An Assessment of the Environmental
Sustainability of the Canadian Beef and
Dairy Industries
While the beef and dairy industries are amongst the most important sectors in
Canadian agriculture, their environmental impacts and sustainability have been
increasingly called into question. Cattle have been found to be the largest livestock
contributors to greenhouse gas emissions and contribute substantially to Canada’s
livestock water footprint. As these industries move towards consolidation, antibiotic and
hormone contamination are becoming increasingly serious environmental concerns.
Cattle have both directly and indirectly been linked to decreased air quality, water
contamination, and nutrient pollution, biodiversity loss, land use change, and
deforestation. Climate change presents unique adaptation challenges to both industries.
Acknowledging the complex interactions between livestock production and climate
change, this literature review seeks to assess the environmental sustainability of the
Canadian beef and dairy industries. Factors assessed include the industries’ contributions
to greenhouse gas emissions, air quality, water use and contamination, hormone and
antibiotic use and contamination, land use, impacts on biodiversity, and climate change
adaptability. Results suggest that neither industry is environmentally sustainable under
the current production paradigm. However, beef emerges as the far worse alternative,
using considerably more resources in every category assessed. The report concludes with
recommended mitigation measures to increase the sustainability of cattle-related
industries in Canada.
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Introduction
By the year 2050, it is estimated that the human population will reach 9 billion
people. All 9 billion will need reliable access to safe, nutritious, and culturally
appropriate food if global food security is to be realized. The United Nations estimates
that to achieve this, worldwide food production will need to increase by 60% relative to
2014 production levels (2014). However, as agriculture continues to grow, it both affects
and is affected by climate change and environmental degradation. An area of emerging
importance in considering how to sustainably increase global food production is animal
agriculture. Animal agriculture provides nourishment to many of the world’s citizens;
livestock sources provide approximately 17% of dietary energy and 33% of dietary
protein worldwide (Steinfeld, 2006). However, the Food and Agriculture Organization
(FAO) has also acknowledged that animal agriculture as made a “very substantial
contribution” to climate change, air pollution, reduction of biodiversity, and the
degradation of land, soil, and water (Steinfeld, 2006, ix). Cattle, in particular, are both the
biggest livestock contributors to greenhouse gas emissions, and the biggest livestock
industry in Canada by percentage of farms (Sarkwa et al., 2016; Statistics Canada, 2012).
This paper will seek to assess whether beef and dairy animal production in Canada can be
maintained or increased in Canada in an environmentally sustainable manner.
Implicit throughout this analysis is the knowledge that globally, cattle-related
industries will have to expand as the world population grows if current consumption
trends are to be maintained. Beyond the scope of this investigation are the economic or
ethical considerations of eating animals, and the environmental impacts of beef or dairy
products that are consumed in, but not produced in Canada.
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Methods
This assessment was approached as a holistic literature review. The author relied
solely on the archived data published by other researchers and attempted to provide an
overview addressing all of the main ways the beef and dairy industries are impacting the
environment in Canada. Much of the literature consulted was specific to Canada, but a
number of studies done elsewhere were included when gaps in the Canadian research
were identified.

Background
The Canadian beef and dairy industries by numbers
Over the course of the last decade, cattle-related industries in Canada have shrunk
considerably. As of January 1, 2017, there were 12,065,000 cattle and calves in Canada.
This represents a 17.67% decline in herd size from the 14,655,000 cattle reported as of
January 1, 2006 (Statistic Canada, 2012, 2017). Of these roughly 12 million, 3,833,700
cows were classified as beef cows and 956,900 were reported as dairy cows, 3,955,600
were calves, 1,188,000 were steers, 442,400 were dairy heifers, 1,473,600 were beef
heifers, and 214,800 were bulls (Statistics Canada, 2017). Notably, between 2006 and
2011 the total farm area in Canada (across all farm types) shrank by 6.9%, while the
average farm size increased by 4.1% (Statistics Canada, 2012).
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Figure 1. The change in total number of cattle in Canada between 2006 and 2011. Each
red dot indicates a decrease in 2,000 head and each blue dot represents an increase of
2,000 head.
Between 2006 and 2011, the number of beef cattle reported by farmers dropped
by 22.3%. The number of animals destined for feeding or slaughter dropped 16.1%, and
consequently the food availability of beef dropped 5.1% to 28.3 kg per person per year in
Canada. This steep decline is attributed to a decline in consumer interest in beef and
“several economic factors” (Statistics Canada, 2012). The decline has also been
attributed to a growing number of immigrants whose religions forbid or restrict meat
consumption and an increasing number of Canadians who skip red meat for health
reasons (Atkins, 2015). This is not necessarily consistent with international trends.
Between 1980 and 2004, global meat production doubled, and it is predicted to do so
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again between the year 2000 and 2050 (Mekonnen and Hoekstra, 2012). Globally, beef
comprises approximately 25% of the 225 MT of meat produced annually (Liu and
Haynes, 2011). As evidenced in Figure 2, the prairies are the main geographic region of
beef production in Canada, with Alberta reporting 57.8% of the national feeder/slaughter
herd in 2011 (Statistics Canada, 2012). In 2015, Canada exported 322,343 tonnes of beef
and veal, valued at $2.23 billion CAD (Agriculture and Agri-Food Canada, 2016).
Canada
Beef cows, 2011
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Figure 2. The distribution of beef cows in Canada in 2011. Each red dot represents 2,500
head.
The dairy industry has also seen a decline in cattle, but much more marginally.
Between 2006 and 2017 the herd size dropped by 6.1% from 1,019,100 dairy cows
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reported nationally on January 1, 2006 to 956,900 dairy cows reported on January 1,
2017 (Statistics Canada, 2012, 2017).
Canada
Dairy cows, 2011
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Figure 3. The distribution of dairy cows in Canada in 2011. Each red dot represents 2,000
head.
The decline of cattle in the dairy industry has been attributed less to decreasing
consumer command and more to increased dairy efficiency. Notably, the number of
farms reporting dairy cows dropped by 15% between 2006 and 2011, as the Canadian
dairy industry experienced a strong trend towards consolidation (Statistics Canada, 2012).
In terms of geographic distribution, Quebec leads the country with 5,546 farms and
354,100 dairy cows. Ontario follows closely behind with 3,731 farms and 317,700 dairy
cows (Canadian Dairy Information Centre, 2016). The dairy sector in Canada operates
under a supply management system, with planned domestic production and controls on
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imported dairy (“Canada’s Dairy”, 2017). Much like meat, global milk production is
expected to almost double between 2000 and 2050, from 580 to 1043 million tonnes
(FAO, 2006). In 2015, Canada imported 198,503 tonnes (worth $899.4 million CAD) of
dairy products, and exported 82,476 tonnes (worth $211.1 million CAD), making it still a
net importer of dairy products (Canadian Dairy Information Centre, 2017).

