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INTRODUCTION

Environmentd issues are one of the greatest chalenges faced by Canada s fast growing hog industry. Through
innovation and investment, industry has set out to meet these chalengesin a positive, constructive way. Provincid
hog marketing boards have been very active, developing codes of practice, promoting better management
practices anongst producers and aso working with municipdities to increase understanding. Provincid
governments have been indrumentd in assgting indugtry in this regard, working both with producers and municipd
governments to find solutions. To date, much of the federd activity in this area has been through research related
to building design and manure storage, handling and application.

Recognizing that continued growth hinges on finding environmenta solutions that are acceptable to regulatory
bodies, the public, and the industry itself, the Canadian Pork Council, asked Agriculture and Agri-Food Canada
(AAFC) to re-examineitsrole and determineif it could work with industry and the provinces to develop amore
comprehensive and coordinated approach on thisissue.

In response, AAFC isinvestigating the development of the Hog Environmental Management Strategy (HEMS),
proposing the following vison for thisinitigtive:

Vision for the Hog Industry

Environmental constraintsto hog production in Canada will be significantly
reduced within the next three yearsthrough the joint efforts of
government, industry, and other interest groups. Effective, affordable
solutionswill be developed and implemented for each of the key
environmental issues associated with the industry: odours, soil and water
quality, and air pollution.



TheHog Environmental Management Strategy (HEM S) Steering Committee was formed to launch this
initiative, bringing together representatives of industry and severa branches of AAFC. It defined the following
course of action:

1. Andysethe current Stuation in the hog industry, defining the environmenta chalenges; describing the
pertinent regulatory issues, determining current activities of industry, universities and provincid governments
in addressing the chalenges; listing the current activities in research and technology development that could
help meet these chdlenges, and define the gaps that ill exig.

2. Cognisant of the gaps identified in the Situation report, develop aligt of activities which could possibly
condtitute the federd contribution to thisinitiative.

3. Consult with provincid governments and industry about the potentia for joint work in addressng hog
environmenta issues.

4. Hold anationd workshop where representatives from industry and the federd, provincid and municipa
governments can meet to discuss the issues, and decide on concrete steps for implementing a three year
coordinated strategy for addressing the issues.

This report began as an attempt to assemble information on the current situation (discussed in Step 1 above) and
was distributed at the provincia consultations held in December 1997 and January 1998. It has since been
updated with comments and revisions from the provinces, in particular regarding regulations, guiddines and
indugtry actions.

With its up-to-date information on what is happening in the industry, both on the research side and the regulatory
Sde, this document is now a useful background document for the nationa workshop.

EXECUTIVE SUMMARY

| mportance of the Issue

The Canadian hog industry isimportant because of both the $3 billion in farm income it generates annudly and the
contribution to employment of the pork-processing industry. Pork and hog exports currently represent $1.5 billion
or 8% of dl agri-food exports.

The hog and pork industries dso demonstrate some of the best growth potentid of dl the agri-food sectors.
Fudled by increasing internationa market opportunities for pork, expansion difficulties for traditiona competitors,
and advantageous grain prices, the Canadian hog industry is undergoing considerable expansion. In the prairiesin
particular, this expanson is seen as an important part of the move to amore diverse agricultura economy.

This expangon coincides with a very significant shift in the technology and management organization of the indudtry.
Operations are changing from the traditiona farrow-to-finish farms with 100 to 300 sows, to larger units with
1,200 or 2,400 sows (or more), in which piglets are farrowed a one Site, raised in anursery at another, and
finished at athird. These larger units require considerably more capital and organizationa sophistication than
traditional farms, and often draw these resources from outside the family-farm structure.

Environmenta issues are among the most important factors limiting the expansion of the hog industry. A number of
expangon projects have dready been delayed or cancelled because of environmenta consderations, and thereis



the potentid for this congraint to become more redtrictive in the future. The significance of this current expanson is
aufficient to warrant a condderable commitment by both industry and governments to ensure that limiting factors
are addressed.

Environmentd issues are among the most important factor limiting the expanson of the hog industry. A number of
expansion projects have dready been delayed or cancelled because of environmenta considerations, and thereis
the potentid for this congtraint become more redtrictive in the future.

Environmental I1ssues

Environmenta issues in hog production pertain primarily to the storage, handling and gpplication of manure. The
three key concerns are:

¢ Odours. Odours are generally regarded as a nuisance to other residents and are often the largest obstacle
to obtaining municipa approval. In addition to nuisance, there can be some related hedlth effects,
particularly for agriculturd workers.

¢ Soil and Water Quality: The accumulation of nitrates, phosphates, heavy metds, and other potentialy
harmful substances have implications for soil and water qudity.

¢ Air Emissons. Ammoniaemissons pose arisk to human hedth under certain conditions and can contribute
to smog. Methane and nitrous oxide are potent greenhouse gases that contribute to climate change.

Role of Government and Industry

The environmenta challenges faced by the hog indudtry invite activity on the part of the industry itsdf, aswell as of
federd, provincid, and municipa governmentsto ensure a proper baance between the interests of farmers and
affected community members. Regulation at the provincid and municipd levelsis the one of the most powerful
ingtruments used to ensure environmenta protection and respect for community sandards;, however, thereis
consderable work by government and producer groups to ensure thet regulation is complemented with education
and technology trandfer.

Regulation

All provinces have environmenta protection legidation. The lead role for adminigtration and enforcement of
provincid environmenta protection legidation usudly lies with the provincid ministry respongble for environment,
frequently in partnership with other resource minigtries, such as agriculture. The degree to which this legidation
influences behaviour a the farm level varies from province to province, but in generd its god isto prevent pollution
and to hold polluters responsible for mitigating adverse environmenta effects. Most provinces dso have
"right-to-farm" legidation, and many that do not are in the process of laying the foundations to enact such
legidation. (Thislegidation isintended to protect hog producers from unwarranted "nuisance’ lawsuits provided
that they operate in accordance within "norma farm practices’).

Regulaions important to the hog industry dso exigt at the municipd levd, with wide variation anong municipdities
and regions. They affect the industry mainly through the issuance of Ste permits.

Research, Technology Transfer, and Community Education

There are a number of excellent examples of work being done by producer organizations and governments to
as3g producers in complying with regulaions and to asss municipdities in implementing their regulaionsin a



conggtent and scientificaly based fashion. At the nationd leve, the Canadian Pork Council has published the
Canadian Code of Practice for Environmentally Sound Pork Production, prepared in consultation with
governments, university researchers, and financid indtitutions. In Quebec, "L a federation des producers de porcs
du Quebec" has engaged representatives of the provinciad and municipa governments and environmenta groupsin
athree-step agro-environmenta plan that will use certification as a means to ensure environmenta sustainability
and thereby overcome resistance to future expansion of production. Ontario Pork is establishing a data base on
production practices and technologies and a resource centre to assst municipa governmentsto draw up
reasonable and effective regulations. Many provincia governments have established services to provide technica
support to producers investing in the hog industry, particularly in relation to their conformity to environmenta
standards. Most provinces have devel oped a code of practice for use by producers to ensure that they conform to
environmentd standards and aso to assist them in proving to municipdities and lenders that they have shown "due

diligence'.
Technical Services

Many technica services are, or can be, provided to the municipd officids charged with considering Site permit
gpplications and to producers who are required to meet municipa requirements. These services range from
providing technical advice to educating communities about the benefits of hog developments. Those individuds or
asociates who assst or advise producers and municipa officids include federd and provincia governments,
private consultants, forma producer organizations (e.g., pork marketing boards) and informal producer or resident
associaions in a particular location.

Such technica services may be offered to, for example:
¢ Thoseindividud or associates involved in facility congtruction, regarding:

- technical aspects of particular technologies and their economic benefits;
- gte selection (perhaps using some form of GIS mapping) .

* Farmers, to ensure that their management practices conform to requirements for sound environmental
management. This could include:

- provincia codes of practice;

- technicd information on awebdte;

- direct assistance from those involved with extenson;
- software programs to be used on the farm;

- literature specifically targeted to farmers.

» Municipdities, for the development and implementation of their bylaws. This could include:
- acompendium of environmenta standards in the province;
- literature and advice on technica specifications required for facility construction; and
- dte sdlection based on GIS mapping.
¢ Municipdities or counties, for development of land-use plansfor particular regionsinvolving siting of
hog-production facilities.
» Officdsmonitoring environmental andards at the watershed leve.

I ncentive and I nfrastructure Programs



Low-interest loans or tax concessions could possibly be extended to those adopting desired technologies.
Community Relations

Producer groups are working with individua communities to address concerns over hog expansion, usng public
seminars and information dissemination.

Certification and Recognition

In some provinces, new proposals must undergo a peer review process. Certification of producers, either for
gpplicants for new facilities or for al producers, with the focus specifically on environmenta condderations, may
be carried out by government or industry. Certification under the 1SO 14000 program could aso include initiatives
to enhance the marketability of particular products because of their conformity to particular codes of practice.
Awards and recognition could be given to producers who develop new methods or are exemplary in their
management practices.

Current Knowledge and Ongoing Resear ch

Considerable advancesin the technologies of hog production, combined with an apparent willingness on the part
of producers to adopt these technologies, have improved the industry’ s ability to address environmenta issues.
Current areas of research include:

* Manure Management (Storage and Application):

Manure Storage: reducing nitrogen loss and minimizing emission of gases, by developing proper sorage
facilities, developing technologies for separation of liquid and solid manure; examining different covers for
storage containers to reduce emissions, and studying the feasibility of combining manure with other wastes
from forestry and agriculture.

Manure Application: reducing build-up of excess nutrients, such as phosphorus and nitrogen, which
can adversdly affect water quality; improving methods and equipment for handling and spreading liquid
manure; developing materids to ensure producers do not contaminate groundwater supplies, examining
dternative crops and cropping methods to utilize excess nutrient levels; and studying the impact of manure
on soils.

* Feeding Modifications: modifying feeds and feeding systems to reduce nitrogen levels and make minerds
in the manure more available for plant use.

» Building Design: improving ventilation and dust control; reducing the time excretions are exposed to the
ar; usng bedding to reduce anmoniaemissons.

» Soil Capacitiesfor Manure Loading (Agronomic Practices): assessng the capacities of diverse soil
types and cropping systems to aosorb manure nutrients.

» Manure Processing (I ncluding Composting): developing techniques to make composting economicaly
feasble; assessing the feagbility of other manure processing techniques, such as anaerobic digestion,
atificia wetlands, etc.

Gapsto be Addressed

Despite government and industry efforts to ded with the environmenta congtraints on expansion of the hog
industry, the chalenge remains. Severd provincid governments have ambitious targets for expanding their indudtry,
which will necessitate consderable work with municipdities, hog producers, and affected citizens. Areas where



further work could be done include:

* Edablishing along-term dtrategic gpproach to determining prioritiesin research, technology devel opment
and dissemination, as they relate to hog environmentd issues. The long-term aspects of hog production and
the associated agpects of manure handling and disposa are multifaceted. To fully address environmenta
issues, an integrated plan that deals with the whole system of hog production must be developed. This
gpproach involves both technical and economic research and requires the participation of the private sector,
producers, agricultural economists, and agriculturd engineers, along with the research groups;

* Working with professiond associations, at the nationd and provincia levelsto ensure that the results of
technica improvements are properly evauated and disseminated;

¢ Developing anationa information base of those individuas and associates with technical and public relations
expertise who can assst both producers and municipaities in addressing environmental issues;

¢ Promoting joint development among the provinces of technica information for farmers, where there are
COMMON iSSUES,

¢ Determining what services could be developed within the private sector to provide farmers and
municipdities with the technica assistance required for Site determination and establishment of bylaws and
codes of practice;

¢ Deveoping drategies to improve public understanding of the hog industry at the nationd level and correct
inaccurate perceptions of environmenta performance at the regiond and locdl levels.

Chapter 1
OVERVIEW OF THE HOG INDUSTRY

I ntroduction

The hog industry is an important component of Canada' s agri-food industry, generating dmogt $3 billion in farm
revenue and contributing to Canada s competitive meet-processing industry. Theindudtry is currently expanding
sgnificantly to respond to increased globa prospects for pork and to capitdize on Canada s highly competitive
Stuation within that globa market. It is dso undergoing atechnologica revolution thet is dlowing operations to
become many times larger and more sophidticated in their management than ever before. Although this expansion
will result in a concentration of animal wastes in fewer and larger Stes, managers of these operations will often have
better access to the capital and expertise needed to ensure that the attendant environmental issues can be
addressed in aresponsible manner. Still, environment remains one of the most important issue in the devel opment
of the industry, and it is an area where governments can assume an important role.

Importance of the Industry

The hog industry in Canada generated about $3 billion of farm revenue in 1996, representing 21.6% of the total
livestock production and 10.4% of dl farmsin 1996 (20% of the entire food industry and the largest sector of the
Canadian food-manufacturing industry) and employed amost 32,000 people. Although these statistics are not
available for the pork-processing industry done, it is known that about 30% of the combined shipments are pork,
and that pork makes up alarge share of an additiona 30% of shipments of processed meat products.

Export revenues from live hogs and processed pork exceeded $1.5 billion in 1996, representing about 8% of the



export value of dl agriculturd products. About 30% of Canadian pork production is exported, with amost 80%
of these exports going to the U.S. In addition to pork, Canada exports about one sixth of the pigsit produces,
ether as hogs ready for daughter or as weanlings for further feeding..

In 1996, Quebec and Ontario were the largest hog producers, accounting for 30% and 26% of total hog
marketings, respectively, followed by Manitoba (18%) and Alberta (15%) (Fig. 1). After 15 years of stable
production levels, Quebec’ s marketings have risen by 13% over the last two years. Alberta and Manitoba have
showed steady growth in hog marketings since the 1980s, a an average rate of 3-4% per year (Fig. 2). (The
regiond distribution of hog production within particular regionsis depicted in the maps at the end of this chapter.)

Expanson of the Industry

Expansion is taking place in both the pork and hog industries. Three major pork processors in western Canada
have announced significant expangon and/or upgrading of their facilities to achieve the advantages of world-scde
production. There are dso announcements or impending announcements of other new processing facilities.
Expanson of the hog industry is reflected in the increased marketings discussed earlier and dso the investment in
new fadilities, which will fud even greater expansion in the future. Net new investment in hog farms increased
steadily from 1991 to 1995 to reach $300 million by 1995. In that year, Ontario accounted for about $100 million
of investment, and Quebec and Manitoba for about $75 million each (Fig. 3). Although figures are not yet available
for current investment, it is known that there is particularly strong expansion in the prairie provinces and continued
congtruction in central Canada.

There are good prospects for the expansion of the Canadian hog industry to continue over the next decade.
Provincid governmentsin the prairie provinces have established objectives to increase their production two- or
three-fold, and other regions are aso expected to undergo growth. Factors behind this expansion include:

e Export markets. World trade in pork has doubled since 1980, growing annudly at arate of 4.4% during
the 1990s. Although domestic pork markets are relatively stable, there are good prospects for continued
market expansion in areas, such as the Asia Pacific region, where demand will continue to grow in response
to risng incomes but domestic production capacity remains limited or in decline.

* Competitively priced feed grains. Canadais part of the North American feed-grain market, positioning
it advantageoudy in relation to virtudly dl other regions of the world. In addition, abandonment of the grain
trangport subsidy under the Western Grains Transportation Act has made it Sgnificantly more expensve
to export grains from the prairies, and they have become alow-cost region for feed-grains even within
North America.

» High-quality product: Canada has a mandatory inspection and carcass merit grading (indexing) system
that helps promote quality. The price received by producersis based on the carcass index, encouraging
producers to raise high-quality hogs.

= Production efficiency: Canada s production efficiency has dways been high and is steadily incressing.
Over the past 20 years, average warm dressed carcass weights of market hogs have increased from an
average of 76 kg to 82 kg, and the quality of the mest as represented by the hog grading index, has
improved from 101 to 105. The average number of market hogs produced per sow aso exhibited a 12%
upward trend from 13.5 to 15.2 between 1978 and 1992. Much of this progress in efficiency can be
attributed to a progressve hog breeding industry.

* Reduced incidence of disease: Canadian hogs and pork are consdered free from many diseases
prevalent el sewhere. Hogs have not been subject to the disease outbresks that have devastated other
countries.

Expansion of the hog industry is made possible by a technologica and management revolution sweeping the



industry. Once dominated by the family farm, with most production taking place in farrow-to-finish operations with
100 to 300 sows, the industry now commonly features 1,200~ to 2,400-sow operations, with producers
specidizing in different phases of production. Thistrend is leading to a much higher concentration of the industry,
with ardatively low proportion of producers accounting for the bulk of production (Fig. 4).

