug-oct2000/science.htm
http://www.sarep.ucdavis.edu/concept.htm
http://www.sare.org/htdocs/pubs/explore/index.htm
http://www.soilfoodweb.com/foodwebfunc.html
http://www.ssu.missouri.edu/faculty/JIkerd/papers/aae-sasa.htm
http://www.ssu.missouri.edu/faculty/JIkerd/papers/aae-sasa.htm
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Freese&title=Pork%20Powerhouses%201998.&source=Successful%20Farming&year=1998&firstpage=1
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Freese&title=Pork%20Powerhouses%201998.&source=Successful%20Farming&year=1998&firstpage=1


SOCIAL ECOLOGY BC  NOVEMBER 2010 

 

COWICHAN BAY, BC Page 25 

 

Foundation, 1997. Also available: http://www.ofrf.org/publications/oword/exsum.html [cited 5 
February 2001].  
122. FAO. Committee on Agriculture, Fifteenth Session; Rome, 25-29 January 1999. Organic 
Agriculture. Available: http://www.fao.org/unfao/bodies/COAG/COAG15/X0075E.htm [cited 
14 February 2001].  
123. United Nations Development Programme. World Urbanization Prospects: The 1999 
Revision. New York:United Nations, 1999. Also available: 
http:/www.un.org/esa/population/publications/wup1999/wup99.htm [cited 21 February 
2002].  
124. UNDP. Urban Agriculture: Food, Jobs and Sustainable Cities. New York:United Nations 
Development Programme, 1996.  
125. Fieldhouse P.Community shared agriculture. Agric Hum Values 13(3):43–47. 1996. Find 
this article online  
126. AMS Farmers Markets. Farmers Market Facts. Available: 
http://www.ams.usda.gov/farmersmarkets/facts.htm [cited 8 February 2001].  
127. Pinstrup-Anderson P, Pandya-Lorch R, Rosegrant MW. World Food Prospects: Critical 
Issues for the Early Twenty-First Century. Washington, DC:International Food Policy Research 
Institute, 1999.  
128. Brown LR, Flavin C. A new economy for a new century. In: State of the World 1999. New 
York:W.W. Norton, 1999;3-21.  
129. United Nations Population Division. World Population Prospects: The 2000 Revision. New 
York: United Nations, 2001. Also available: http://www.un.org/esa/population/wpp2000h.pdf 
[cited 18 July 2001].  
130. World Resources Institute. World Resources 1996-97. New York:Oxford University Press, 
1996.  
131. United Nations Population Division. World Urbanization Prospects: The 1999 Revision. 
New York:United Nations, 1999.  

http://www.ofrf.org/publications/oword/exsum.html
http://www.fao.org/unfao/bodies/COAG/COAG15/X0075E.htm
http://www.un.org/esa/population/publications/wup1999/wup99.htm
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Fieldhouse&title=Community%20shared%20agriculture.&source=Agric%20Hum%20Values&year=1996&firstpage=43
http://ehp03.niehs.nih.gov/article/findArticle.action?author=Fieldhouse&title=Community%20shared%20agriculture.&source=Agric%20Hum%20Values&year=1996&firstpage=43
http://www.ams.usda.gov/farmersmarkets/facts.htm
http://www.un.org/esa/population/wpp2000h.pdf
http://www.un.org/esa/population/wpp2000h.pdf