Results and Discussion
Cattle and the Atmosphere
In 2008, Canadian greenhouse gas (GHG) emissions were 32% higher than the
country’s 1990 Kyoto Protocol target (Alemu et al., 2011). If Canadians ultimately hope
to reduce their contributions to anthropogenic GHG emissions, calls are increasingly
being made to assess what is on the menu. The three main GHG emissions associated
with beef and dairy production are methane (CH4), carbon dioxide (CO2), and nitrous
oxide (N2O). As these gases all have different global warming potential (GWP) values,
overall greenhouse gas emissions are often calculated in carbon dioxide equivalents
(CO2e), expressed over a 100 year time scale, to account for these differences (Desjardins
et al., 2012).
Almost across the board, animal products have higher GHG emissions than plantbased products (Carlsson-Kanyama and Gonzalez, 2009). The total contribution of
livestock production to anthropogenic greenhouse gas emission is roughly 18-20%
(Steinfeld, 2006) (Sarkwa et al., 2016). Some studies have put this figure as high as 51%,
but have been criticized for their decision to include the CO2 emissions from livestock
respiration in their calculations and more obscure factors such as missed opportunities for
reforestation (Sarkwa et al., 2016)( Schäfer, 2013). Worldwide, cattle emit roughly 65%
8

of livestock production emissions. From a product-basis, milk production contributes
20% to these emissions and beef production contributes 41% (Sarkwa et al., 2016). Of
any animal product, beef has the greatest emission intensity with more than 300kg CO2equivalent for every one kilogram of protein produced (Sarkwa et al., 2016). The GHG
emission intensity of dairy is more comparable to chicken and pork products, with less
than 100kg CO2-equivalent produced per kilogram of protein produced (Sarkwa et al.,
2016). In Canada, a 2014 estimate put the greenhouse gas contributions of the country’s
agricultural sector at 8% of the country’s total anthropogenic GHG emissions. This
relatively small contribution, though still greater than all emissions from industrial
processes and product use, reflects in part Canada’s massive participation in extractive
industries and fossil fuel use; the energy sector in Canada reflects almost 80% of its GHG
emissions (Environment and Climate Change Canada, 2016).

Methane
Methane is a naturally occurring gas that is produced during enteric fermentation
in the digestive process of ruminant animals. One of the greatest strengths and the
greatest weaknesses of ruminant animals, from a food security standpoint, is that they can
take low-quality forage that would be inedible to humans and many other livestock and
convert it to high-quality protein in the form of meat or milk (Radunz, 2012). Ruminant
animals, including cattle, sheep, and goats, among others, have four-chambered stomachs
that play host to billions of microbes. These microbes break down the cellulose and hemicellulose through fermentation and produce protein, volatile fatty acids, and B vitamins
that the cow can digest (Radunz, 2012). Unfortunately, the ruminant digestive process
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also requires large quantities of water, results in reduced feed efficiency compared to
monogastric livestock, and produces substantial quantities of methane (Radunz, 2012).
Globally, ruminant animal agriculture accounts for 17-37% of all anthropogenic
methane emission (Alemu et al., 2011). A study of the enteric methane emissions from
the Manitoba beef herd between 1990 and 2008 found that the during those 18 years,
enteric methane emissions climbed by 45.2% (Alemu et al., 2011). It is worth noting that
methane emissions from cattle peaked around 2004 following a steady period of herd
growth, and declined by 13.2% between 2005 and 2008 as the herd size decreased
(Alemu et al., 2011).
Although methane has a 28 times greater GWP than CO2, it has an atmospheric
lifespan of only 12 years compared to CO2’s 100+ year lifespan (Sarkwa et al., 2016).
Thus, one can logically conclude that for short-term global warming mitigation, methane
is a more efficient gas to target.

Carbon Dioxide
In the beef and dairy industries, the emission of CO2 is largely due to the
manufacturing and operation of farm machinery and vehicles, the manufacturing and use
of fertilizers and agrochemicals, the construction and electrical use of farm buildings and
infrastructure, and the processing of beef and dairy products (Desjardins et al., 2012).
Additionally, land use change can contribute to CO2 release, as will be explored later. In
short, the animals themselves produce relatively little carbon dioxide, if the amount they
release during respiration is discounted. The Kyoto Protocol did not classify livestock
respiration to be a net source of CO2 because it was considered to be part of a rapid
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biological process that does not cause an overall increase in atmospheric CO2 within time
horizons relevant to the current environmental crisis (Herrero et al., 2011). After plants
sequester atmospheric CO2, livestock digest the plants and reemit the CO2 within a few
days, weeks, or years (Herrero et al., 2011). It is important to note the distinction between
CO2 emitted in this timeframe and carbon that has been sequestered in fossil fuel for
millions of years and is only now being released back into the atmosphere by combustion
(Herrero et al., 2011).
From 1981 to 2006 the mean carbon footprint of Canadian beef cattle at the “exit
gate of the farm” (i.e. before they were shipped to slaughter) decreased from 18.2 CO2e
per kg live weight to 9.5 kg CO2e per kg live weight, an almost 50% reduction
(Desjardins et al., 2012). This has been attributed to better production efficiency
resulting from improved genetic selection, better feed formulation, and improved land
management practices such as reduced tillage and decreased summer fallowing
(Desjardins et al., 2012).