Higtoricdly, there has aways been very high atrition rates among the smaler hog operations and a continued
concentration of production by the larger producers, and the technologica revolution driving the industry will
accelerate this trend. From 1991 to 1996, the number of farms reporting hogs declined from 29,600 to 21,100,
while the proportion of hogs on farms with inventories of more than 4,700 hogs increased from 10.9 to 23.3
percent (Fig. 5). From 1991 to 1996, the number of farms reporting from 500 to 1,000 sows increased from 137
to 249 and those reporting more than 1,000 sows increased from 13 to 81. By 1996, hog farms with annua sales
of more than $1 million represented only 2% of dl farms but earned one-third of the total hog revenue. Just over
50% of total swine revenue was received by specidized farmsin 1996 (those receiving 90% of their total farm
revenue from swine), and the significance of specidized farmsis expected to increase in the future.

Indl provinces, especidly Quebec and Manitoba, feed companies are involved in primary production, providing
capitd at reduced rates, technica assistance, and guarantees that they will assume ownership of pigs produced by
farrowing units or supply pigsto nurseries or finishing units. In exchange for such services, the feed companies
receive commitments from growers to purchase feed and, in some cases, breeding stock and other supplies, or to
produce hogs on a specific schedule and market them through their organization. About 20% of Quebec
production is controlled by integrators, with another 10% controlled through the use of financid arrangements with
producers. Much of the growth in Manitoba hog production is the result of feed companiesintegrating into
production through contracts with existing producers and new entrants to produce weanlings and finished hogs.

Verticdly coordinated, turn-key operations are adso being developed by a number of management companies who
upervise the design and congtruction of facilities, contract for the genetics, herd hedlth, manufactured feed (or a
least feed supplements to be used with on-farm grain), and professona farm managers; and arrange for the sde of
hogs on a predetermined schedule to selected daughter-packers. These operations are financed by
farmer—investors, who often benefit from having ether a market for their grain or the option to finish some of the
pigs produced. These types of operations tend to involve 600, 1,200, or more Sows.

In some cases, producers have organized among themsdlves and have not been so dependent on othersin the
production chain. The structures they have developed can vary from forma cooperativesto "groups' that are
involved in ether input purchase, marketing, or production sharing arrangements. To reduce the risk of there being
no market for weanling pigs or to ensure a supply of weanling pigs for nurseries and finishing units, specidized
cooperatives have been formed. Increasingly, direct contracts covering supply aswell as price are being arranged
between farrowing units and finishing units. Another form of organization is Hutterite colonies, which currently
account for about one-third of the production in Manitoba and about 25-30% in Saskatchewan.

I ssues Related to | ndustry Expansion

Many of the issues rdated to the expansion of the hog and pork industry are listed below. Of these, environmenta
issues are conddered the most important and aso have significant impacts on some of the other issues.

¢ Environment: Environmentd issues are particularly important given the growing number of applications for
new or expanded sites that have been rgjected or delayed at the municipa level. The adoption of
environmental best management practices, based on effective and affordable technologies, will enable hog
producers to demonstrate due diligence to the domestic financia sector and to create the environment
necessaxy to attract foreign investment. These practices may become even more important in the future if



adherence to production protocols and standards, such as 1SO 14000, has a greater influence on the
marketability of Canadian pork aoroad and in satisfying technical import standards.

Financing: The current Size of operations demands far more capitd than was required previoudy. It is
estimated that it costsin excess of $5,000 per sow to build a barn and purchase breeding stock; therefore,
even amoderate-szed operation will cost many millions of dollars.

Labour: The introduction of the new larger-scaed operations and attendant manageria and technical
requirements requires aleve of kill not previoudy demanded. Community colleges may be able to provide
the right type of training, but it is anticipated that they will not be adle to produce the number of skilled
workers needed in the expanding industry.

Foreign investment: Thereisagrowing presence of foreign investorsin both the hog and pork industry.
Limitations on expangon in other countries combined with recent disease problems have made Canadaa
particularly attractive place to invest. There will be an increasing need for Canada to address the particular
needs of foreign investors and resolve impediments to immigration to redlize the full potentia from this
source of capital and expertise.

Export Marketing: With a saturated domestic market, the anticipated increase in production must be
exported. The industry is dready experienced in export markets and it has developed Canada Pork
Internationa to continue to facilitate export expansion. Issues reated to trade access will continue to be
important, as countries continue to use non-tariff barriersto inhibit trade.






Chapter 2
ENVIRONMENTAL ISSUES

I ntroduction

The environmentd issues of grestest concern for the hog indudtry dl relate in some way to the handling, storage,
and use of manure. Expangon and intengfication of the industry within existing production aress have the potentid
to increase the environmentd effects of hog production, because they concentrate a greater amount of production
wadte, including manure, in these aress.

Manure isanaturd byproduct of livestock operations. Depending on how it is managed, it can be elther an asset
or aligbility. Figure 1 illustrates what happens when manure is gpplied to land. Some gases, such as ammoniaand
methane move directly from the manure into the air. This happens not only when manure is gpplied to land, but
whenever manure is exposed to the air, such as on barn floors and in open storage containers. Other gases, such
as carbon dioxide, nitrous oxide, and hydrogen sulphide are produced as the manure decomposes in the soil and
are then emitted from the soil into the air. Some of these gases give rise to the unpleasant odours associated with
hog manure. Others cause air pollution and contribute to climate change through the greenhouse effect.

Manure aso contains organic matter, important crop nutrients (such as nitrogen and phosphorus), heavy metds,
sdits, and bacteria. Organic matter benefits the soil by helping to build up soil structure (tilth) and protect against



compaction and erasion, which in turn enhances crop production. Crop nutrients are taken up by the crop,
contributing to their growth. When more nutrients are added to the soil than can be used by the crop, thereisthe
potentia for them to move out of the soil system in surface water and groundwater. Bacteria and sdtsfound in
manure can aso enter water in thisway. Water polluted by nitrates, phosphates, sdts, and bacteria posesarisk to
the hedlth of humans, animals, and aquatic ecosystems. Soil quality may aso be adversely affected by the presence
of heavy metds, sdts, and bacteriafrom manure. These substances may dter the ability of soil to produce agood
crop, or may be taken up by the crop itsdlf, thus posing an additional hedlth risk to humans and livestock.

From this description of manure management, three environmenta issues emerge:

* The emisson of unpleasant odours which, aside from some hedlth effects which primarily affect workers on
the farm, do not pose an actua environmenta threet; however, they have led to opposition from neighbours
and have jeopardized approva of new and expanded production Sites.

¢ Dedlining soil and water qudlity, related to the application of manure to soil and the resulting accumulations
of nitrates, phosphates, and other potentialy harmful substances.

 Air pallution, resulting mainly from the emission of ammoniafrom manure, with implications for ecosystem
and human hedlth, and the emission of methane and nitrous oxide, two greenhouse gases that contribute to
climate change.

Insert Figure 1 EFFECTS OF MANURE ON THE ENVIRONMENT (AIR SOIL & WATER)
Odours

Odour control istheissue of highest public profile for hog producersin Canada, the U.S., and the European
Union. The expansion of hog production next to urban areas and the outward growth of resdentia sitesinto the
rurd landscape in recent decades have given rise to some conflict a the interface of these two ways of life. In
some regions, odour emissions from hog operations have restricted the growth of the industry.

Odorous gases are generated by the microbid breakdown of plant and animd proteins. They arise mainly through
the production, handling, and processing of anima manures and become accentuated with confined rearing of
livestock under high-density conditions. Odour intengity varies with the size and type of hog production facilities,
production practices, location of the unit and loca topography, season, climate, time of the day, direction and
speed of the wind, and air turbulence.

With so many varigbles, it is often difficult to determine which compounds, or combination of compounds, give rise
to specific odours . Humans have a highly developed sense of smell, but not everyone smélls the same thing. Thus
the response to odour intensity is highly variable, influenced by peopl€’ s background, perception of hog
production, and sense of smell, among other factors.

Until recently, odours were thought of as a nuisance. There is new evidence, however, that the substances that give
rise to odours can aso affect human hedlth, causing nausea, headaches, deep disturbances, upset ssomach, loss of
appetite, and depression. Hedth problems can be more serious for farm workers who are continuoudy exposed to
the dust and noxious gases that cause odours. Some farm workers have devel oped respiratory problems, such as
chronic bronchitis, occupationa asthma, or farmer’ s lung disease. As swine operations become larger, more
workers are exposed to the conditions that give rise to these diseases. Hedth problems associated with
odour-causing substances are the leading grounds for disability claims among hog producers in the Netherlands. In



Denmark, lung disease is a growing hedlth concern among hog barn workers,

Nature of Odours

The nature of odours is complex. Odoursin anima housing are produced mainly by volatile compounds and dust.
Researchers have identified more than 150 volatile compounds arising from wastes associated with animal
production. These compounds originate largely from manure durry, wet floors, and dirty animas. They do not dl
cause odours unpleasant to humans, and some found in the highest concentrations are of the least concern.

Dus from hog production facilities— composed of fine particles, such as feed, dried faecd materid, hair, skin
cells, mold, fungi, viruses, and bacteria— amplifies perceived odours. The concentration of some odorants may
be 40 million times greater on dust particles than in an equa volume of air. Dust particles can carry odours over
long distances.

Odours from manure storage result from the anaerobic degradation of the organic fraction of the durry. They are
very intense when the manure is stirred and when the durry isloaded into the manure spreader. Volatile
compounds are released rapidly when manure is gpplied to the land, and strong odours are emitted in the field
area. Odour emissons may reach levels that are unacceptable to neighbours. A Quebec study, for example, found
that 10% of complaints about odours related to farm buildings, 20% to manure storage, and 70% to land
goplication activities.

Soil Quality

Application to cropland is an obvious method of recycling the nutrients found in manure — plant nutrients removed
from the soil by harvesting are fed to farm animals and then returned, in part, to the soil as manure. Soil benefits the
hog industry by acting as a repoditory and filter of hog wastes that would otherwise be difficult to use. Conversdly,
s0il can aso benefit from manure application. These benefits to soil depend on manure composition and other
factors, such as management practices and soil characteristics.

The effects of hog manure on soil physica properties are not well known, but are probably similar to those
reported for cattle manure. Cattle manure improves soil aggregation, lowers bulk density, and improves structure
and water-holding capacity of soils by increasing the soil’ s organic matter content. Changes in the chemical
composition of the soil due to application of manure are influenced by factors such as soil texture, rete, time and
method of gpplication of manure, the amount of local precipitation, and the crops grown.

Adding manure to soil raises soil levels of nitrate nitrogen, phosphorus, potassum, and sodium, in some cases
more rgpidly than inorganic fertilizers. Accumulation of these substances in the subsoil increases with the rate of
gpplication and with the number of years that manure gpplication is repested.

Although application of manure to soil has many benefits, there are some concerns about this practice related to
S0il management, indluding:

¢ optimizing the amount of nitrogen retained in manure (i.e., preventing nitrogen losses through ammonia
emission and other processes);

¢ optimizing the amount of manure nitrogen retained in soil and the availability of this nitrogen to crops,

¢ minimizing soil surpluses of nutrients (especidly phosphorus) and sAts;

¢ minimizing the build-up of bacteriaand heavy metds that may pose a hedth risk to humans and livestock if
taken up by crops,



¢ minimizing the soil compaction that results from using heavy machinery to gpply manure to fields, especidly
when the soil is wet.

Optimizing the amount of nitrogen retained by hog manure involves reducing anmonia emissons from manure,
which reflect asgnificant loss of nitrogen from soils. In a Saskatchewan study, estimates of nitrogen logt directly
from hog manure ranged from 15% (using covered lagoons to store manure and injecting liquid manure into the
s0il) to 65% (using open lagoons, and spreading manure on the soil surface and incorporating it more than 24
hours later). Ammonia has a short resdence time in the air, most being deposited as particles of ammonium nitrate
or ammonium sulphate close to the source of production. Therefore ammonia emitted from manure plays a
sgnificant role in supplying nitrogen to lands adjacent to the hog production Ste.

Optimizing the availability of manure nitrogen to cropsis related to manure application practices. Proper
application will consder such factors astiming and rate of gpplication, crop type, and the suitability of the land to
recelve manure.

Minimizing the amount of substances such as sdt, heavy metds, and bacteriain soil will involve dtering the
composition of manure (through such measures as refining hog feed composition and treating the manure itsdlf), as
well as ensuring that manure is gpplied to a sufficiently large land base. Minimizing soil surpluses of crop nutrients
has direct implications for the protection of water quality.

Water Quality

Ecologica concerns arise when the amount of nutrients (especialy nitrogen and phosphorus) added to soil in
manure exceed crop requirements and the retention capacity of soil. When this happens, surplus nutrients can leave
the soil system and enter surface water and ground water, where they pose arisk to human and ecosystem hedlth.
Thisisof particular concern with lands within dasses 4 and 5 for agriculture, which commonly have sandy to
loamy textures, overlie various types of shdlow aquifers, and are sengtive areas with repect to maintaining soil

and water quality. The need to match manure sfertilizer vaue with plant nutrient requirements is aregulatory and
policy challenge common to al developed countries.

Nitrogen: Manureisakey agricultural source of nitrogen in soil. Nitrogen is present in manure in organic forms,
and must be converted to inorganic forms, such as ammonium and nitrate, before it can be used by plants. Up to
50% of the nitrogen in hog manure is available to crops within three to Six weeks of incorporating manure in the
soil. In composted manure, more of the nitrogen is held in an organic form, and crop nutrients are not released as
quickly asthey are from fresh manure. When more nitrate exists in the soil than can be taken up by crops, it may
run off in surface water or leach below the root zone into ground water, where it may reach levels that are harmful
to humans and animals.

Theleve of nitrate leaching following heavy application of manure depends on factors such as the rate and period
of application, soil type, type of crops grown and length of growth, and rate and amount of precipitation. In
temperate regions, nitrate nitrogen concentrationsin the soil solution are generaly highest in May and decline
during the growing season due to nitrogen uptake by the crop and to leaching. Increasing the carbon content of
manure may increase the level of denitrification in the soil, resulting in more nitrogen being emitted as nitrous oxide
and less leached as nitrate. Nitrate leaching to lower parts of the soil profile may be of particular concern when
manure is gpplied by injection than when broadcast on the soil surface.

Phosphorus. Phosphorus exigsin organic and inorganic forms in hog manure but, unlike nitrogen, is not lost to the
atmaosphere. Only 40-50% of the phosphorus in manure is available to cropsin the first year after application.



Unused phosphorus builds up in the soil year after year, reaching high levelsif manure is gpplied a high rates over
long periods of time.

As s0il levels of phosphorus rise, so does the potentid for water pollution. Phosphates that derive from manure
can enter waterway's where they promote the growth of agae, which in turn uses up oxygen in the water and
makes the aguatic environment less fit for fish and other organisms. Phosphates can enter water in run-off from
manure storage aress, in surface run-off from fields where manure has been gpplied, and in the drainage water
from tile-drained leve fidds. Plot studies have shown high levels of phosphorusin run-off water even when manure
was gpplied at the recommended rate. Crop type aso affects how much phosphorus leaves the soil. Much moreis
lost under forage crops than under corn, because the use of no-till with forage crops makes the large cracks and
worm holes in the soil more accessible to conduct phosphorus-laden water down through the soil.

In the Atlantic provinces, phosphorus accumulation in soil poses little concern, because hog manure is not very
abundant. In Ontario, Quebec, and British Columbia, phosphorus levels in soil are a concern. Most hog producers
in Quebec and B.C. face a congant chalenge in acquiring sufficient land for environmentaly sound land
application of manure (about 3,000 Quebec farms are in this Stuation). Studiesin Quebec illugtrate this concern.
Quebec watersheds with a high concentration of hog production units show alarge increase in phosphorus levelsin
the soil, as well as decreased ability of the soil to hold on to this phosphorus. At least Sx watersheds have a
aurplus of more than 1 million kg of nitrogen and phosphorus compared to crop needs. Phosphorus concentrations
much greater than the accepted safe limit have been found in drainage outlets, and stream and river waters.
Sediments of the Boyer River watershed, very important for smelt spawning, are saturated with phosphorus. A
sgnificant relationship between the amount of suspended solids and the totd river phosphorus concentration at the
outletswas found in 16 mgor riversin the . Lawrence Lowlands. This finding suggests that erosion from
phosphorus-enriched soils is an important process along the dopes, asis movement of  phosphorus-laden water
from levd tile-drained soils .