Nitrous oxide
Agriculture is responsible for roughly 60-70% of global anthropogenic nitrous
oxide emissions each year (Eckard et al., 2010) (Kebreab et al., 2006). N2O is emitted
from manure and grazed lands, as well as from soil fertilized from manure (Kebreab et
al., 2006). Nitrous oxide forms about 29% of global livestock GHG emissions, and has
about 265 times the GWP of CO2 (Sarkwa et al., 2016). Its immense global warming
potential and long atmospheric lifespan of 120 years make it an essential GHG to target
for emission reductions (Steinfeld, 2006).
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Mitigation
Some of the mitigation strategies that have been put forward to mitigate the GHG
emissions of meat and dairy include ensuring more efficient nutrition for cattle, further
pursuing genetic improvements to produce highly efficient animals, modifying systems
of production to decrease emissions, and breeding more drought-resistant crops and
pastures for cattle consumption (Sarkwa et al., 2016). No matter the approach, efforts to
reduce the emissions of one major GHG cannot be at the expense of the increase of
another (McGeough et al., 2012). For example, if more grains are fed to cows to reduce
enteric methane production, the increased amount of nitrogen fertilizer and associated
nitrous oxide emissions used to produce those grains must be considered (Beauchemin et
al., 2011). Thus, full life cycle assessments are necessary to understand the complex
profile of GHG emissions related to beef and dairy production before any mitigation
measures are implemented (Beauchemin et al., 2011).

Air Quality
As anyone who has ever passed a field freshly spread with cow manure can attest,
cattle have an impact on air quality. Although animal manure is an excellent source of
fertilizer, its sale is not often profitable enough to justify high transport costs. This often
spurs farmers to dispose of it by applying it at high rates in the areas immediately around
their farm (McGinn et al., 2003). Many of the offensive odours one associates with cows
stem from this practice, specifically the aerobic and anaerobic fermentation of fresh
manure (Von Essen and Auvermann, 2008). As such, of the 90% of industrial ammonia
emissions in Canada that are attributed to agriculture, 81% are attributed to livestock
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manure (McGinn et al., 2003). Beyond just odour, beef and dairy farms can cause
increased levels of dust and particulate matter, atmospheric ammonia, hydrogen sulphide,
toxic organic compounds, and volatile fatty acids in the atmosphere, all of which can
have profound impact on human and ecosystem health (McGinn et al., 2003)(Aneja et al.,
2009).
For people living around beef and dairy farms, and especially for farm workers,
near-constant exposure to decreased air quality can cause sensory irritation and health
hazards such as eye irritation, nausea, weakness, and psychological responses (McGinn et
al., 2003). Dust especially can be problematic, as unconsolidated manure that dries and is
repeatedly stepped on by hooves can become “fugitive dust” and contain endotoxins and
microbial products (Von Essen and Auvermann, 2008). Besides being potentially harmful
to inhale, dust around cattle farms can severely decrease visibility. In late 2005, a chainmotor vehicle accident that killed multiple people was attributed to cattle feedlot dust
blowing into the road (Von Essen and Auvermann, 2008).
Not least of all, high odours and emissions can negatively impact animal health
and wellbeing. Airborne particles have been linked to higher rates of pneumonia in cattle
and high concentrations of ammonia inside barns has been linked to decreased animal
production (McGinn et al., 2003). Outside the barn, ammonia can continue to wreak
environmental havoc. Volatilized ammonia will react with acids to form aerosols capable
of travelling long distances. This phenomenon can cause acidification of ecosystems by
enhancing sulphur dioxide capture in clouds, which ultimately is deposited back to the
earth’s surface as rain (McGinn et al., 2003). When ammonia is deposited directly to
land, it is capable of damaging vegetation, reducing plant biodiversity, and causing soil
13

acidification, eutrophication, and biodiversity loss (McGinn et al, 2003) (Aneja et al.,
2009). Thus, the impacts of beef and dairy production on air quality do not end with
unpleasant odours.

Cattle and Water
Every year, nearly one third of the water used globally for agriculture is related to
the production of animal products (Mekonnen and Hoekstra, 2012). One of the biggest
driving factors of this trend is the unfavourable feed conversion efficiency for animals. It
takes 20 times more water, calorie for calorie, to produce beef than cereals, and one and a
half times more water per gram of protein to produce milk than pulses (Mekonnen and
Hoekstra, 2012). Globally, beef contribute 33% to the global water footprint of farm
animal production, and dairy cattle contribute 19% (Mekonnen and Hoekstra, 2012).