In the prairies, thereis a sufficient land base to handle the hog manure generated. There, soils are considered
deficient in nitrogen and phosphorus and require annua inputs of both nutrients for optima crop growth. The

cd careous nature of these soils restricts the mobility of inorganic phosphorus, but only 40-50% of the phosphorus
in manure is minerdized during the first year following gpplication. Poorly managed manure gpplication poses arisk
of pollution to surface waters from phosphate run-off on doping land or from leaching of organic phosphate into
shdlow aguifers.

Air Pollution

Air quality issues originate with the release of gases from hog manure and from the hogs themselves. These gases
include ammonia, amines, hydrogen sulphide, and methane. Besides causing the odour issue described above,
these gases can affect human and environmenta hedlth.

Ammonia Emissions

Ammoniaisalocdized pollutant, not likely to act as an amospheric toxin, but it is also a precursor for ammonium
compounds, which are delocdized pollutants. As much as 94% of ammonia emitted into the air combines with
acidic nitrates and sulphates from indugtrid activities and automobile exhaust to form airborne particles. These
microscopic particles are thought to pose a sgnificant human hedlth risk because they can bypass the normal
defences of the respiratory system. High concentrations of these particles are usualy found where intensive
livestock production borders urban industrial aress. In extreme conditions, such as may be found in the eastern
Fraser Vdley of B.C., these compounds may comprise up to 70% of the fine particlesin the air during the



summer, resulting in impaired vighility.

Deposition of ammoniaand ammonium particles may cause eutrophication in surface waters and locd nitrogen
loading of soils. The degree of these effects depends on how far, and in what direction, these compounds move
from the source. Modds for determining wind dispersal of pollutants, used for environmenta assessment of
industrid activities, could be used to predict the widespread environmenta effects of ammonia.

Greenhouse Gases

Ancther ar quality issue associated with hog production isits contribution to climate change through the emission
of two greenhouse gases, methane and nitrous oxide. The hog industry contributes less than 5% of totd agricultura
emissions of these gases, and less than 1% of Canada s emissions.

Hogs emit methane directly, and manure produces both methane and nitrous oxide. Hogs produce much less
methane than other farm anima's due to the fact they are not ruminants. Methane emitted from hogs accounts for
approximately 2% of the tota methane emitted by livestock in 1991. The mgority of hog-origin methane comes
from hog manure; hogs accounted for about a third of methane from anima manure in 1991.

Chapter 3.
Government and Industry Effortsto Meet the Challenge

| ntroduction

Sudanable production isagod of the hog industry. Achieving this god involves adopting environmentally sound
management practices (notably those related to the handling, storage, and land gpplication of manure), maintaining
flexibility within a changing regulatory environment, and working to meet the high public expectations of the
indudtry.

Government regulation is the primary means of ensuring environmenta protection in Canada. For the most part, the
regulation of livestock operations to control adverse environmentd effects falsto provincia and municipd
governments. All provinces have environmentd protection legidation, usudly administered and enforced by the
provincid ministry respongble for the environment, sometimes with the assstance of other resource minidtries,

such as agriculture. In generd, the god of thislegidation isto prevent pollution and to hold polluters responsible for
any environmenta damage their actions have caused. Thislegidation isfarly congstent across the provinces with
respect to agriculture and manure management, athough it may vary in the extent to which farming practices are
controlled and in some adminidrative details, such as permit issuance. Partnership with the hog industry during the
process of developing and amending environmenta legidation ensures that industry views are heard and that the
provinces understand to what extent this legidation acts as a congtraint to industry expanson.

Mo provinces dso have "right-to-farm™ legidation, and those that do not are in the process of laying the
foundations to enact such legidation. The intent of this legidation isto protect agriculturd producers, including hog



producers, from unwarranted "nuisance’ lawsuits. Producers are protected provided that they operatein
accordance with "normal farm practices.” However, the definition of normal farm practices is the subject of some
debate. To dlarify this question, many provinces have adopted agricultura codes of practice that outline acceptable
management practices. These codes are often built right into right-to-farm or other agriculture-related legidation.
Many provinces have in place boards, made up of producers and other experts, to eva uate any submissions under
the acts. Mogt provinces encourage voluntary compliance with established codes and intervene only in cases
where the code is breached.

Municipdities and other regiond authorities may aso make regulations that control, limit, congtrain, or otherwise
affect hog production within the loca municipdity or region. The extent to which this takes place varies across the
provinces for two main reasons. Firgt, the actua environmental risks associated with hog production vary with the
local agronomic and physica characteristics of the landscape. Secondly, municipa authorities are subject to
pressures from many interest groups (e.g., environmental groups, community groups, and hog producers) and
respond by making trade-offs among these interests. Many examples exist of effective municipa legidation that
balances dl interests, but in some cases this balance can be tipped to one side based on predominant concerns.
New regulations appearing in municipaities throughout the country highlight the growing concern about hog farming
with respect to urban—urd reaionships. The shifting focusin the rura economy in many aress, from primarily
resource-based industries such as agriculture and forestry to service-based industries such as tourism and
recrestion, is related factor. Policy makers will be faced with an ever greater array of environmental issues, such as
non-point source water pollution, that the public will demand action on.

Recent technologica advances and the current potentia for growth within the Canadian hog industry underline the
need for new approaches that go beyond traditiond " command-and-control" methods. Such innovative
approaches are being explored across the country. For example, one aternative already being applied in the
western provinces is for governments to work with industry and community groups to anticipate and prevent
problems through proactive planning for land use and resource care. This gpproach both offers environmental
benefits and protects the competitiveness of the hog industry.

Members of the hog industry have, themsdlves, dready done significant work to encourage sustainable
development. Industry-led initiatives in severd provinces are looking at improved farming practises and developing
regiona gpproaches that accommodate variationsin the level of consciousness of the environmenta problems and
readiness to adopt solutions. These innovations are an attempt to address public, environmental, and agricultural
interests in away that alows industry expansion to continue. Industry organizations throughout the country, often
working with provincid governments, have dso examined legidation and environmenta control options and have
reported on ways to improve the transfer of technol ogies that will enhance environmenta performance.

Theindustry dso plays an important role in providing information on environmenta management to hog producers,
government decision makers, and communities affected by industry expansion. In the latter case, opposition to
expangon of hog operations from community members who wish to avoid nuisance and ensure protection of the
environment is forcing the industry to do a better job of planning to minimize risks and informing the community and
locd government of the benefits of expanson.

The following discusson of regulation, other government activity, and industry activity related to hog production in

the country as awhole and in each of the provinces illustrates the common themes described above, as well asthe
different stages of regulatory development and proactive planning evident in the different jurisdictions.

National



Sustainable Development Strategy

All departments of the federd government are currently involved in developing and implementing sustainable
development dtrategies. Agriculture and Agri-Food Canadd s sustainable development strategy, "Agriculturein
Harmony with Nature" was released in 1997. This strategy identifies four srategic directions for achieving
environmenta sustainable agriculture in Canada

I ncreasing under standing: improving the capacity of departmental and sectoral decison makersto integrate
environmenta factorsinto day-to-day decision making. In relaion to environmenta work relevant to the hog
industry, this begins with a good overview of the industry itself, underlining its importance to the Canadian
economy and potentia for growth.

Promoting environmental and resour ce stewar dship: promoting the stewardship and sustainable use of the
environment and agricultura resource base by the agriculture and agri-food sector. Thisinvolves identifying the
environmenta chalenges for the hog industry and supporting the indudtry inits efforts to practice good stewardship
through the use of best management practices.

Developing innovations and solutions: focussing research, development, and technology transfer to address
environmentd chalenges and foster sustainability in the agriculture and agri-food sector. This begins with areview
of recent hog environmenta research that may have dready provided solutions to these chalenges, highlights areas
where additional research and technology are needed, and evaluates the success with which promising
developments are transferred to industry users.

Seizing market opportunities. encouraging agriculture and agri-food marketing and trade that promote
environmental quaity and sustainable growth. For the hog indudtry, thiswill reflect how well the industry is ableto
mest the growing globa demand for high-qudity agricultura products produced in an environmentaly acceptable
way and will be a measure of the indugtry’ s success in acting on the findings of this Stuation andyss.

Federal Regulation

At the federd levd, the Fisheries Act isthe main law that addresses agricultura pollution. This Act prohibitsthe
unauthorized deposit of a harmful substance into water frequented by fish, or into water that may eventudly enter
water frequented by fish. Livestock manure and run-off from overwintering and feedlot areas may be consdered
such substances. The Act d o prohibits the harmful dteration, disruption, or destruction of fish habitats.
Environment Canada leads enforcement of the pollution-control portion of this Act.

Industry Activity at the National Level

The Canadian Pork Council (CPC) hasled in the development of nationa guiddines for the hog industry through
publication in 1996 of the Canadian Code of Practice for Environmentally Sound Hog Production. This code
isthe result of a cooperative effort among the CPC, federd and provincid governments, universities, agriculturd
organizations, and environmental groups. Objectives of the code include providing hog producers with a nationd
framework for production and marketing decisons to ensure the continued availability of the resource base for hog
production in Canada. The code dso provides a starting point for provincia and regiona regulation of hog
production.

British Columbia
Legiglation



Two key pieces of legidation that affect hog production and manure management in B.C. are:

1. The Farm Practices Protection (Right to Farm) Act;
2. The Waste Management Act.

The fundamentd policy of the Farm Practices Protection (Right to Farm) Act isthat farmers have theright to
farm in B.C.’simportant farming areq, particularly the Agriculturd Land Reserve, provided they use "normd farm
practices' and follow other legidation listed in the act. This act dso establishes an improved complaint resolution
process for people who live near farms and have concerns about farm practices which create dust, odour, noise or
other disturbances.

In addition, this act amends the Municipal Act and Land Titles Act to encourage local governments to support
farming by ensuring local bylaws reflect provincid bylaw standards. Although loca governments have the authority
to enact and enforce avariety of land use plans and zoning bylaws, they can only do so with the gpprova of the
Ministry of Agriculture, Fisheries and Food. Municipdities may regulate:

areas within aregion where hog production is permitted;

Setback distances from lot lines and watercourses from farm buildings,
building requirementsin flood plains,

nuisance, such as excessive noise and odour.

If changes are made to a zoning bylaw, existing hog operations are protected under the non-conforming section of
the municipa act. That is, hog operations can be conddered legdly non-conforming but limited to existing Sze
unless expanson can meet the requirements of the new bylaw.

The Waste Management Act is designed to contral pollution in the province. Under this act, the Agriculture
Waste Control Regulation and Code of Agricultura Practices for Waste Management gpply, specifying
requirements for managing the collection, storage, handling and use of manure. Hog producers who conform to the
Code are exempt from holding a Waste Management Permit, but not from other provisions of the act.

BC: Other Government Activity

BC Minigry of Agriculture, Fisheries & Food has prepared a booklet entitled "Investment Information on the
British Columbia Hog Industry" . It was prepared to encourage producers and potentia investors to move industry
expanson away from the heavily populated Fraser Vdley to the Peace River and North Okanagan aress. In those
areas there is greater opportunity to use manure as afertilizer, and there is ready access to low-cost feed.

BC: Industry Activity
B.C. Pork Producers Association

Mogt B.C. hog farms produce more manure than they can use, face high costs of trangporting manure to other
disposa stes, and have inadequate manure storage facilities. These factors sometimes result in over gpplication of
manure to some fields and gpplication during the non-growing season. In the summer of 1997, B.C. Pork
Producers Association ran asurvey of hog farmsin the Central Fraser Valey to evaduate the need for
wadte-trestment systems. As aresult of the survey, the association has launched a project to search out and

eva uate affordable waste management technologies.



There are currently 77 hog farmsin the Fraser Valey. This represent 85% of the estimated 300,000 hogs
produced annudly in BC. Land islimited in the Fraser Valey for manure spreading. The intengity of livestock
development in this region mativated the B.C. Ministry of Environment, Lands and Parks to work with the B.C.
Pork Producers Association to prepare an Environmenta Trangition Plan” for the Fraser Valley pork industry. This
plan works at the farm level and isintended to bring hog producers in compliance with the Code of Agricultura
Practice for Waste Management.

Peer Advisory Service

The B.C. Agriculturd Council maintains and supports an Agricultural Peer Advisory Service (APAS). The Council
uses a peer-producer approach to resolve concerns at the loca level. The pork industry has representation on
APAS. Usudly, education and mitigation are the preferred first step in resolving a farm practice concern. When
thesefail, provisons arein place to redirect the concern to a regulatory agency for resolution.

Alberta
Regulation

Thelegidation regulaing most of the affects of human activity on the environment are the Alberta Environmental
Protection and Enhancement Act and the Alberta Public Health Act. The Environmental Protection and
Enhancement Act prohibits the contamination of water supplies and the release of certain substances into the
environment. It aso regulates the storage, collection, trangportation and treatment of waste products. It requires
environmental accidents to be reported and those responsible, to bear the cost of clean-up. There are no specific
gandards outlined in either Act for agricultura operations. Alberta Environmental Protection may issue an
environmenta protection order to ded with offengve odors, but such an order may not beissued if the offensive
odor results from an agriculturad operation that is carried out in accordance with generdly accepted agricultura
practices.

The Agricultural Operation Practices Act, Smilar to other right-to-farm legidation, provides protection from
nuisance lawsuits if the operator isfollowing generdly accepted practices and is not bresking any provincid
regulations. The Sting and development of intensve livestock operations is the respongbility of municipa
governments working with Alberta Agriculture, Food and Rura Development (AAFRD), as wdl as industry
associations.

The Alberta government is also undertaking consultations to draft anew Water Act. Currently, the exiting
legidation is under review to ensure that water resources are managed responsibly. Under the existing Water
Resources Act, hog operations with 100 or more sows, farrow-to-finish operations, or those with 1,000 or more
feeder pigs require alicence. These guiddines are expected to change when the new Water Act comes into effect.

Development of new or expanding livestock operations is controlled at the municipd level. Municipdities familiar
with intengive livestock development generally have well-defined procedures in place, wheress others have none.
Some municipdlities have developed bylaws that reference criteria established in the Code of Practice for the
Safe and Economic Handling of Animal Manures, developed in Alberta by an industry/government committee
in 1995. Thisinformation asssts municipditiesin reducing potentiad nuisance conflicts by, for example, recognizing
that norma odour production can be accommodated by meeting minimum separation distances. All municipdlities
are currently reviewing their bylaws as required under the Municipa Government Act.

Alberta: Other Government Activity



L ivestock Expansion and Development Team

AAFRD is committed to accomplishing agriculturd development in an environmentally responsible manner. A new
working group, the Livestock Expansion and Development Team, is working with municipdities and developersto
address issues and concerns associated with the growth of the livestock industry. A key objective for the group is
to provide unbiased technica information on manure management and odour control practices required for the
protection of soil and water and for the qudity of life in rurd communities. The team will develop partnerships and
networks for conducting research where accurate information is lacking. In addition, AAFRD is working with
industry to implement measures amed at protecting the environment, facilitating the responsible expangon of
agriculturd industries, and identify appropriate environmental regulations. Severd studieswill be released between
October 1997 and March 1998.

Geogr aphic I nformation Sysems (GIS) M in

AAFRD hasintegrated soil, water and agriculturd production databases available from various partner agencies,
including the Prairie Farm Rehabilitation Adminigration (PFRA), to produce maps that identify areas (at the
township scae) of livestock concentration and potentid environmentd risk. The report identified areasin the
province where naturad resources and lower population dengties coincide to offer opportunities for building new
hog production facilities. With the help of GIS, municipaities can map areas that pose congtraints or opportunities
for the development of intensive livestock operations (ILOs), such as:

¢ exiging and future rurd resdentid development,
environmentally sendtive arees,

aress with limited surface and ground water supplies,
permesble soils,

shdlow or important aquifers,

ground water recharge aress,

truck routes, and

land thet is available and suitable for manure gpplication.

Criteriafor land-use decisons and development plans can then be devel oped.

Alberta Aariculture District Offices

AAFRD isworking to make each of our didtrict offices the first and best stop for specidized agriculturd
information. AAFRD supplies awide range of technicd, financid, planning and market development support for
farmers, agri-businesses, agricultura organizations and value-added enterprises. The specidist positions focus on
nine information areas. beef, pork, crops, engineering, farm management, food processing development, 4-H,
marketing, and rurd development.