Water footprint
In 2017, many people are familiar with the idea of a “carbon footprint” or
“ecological footprint.” These metrics calculate the sum of both the direct and indirect
ways peoples’ lifestyles contribute to environmental degradation. A carbon footprint, for
example, would look at both the CO2 emissions from heating a person’s home and the
fuel necessary to fly in their fresh fruit from South America. Likewise, a water footprint,
in the context of the beef and dairy industries, assesses all the direct and indirect ways
water is used to produce an animal product ready for consumption (Hoekstra and Förare,
2008). This footprint can be further broken down into “blue”, “green”, and “grey” water
footprints. The blue water footprint of a beef or dairy product is the volume of freshwater
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taken from surface or groundwater sources to produce the product. The green water
footprint is the quantity of rainwater embedded in soil and plants that are involved in
raising cattle. The distinction between blue water and green water is important because of
different opportunity costs associated with each, as well as different hydrological,
environmental, and social implications. Finally, the grey water footprint is the volume of
water that is polluted to make the product, or more broadly, “the volume of water that is
required to dilute pollutants to such an extent that the quality of the ambient water
remains above agreed water quality standards” (Hoekstra and Förare, 2008, pp 52). There
are a number of different variables that influence the overall water footprint of a beef or
dairy product, including climate, animal genetics, type of feed used, and whether the
animal is in a confinement or pastured setting.
A beef cow in an industrial production system is raised for three years and
produces an average of 200kg of boneless beef. In this time, the animal will eat
approximately 1,300 kg of grains, 7,200 kg of roughages, drink 24 cubic meters of water
and require an additional 7 cubic meters for servicing. Thus, the blue water requirement
(for drinking and servicing) per kilogram of boneless beef produced is about 155 L of
water. However, the water necessary to grow the grain and roughage (i.e. green water)
essential to the cow’s survival amounts to another 15,300 liters per kg. In total, it takes
15, 500 liters of water to produce 1 kg of beef (Hoekstra and Förare, 2008, pp 52). This
value still does not contain the potential volume of polluted grey water. Some estimates
put the total amount necessary to produce 1 kg of beef as high as 43,000 litres (Pimentel
et al., 2004). For scale, an equivalent amount of pork or chicken requires 4,800 and 3,900
L of water, respectively (Hoekstra and Förare, 2008). It should be noted that animal
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protein universally requires more water to produce than plant protein (Pimentel et al.,
2004).
As exemplified in the calculation above, the most influential variable in
determining the water footprint of an animal is what it is fed (Gerbens-Leenes et al.,
2013). It is estimated that 98% of the water footprint of an animal product comes from
the water embedded in the feed they consume (Mekonnen and Hoekstra, 2012).
Additionally, the feed conversion efficiency, i.e. the amount of feed required for the unit
of meat obtained (Gerbens-Leenes et al., 2013), plays a large role. Even within the same
species, the way the animal is raised can affect its feed conversion efficiency. In the case
of beef cows, industrial systems or mixed grazing and industrial systems are more
efficient than pure grazing systems, as animals are feed more concentrated feed, move
less, are bred to grow faster, and are slaughtered younger (Gerbens-Leenes et al., 2013).
However, the concentrated grains (such as maize, which has an average water footprint of
760 L/kg in the U.S. (Water Footprint Network, 2017)) fed to cows in industrial systems
tend to have larger water footprints than roughages, somewhat negating the increased
efficiency of such feed and rendering the blue and grey water footprints of industrial and
grazing systems in developed countries comparable (Gerbens-Leenes et al., 2013)
(Mekonnen and Hoekstra, 2012). Finally, the geographic origin of the grains fed to cattle
contributes to the overall water footprint of the associated product, specifically whether
the climate it is grown in necessitates irrigation or whether it is primarily rain-fed
(Gerbens-Leenes et al., 2013).
The amount of water cattle need to directly consume on a daily basis is dependent
on many factors, including the age and size of the cow, activity level, physiological state,
16

diet, water quality, and weather conditions (Agriculture and Agri-Food Canada, 2014).
Table 1 displays the average daily water consumption for range livestock, which would
fall within the category of “blue water”. It should be noted that the estimates in Table 1
are for range livestock, not confined livestock. Range livestock have different diets and
activity levels than confined animals; therefore their water needs are slightly different.
For comparison, one two-year study of water consumption at a 50,000-head feedlot in
Texas found the average daily water usage was 40.9 litre/head/day (Parker et al., 2000). It
is also worth noting that these estimations are likely created for climate conditions within
the range of historic averages; stress from both extreme cold and heat result in different
water and food needs for cattle.
Table 1. Typical Daily Water Requirements for Range Livestock (adapted by author).
(Agriculture and Agri-Food Canada, 2014).
Type of Livestock

Winter water consumption

Summer water consumption

(L/day)

(L/day)

Lactating Cows

77

95

Cow-Calf Pairs

50

68

Dry Cows

36

55

Calves

36

23

Growing Cattle (180-360 kg)

23-36

36-55

Finishing Cattle (270-540 kg)