Alberta: Municipal Activity

Gl S-Based Regional Planning for ILOsin the County of L ethbridge: The County of Lethbridge, dong with
other federa and provincid partners, hasidentified aneed for aregiona planning approach to ILO development.
The project will use guiddines contained in the recently adopted Code of Practice for the Safe and Economic
Handling of Animal Manures to develop a Gl S-based regiona constraint and opportunity map for ILOsin the
County of Lethbridge as atool for decision making regarding land use and development. So far, the project has
generated severd single-theme maps, and the next step is to overlay the themes to identify any overlapping



congraints to, or opportunities for, development. This scale of mapping does not take into account localized and
Ste-specific issues.

Alberta: Industry Activity

Alberta Pork

Albertd s livestock associations have participated in the development of voluntary guidelinesto assst municipdities
and producers in the gting, design and management of new and expanding livestock facilities. The Code of
Practice for the Safe and Economic Handling of Animal Manures provides devel opers with detailed
information on Siting to reduce odour nuisance and avoid contamingtion. Additiond information is offered on
manure storage and gpplication of manure to the land.

Alberta Wheat Pool

The Alberta Whesat Pool has produced a Farm Environmental Risk Assessment Guide, a voluntary
sdf-directed tool for producers to measure their environmental performance and assess areas where their
practices may put them at potentia risk under exigting Alberta legidation.

Alberta: Community I nvolvement

Two examplesillugtrate how community involvement shapes the development of the hog industry.
Mountain View Agricultural Planning Group

In response to severd development permits for hog operationsin the County of Mountain View, the Mountain
View Agriculturd Planning Group was formed. This group has held a series of open houses to provide technical
information to arearesdents. The group’s main concern is that insufficient informetion is available to regulate large
scale pig developments effectively.

Grimshaw Aquifer Management Plan

The Grimshaw aquifer occupies an area of about 595 km? in the Peace River Region, an area currently being
congdered for significant expansion of the hog industry. As use of the aquifer increases, it isa priority to protect it
from potentia contamination deriving from septic systems; barnyards; agriculturd, chemicad and fuel Storage Sites;
dugouts, disposd pits, graved pits, and landfill Sites.

Besdes provincid regulations, there were no clearly defined gods for the development and protection of the
aquifer. Loca groups and individuals were concerned about maintaining its quantity and quality, recognizing that
pollution of the aquifer would have implications for agriculture, hedlth, urbanization and tourism. They adso saw the
economic potentid of the ground water as an export commodity, the value of which has not yet been fully redized.
The people worked with the town of Grimshaw and federa and provincid agencies to develop a proactive, locdly
driven plan for dlocation and protection of the aquifer, dlowing stakeholders to protect water quality and ensure
ugtainable aguifer levesfor future uses. The plan emphasizes community hedlth, as wdl asthe need for aqudity
water supply to support agricultura activities and communities.

Saskatchewan
Regulation



In Saskatchewan, certain classes of intengve livestock operations, including hog operations, must obtain approva
of waste storage and waste management plans under the intensive livestock provisons of the Agricultural
Operations Act in order to protect surface and ground water resources from pollution. Waste storage and waste
management plan approvas are required for any 1L O that:

¢ contains an earthen manure storage areg;

* involvesthe rearing, confining or feeding of 300 or more animad units; or

* confines more than 20 anima units for more than 10 days in any 30-day period, and iswithin 300 metres of
surface water or 30 metres of a domestic water well not controlled by the operator.

The act dso protects farmers from unwarranted nuisance lawsuits and provides a mechanism for resolving
nuisance disputes between agricultural producers and their immediate nelghbours.

As part of the process to get approval from Saskatchewan Agriculture and Food for a proposed ILO
development, gpplicants must complete aworkbook requiring a description or calculation of animd inventory;
manure production, storage, and utilization; nitrogen, phosphate, and potassium production; nitrogen utilization;
land areas available for manure utilisation; and management of dead animas. The package includes amap of ol
climatic zones in the province and tables of manure production, nutrient production, desth loss, and crop nitrogen
vaues. A completed workbook includes dl the information needed to determine the quantity of manure generated
from an 1L O, the Size of manure storage required, and how the manure will be utilised.

In Saskatchewan, most new hog barns include an earthen manure storage area (EMS). A site plan forms part of
the waste storage plan application. Besides completing the workbook described above, the applicant must
undertake a geotechnicd investigation at the proposed Ste, usudly performed by an engineering consultant. Some
deve opers hire a consultant to asss in the development of amanure utilisation plan. The consultant ensures that
the soil and proposed crops on the designated land are suitable for the amount and type of nutrients in the hog
manure.

Two aspects that are not part of the regulations respecting the development of 1LOs in Saskatchewan are
nevertheless important in the overal development process as far as the public is concerned. Thefirgt, which
receives strong provincia support, isa " public process' by which the gpplicant informs the public in the area of a
proposed devel opment knowledgesble about the development by, for example, sending out mailings to the
community and holding public information meetings. The second is separation distances between ILOs. If there are
no rurd municipdity bylaws respecting separation distances, the province publishes preferred separation distances
as guiddlines. If the developer has followed the separation distance guidedines and a subsequent nuisance compliant
is made, the operator would find it eeser to make the clam that the ILO meets normally accepted agricultural
practice.

Under the Saskatchewan Planning and Development Act, rurd municipdities in Saskatchewan have the
authority to develop zoning bylaws governing dl types of deveopments within the municipdity, including ILOs
such as hog barns. About haf of the municipdities have bylaws to this effect. They have no regulatory
resoongbility in the environmenta arearegarding 1L Os, but they can and do influence the Sting and establishment
of hog barns within their boundaries. Thus, from an environmenta perspective, no area of the province has an
advantage over another. Developers of an ILO must meet the requirements of both the land-use bylaw and the
Agricultural Operations Act. Municipd bylaws usudly reflect the level of community support of developmernt,
and where support is lacking, the bylaws may be restrictive. Some municipdities have a discretionary use bylaw
that alowstheir councils to grant project approva on a case-by-case bas's, adding conditions as they seefit.
Conditions may include distance between ILOs in the rural municipdity, areas consdered unsuitable for ILOs, and



minimum distances from other rura resdences.

In relation to manure management, most ILO developments usudly only ded with the provisions of the provincid
Agricultural Operations Act and amunicipd land-use bylaw. However, other provincia legidation may be
pertinent, including the Environment Management and Protection Act, Pest Control Products Protection
Act, Rural Municipality Act, Clean Air Act, and Public Health Act. If it is considered necessary for other
agencies, such as Saskatchewan Environment and Resource Management or Saskatchewan Water Corporation to
be involved, the developer’ s proposd is given to these agencies for review and comment by the regulatory group
in Saskatchewan Agriculture and Food.

Saskatchewan: Other Government Activity
Saskatchewan Pork Central

Saskatchewan Pork Central raises public awvareness of pork production in Saskatchewan by providing
information to communities, potentid investors, key members of the service industry, and the generd public. It dso
offers technical servicesto the industry, raises awareness of opportunities, and coordinates the "Provincial Pork

Strategy"'.
Centrefor Studies of Agriculture, L aw and the Environment

The Centre for Studies of Agriculture, Law and the Environment recently completed a macro-level study on the
opportunities for hog development in the province, combining some environmenta parameters with information
gathered through a survey to highlight areas of opportunity at a 1:1M map scae.

Saskatchewan: Community | nvolvement

Environmental Non-Gover nment Organizations

A public Hog Forum is being proposed for December 1997 in Saskatoon to present information on the current
date of the hog industry and the concerns surrounding future development and to engage participantsin discusson
of these issues. Participants include the generd public, hedlth sector, scientists, producers, business people,
government officids (federd, provincid, locd), farmers, hog industry representatives, and politicians.

Recent development of the hog industry in Saskatchewan has been characterized by the requirement of wide
community support for a given development. In the regionad municipdities of Grant and Victory, committed groups
of individuas from the communities who believed alarge hog barn would provide benfits to the community were
the mgor driving force behind development projects. They contacted neighbours and local government people to
discusstheir plans, ensuring that, as much as possible, loca concerns were met during the planning process. A
development partner was brought in to help the group arrange financing, deal with the securities commission for
raising funds, congtruct the barn, and take part in the management. As aresult of these efforts, the hog barns
received both community and loca government support. A 600-sow farrow-to-finish barn has been built in each
area. The communities have seen the benefits of the barnsin their areas, and both barns are expected soon to
doublein sze.

Carlton Trail Regional Economic Development Authority

The Carlton Trail Regiond Economic Development Authority (REDA) is composed of 11 regiond municipdities,
which are conddering a number of opportunities for economic development in the region, especidly increased hog



production. The authority needs additiona information on resources and infrastructure to make informed decisons
for sustainable regiond development. To meet this need, a pilot project has been initiated: The Prairie Farm
Rehatilitation Adminigration (PFRA) of AAFC will work with Carlton Trail REDA to conduct aregiond anadyss
of the opportunities and congtraints for various types of development in their area. PFRA will provide a spatiad
andysis of the opportunities and congraints for sustainable development, integrating resource care and rurd
growth. Carlton Trall REDA, and the communities it comprises, will use thisanadyssto identify environmenta
areas, not specific Sites, for locating ILOs.

M anitoba
Regulation

At the onset of the livestock industry’ s planned expansion in the province, Manitoba Agriculture initisted an action
plan to ensure the sustainable development of thisindudtry. In 1992, the Agriculturd Guiddines Development
Committee was created, chaired by Manitoba Agriculture and pooling representatives from other minigtries,
municipa authorities, universities, producers and consumer’ s associations. The mandeate of the committee was to
develop tools and assume a leadership role in addressing livestock waste management issues in the province. The
government, often in partnership with federa counterparts and the industry, spearheaded research, devel opment
and technology transfer initiatives to develop best management practices and technologies to foster better
sewardship with respect to manure management, inclusive of odour control. The Livestock Waste Regulation
was passed in 1994 to specificaly address the issue of potentia environmenta pollution from livestock manure
management as well asto ded with the issues of livestock mortality disposa.

Guidelinesfor Sustainable Stewardship of Animal Manure M anagement

The Agricultura Guidelines Development Committee fostered the production of the Farm Practices Guidelines
for Hog Producersin Manitoba (1994), where emphasisis placed on agronomicaly and environmentaly sound
manure management practices. This publication was followed by smilar sewardship manuas for Beef, Dairy and
Poultry producers. These guiddines were designed to help producers adopt manure management systems and land
application methods known to prevent adverse environmental impacts from livestock production.

The guiddines address the issues of odour nuisance and environmentd pollution contral. Incrementa
recommendations for setbacks between residentid housing and livestock operations of different anima unit Sze are
presented to minimize potential nuisances from odours. Aswell, recommendations for setbacks from property
lines, resdencesresdential area and watercourses are presented for various manure application methods. Finaly,
the guiddlines present a"caculator" method to estimate the required land base for anew or expanding hog
operation.

Technical Review Process

The Agriculturd Guidelines Devel opment Committee soon expressed the need to provide assstance to loca
municipa authorities in evauating the technical aspects of livestock operation projects in relaion to the
recommended livestock operation and manure management practices. A Technical Review Process, conggting of
regional committees of bringing together professonds from Provincid Departments of Agriculture, Environment,
Natura Resources and Rurd Development was devised to provide advice and comments to municipa councils,
and to assigt in addressing the concerns of the genera public about the perceived impacts of new livestock
projectsin rurd Manitoba. Either amunicipal council or the proponent of alivestock project can request areview.

The committee addresses both the issues of compliance to the Livestock Waste Regulation, the loca specificity



of the resources (aquifer senditiveness, surface water problems, soil types, crops, etc. ), and comparesthe
technica details of ahog operation proposa with the recommended practices prescribed in Farm Practices
Guidelines for Hog Producersin Manitoba. The review aso covers consderations with respect to existing rurd
residences, zoning bylaws and any other loca land use issue. The committee will comment on the degree of
compliance of a proposa with the above considerations and may propose additiona requirements for
congderation by municipd officids for aconditiona use permit. The noncompulsory nature of this process seems
to be adrawback as potentialy contentious projects may not always be subjected to areview.

The same committees are dso actively involved in the organization of open houses on "Intensive Livestock
Operations and the Environment”. These public relations events are meant to provide rurd residents an
opportunity to become more familiar with the characterigtics of modern intensive livestock operations, the nature
of the potential environmenta impacts or hedlth risk, techniques or practices designed to reduce or prevent these
impacts, and risks or nuisances associated with livestock operations. The open houses bring together
representatives from the industry, agriculturd services, provincid Departments of Agriculture, Environment, Hedlth,
Natural Resources, Rural Development, and AFFC' s Research Centres and the Prairie Farm Rehabitation
Adminigtration. Opponent groups are o invited to participate in these open houses, providing them with a
chance to present their point of view to the community.

Farm Practices Protection Act

The Farm Practices Protection Act was assented in 1992 but only enacted in 1994, after "normd practices’ for
livestock mortaity and manure management methods were defined in the Farm Practices Guiddines series. The
purpose of the act was to reciprocally protect producers and neighbours from abusive law suits, be it unfounded
auits associated with agricultura nuisances such as odours, or incons derate manure management practices.

The Farm Practices Guidelines series have since been used by the Farm Practices Protection Board, to
determine the legitimacy of nuisance complaints in relation to agriculturd producer practices. The Farm Practices
Protection Board comprises representatives from producer associations, municipa authorities and the Consumers
Association of Canada, with the assstance of Manitoba Agriculture. An amendment to the act was passed in
1997, dlowing the Farm Practices Protection Board to file in court any order for compliance sent to a producer
who has ignored an order to modify or cease practices resulting in a nuisance complaint.

Livestock Waste Requlation

The Livestock Waste Regulation under the 1988 Environment Act was passed in 1994. It came out of the
Code of Practice for Livestock Waste Management, developed by industry stakeholders in cooperation with the
provincid government. This regulation dedls with the use, management, and Storage of livestock waste from dl
agriculturd operations, aswell asthe disposal of dead animals. It particularly focuses on the regulation of earthen
manure storage and includes requirements for Siting, investigation, design, and congtruction of al new, modified or
expanded facilities. At present, the regulation does not contain a certification requirement for aboveground
storages but may be amended to this effect. Neither doesit explicitly take into account concerns related to
ingppropriate spreading of manure on agricultura land, athough Section 11(1) states that "no operator shdl apply
(manure) to the land in an agricultural operation except as fertilizer and the rate of application should not exceed
the amount necessary to meet nitrogen crop requirements.”

Conaultations are currently under way to amend the Livestock Waste Regulation. 1ssues being examined include:

* adding mandatory manure management plans to be registered by new and large existing operations,
¢ adding aregulation prohibiting the winter gpplication of manure;



¢ adding aregulation to ensure that livestock operations have specific manure storage capecity;

* adding aclauseto dlow for innovative agricultura practices that are not covered in the regulation but are
deemed to be environmentaly acceptable and that encourage and accommodate innovative sustainable
agricultura practices.

While these basic practice guiddines and mitigation tools were being devel oped, Manitoba Agriculture brought the
emerging concerns facing livestock producersin the province to the attention of the various stakeholders
associated with the livestock industry, to coordinate and support or co-support awide range of activities designed
to ded with various obstacles to the sustainable development of this industry. Manitoba Agriculture thus promoted
the high priority ranking of these needs for consideration by various federd (e.g., Canada-Manitoba Agreement on
Agriculturd Sugtainahility), provincid (e.g., Sustainable Development Initiative Fund), as well as private industry
funding programs (technology devel opment corporations and producer groups). A multidepartment Technical
Advisory Group on Waste Management was formed to evauate the numerous proposal's on research,
development and extension activities presented for consideration.

Many of these projects are now completed, while afew are still in progress. The research topics addressed
ranged from studies on the fate of nutrients contained in manure in soils and water to the measurement of nuisance
odours. Considerable emphasis was placed on the adaptation of technologies for the reduction of odours
associated with manure storage (e.g., composite or straw covers for earthen manure storage structures, evaluation
of odour suppressants), and land application techniques (pipeline injection systems, etc. ) aswell asdecison aids
for producers (economic planning software, manure management plans, etc). Numerous extension and technology
transfer activities were carried out, ranging from practica demondration efforts such as the purchase and on-farm
demongtration of a straw blower for covering earthen manure storage structures to extension presentations to
producers. Amongst specific activities, many environmental stewardship training sessons were organized for
producers and professiona staff. Loca council members were dso made aware of the reach of regulations as well
as of the decision making resources offered by the Technical Review Process, environment monitoring projects
were initiated, concerned citizen groups were met and informed, and new manure gpplication techniques were
introduced in the province.

The Pork Information Alliance was formed in late 1994 in response to the need to fill information gaps within the
indudtry itself. The PIA brings together representatives from the private industry, municipa and provincia
governments, financid inditutions and the University of Manitoba. For example, PIA has prepared informationa
fact sheets on the topics of the economic benefits associated with the pork industry, the role of thisindustry in the
environment, guidelines for developing municipa land use policies and video materid on the advantages of
Manitoba s pork industry.

A Manure Management Symposium held in March, 1996 brought together the leading expertsin North America
to share date of the art information on technologies and manure management planning principles with producers.
Asadirect spinoff, a user-friendly manure management planning software package is being developed to assst
producers in calculating manure application rates for a variety of manure types and crops, taking in to account past
manure gpplications. Various fact sheets on manure management were produced and others are in preparation.
Manitoba Agriculture aso sponsored the development of a cost of operation cal cul ator-spreadsheet software
application for a manure management system under Western Canadian conditions. The focus of these activities
was to prepare producers to adopt sound manure management planning approaches.

Since 1994, more than $1.3 million was devoted to the above manure management activities by Manitoba
Agriculture and partners such as AAFC Research Centres and the Prairie Farm Rehabilitation Adminigtration,
loca conservation digtricts and private indudtry.



Manitoba: I ndustry Activity

In June 1997, Manitoba Pork approved an Environmenta Stewardship Program, designed to encourage hog
producers to use sustainable farming practices. The program’s primary focus will be to develop and promote
activities respongve to the needs of most hog producersin the province and compatible with the principles of
sustainable development. These measures must be practica, affordable, congstent with established regulations and
guiddines, and acceptable to the farming community. The program will be developed and ddivered in partnership
with industry stakeholders, educationd indtitutes, and municipd, provincid, and federd governments. It has four
magor components:

* The Stewardship Awards Program recognizes hog producers and organizations that have made an
outstanding contribution to the environmental sustainability and overdl performance of Manitobas pork
indudtry.

¢ The Environmental Peers Program assists hog producers to address on-farm environmental issues by
connecting them with peer advisors.

* The Nutrient Management Manual and related fact sheets, dl ill to be developed, will promote the use
of hog manure as a vaduable plant fertilizer and soil conditioner by both crop and livestock producers. This
work will involve a survey of dl hog producers in Manitoba to determine leves of adherence to farm
practices guiddines, type of manure management systems, acceptance of a manure auditing program, and
environmenta problems being encountered, as well as an assessment of the effectiveness of manure
management programs in other hog-producing provinces.

* The Environmental Project Fund has funded environmenta research projectsin 1997 on manure
management, compogting, nitrates, fact sheets development, and manure spreading under winter conditions.

Ontario
Regulation

The Ontario Environmental Bill of Rights gives the public the means to ensure that the god's of environmental
protection and conservation are achieved by the provincia government in an effective, timely, and fair manner. It
Sets out minimum levels of public participation repecting government decisons on environmental matters and
dlows the public to request the review of environmental policies, acts, regulations, or indruments. Ontario
residents may bring a private legd action where an individuad has contravened environmenta requirements causing
sgnificant harm to a public resource of Ontario.

Asaresult of growing conflicts between farmers and their urban neighbours, farmers have sought grester
congderation of their right to farm since this act was passed in 1994. In response, a new act, the Farming and
Food Production Protection Act, has been created to replace the Farm Practices Protection Act that was
passed in 1988. The new act, designed to protect farmers from nuisance lawsuits resulting from norma farm
practices, has received firgt reading in the provincid legidature. It is subject to the Environmental Protection
Act, the Pesticides Act, and the Ontario Water Resources Act. Disputes will be submitted to the Farm Practices
Protection Board, which will review the submission and make the necessary inquiries and orders to ensure
compliance with its decisons.

Ontario municipdities can create bylaws under the Municipal Act and the Planning Act regulaing issues affecting
hedlth, land use, and building congtruction. Bylaws vary between counties and often within counties a the township
level. Currently, there is no gpped process under the Municipa Act, dthough there is under the Planning Act. One
of the controversa issues discussed during the consultation process for the new Farming and Food Production
Protection Act was the need to ensure a balanced approach between the interests of municipdities facing lobby



pressure from the public and environmenta groups and the rights of producers to farm in accordance with norma
farm practices. As aresult, the new hill states that "'no municipa bylaw appliesto restrict normd farm practice
carried on as part of an agricultura operation.” Any disputes on this issue will be brought before the board for
resolution.

Ontario: Other Government Activity

The Ontario Ministry of Agriculture, Food and Rurd Affairs has developed, in partnership with other levels of
government and industry, a number of non-regulatory measures to promote the sound environmental management
of agricultura resources. A series of Best Management Practice booklets has been published which address
management options for producers on awide range of topics, including Livestock and Poultry Waste
Management, Nutrient Management, and Water Management.

An Agriculture Code of Practice on the Sting and management of livestock operations was replaced in 1995 by
the Guide to Agricultura Land Use, Mininmum Digtance Separation | Mininmum Digstance Separation 1. The
Guideto Agriculturd Land Useis aguiddine, while the MDS documents are provincia policy. MDS | gppliesto
new non-farm uses in agricultura land and the MDS 11 to new or expanding livestock operations.

Municipalities must adopt the MDS formula as they revise tharr officid plans. Because Offical Plans must be
revised every five years, the MDS will be consstently applied within afew years.

In addition, a Certificate of Compliance Program has been in place since 1972. This program is voluntary unless
adopted by atownship as part of the building permit process. To obtain a certificate, an gpplicant must meet the
requirements for manure storage, MDS, land base for manure spreading and dead animd disposdl.

Ontario: Industry Activity
Ontario Farm Environmental Coalition

The Ontario Farm Environmental Codlition, comprising provincid farm organizations, has been the driving force
behind the Ontario Environmental Farm Plan Program. Recently it has developed initiatives on nutrient
management that focus on developing a science-based, provincid srategy to ensure that the agricultura industry
growsin an environmentally sustainable fashion. A nutrient management planning policy accepted by dl affected
organizationsis expected to be finalized early in 1998.

Ontario Pork

Ontario Pork’ s Environmental Committee has initiated a project to establish a database and technica resource
centre on environmenta issues. Thisinitiative isamed a providing the background needed by municipditiesto
formulate bylaws related to agricultural production. The centre adso provides information on sound environmental
practices to producers.

Ridgetown College, University of Guelph, conducted a study in 1997, sponsored by Ontario Pork, which
compared zoning regulationsin 177 townshipsin southwestern Ontario, focussing on separation distances and
manure storage capacity requirements. This study, which is has now been released, analysed the impact of the
separation distances on the growth of the hog indugtry in the survey area. Prddiminary results suggest thet the
restrictiveness of locd bylawsis not a decisve factor in limiting growth in hog production.

Producer Peer Group Review



In Perth County, the Perth Agricultural Review Committee has been formed with 12 members from the agriculturd
community. It meets on-ste with those who register complaints about farming practices and the affected farmer
and explores solutions.

Quebec
Regulations

The Regulation for the Reduction of Pollution from Agricultura Sources, which took effect on July 3, 1997,
replaces the Regulation for the Prevention of Water Pollution from Livestock Operations.

The purpose of the new regulation isto protect water and soil quality through provisons that prohibit the spreading
of manure after October , aswell as the gpplication of inorganic fertilizers containing phosphorus on
phosphorus-rich soils. The regulations dso include provisions that prohibit the spreading of manure in protected
aress (streams, urban aress, etc.). Producers are required not only to have an authorization certificate (as provided
under the former regulaion) but aso an agri-environmenta fertilization plan (PAEF) for the spreading of fertilizers.
The PAEF determines the rates and periods of application for each plot. The PAEF must be prepared and signed
by an agrologist or professond technologist under an agrologist’ s supervision. Producers may prepare their own
PAEF provided that they are certified as having taken a Department of Education training course.

The time frames for PAEF enforcement range from October 1, 1998 to October 1, 2002. The first deadline
applies to producers of manure surplusesin the L’ Assomption, Chaudiére and Y amaskariver basins.

Producers must keep records of their manure spreading and export activities. These records complement the
PAEF and must be kept for two years. They must show manure volumes and spreading dates.

The new regulation adso include changes to manure storage capacity. It has been fixed at 250 days for fecilities
built after the regulation takes effect. In the case of facilities exigting before July 3, 1997, the capacity remains a
200 days, subject to certain conditions.

Limited activity areas are identified. In these areas, farm establishment or herd increase supported by aliquid
manure management system is not alowed unless the producers own the land on which the manure isto be
spread. Producers may aso contract with a surplus manure management organization certified by the Department
of the Environment for the disposd of their manure.

Certain trangtiond measures are provided, including those concerning spreading after October 1. Water guns and
sprinklers will be prohibited after October 1, 1998.

Act to amend the Act to Preserve Agricultural Land and Other Legislative Provisionsin Order to
Promote the Preservation of Agricultural Activities

The Act to Amend the Act to Preserve Agricultural Land and Other Legidative Provisonsin Order to Promote
the Preservation of Agricultural Activitiestook effect on June 20, 1997. Its main purpose isto dlow farmsto
establish, develop and diversfy their production within the agricultural area using environmenta sugtaingble
practices. The Act covers the management of three nuisances of agriculturd origin, i.e. noise, dust and odours.

Municipditieswill now have anew reference framework for management and development of farmland. The
Government Guidlineswill serve astheir basc guide for review of development plans. The purpose of the



Government Guidlinesisto plan farmland use and development by giving priority to activities and enterprisesin the
agriculturd area, on an environmentaly sustainable basis, in order to promote the economic development of
Québec regions. The Government Guidlinesidentify parameters for determining separation distances for the
management of odoursin an agricultura area.

To promote the establishment of a suitable planning framework, the regiona county municipditieslocated in
agricultura areas are required to gppoint members of the advisory committee, at least 50% of which must be
farmers. This committee will study any question relating to land use planning, agricultura practices and related
environmental aspects. It will provide aforum for discusson between the various stakeholders concerned with
development in agriculturd aress.

Some municipa councils have atendency to take amore restrictive stand in the case of hog production gpplicants.
The Act provides for amediation processto asss in settling cases where afarm clams that its activities or
development are congtrained by amunicipa by-law adopted after June 1997. In the case of regulations existing
before this date that prove redtrictive, the Act provides for the intervention, at the producer’ s request, of the
Complaints Commissioner, who is responsible for investigeting the matter in dispute.

To prevent Stuations that may cause problems of co-existence, the Act requires new non-agricultura buildingsin
agriculturd areas to comply with the distance sandards imposed on farms with regard to agriculturd facilities.

The Act gives producers whose activities comply with provincia standards for noise and dust and municipa
regulations for odours immunity from civil suits because of these nuisances.

Agro-Environmental Envestment Assistance program

The new regulatory provisons have amgor financid impact on producers. The agri-environmenta investment
assstance program, which took effect in June 1997, is desgned to help producers.

This program focusses on the adoption of resource conservation and environmenta protection practices and
technologies. It should resolve the problem of manure storage over aperiod of five years and improve the
management of both manure and inorganic fertilizers. A sum of $319 million has been planned for this purpose.
The program, administered by the Department of Agriculture, Fisheries and Food, has four components, i.e.
manure storage structures, manure trestment processes, manure spreading equipment, and agro-environmentd
consulting services.

Industry initiatives

In 1996, the Fédération des producteurs de porcs du Québec launched the agro-environmental hog production
plan in collaboration with the Table filiére porcine du Québec, aleading organization in the hog industry in Québec.
The plan has two main objectives: to promote environmentally sustainable hog production practices compatible
with socid and economic requirements, and to improve the public image of the hog industry.

The plan will be carried out in three phases. The first phase conggtsin obtaining an environmenta picture of hog
production Sites in the province. The Ste inventory was successfully completed in the summer of 1997, with a 95%
producer response rate. The inventory will serve as areference to track changes in the hog industry, measure
industry progress, set sustainable environment objectives for the industry, and establish public and private
investment priorities to maximize environmenta benefits.

The second phase of the plan isto provide technica support to producers. A best management practices guide will



be prepared to facilitate the adoption of new manure management practices and the gpplication of conservation
measures such as soil andyss, the establishment of a fertilization plan, record-keeping of manure spreading
activity, and evaduation of the crop/soil nutrient balance. The main objective of the second phaseisto establish
environmenta criteriain support of technologica transfer, technica support and eventua certification. These
criteriawill take account of the progressive adoption of good practices by farmers. Technologica transfer playsa
key rolein this phase of the plan in that better management practices may be presented in adua perspective, i.e.
the eventua adoption of new legidation, and the development of new techniques.

Thethird and last phase of the FPPQ initiative involves the certification of hog farms to encourage producersto
adopt more environmentally sustainable practices.

New Brunswick
Regulation

The New Brunswick Agricultural Operations Practices Act protects producers from nuisance lawsuits provided
that they conform with acceptable farming practices. Manure storage facilities must be gpproved by the
department prior to commencing congtruction of any other part of the livestock operation. Further lega
requirements related to environmental issues associated with livestock production can be found in the Clean
Environment Act, the Clean Water Act, the Health Act, and the Agricultural Land Protection and
Development Act.

Currently, there appears to be no municipaity in New Brunswick that has made regulations or bylaws specificaly
targeted at encouraging or discouraging hog production. There are, however, anumber of regionsin the province
facing the possibility of expanding hog production. Some communities have expressed res stance to these
investments. Municipdities are faced with the need to balance pressures from the public (and, in one case, the
local Chamber of Commerce) with hog producer’s desires to invest in enhanced production capacity. In other
areas, hog expansion is encouraged by loca communities for the economic benefits generated from the investment,
provided that environmental regulations and separation distances are respected.

New Brunswick: Other Government Activity

The Manure Management Guidelines for New Brunswick were developed in 1996 by the New Brunswick
Department of Agriculture and Rurd Development in consultation with other government agencies and farm
organizations. The guidelines include land-base sandards for the siting of new livestock facilities or the expansion
of exigting facilities and outline practical aternatives for manure storage and land application of manure thet will
reduce the potentia for odour nuisance and environmenta risks. These guiddines are based on minimum
recommended practices, or better.

New Brunswick hog producers require a Certificate of Compliance in order to receive government loans or
assgance. This cetificate is an evauation of alivestock production unit, its manure management system, and the
quality of management. Certificates are issued to al producers whose practices adhere to the provisions and
recommendations of the Manure Management Guiddines for New Brunswick.

It was recently announced that the New Brunswick Department of Agriculture and Rurad Development is now
accepting applications for funding under the 97-98 Farm Environmental Stewardship Program. Projects submitted
under this program must demongtrate that they assst farmers in the adoption of management practices that will
enhance the economic and environmental sustainability of the New Brunswick agri-food sector.



New Brunswick: Industry Activity

Hog producers are seeking the participation of rurad communitiesin addressng environmenta issues. A new public
information action plan has been launched, focusing on building public confidence and support for the benefits of
an environmentaly sound hog indugtry.

The action plan isintended to demondrate the hog industry’ s commitment to conserving and enhancing the
environment and to plan effective responses to opposition based on misnformation. Medium-term initiatives to
support these objectives include adoption of a quality assurance program, production of Farm Practices Guidelines
for Hog Producers, a producer workshop on guidedines and technology advancements, and a publicized process
for handling complaints relaing to hog operations that would involve "peer review" of the complaint (peers would
be trained and informed loca hog producers).

Nova Scotia
Regulation

The Nova Scotia Environment Act is designed to support and promote the protection, enhancement, and

prudent use of the environment. This act established the Nova Scotia Round Table on Environment and Economy
to identify, explain, promote, and encourage the principles and practices of sustainable development. A recent
report of the Consultation Committee of the Round Table recommended changes to the Environment Act to
ensure that those producing waste, such as manure from livestock, pay for the costs associated with its
management and disposal. In 1995, the Nova Scotia Department of Environment passed alaw that made "adverse
effects’ on the environment an offence under the Environment Act, superseding Nova Scotia right-to-farm
legidation. However, in 1996, the Nova Scotia Federation of Agriculture negotiated a memorandum of
understanding that prevents prosecution of farmers who use norma farming practices.

Municipdities have authority to develop regulations affecting land use, zoning, and building congtruction. Currently,
there are no known municipdities that have enacted bylaws or regulations that discourage hog farming, athough
guidelines have been published regarding separation distance, and one community has introduced agricultural
zoning.