55

86

Bulls

36

55
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Water contamination
Common contaminants from cattle farms include fecal coliforms and other
bacterial pathogens, bio-limiting nutrients, chloride, nitrate, hormones, antibiotics, and
endocrine disrupters (Arnon et al., 2008). Water contamination can both decrease
biodiversity (Pimentel et al., 2004) and pose a risk to human health; between 1982 and
2002, the United States saw 350 outbreaks of Escherichia coli O157: H7, a bacteria
commonly found in the intestines of humans and animals. Of the outbreaks, 9% were
waterborne transmission, 3% resulted from animal contact and 21.4% could be directly
traced to ground beef contamination (Rangel et al., 2005). As livestock production
systems move closer to urban areas, water contamination is becoming a more prominent
issue (Pimentel et al., 2004). One way water contamination becomes an issue of
biodiversity loss is when limiting nutrients such as nitrogen enter water bodies, either
through cattle feces, urine (especially impactful under grazing conditions), or fertilizers
applied to crops grown for cattle (Kebreab et al., 2001). Nitrogen pollution in water can
cause excessive algal growth, leading to deceased dissolved oxygen and mass mortality
of fish and other aquatic life. It can also cause increased levels of bacteria and toxins that
can sicken humans who drink contaminated water or eat contaminated fish or shellfish.
Furthermore, nitrogen-contaminated groundwater can be harmful to people who consume
it, especially infants (Environmental Protection Agency, 2016). Finally, when land is
cleared to make space for cattle or the crops they will eventually consume, significant
amounts of erosion can occur and lead to sedimentation of water bodies. Overgrazing can
also contribute significantly to erosion and sedimentation (World Wildlife Fund, 2017).
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Grey Water and Processing
It may be counterintuitive to think that the water footprint of cattle continues to
grow even after they have been slaughtered or their milk has been trucked away.
However, dairy and beef processing are actually substantial contributors to the “grey
water” portion of the overall water footprint of these industries. Among the main ways
water is used in processing is to maintain hygienic conditions. Both meat and dairy
processing plants use large volumes of water to achieve this end, and in the process
contaminate the water with significant concentrations of cleaning and sanitizing products,
high organic loads, and an increased level of nitrogen, phosphorous, and sodium contents
(Liu and Haynes, 2011). Furthermore, the rate of water used and subsequent flow of
wastewater can have high variability based on when processing activities are actually
taking place (Liu and Haynes, 2011). With dairy, this effect is exacerbated by the current
trend towards fewer, larger, and mostly automated processing plants. While previously
the effluents from processing were more widely dispersed, they are now more
concentrated and more likely to cause environmental loading in the area immediately
surrounding the plant. Dairy processing effluent is subject to large pH fluctuations due to
the use of both acidic and caustic cleaning products, and typically contains a high organic
load in the form of diluted milk and milk products (Liu and Haynes, 2011).
Cheese making produces its own unique grey water challenges. As cheese
making operations consolidate, Canadian cheese makers have experienced difficulty
disposing of all of the whey they create. Only 10% of the milk that is involved in cheese
making becomes curds, which is the part that goes on to become cheese. The other 90%
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becomes whey, which is not useful in the cheese making process. In 2010, Canadian
cheese making produced 3.5 billion litres of whey, which posed serious disposal
problems (Riedl, 2011). Whey is too rich in phosphorous and nitrogen to be dumped
directly onto fields or into waterways—doing so can cause eutrophication and fish kills
(Riedl, 2011). Thus, in Ontario most whey is turned into whey protein concentrate or
whey protein powder to be used in sports drinks and bars, and some is used to feed pigs
(Riedl, 2011). However, both of these options pose investment and transportation costs
that can be prohibitively expensive to many small cheese makers. They are then forced to
come up with other creative ways to use whey, or face an economic loss (Riedl, 2011).
Beef processing involves large qualities of water before, during, and after killing.
In total, slaughter and processing is estimated to take between 1200-5000 L of water per
animal (Lui and Haynes, 2011). Before killing, water is involved in keeping animals
hydrated and washing down the stockyards in which they are held. This water is
particularly high in fecal matter, urine, and some soil (Lui and Haynes, 2011). During
slaughter, water is used for cleaning and sanitizing equipment and facilities. It is used in
removal of bones, washing the outside of the carcass after hide or hair removal, and
rinsing the inside of the carcass after evisceration. Blood is problematic component of
slaughterhouse wastewater because it contains high concentrations of total solids and
nitrogen. As cattle are usually killed through exsanguination, slaughter facilities try to
collect the blood that flows during death. However, it can splash outside the collection
containers and later be washed away as the floor is cleaned. It can also enter the
wastewater from carcass refrigeration areas and the washing of hides (Lui and Haynes,
2011). In general, effluent from meat processing operations can be characterized by high
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organic loads due to the presence of blood, fat, manure, and undigested stomach contents,
high concentrations of nitrogen, phosphorous and sodium, and fluctuations in pH and
temperature (Liu and Haynes, 2011).
One silver lining of the effluent production associated with beef and dairy
processing is that under the appropriate circumstances, this wastewater can be reused in
irrigation and can have a positive effect on soil quality by: providing a liming effect,
modestly increasing the organic matter content of the soil, reducing or eliminating the
need for further application of nitrogen or phosphorous fertilizers, improving aggregate
stability when soil is left undisturbed, and increasing the activity of the soil microbial
community (Liu and Haynes, 2011). However, care must be taken to ensure the effluent
will not cause unintended soil pH changes or soil salinization (Liu and Haynes, 2011).