Nova Scotia: Other Government Activity

The Nova Scotia Department of Agriculture and Marketing has worked with industry to establish Guiddines for
the Management and Use of Anima Manure. Key components of these guiddines include recommendations for
the appropriate storage, spreading, and management of manure.

Nova Scotia: Industry Activity

Pork Nova Scotia has just passed a motion accepting new manure siting standards, but is till waiting for
municipdities to disdlow further resdentid development on lands between hog facilities and the neerest exigting

dwellings. This action would protect hog producers from complaints that could eventualy come from people who
build in these buffer aress.

Prince Edward Idand
Regulation

The Environmental Protection Act prohibits pollution of the environment, with no exception for farmers. A



number of sections of this act are particularly relevant to hog producers. Producers cannot establish awaste
management system without obtaining written gpprova from the Minister, may not contaminate the environment,
and are respongble for the repair, restoration, and remediation of any environmental damage they incur.

There has been some recent legidative activity in response to conflicts over land ownership. With the support of
farm groups and the general public, a number of amendments were made to the Lands Protection Act to restrict
the size of farm holdings. Any intensive livestock operation with more than 40 animasis required to conduct an
environmental impact assessment prior to establishment of expangon. In addition, specid planning areas have been
established under the Planning Act to restrict development in zones located around the perimeters of cities and
towns.

Prince Edward Idand is one of two provinces in Canada that does not have right-to-farm legidation. A report of
the P.E.I. Round Table on Resource Land Use and Stewardship, released in September 1997, lays the foundation
for the establishment of this type of legidation. The Round Table recommended establishing a Farm Practices
Review Board as afirgt step in the process. This board may aso act to protect the farm community from
forthcoming dricter environmenta nuisance legidation by establishing, reviewing, approving, and amending
agricultural codes of practice.

P.E.Il. is adso somewhat unique with respect to the approach of municipditiesin regulating agricultural activities. No
municipdities have enacted bylaws or regulations that specificaly discourage hog production. The Round Table
examined the extent to which municipa governments could regulate farm practices under the authority of the
Municipalities Act and the Planning Act, finding that municipaities cannot pass bylaws that are more redrictive
of farm practices than provincid legidation and that the authority of the municipdity to define land use (eg.,
agricultura, resdentia) does not extend to include the authority to define management practices. However,
municipaities may create, and have cregted, bylaws that affect "the genera welfare, hedth, safety, and
convenience” of municipa resdents and address the issue of nuisance control. The municipdities of Stratford and
Cornwal have addressed the issue of agriculturd land use asit related to hedlth and nuisance in their respective
zoning and subdivison bylaws.

Producers have historicaly opposed the zoning of agricultural land. Recent activities, however, point to Stuations
where these individua property rights have yielded to collective rights.

P.E.l.: Industry Activity

The P.E.I. Hog Commodity Group’s environmenta committee is in the process of adopting a new action plan, but
information on the plan is not currently available.

Newfoundland
Regulation

Hog production is limited in Newfoundland, with less than 10,000 hogsin production as of December 31, 1996.
Municipdities are largely respongble for land use regulations. Permits are needed for most devel opment
proposals. A generd requirement isthat anew livestock production unit must be located at least 610 metres from
exiging operations.

Conclusions



Regulations exist in dl provinces to protect the environment from the adverse effects of intensve livestock
operations, including hogs. The provinces that are furthest dong in developing workable regulations have, in most
casss, reached this pogition through careful congderation of scientific information related to manure management;
recognition of the need for a baance among environmenta, economic, socia, and palitica interests; collaboration
with industry partners; good communication with dl parties involved, including the communities affected by
expangon of the industry; and pursuit of non-regulatory messures that further the godss of regulation. Provincesin
the early stages of regulatory development can perhaps learn something from the experience of these others.

Today’ s emphasis on sustainable development, with its attendant environmenta regulatory controls, has created a
dilemmafor the hog industry. On the one hand, the industry is committed in principle to sustainable devel opment.
They have, in fact, demondirated this commitment by seeking improved management methods, promoting
formalized codes of practice, and undertaking activities related to information analys's, communication, regulatory
development, and research. On the other hand, environmenta regulatory requirements are growing more stringent,
in some cases outstripping the industry’ s abilities to comply with them and gtill remain viable. In some provinces
court action is being taken by citizens groups opposed to proposd new hog operations. Like al enterprises, hog
operations receive the both the benefits of acceptable environmenta performance (e.g., regulatory compliance and
the competitive advantage in internationad markets of producing hogs and pork in an environmentally acceptable
way) aswell as the economic drawbacks (e.g., the competitive disadvantage, at least in the short term, of making
large capitd investments in environmenta protection).

This dilemma darifies the role that government can play in assisting the hog industry to reech its environmenta
objectives. Thereis clearly a continuing need for government to support the industry by providing good
information and analys's, advising during the planning and development of new or expanded operations, promoting
good public rdations for the industry, and devel oping cost-effective technol ogies and methods to reduce the
industry’ s adverse effects on the environment. Although these activities are dready taking place to some extent,
especidly a the provincid leve, additiond efforts are needed to find solutions quickly enough to meet the needs of
the industry. A drategy is needed that identifies what still needs to be done to alow the industry to comply with
regulations, how these needs can be met, and who is best positioned to meet the various needs.

Summary of Regulatory Toolsin Place for Hog Production in Canada
. Key Acts, Regulations, and . - N
Region L egislation Responsible Ministry Related Industry Initiatives
Federal Fisheries Act Environment Canada
Adricult d Aari-food Canadian Pork Council:
Sustainable devel opment Cg”;u l'{er?n It ?r' iﬁo Canadian Code of Practice
strategies Hzr:mc?n( \?vi tﬁuNzlaJtuere) for Environmentally Sound
y Hog Production
Environmental Assessment Environment Canada
Act
British g ' B.C. Ministry of Agriculture,
Columbia Agriculture Protection Act Fereres e =]
BC Ministry of Environment, Environmental Guidelinesfor
RSl R YRS A Lands, and Parks Pork Producersin BC (1994)




Agricultural Waste Control
Regulation

BC Ministry of Environment,
Lands, and Parks

Code of Agricultural Practice
for Waste Management

Alberta Agriculture, Food, and

Alberta Agricultural Operations Act Rural Development Code of Practice
Alberta Environmental : Code of Practice for the Safe
Protection and Enhancement Alberta} EnTIETmETE) and Economic Handling of
Protection .
Act Animal Manures
Water Act Al berta} Environmental
Protection
. . Saskatchewan Agricultureand | Guidelinesfor the Safe
Saskatchewan | Agricultural Operations Act Food Handling of Livestock
Saskatchewan Planning and
Development Act
Environment Management and | Saskatchewan Environment
Protection Act and Resource Management
Pest Control Products
Protection Act
Rura Municipality Act
. Saskatchewan Environment
Clegnialr el and Resource Management
Public Health Act Saskatchewan Environment
and Resource Management
Manitoba Farm Practices Protection Act Manitoba Agriculture
. o Code of Practicefor
wgs'trggme&t a'?lg[n e Manitoba Environment Livestock Waste
€9 Management
Manitoba Agriculture Farm Practices Guidelines for
9 Hog Producersin Manitoba
Gt Ontario Environmental Bill of Ontario Ministry of

Rights

Environment

Farming and Food Production
Protection Act

Ontario Ministry of
Agriculture, Food, and Rural
Affairs

Agricultural Code of Practice
Best Management Practice
booklets

Environmental Protection Act

Ontario Ministry of
Environment

Pesticides Act

Ontario Ministry of
Environment

Ontario Water Resources Act

Ontario Ministry of
Environment

Municipal Act

Planning Act




The Regulation for the

Quebec Reduction of Pollution of
Agricultural Origin
. Manure M anagement
New New Brunswick Agricultural EG;YC?J[:’J@N;S gl(jafalartmmt of Guidelinesfor New
Brunswick Operations Practices Act 9 Brunswick

Development Certificate of Compliance

Clean Environment Act

New Brunswick Department of
Environment

Clean Water Act

New Brunswick Department of
Environment

1 This regulation replaces the Regulation for the Prevention of Pollution of Water by Livestock Establishments

Health Act

New Brunswick Department of
Environment

Agricultural Land Protection
and Development Act

New Brunswick Department of
Agriculture and Rural
Development

Nova Scotia Department of

Nova Scotia Environment Act R ——
Nova Scotia Department of Guidelines for the
Agriculture LY a}nagement and Use of
Animal Manure
PEl Environmental Protection Act

Lands Protection Act

Planning Act and
Municipalities Act

Newfoundland

LandsAct - Agricultural
Devel opment Regulations

Newfoundland Department of
Forest Resources & Agrifoods

Chapter 4.

Environmental Solutions: Current Knowledge and

Ongoing Resear ch

I ntroduction

Many solutions dready exist to ded with the environmenta chdlenges faced by the hog industry. The industry has




dready met with some success in working with government to identify best management practices, write codes of
practice, and develop regiond approaches that recognize the unique environmental, socid, and economic fegtures
of each region as they relate to hog production. In some cases, solutions are not yet in the hands of the users —
they may await a cost andysis or an effective means of communicating them to hog producers and regulatory
bodies.

In European countries where a limited land base has forced the industry to respond quickly to these challenges,
adoption of environmenta solutions is more advanced. Considerable research on hog-related issuesis dso
occurring inthe U.S,

Canadaisin aposgition to learn from the experience of these countries. This chapter describes the current state of
knowledge and practice with respect to improving the environmenta performance of the hog industry in Canada
and mentions some research in Europe and the United States. This description is organized around four main
research aress. Manure Management (storage, pplication and processing), Feeding Modifications, Building
Design, and Soil Capacities for Manure Loading (agronomic practices).

Following the description of current knowledge and practices is asummary of research being carried out in these
aress. Some of this research has aregiond focus. For example, the impact of land application of manure on water
qudlity is being studied mainly in Quebec and Ontario, phosphorus lossis a particular concern in Quebec, and air
quality issues, notably ammonia emission, are the subject of ongoing research in Ontario and British Columbia

Much of the current work is being undertaken through partnerships between Agriculture and Agri-Food Canada,
universities, and provincia governments. Projects are identified by a number that corresponds to a detailed project
descriptions (agency, project title and status, project leaders, and funding source) given in the appendix.

Odours

Current Methods

The first step towards reducing odoursis to develop and recommend best management practices and guidelines
for managing livestock buildings and manure durry, such as measures to reinforce the cleanliness of farm buildings
and recommendations for the gppropriate weether and soil conditions for land application of manure durry. Until
new technologies are available, farmers should employ the best management practices for manure management
that have dready been identified in severa provinces. These include:

» keeping animas and facilities dean;

adding manure to the storage pit when it is transferred by pipeline from the barn;
= injecting or incorporating manure below the soil surface;

aoplying manure when the wind is blowing away from neighbours and dwdlings,
applying manure in the morning or on cloudy days.

The second step isto identify and recommend cogt-effective technologies used in other provinces and other
countries, relevant to odour control and air quaity and gpplicable under Canadian climatic conditions to hog
facilities and management practices. Some pertinent research findings include:

Manure storage

¢ covering the manure storage tank can reduce odours by 90%;



¢ adding akdine materid (e.g., by-products from power plants or cement plants) to stored manure can
subgtantialy reduce odours by increasing the pH above 9.5, thus reducing hydrogen sulphide production;

* adding sphagnum peat maoss or other acidifying amendments to manure lagoons can reduce odours,

¢ manure from anaerobic digestion systems can be less offensive than undigested waste;

* bubbleess oxygenation reduces hydrogen sulphide production to levels non-detectable by a GasTec
Sensdyne dosmeter tube;

* afloating permesble blanket alows a 90% reduction in ammonia and hydrogen sulphide.

L and application of manure

* inject or incorporate manure within 24 hours of spreading. Various injection systems are being researched
for injection/incorporation of liquid manure into row and field crop systems.

Research in Canada

The following Canadian research projects relate to controlling the odours associated with hog production. The
numbers in brackets accompanying the respective projects refer to the appendix to this chapter entitled Research
Activitiesin the Provinces.

Feed amendments

(3) A study isbeing planned in Atlantic Canada to assess the use of feed additivesin hog diets to reduce odours.
If successful, this method could be used to reduce odours emanating from hog barns and manure storage systems.

Reducing barn odour

(41) Researchersin Albertaare looking at a method to reduce barn odour in swine units. (39) A Saskatchewan
study assessed the effectiveness of canola oil in reducing dust concentrationsin animal buildings.

Reducing odour_of stored manure

(40) In a Saskatchewan study, low-cost balloon-type lagoon covers were used and evaluated for odour reduction.

(34) An Alberta study evaduated oligolysis for odour control under laboratory and field conditions, amed at
reducing the odour of stored swine manure. (16) Results of a survey of Ontario hog producers who used manure
additives to control odour and make manure easier to handle, as well as of atest of the effectiveness of afew
commercialy available manure additives, showed that none of the additives was effective in controlling odour
adequatdly. (14) Quebec researchers used the technique of biofiltration with an organic substance to deodorize
and add vaue to hog manure. This technology holds good marketing promise because it is Smple and rdatively
inexpendve, but is more effective than many more complex and expensive dternatives.

Composted manure is less odourous than manure durry. Composting research is described later in this chapter
Research in Other Countries

Researchers at lowa state university have designed biomass filter chambers that effectively remove dust particles
and thereby reduce odours from hog barn ventilation exhaust. A recent University of Minnesota study involved the

measurement of odours from four different manure storage systems: indoor deep pit, outdoor concrete/metal
structure, earthen basin, and second stage earthen basin. No storage type proved to be consistently superior in



terms of odour dilution.
Soil Quality and Water Quality
Current Methods

Reducing the build-up of phosphorus from hog manure in soils and preventing water pollution by phosphates from
hog manure begins with reducing phosphorus levelsin the manure itsaf and then refining manure land-application
methods.

Current methods to reduce the amount of phosphorus in manure include:

* adding phytase to the hog diet; this method may increase the utilization of feed phosphorus by 50-70 % and
reduce the requirement of minera phasphorus supplements (mono- and di-calcium phosphate) in hog
rations,

¢ adding cdlulase to the feed and improving processing techniques; these steps may decrease the phosphorus
content of manure 5-30 %;

* adjusting feed composition to meet the nutrient requirements at defined stages of growth; this measure will
decrease phosphorus excretion but may have some impact on maximum anima growth;

* increasing feed digestibility by using new processing techniques; this method will reduce the excess nutrients
fed to achieve maxima growth and thereby decrease excreted phosphorus by up to 5%.

New guidelines may be needed to apply liquid manure on the basis of phosphorus, not just nitrogen, content.
More land will be required to dispose of the same amount of manure as crop uptake of phosphorusis lower than
nitrogen. Site-specific soil tests, based on soil type characteristics important for P movement (ex. dope, tile
drainage, susceptibility to soil cracking, etc) are needed. Soil information system and GIS technology may assist in
developing an integrated computerized decision-making support system that can be used easily by agronomists and
farmers.

Current agronomic methods to monitor and manage manure phosphorus levelsin soils include:

* managing manure on awatershed basis, farmers  associations coordinate and prioritize the use of manure
over al other sources of nutrients, identify specific application rates, and monitor the long-term impacts of
repeated additions;

= removing the solids (5% in volume) from hog manure; this measure reduces the phosphorus content by
50%, and the liquid phase can be further trested to obtain a concentrated solution;

* reacting manure with duminum sulphate to precipitate the phosphate, asit is done with urban sewage
dudges,

= raising hogs on litter with a high carbon:phosphorus, or adding liquid manure to carbon-rich materids (e.g.,
wood chips, pulp and paper dudges) to produce composts for off-site soil conditioning.

¢ Land management practices that contribute to reduced phosphorus losses include:

¢ avoiding fal applications of manure without incorporation; this practice may result in Sgnificant
contamination of water and sediments under heavy rainfal conditions;

* cdlibrating manure-spreading equipment to ensure that nutrients are added consstently to soil;

* using gtrip-cropping systems with perennid grasses or planting multi-storied hedgerows to act as buffers
aong waterways, these systems help to reduce phosphorus losses in runoff on doped land and may aso
remove phosphorus from lateral subsurface water flow on shalow soils and retain windblown particles.

¢ employing minimum tillage; this practice may reduce phosphorus losses in runoff on doped land and



increase phosphorus uptake in the prairies, where phosphorus losses in drainage water are limited.
(Conservation tillage may aso increase the proportion of phosphorus that is bioavailable both in soluble and
particulate forms. Therefore, management decisions should consder total and biocavailable P loss from the
manure by using gppropriate methodology to estimate the bioavailability of phosphorus and ng soil
resdua phosphorus with or without crop rotations after short- or long-term manure applications.)

¢ drategicdly gpplying nitrogen in ammoniaform; this method increases phogphorus uptake ether directly or
by increasing soil phosphorus solubility — recommendations would be based on the use of resdud ol
phosphorus coupled with smal amounts of starter soluble phosphorus.

* planting companion crops in spring cered production to dlow safe manure fal gpplication in aress of low
ranfal.

* planting crops with a high capacity for phosphorus uptake (e.g., silage corn in areas with >2,500 corn heat
units (CHU), or canolain cool climate areas with < 2,500 CHU);

¢ planting alternative crops, such asforage or forests (e.g., sugar maple).

Research in Canada

Composition and benefits of manure

(7) Quebec researchers evauated the nutrient value of manure, including hog manure, with the am to more
accurately determine fertilizer requirements. Two other Quebec studies currently under way are (9) determining the
long-term impact of hog manure on metals solubility and pools, aimed at ensuring a safe and nutritious food supply,
and (12) evduating the possibility of using hog manure in corn—soybean rotations. (32) Saskatchewan researchers
have determined standard nutrient values of manure and (35) are determining the agronomic response and soil
chemica response to using hog manure, as wel as the economics of usng manure as a source of fertilizer.

(20) An Ontario study tracked nitrogen and carbon components in the feed, bedding, and excrement of livestock
during handling and storage, dlowing predictions of manure nitrogen availahility to plants and losses, including
those to the atmosphere, of environmenta significance. (22) Another Ontario study compared the
minerdization/immobilization and availabilities of N from five different manures following fal and spring gpplications
on one Ste. It dso used feeding trids and characterization of the manure to develop models for predicting manure
nitrogen content of manures from animals given different feeds. (26) & (27)Manitoba researchers are dso studying
the effects of feeding different cultivars of hull-less barley on physical and biochemica characterigtics of swine
manure, and are ng the energy utilization and fertilizer vaue of this manure,

Another strategy to reduce nutrient entry into water isto reduce the amount of these nutrients in manure. (28)
Manitoba researchers have proposed a sudy to test the efficacy of phytase enzyme and dietary ided protein
amino acid rations in reducing phosphorus and nitrogen in swine manure.

Manur e Composting

(22) A review of manure composting techniques has been carried out by Ecologigticsin Ontario with aview to
better understanding nitrogen and carbon conservation. This review presents information on carbon, nitrogen, and
other nutrient transformations and losses; the economic and physical limitation of optimizing manure carbon to
nitrogen rations, the evaporative potential of composting manure; the relative nutrient-leaching potential of manures
and compost; a comparison with composting techniques promoted by the Ecological Farmers of Ontario; the
practicdity of recycling finished compost as livestock bedding; the quantification of greenhouse gas production;
and databases to establish labour, energy, and capital requirements in each process.

Composting isardétively fast and low-odour aerobic biologica processin which organic matter is broken down



by bacteriaand fungi to produce humus, carbon dioxide, water, and heat. For composting, most manures require
the addition of dry bulking materia with a high carbon content. (13) Quebec researchers added sawmill waste to
hog manure to create a compost. (6) In an ongoing study in PEI, researchers are working to identify the optimum
content of asmilar compost (hog manure and sawmill waste) in a potting mix, as well asto minimize nitrogen
losses during composting. (4) A Nova Scotia study is being planned to examine co-composting of hog manure and
municipa solid waste, possibly leading to reduced land-fill loading and a market for hog manure compost. (47) In
aB.C. sudy, hog manure was composted with poultry manure in an enclosed composting system, resulting in
rapid evaporation of the moisture using energy from the waste. This method alows more liquid manure to be
processed. Although ammonia emissions are high, they can be captured with this type of design.

(15) In an Ontario study, low-cogt, low-technology passively aerated static piles were used to compost swine
manure and achieved excdlent odour control. Dilute durry was added periodicdly to the hot composting materid.
(42) An Albertastudy of cold climate composting systems looked at the dynamics of composting processes under
various temperature regimes, the microbiological processes involved and their therma requirements, and the
gpplication of compost to frozen soils. The study enhanced the ability to compost and recycle manures dl year

long.

(43) An Albertastudy of the physica properties of composting materias will benefit designers and manufacturers
of composting facilities and equipment. Enhanced knowledge of these properties will lead to the production of
more efficient machinery (e.g., windrow turners, seves, and shredders) and better selection of components (e.g.,
aeration fans and ducting).

L and application methods

(5 An ongoing New Brunswick study islooking at away to improve systems for incorporating liquid hog manure
in the soil in potato systems. (11) Quebec researchers sudied the influence of the timing of hog manure
gpplications on nutrient uptake by corn. Results can be used to help refine the use of manure to supply crop
nutrients while decreasing environmenta effects. (25) An Ontario study investigated methods (soil injection, sde
dressing, top dressing) of integrating liquid manures into a cropping System, generating information about the
effectiveness of manures from different types of livestock and the importance of the timing of application. (30) Ina
Saskatchewan study, a low-odour, low-cost method was used to add hog manure, and thus nutrients, to poorly
drained soils. (33) Saskatchewan researchers dso studied improved methods of injecting liquid manure on
agricultura land, and (36) demonstrated shalow injection of hog manure on grasdand. (45) B.C. researchers are
currently examining the nutrient vaue of different rates of hog manure gpplied repeatedly to astand of grassin
terms of yidd, nutrient uptake, and resdud soil nutrients reative to the nutrient vaue under minerd fertilization.
They are dso testing the effectiveness of different methods of application (broadcast vs. subcanopy band
application) and soil aeration on the effectiveness of manure.

(8) Quebec researchers are currently investigating the contribution of hog manure to phosphorus losses in surface
and subsurface runoff. (11) They are dso working to identify optima times of manure gpplication to maximize
nutrient uptake by crops and minimize that lost from the soil system. (25) Application timing was aso afocus of an
Ontario study that investigated methods of integrating liquid manures into a cropping system and the subsequent
effects on soil and water qudity. (48) A B.C. study of the influence of time and rate of liquid manure application
on yield and nitrogen utilization of sllage corn found that a spring manure application can replace the nitrogen
fertilizer requirement, contribute to optima yidds, and introduce little excess nitrogen into the soil that could pose a
threat to water quality. (46) B.C. researchers are dso looking a levels of phosphorus from manure in soils that
have received short-term and long-term manure gpplication. (23) Another Ontario study of the impact of manure
application methods on water quaity will enable prediction of environmentaly safe rates of liquid manure
application and the development of methods for manure application in no-till systems.



(24) An Ontario study assessed the influence of manures in the control of soil-borne pests, including nematodes,
fungi, and bacteria. Treatments found effective in the laboratory were field-tested, and field observations included
measurements of pathology, soil microbiology, and agronomic changes in the crop plants tested.

M anur e management systems

(19) An Ontario report on manure and nutrient management provides a literature review, bibliography, and
consensud information to summearize the current state of knowledge of these subjects and identify gaps that may
be addressed by further research. (31) Saskatchewan researchers have produced a guide, with accompanying
software, for making environmentally sound manure management plans based on soils, weater, climate, and
landscaping characterigtics of specific locations in Saskatchewan. (38) They have aso created a computerized
manure management module to better identify the costs and benefits of competing technologies for hog manure
storage, handling, and disposdl.

Production syslems

(20) An ongoing Quebec study is developing better models of hog production that will alow for improved
economic and environmenta decision making.

Congtruction
(18) An Ontario study sought to improve the design of liquid hog manure storage tanks.

(1) Researchersin Nova Scotia are currently evaluating the performance of artificia wetlandsin the trestment of
waste-water from hog operations. (34) Saskatchewan researchers determined the safe operating lifetimes for
earthen animal manure lagoons and (36) assessed the performance of Saskatchewan soils for the congtruction of
such lagoons.

Air Pallution
Current Methods to Control Ammonia Emission

Phase feeding and baancing amino acids in the diet is the primary strategy to reduce ammonia emissions during
hog production. This reduction can be achieved in mogt exigting production facilities. Improving diets has resulted
in a 26% reduction in nitrogen excreted and a 25% reduction in ammonia emitted. Including bacteridly fermentable
ubgratesin the ration has reduced ammonia emissions by 18% during pig finishing.

Decreasing the time that excretions are exposed to air can contribute to odour abatement. Reducing exposure can
be achieved by frequent barn cleaning using manure scrapers with separate urine channds. This lowest-cost
conventiona manure management system has resulted in low ammoniaemissons. Using durry collection pans has
contributed to a 30% decrease in anmoniaemission. A combination of improved diets, phase feeding, and optimal
housing has reduced ammonia emisson from the barn by 45% compared to conventiond feeding and housing
systems.

Using deep bedding facilities for growing and finishing hogs may help reduce ammonia emissons by up to 70%
compared to conventiona housing. However, this practice aso resultsin a net increase in nitrous oxide, a
greenhouse gas.



Unlike liquid dairy cattle manure, hog manure rarely forms a crust during storage. Without this crust, ammonia
emissions from stored hog manure are high. Etimated nitrogen lossesin the US during storage and handling of
manure were 60-80% from anaerobic lagoons and 30-65% from an underground pit with liquid spreading.
Nitrogen losses of up to 95% from lagoons storing liquid manure were observed in the eastern US.

Reducing ammonia losses during manure storage may require alarge investment to change storage systems. Ina
|aboratory experiment, ammonia losses of 24% of the total nitrogen in manure were recorded with the use of
atificia coverson liquid hog manure, compared with a 76% loss with uncovered storage. In Canada, most new
hog operations in the prairies use large lagoons for storage. In contragt, in the Netherlands, the trend isto store
liquid hog manure in enclosed pits or containersin order to minimise anmonialoss.

Current methods to reduce ammonialoss from stored manure include:

¢ adding sphagnum peat moss, sulphuric, and phosphoric acids to stored manure durry; this method may
contribute to reduce ammonia emission from stored manure by at least 75%;

¢ cooling the manure, or separating, aerating, and recirculating it;

¢ covering manure with straw or plagtic; this may reduce ammonia emissions by 65-70% and 77-84%,
repectively;

¢ covering stored manure with minerd oil; this may reduce ammonia emisson by 34-95%;

¢ composting separated hog durry solids, solid hog manure from shalow or deep bedded hog facilities, or
durry bulked with pest or straw (however, sgnificant emissons of anmonia and nitrous oxide are produced
during composting of hog wastes.

Ammonium-nitrogen condtitutes up to 90% of the nitrogen in anaerobicaly stored hog manure. Following surface
application of manure to afield, short-chain faity acidsin the manure are oxidized, resulting in an increasein the
pH. This pH increase, in combination with exposure to the air, resultsin aloss of nitrogen as ammonia. Ammonia
emission increases when manure is applied on impermeable or acidic soils and on hot, windy days. A wide range
of emisson vaues has been recorded. In France, anmonia emission from pig durry gpplied to grasdand or arable
land ranged from 37 to 63% of the ammonia-nitrogen in the durry. Most ammonia volatilization occurred within
hours after gpplication: 25% after 1.5 hours, 50% after 4 hours, and 83% after Sx hours when the manure was
applied a midday. In the Netherlands, loss of ammonia-nitrogen was 36-78% following application to pasture. In
the UK, 24-39% of the ammonialost was emitted during the first hour and 85% during the 12 hours following
durry goplication. All these values represent a sgnificant loss of N.

Current field methods to reduce ammonia loss after manure goplication include:

« liquid injection of manure into the sail;

= udng adeigh foot on grasdands; this method has resulted in higher recovery of manure N in the grass,

= immediate incorporation of the hog manure following surface gpplication of manure;

= tilling the soil before manure gpplication; ammonia emission was 1.5 times higher following durry application
to grasdand than application to arable land.

* decting crops that hold and use the nutrients from manure (e.g., perennid species, such as non leguminous
forages, and corn a post-emergence stage); however, this may aso lead to problems related to animal
feeding and to preferentia flow of water on flat lands.

Agriculturd greenhouse gas emissions are currently being reduced through:

* feeding supplements that reduce the time required for maturization of hogs;
¢ planting fal cover cropsto utilize excess nutrient levelsin fieds to which manure has been gpplied;



* increasing use of covered manure storage facilities.
Research in Canada

(2) Nova Scotia researchers have measured the micro-meteorological anmonia flux from surface-gpplied swine
manure, identifying climatic conditions that are optima for the greatest retention of ammonia-nitrogen for crop use.
Thisinformation will hep producers schedule manure applications when they are most beneficid. (17) Ontario
researchers determined manure gas concentrations a commercid hog farms to improve the characterization of gas
hazards, particularly during durry mixing. It was determined that hydrogen sulphide was the main gas released a
hazardous concentrations. Other gases (methane, anmonia, carbon dioxide) were not released at hazardous
concentrations. Recommendations were made regarding management strategies to reduce hazardous conditions.
(21) An Ontario report (described more fully below) quantifies greenhouse gas production during composting.

Research in Other Countries

Dutch and Danish researchers are exploring dietary and building design approaches to reducing ammonia
emissons from hog durry. Acidification of soilsis a serious environmenta concern in these countries. Scientigtsin
the Netherlands has used improved pen design (convex floor with underlying durry channd) and the addition of
acid sdtsto feed to reduce ammoniaemissons. A recent Danish study showed that ammonia emissions from hog
barns with totally datted floors were sgnificantly higher than barns with partidly datted floors.

Conclusions

The plan to address the environmenta issues associated with hog production must deal with the whole system of
production. Components of this plan should include feeds and feeding, hog buildings, hog hedth, manure
production and storage, manure odours and gas production, manure handling and disposal, nutrient cycling,
cogt-effective ways of processing and, in some cases, packaging manure for subsequent use.

Researchers have aready identified many methods and technologies that will improve the environmental
performance of the industry, but in many cases these dternatives are too expengve. This means that future
research must concentrate on providing affordable, practica technologies and land management practices. A close
working relationship with industry representatives will alow scientists and engineers to direct their work more
effectively and to ensure that promising developments reach the people who will use them.

Appendix: Research Activitiesin the Provinces

Project | Participating

. Project Title and Status Project Leaders Project Funding
No. Agencies

Newfoundland (In 1996, marketed 9,300 hogsor 0.05 % of national production)

Nova Scotia(In 1996, marketed 218,800 hogs or 1.2 % of national production).

AAFC,
1 NSDAM,
NSAC

Evaluation of artificial wetlands for treatment of V. Rodd, R.Gordon,

agricultural wastesin Nova Scotia (ongoing) L. Cochrane MII: Producers




NSAC, Micro-meterological anmonia flux measurements T Hartz. R. Gordon Canada-Nova
2 NSDAM, from surface applied swine/dairy manure V. R odd’ ' ' Scotia Green Plan,
AAFC (completed, thesis being written) ) Agri-Focus 2000
AAFC, Assessment of feed additives to reduce hog odour Vo WEILE), MII: Producer, feed
3 NSDAM lanni R.Gordon, -
(planning) V. Rodd companies
Evaluation of source separated municipal solid
AAFC, .
NSAC, waste composted with hog manure (planning) V. Rodd, R. Gordon, MII: Producer,
& P. Warman, J. Cline i
NSDAM company
New Brunswick (In 1996, marketed 141,100 hogs 0.8 % of national production)
Prince Edward Idand (In 1996, marketed 190,600 hogs or 1.1 % of nationa production)
Manure application strategies for environmental A. J. Campbell, JA.
2 S safety and efficient crop production (ongoing) MacLeod g
Minimizing N loss in composting and identification
6 AAFC? of optimum compost content of potting mix J. MacLeod MI1: Producer
(ongoing)
Quebec (In 1996, marketed 5.5 million hogs or 30.2 % of national production)
Evaluation of the nutrient value of manure R. Smard, C. Hamd,
! AAFC (including HLM) (compl eted) A. Legere AL
8 AAEC. INRS Impact of HLM on P losses in surface and R. Smard, G. Barnett, | MII: Producer
’ subsurface runoff (ongoing) A. Pesant, D. Cluis assoc.
R. Simard,
9 | AAFC, INRS? 'mlpi‘ﬁi‘t’f hO% menire (honﬂ';am) CAMEE S S. Beauchemin, A Base
solubility and pools (ongoing) D. Wang
Use of a computerized mathematics model to
provide an optimization methodol ogy that will
10 improve the economic returns and environmental | € Pomar A Base
acceptablity of hog production systems (ongoing)
11 MAPAQ Envi r.onmgntal code for spreading hog slurry on D. Cote
corn in spring and autumn. (compl eted)
12 MAPAQ, Evaluation of the possibility of using HLM on P C. Hamel, R. Smard, MAPAQ
AAFC base in corn-soybean rotations (ongoing) A. Legere, D. Angers
U.deQ. Production of compost from hog slurry and wood
= (RIMOUSKI) | shavings.(Status of the project?) 3 [ e AR
Reduction of odour, treatment and increasing the G.Buelna, Y. Bernard,
14 CRIQ,UdeL | economic value of hog slurry by filtration through R. Dube, S.Savard, gﬂsgoz,ﬁagésroducer
organic bio-filters.(compl eted) P.Lessard
Ontario (In 1996, marketed 4.6 million hogs or 25.3 % of nationa production)
15 AAFC Swine manure composting (compl eted) N. Patni, R. Kinsman | AAFC, Ont. Pork
AAFC, . L ) .
16 Effectivness of manure additives (completed) N. Patni, P. Jui AAFC, OPPMB

producers




AAFC, Pork indus.