Hormone and Antibiotic Contamination
One issue particularly relevant to dairy farms is hormone contamination. The estrogen
levels of cows increase radically when they are pregnant or lactating (Gadd et al., 2009).
When pregnant and lactating cows are kept in large numbers, their excrement poses an
estrogenic contamination risk to the surrounding ecosystem. A link between surface
water hormone contamination and animal agriculture has been established for over 30
years, however more in depth research into the area has only begun relatively recently
(Arnon et al., 2008). Of particular concern are estrone and 17β- estradiol, as they can
cause physiological effects on plants and animals at a lower concentration than other
steroid hormones (Arnon et al., 2008). High levels of steroid estrogens and xenoestrogens
have been linked worldwide to reproductive issues in fish, including the feminization of
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male fish, reproductive abnormalities, and skewed sex ratios (Gadd et al., 2009). In
general, elevated levels of hormones in an ecosystem pose a risk to its humans and
wildlife as they can disrupt growth control, metabolism, and other bodily functions
dependent on hormones (Arnon et al., 2008). One common way of dealing with diary
effluents is to construct an effluent pond, ideally lined with a relatively thick layer of
clay. However, even with such precautions taken, one study found testosterone and
estrogen contamination in sediments at 45 and 32 metres in depth, respectively, below a
dairy-farm wastewater lagoon with a clay lining (Arnon et. al, 2008). Groundwater
samples from the same site were also contaminated with elevated concentrations of
testosterone and estrogen (Arnon et. al, 2008). Effluents that are not effectively contained
in catchment ponds are often discharged over land, either intentionally as fertilizers, or
unintentionally as runoff from animal grazing or holding areas. These discharged
effluents pose a threat to organisms relying on nearby water sources, as free estrogens
have been measured in both groundwater and surface water following dispersal on land
(Gadd et al., 2009). Hormone contamination will continue to be problematic until more
effective methods of treating dairy effluents for their hormonal components are
developed and widely implemented.
As animal agriculture has become more industrialized and science has progressed, the
use of antibiotics in livestock production has risen to unprecedented levels. The
Canadian government reports that more than 75% of antibiotics sold in the country every
year are destined for use with animals. In 2013, the demand for agricultural antibiotics
amounted to 1.6 million kilograms of antibiotics distributed (Cotter, 2016). Such high
antibiotic use is not a reflection of Canadian animals falling ill at exceptional rates;
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rather, many agricultural animals are kept on sub-therapeutic doses their entire lives to
prevent disease, promote growth, and improve feed conversion ratios (Cotter, 2016). As
antibiotics are mostly water soluble, it is estimated that between 30% and 90% of each
dose administered to an animal leaves the body through urine unaltered or as a
metabolite, some of which are still bioactive (Costanzo et al., 2004) (Feng et al., 2009).
Even when an antibiotic has a high degradation rate in the environment, around many
farms and slaughterhouses the flow of antibiotics is so consistent that they effectively act
as persistent environmental pollutants (Costanzo et al., 2004).
The environmental implications of Canada’s rampant agricultural antibiotic use
are numerous. Broadly, the three main concerns are that as antibiotics enter water bodies,
they have the potential to accelerate widespread antibiotic resistance, contaminate that
water for further drinking, irrigation and recreation, and cause death or inhibition of
ecosystem bacteria critical to processes such as nitrogen fixation and the breakdown of
organic matter (Costanzo et al., 2004). Notably, when wastewater is used for irrigation or
manure is used as fertilizer, active antibiotics and metabolites can have an impact on soil
microorganisms. These microorganisms are crucial providers of many key ecosystem
services including biogeochemical nutrient cycling and the structure, hydrological
properties, and energy flow of soil (Kong et al., 2005). Unfortunately, much of the
ecotoxicity of antibiotics on soil microorganisms is still relatively unknown, although
early studies suggest that antibiotics delivered to the soil as urine or feces may have the
ability to impact vegetation growth and soil microbial activity (Feng et al., 2009). As
watershed and soil health are critical to realizing food security, more research must
urgently be done to fully understand the long-term impact of agricultural antibiotics.
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It is worth noting that the magnitude of antibiotic use in Canadian agriculture is
not globally ubiquitous. In 1995 Sweden banned the use of antibiotics as feed additives
for growth promotion. In 1997, Denmark followed suit, and in 2006 the entire European
Union banned antibiotics as growth promotants. The results have hardly been disastrous.
In Denmark, there was a 74% incidence of vancomycin-resistant Enteroccocus faecium in
broiler chickens in 1995. Just three years after their ban, the resistance level fell to 2%. In
Sweden, the banning of antibiotics as growth promotants did not lead to an increase in
antibiotic use in other categories (e.g. therapeutic doses to treat infection). Rather, the
country observed a decrease in use of antibiotics for individual treatment from 17 metric
tons in 1985 to 14 metric tons in 2003 (Gilchrist et al., 2007). Thus, there is significant
precedent for Canada to curb its dependence on antibiotics. Indeed, the World Health
Organization has called for the phasing-out of antimicrobial growth promotants for
livestock and fish production (Gilchrist et al., 2007). Additionally, Health Canada has
made a push to have stricter laws implemented on veterinary antibiotic use, noting that
“decreasing effectiveness of antimicrobials is having a significant impact on the
government’s ability to protect Canadians from infectious diseases” (Cotter, 2016). One
promising alternative to antibiotics is the use of vaccines and probiotics (Gilchrist et al.,
2007). However, perhaps most importantly, Canadian farmers must learn that antibiotics
cannot be seen as a substitute for enhanced hygiene, air ventilation, biosecurity, and
disease surveillance (Gilchrist et al, 2007).

Land Use
Raising livestock is the single largest anthropogenic use of land (Steinfeld, 2006).
30% of the world’s ice-free land is used to graze livestock or grow crops for livestock
consumption (Steinfeld, 2006). Traditionally, grazing has occurred on marginal lands that
are otherwise not useful for crop agriculture (Gerbens-Leenes et al., 2013). Still today,
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when animals graze on marginal lands that are rainwater fed, they may present the most
reasonable means for humans to gather important calories from the area. Ruminants have
the ability to nourish themselves off of low-quality forage from land that may not be
good for arable crops (Sarkwa et al., 2016). However, more and more often, cattle do not
spend their days grazing on rangeland. In Eastern Canada, for example, where the
majority of dairying in Canada occurs, 92% of dairy cows are housed in tie-stall systems
and fed off of crops from cultivated land (McGeough, 2012). Beef cattle have their own
unique impacts on land use. Beef production requires 28 times more land than dairy,
pork, or chicken (Eshel et al., 2014). Compared to the average land use of rice, wheat,
and potatoes, beef requires 160 times more land and dairy 6 times (Eshel et al., 2014)
A major concern regarding the amount of land cattle require is the opportunity
cost of growing food for cattle versus food for humans. As the world population grows,
efficient use of arable land must be a priority (Carlsson-Kanyama and Gonzalez, 2009).
Roughages such as hay and silage are grown on prime agricultural land that could instead
be used to grow crops for direct human consumption (Eshel et al., 2014). It’s been
estimated that if crops were grown only for direct human consumption, the number of
food calories available to humans could increase by up to 70% and feed another 4 billion
people (Machovina, 2015). The FAO’s report Livestock’s Long Shadow noted that
globally, livestock “detract more from the food supply than they provide,” citing the fact
that they consume more human-edible protein than they produce (Steinfeld, 2006, pp
270). However, it is also important to remember when regarding such a statistic that
cattle have different contributions to food security in different locations and that context
is critical. A single cow raised by a Hindu family in India for dairy and draft labour
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would have a very different land use profile and contribution to food security than a
grain-fed beef steer in a CAFO in Alberta.
In Canada, the clearing and/or use of land for cattle can have profound
implications on the overall GHG emissions of the beef and dairy industries. Carbon
dioxide release can be a result of poor soil management and loss of soil carbon. At the
same time, deforestation and aboveground biomass change can decrease the ability of an
area to sequester carbon, compounding the problem (Desjardins et al., 2012). The
ecological and inherent value of rangelands must also be considered in any discussion of
land use. The prairies and other “natural” landscapes provide a number of ecosystem
services such as wildlife habitat, erosion control, water regulation, as well as cultural and
aesthetic benefits (Desjardins et al., 2012). For example, intact forests can minimize
flooding by slowing snowmelt and water discharge and moderate climate change by
removing atmospheric carbon (Tilman et al., 2002). Trees and other forms of natural land
cover are important in maintaining stream bank stability and normal stream turbidity
(Eshel et al., 2014). Just because food is not being collected from certain types of land
cover does not mean that these areas do not offer benefits to humanity. Finally, these
lands may also have cultural and aesthetic values that are difficult to quantify (Desjardins
et al., 2012).

Biodiversity
When the sum of animal agriculture’s impact on deforestation, land degradation,
pollution, climate change, sedimentation of costal areas, facilitation of invasions by alien
species, and loss of wild carnivores and herbivores is totalled, it is likely the leading
cause of modern species extinctions (Machovina et al., 2015). Thus, the monumental role
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animal agriculture plays in biodiversity loss cannot be understated. When considering the
impact of the Canadian beef and dairy industries on biodiversity, both the direct and
indirect impacts must be taken into account.
Cattle have different impacts on biodiversity depending on whether they are
raised in confinement systems or are pastured. It has been argued that pasturing cattle in
Canada may actually be a benefit to biodiversity, citing the fact that the need for
rangeland has prevented parts of the prairies from being developed for other uses
(McLaughlin and Mineau, 1995). It has also been argued that rangelands are among the
largest and best-managed parts of native prairie in the country (McLaughlin and Mineau,
1995). However, there are also a number of claims to be made for pastured cattle
decreasing biodiversity. Rangelands are often altered by re-seeding, pesticide use, brush
removal, wildfire suppression, and other techniques that result in reduced landscape and
habitat diversity (McLaughlin and Mineau, 1995). When cattle graze, they directly
impact plant communities by eating some plants, avoiding other, trampling vegetation,
and compacting soil (McLaughlin and Mineau, 1995). If grazing pressure is too high,
these impacts may have long-term effects. For example, soil compaction can make
habitat unsuitable for certain invertebrates and leave their predators (namely frogs and
shrews) without prey (McLaughlin and Mineau, 1995). At the other end of the food
chain, large carnivores are often shot, trapped, or poisoned if their presence threatens
livestock (Machovina et al., 2015). Taking any species out of an ecosystem can cause a
trophic cascade and have profound reverberations throughout the food web.
When cattle are raised in confinement systems or must have their grazing
supplemented, their impact on biodiversity shifts to the lands used to grow the feedstock
they require. In a sense, this impact is “indirect” in that the cows themselves are not
interacting with these areas. However, since these crops are cultivated specifically to
meet the demands of beef or dairy operations, their impact must be considered.
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Associated with growing soy, grains, maize, hay, and other common feedstocks
for cattle are variables such as tillage, drainage, intercropping, crop rotation, land cover
change, land degradation, soil degradation, harvesting methods, and pesticide and
fertilizer use which all can have significant impacts on biodiversity (McLaughlin and
Mineau, 1995). While the full impacts of various types of crop agriculture on biodiversity
are beyond the scope of this essay, it is suffice to say that area of land required to grow
crops to feed Canada’s cattle, the degree of physical manipulation required of the land,
and the addition of large quantities of fertilizers and pesticides required for modern
agriculture all have a profound impact on health of Canada’s biodiversity (McLaughlin
and Mineau, 1995).
As previously discussed, beef and dairy cows require a large amount of water,
both directly and indirectly, to produce an edible product. Both water shortages and water
pollution can contribute to biodiversity loss (Pimentel et al., 2004). Furthermore,
excessive antibiotic use and hormone contamination can decrease soil and watershed
biodiversity on both microscopic and macroscopic levels. Finally, the far-ranging impact
of the beef and dairy industries on biodiversity loss due to climate change must not be
overlooked. As a major contributor to greenhouse gas emissions, beef and dairy
industries around the world are culpable to a share of the changes in distribution and
abundance of species worldwide spurred by changing climates. Under mid-range
warming predictions, an estimated 15-37% of species worldwide will be ‘committed to
extinction’ by 2050 (Machovina et al., 2015). Since the rise of industrial society (about
200 years before present) extinction rates have risen to the highest in 65 million years
(Ceballos et al., 2015). The exceptional modern rate of species loss has prompted
scientists to declare that anthropogenic activities have moved the world into the 6th mass
extinction event (Ceballos et al., 2015). If current rates are allowed to continue, within
three human generations our species could face a loss of biodiversity so catastrophic it
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would threaten the very ecosystem services we need to survive, such as water purification
and crop pollination (Ceballos et al., 2015). Thus, the importance of biodiversity
conservation and the implications of animal agriculture on it cannot be underemphasized.

Looking Forward
In the medium-term outlook, Canada is expected to experience a modest increase
in agricultural food production due to climate change due to longer growing seasons and
longer outdoor grazing periods for livestock (Warren and Lemmen, 2014). However, the
agricultural sector will also face new challenges with pests and diseases, decreased
predictability of inter-annual weather variability, and more frequent extreme weather
events (Warren and Lemmen, 2014). These negative factors are inherently unpredictable
and thus a principle of caution should be applied when trying to anticipate the overall
potential impacts of climate change on Canadian agriculture (Warren and Lemmen,
2014).
Cattle and climate change adaptability
Cold stress in cattle starts occurring around 0°C (assuming no wind chill) for a
cow with a clean, dry, averagely thick winter coat and a normal body weight (Tarr,
2007). Cold stress will require the cow’s metabolic rate to increase to continue to
maintain its internal temperature within a normal range. Cattle need to be provided with
additional or higher quality feed during periods of cold stress to support their increased
metabolic rate, otherwise they risk weight loss, hypothermia, and death (Tarr, 2007). For
example, the government of Saskatchewan recommends feeding beef cattle an extra one
pound of feed per animal per day for every five degrees the temperature is below -20°C at
midday (Government of Saskatchewan, 2017). Conversely, heat stress in cattle causes
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them to require significantly more water. Heat stress in cows generally starts to occur at a
temperature-humidity index (THI) of 68. The lowest temperature a THI of 68 could occur
at is 20°C with 100% humidity. A common THI for Ontario summers is 80, which
translates to a temperature of 31°C and 57% humidity (Lang, 2011). Researchers in
Arizona found that dairy cows had a milk yield reduction of 2.2 kg/day after 17 hours
exposure to a THI of 68, or when the average THI was above 65 (Lang, 2011). One of the
ways recommended to keep cows cool, avoid heat stress, and keep milk production high
is to install a sprinkler or fogging system (Lang, 2011). This obviously increases the
amount of water needed to keep a dairy operation running. In acknowledging that Canada
stands to experience more extreme weather events due to climate change, the
physiological responses of cattle to extreme weather temperatures must be taken into
account.
It is worth noting that climate change is anticipated to have a more immediate and
severe impact on livestock production in developing countries, where animals spend most
of their time outside and are more directly exposed to severe weather events, than in
developed countries where indoor confined animal feeding operations are more common
(Sarkwa et al., 2016). Although Canada falls within the realm of developed countries, the
intense interconnectedness of the global food system and international commodity trade
should not be overlooked when considering the long-term impacts of climate change on
Canadian beef and dairy production.

Conclusion and closing remarks
As the Chief of the FAO’s Livestock Information and Policy Branch blatantly
summarized, “Livestock are one of the most significant contributors to today’s most

30

serious environmental problems. Urgent action is required to remedy the situation”
(2006). The goal of this independent study was to assess the environmental sustainability
of the Canadian beef and dairy industries in response to the knowledge that food systems
must be adapted urgently to meet a growing population and a changing climate. If the
environmental sustainability of agriculture is defined in line with the definition of
sustainable development put forward by the Brundtland Commission in 1987, then
environmentally sustainable agriculture is agriculture that meets the needs of the present
without compromising the ability of future generations to meet their own needs. Through
my report, it has been found that both the beef and dairy industries have profound
impacts on all elements of environmental health assessed. These impacts may very well
impair the ability of future generations of Canadians to meet their own agricultural needs.
Thus, the author has deep reservations about calling either the beef or dairy industries
environmentally sustainable in the way that they are currently operating in Canada.
In light of all of the data on the environmental impacts of animal agriculture
available, numerous publications have called for a decrease in animal product
consumption. The FAO’s report Livestock’s Long Shadow concluded that,
“environmental damage by livestock may be significantly reduced by lowering excessive
consumption of livestock products among wealthy people” (Steinfeld, 2006, pp 269).
Another study published in the American Journal of Clinical Nutrition concluded that a
change towards a plant-based diet could help substantially in reducing anthropogenic
GHG emission (Carlsson-Kanyama and Gonzalez, 2009). The authors of the same study
wrote that they envision a future where certain meats are reserved only for certain
festivities and rituals and not part of regular diet. Machovina et al. (2015) argued that a
global average of 10% or less of dietary calories coming from animal products would be
most sustainable and realistic, as worldwide veganism does not make the best use of
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arable land. Eshel et al. (2014) suggested that more “environutritional” information
should be made available to consumers so they can become more informed about the
environmental impact of their purchases. All of these alternatives would present
improvements over the current paradigm.
Short of abandoning all beef and dairy products, climate change mitigation
measures must be a top priority. It is acknowledged that this may not be an appetising
thought to entertain for some environmentalists—a 2012 post on the Yale School of
Forestry and Environmental Studies blog joked that the beef has about as many friends as
plastic bags, coal, and SUVs among the environmental community (Gunther, 2012). And
while this is probably true, so long as any cattle products are consumed or produced in
Canada, environmentalists must investigate ways to make the beef and dairy industries
more environmentally sustainable. Innovative solutions are already being pioneered. In
Quebec, cheese producer Laiterie Charlevoix had their system retrofitted to create
methane-rich biogas from leftover whey to heat the hot water tanks that are used to
pasteurize milk. The effluent leftover from the biogas production is then used to fertilize
a greenhouse of plants that further purify the water to a level in which fish can survive
(Riedl, 2011). Other mitigations strategies for GHG reduction put forward include more
efficient nutrition for cattle, further pursuing genetic improvements to produce highly
efficient animals, modifying systems of production to decrease emissions, and breeding
more drought-resistant crops and pastures for cattle consumption (Sarkwa et al., 2016).
Already there are some promising trends in decreasing environmental impact per animal,
such as the almost 50% reduction in CO2 emission per head observed between 1981 and
2006 (Desjardins et al., 2012). Continued research in these areas is imperative.
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One limitation of this investigation that has been acknowledged is the lack of
comparison of the sustainability of beef and dairy to alternative sources of nutrition.
Writing this paper has elucidated to the author how much sustainability is a relative
matter. For humans to produce enough food to survive, they will inherently have some
impact on the environment. However, how much impact can be maintained over time is
influenced by a multitude of factors and is very much a question of context.
Unfortunately, in issuing dietary recommendations, governments and other institutions of
power often have to sacrifice more nuanced explanations for more simplistic and easy-tointerpret directions. Considering the environmental impacts outlined in this paper, the
author would recommend for the Government of Canada to encourage its citizens to at
very least to consume less beef, and consider limiting their dairy intake. It is hoped that
more research will be conducted in the Canadian context assessing the environmental
impacts of food choices in order to one day realize a food system that nourishes both the
present and future generations.
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Summary of Main Points
• Cattle are the largest livestock contributors to greenhouse gas
emissions
• Beef and dairy cattle contribute substantially to Canada’s livestock
water footprint
• Cattle have both directly and indirectly been linked to decreased air
quality, water contamination, land degradation, deforestation
biodiversity and nutrient pollution
• As livestock industries move towards consolidation, antibiotic and
hormone contamination are emerging as increasingly serious
environmental concerns
• Climate change will pose unique and unpredictable challenges to both
beef and dairy production
• There are a number of mitigation efforts both industries could make to
become more environmentally sustainable
• Canadians should limit their consumption of beef and consider
lowering their intake of dairy
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