17 AAFC Hazardous manure gases (compl eted) N. Patni, S. Clarke
Improv. Plan
Design criteriafor cylindrical liquid manure tanks .
18 U. of Guelph (completed) J. Jofriet NSERC
Current state of the art on manure/nutrient Canada/ Ont.
= e management (compl eted) 4, €= Green Plan
. . Nitrogen and carbon transformationsin
20 Enw_r G 2] conventionally-handled livestock manures G. Kachanoski Cejlenl Ol e
Services Plan
(compl eted)
. Manure composting techniques: Understanding N Canada/Ont. Green
2 Eleale and C conservation(compl eted) R. St Jean Plan
Transformations in soil: Crop response to nitrogen Canada/Ont. Gr
22 U. of Guelph | in manureswith widely different characteristics E. Beauchamp P'an - reen
(completed) an
Impact of manure application methods on water
23 U. of Guelph | quality, focusing on nitrogen and bacteriatransport | G. Wall glznnada/Ont. Cltesr
in soil (completed)
Assessment of the influence of manuresfor the
24 AAFC control of soilborne pests including nematodes, G. Lazarovits lCDI'anada/Ont. Green
fungi and bacteria (compl eted) an
Ecolog. Investigating methods of integrating liquid manures
25 Servicesfor into a cropping system and the effect on soil and D. Charlton IC3:|anada/Ont. Chiezr
; : an
Planning water quality (completed)

Manitoba(ln 1996, marketed 3.3 million hogs or 17.8 % of national production)

Effects of feeding different cultivars of hulless RR. Grandhi. M. C Western Grains
26 AAFC barley on physical and biochemical characteristics _I_'h .ri andhi, 1. ©. Research
of swine manure (ongoing) ermen Foundation
Efficiency of energy utilization and fertilizer value
of swine manure from pigs fed hulless barley diets R. R. Grandhi, C.
& ARIFE supplemented with enzymes and amino acids Grant, L. Bailey AIRD
(ongoing)
Efficacy of phytase enzyme and dietary ideal
28 AAFC protein amino acuj ratlosfor regiuctlon of RR. Grandhi MII: Prod_ucers
phosphorus and nitrogen in swine manure assoc., private co.
(proposed)
_ o _ Canada-Man.
2 u. of_ Movement, mineralization, and fate of nutrients CM. Cho, C. Flynn Agr_eement on
Manitoba from manures (compl eted) Agric.
Sustainability

Saskatchewan (In 1996, m

arketed 934,000 hogs or 5.2 % of national production).

Adding and supplying nutrients to poorly drained M. Grevers, SDAF, Agric. Dev.
30 U. of Sask soils with hog manure, using alow odour and low J.Schoenau, Fund,(ADF), Green
cost method (ongoing) S. Dormer Plan
Livestock managers — Guide to effective manure - Sask. Pork
&l U-of Sask management (compl eted) Cilhilliad Internat. (SPI)




Determination of standard nutrient values of

2 SAF manure in Saskatchewan (compl eted) SAF P
Prairie Ag.
Machinery Improved methods of injecting liquid manure to
59 Institute agricultural land (compl eted) €5 itz <
(PAMI)
Determination of safe operating lifetimesfor
2 U. of Sas earthen animal manure lagoons C. Maule SPI. ADF
(completed)
PAMI. U. of .
x5 Sask. Crop response to variable rates of manure G. Hultgreen, ﬁ%ﬁ%%ﬂiﬂg‘j
Envirotest (ongoing) J. Shoenau (AFIF)
Labs
Shallow injection of liquid hog manure on
£ Al grassland (ongoing) AEL
UMA Performance of Saskatchewan soilsfor the
38 Enaineerin construction of earthen hog manure storages T. Fonstad ADF
9 9 (completed)
29 PAMI Creation of acomputerized manure management ADF. Green Plan
module (ongoing) '
Prairie Swine . .
40 Centre (PSC) Odour emission reduction (compl eted) Y. Zhang Green Plan
Manure lagoon cover for swine facilities
11 PSC Y. Zhang Green Plan
(completed)
Development of Application Methods for Manure
Al Lagoon Coverings (compl eted) SakeAg:
Miles A Blueprint for the Design and Operation of a
Jolr anson Modern Swine Facility With Straw Bedding and Sask Ag.
9 Composting of Solid Wastes (completed)
. Identification of environmental issues confronting
~ELAETIS the Saskatchewan Pork Industry (completed) ST
Norman Lagoon odour control using long straw cover
Janssen (compl eted) Sak Ag.
PAMI Environmentally improved manure lagoon agitator Sask A
(compl eted) g
UMA Performance of Saskatchewan soilsfor
Engineering construction of earthern hog manure storages Sask Ag.
Ltd. (completed)
Amending and supplying nutrients to poorly
Sﬁtaetr(;qewan drained soils with hog manure, using alow odour Sask Ag.
y and low cost method (signed)
PAMI Improved methods of injecting swine manure to Sask Ag.

agricultural land (completed)




Saskatchewan

Determination of safe operating lifetime for earthern

University animal manure lagoons (signed) SELAG
Gerald P. Use of constructed wetlands for treatment of swine
Sask Ag.
Bayne manure (compl eted)
PAMI Completion of anew manure agitator concept Sask Ag.
(completed)
Creation of acomputerized manure management
PAMI module (signed) Sask Ag.
Shallow injection of liquid hog manure on
PAMI grassland (signed) Sask Ag.
Manure management for Saskatchewan hog
A producers (signed) SEKAG.
Prairie Swine : g
Centre Inc. Reducing odour from manure (signed) Sask Ag.
District No. 21 | Investigation of alternative equipment for low Sask A
ADD Board disturbance injection of swine manure (signed) g
Saskatchewan | Effect of manure application on incidence of soil Sask A
University borne plant human pathogens (approved) 9
Sas! The long-term effect of repeated application of hog
Uni atc_hewan manure on soil productivity and on the quality of Sask Ag.
niversity . : Y .
the environment in semi-arid regions (approved)
Low disturbance injection of swine manure into
PAMI alfalfa produced for dehy (approved) SELAG
Ag& Development of new technologies for minimization
Agri-Food of nutrient excretion losses and odoursin swine Sask Ag.
Canada manure (approved)
Prairie Swine | Evaluation of three pit additives for swine manure Sask A
Centrelnc. odour control and handling ease (approved) g
PAMI Straw chopper system for manure pipelines Sask Ag.
(approved)
Sas! Maximizing the economic and environmental
Uni atchewan benefit of land application of animal manures Sask Ag.
niversity i
(signed)
Saskatchewan | Long term performance and safety of earthern hog Sask A
S ) g.
University manure storages (signed)
PAMI Development of a hog manure pipeline control Sask Ag.

system (signed)

Alberta (Marketed 2.8 mill

ion hogsin 1996, or 15.5% of national production)

42

AAFC

Control of barn odour in swine units (ongoing)

A.L. Schaefer




J. Leonard, J. Feddes, Canada-Alta

Agree-ment on
U. of Alberta, . . R. Janzen. R.B. McGill Environ-mentally
43 ADE Cold climate composting systems (compl eted) . , R.b. Sustainable
Agriculture
a4 U. of Alberta Physical properties of composting materials I L] NSERC
(completed)
5 U. of Alberta Evaluation of oligolysisfor odour control under 3. Feddes ADARD

laboratory and field conditions (compl eted)

British Columbia (336,400 hogs marketed in 1996 or 1.8 % of nationa production)

Effect of swine manure on grass swards— Using S Bittman. G MII: Companies,
46 AAFC conventional and alternative manure spreading Kowal enk’o ) Producer
practices (ongoing) Association

Response of soil residual phosphorus from
47 AAFC manure-amended soil after short or long term J. Hountin, J. Paul A Base
manure application (ongoing)

Enhancing moisture removal during composting of Producer Assoc.,
48 AAFC liquid hog manure with shavings or poultry litter J. Paul ECCO, locdl cos.,,
(completed) NRC, PERD
Producer org.,
Influence of the time and rate of liquid manure Canada-B.C. Soil
application on yield and nitrogen utilization of Conservation
2 AR silage cornin south coastal British Columbia R Prog.,
(compl eted)
NSERC

Chapter 5

Directionsfor Future Action -
Potential AAFC/CPC Inputs

A key objective in preparing this report was to locate areas where AAFC and the CPC could make useful
contributions to finding solutions to hog-related environmenta issues within the next three years. Some of these
"gaps' could be filled by new research, analysis and coordination efforts; others could be addressed by assigting or
augmenting work aready underway by provincid governments marketing boards and other parties.

Potential Resear ch Inputs
Overview

The review of research activitiesin Chapter 4 indicates that solutions to some hog-related environmenta issues are
dready avallable. Other issues are less well understood and require further work on problem specification prior to



attempts at mitigation.

In generd, it gppears that contributions can be made in the following aress:

The development of a comprehensive gpproach to feeding and manure handling. To fully address the
problems, an integrated plan which ded's with the whole system of hog production should be developed,
including: feeds and feeding; hog buildings, hog hedth; manure production and storage; manure odours and
gas production; manure handling and spreading for the conservation of vauable nutrients; cost effective
ways of processing and /or packaging manure for subsequent usage; and impact of manure on the
environment;

The prioritization of research in the environmenta area could be improved. Currently, thereis ardaively
comprehensive list of the types of research that should be conducted; however, there needs to be an
assessment of what is the most important. One areain particular that warrants further investigation is
whether more effort should be afforded diets and breeding hogs that can better utilize phosphates or
whether the more efficacious use of research resourcesisin manure storage, handling and gpplication;

A more coordinated approach is required in monitoring research that is being conducted in other countries,
particularly the US and EU, and in assessing how efforts abroad can be coordinated with Canadian
research;

Communications need to be improved among those conducting hog environmenta research, aswdl as
between researchers and officids involved in regulatory, policy and extenson activities, thiswill reduce risks
of duplication in research and ensure that regulatory standards, policies and advisory services reflect current
undergtanding of environmental issues.

Some of the new equipment and management practices need cost andys's and an evauation of the benefits
from actud adoption; and

Solutions need to be better communicated to hog producers and municipalities.

AAFC Research Proposals

Agriculture and Agri-Food Canada has identified the following short-term research needs: Establish
gtandardized methodology for evaluating additives, air, soil and water qudity, and offensive odours;

Deveop techniques for fiddd monitoring of anmoniaemissions;

Improve practices for manure land gpplication to reduce ammonia emissons,

Reduce ammonia losses during storage;

Deveop manure management guidelines which incorporate information on the interaction between the soil
and manure nutrients, impact of soil characteristics, seasond factors, minerd interactions, surface and
subsurface water movement, etc.

Investigate the effect of addition of carbon rich materias to manure durries to improve the handling
characterigtics of the manure nutrients.

Evduate adaptability and economics of implementing existing technologies.

Evaluate phase feeding, diet composition and diet amino-acid baance to reduce manure ammonia
emissons, modify manure compaosition, reduce odours emanating from the manure.

Optimize technologies for separating manure liquid and solids, and for composting the solids to reduce gas
emissons.

Modify hog facility design to improve manure management and control gas emissons.

Obtain information on cycles for the nutrients present in manure and the effectiveness of their use by annud
crops (also alonger-term research objective).



¢ |dentify crops that, under Canadian climatic conditions, use nutrients in the fall, because they would alow
fal gpplication of manure, and therefore decrease the total storage period.

* Continue evauating soil types and their suitability for various methods of gpplication.

* Increasethe efficiency of dietary phosphate (phytase, cellulase, dietary formulation) utilisation to decrease
the over supplementation to meet basic requirements.

AAFC has aso proposed a comprehensive long-term research program on hog environmental issues
This program would include a number of components.
Feeds and Feeding -

¢ Develop feed systems to maximise growth, minimise feed costs and maximise profits to the producers.
Producers are looking for ways of optimising production efficiency and other problems can be addressed
through diet formulation.

* Modify the amino-acid baance in rations to reduce nitrogen levelsin faeces. Increasing the efficiency of
animd feed can decrease feed costs and the amount of manure that must be handled. Modifying the
composition of the manure will have implications for the types of fermentation that develop in the manure
pit, the odours (the compounds responsible are by-products of manure ingredients), and the gas production
(gases are fermentation by-products of manure nutrients, minerd recycling, etc.)

¢ Examinetherole of minerd complexes. Minerdsin feeds are normaly in the form of organo-minerd
complexes. Mixing feeds may cause new organo-minera complexes to form which may make certain
minerdsless available to the anima and aso make those same minerds in manure less available to the plant
inthefidd.

Animal Environment and Buildings -

* Thekey factor is adequacy of ventilation. Hogs have very specific requirements for adequate fresh air. This
is essentid for maintaining anima hedlth, regulating body temperature, minimising dust in their atmosphere,
maintaining growth rates through well regulated metabolism, etc. Most of the technology concerning this
part of the environment is understood, but it hasto be applied to have the desired effects.

Manure Storage -

* Determine the most suitable types and sizes of storage facilities for each operation, and do a cost andysis.
Much work has dready gone into establishing the proper conditions for storage of manure. Many different
types of storage systems are available depending on the type of barn, the number of animds, the natura
topography, the annud rainfdl, etc.

» Invedtigate the storage and separation of manure. Storing liquid hog manure means handling of large
quantities of water for much of the year. If the manure could be separated into liquid and solid fractions,
each would be handled differently. The liquid can be concentrated, fermented, dried, used as a hydroponic
medium, added to irrigation water, etc. The solids can be dried and stored a much less cost, composted,
bagged, spread with conventional equipment, etc.

¢ |nvedtigate combining other wastes with manure in the storage pit. Many wastes from forestry, fisheriesand
agriculture could be effectively combined with manure to increase the ability of the manure, or to add
more nutrients to the fina product.

Manure spreading -



Determine optimum time and method for spreading manure and determine crop species that tolerate some
frost and grow in the fal to alow manure to be spread in the fal. When the crops stop growing in the fall,
goplication of manureislikely to result in lost nutrients because of rain and surface runoff, and with spring
snowmelt. Hog producers need to empty their manure storage tanksin the fal to accommodate the winter
and spring production. Annua storage requirements can be as much as 400 days in some parts of Canada.
Improve handling methodology for wet and dry manure ingredients. This will evolve with the decison about
the best methods for handling whole liquid manure or separation of the manure into solids and liquid with
soluble ingredients.

Study the impact of soil and weether conditions on the loss of volatile components from manure. The impact
of temperature, time of day, impending precipitation, wind, relative humidity, soil type, soil surface,
topography, type of manure, cropping, type of spreading equipment, size of tractor, etc. can play a
ggnificant role in determining the efficacy of manure gpplication.

Adapt manure gpplication systems for croplands under conservation tillage. Conservation tillage does not
open up the soil. Asaresult, manure is not buried and is not protected from loss of volatile components.
Adaptations to spreading technology are needed for spreading on perennid crops, such as forages.
Improve the understanding of the effects of accumulation of manure borne bacteria. The impact of bacteria
of animad origin spread with the manure is not well understood. Do they have long-term accumulated
impacts on the soil and/or crops? Are the pathogens anaerobic and hence killed when spread into an
aerobic environment? |s composting necessary to avoid reinfecting animas that are fed the crops fertilised
with their own manure? The problem of bacteriais aso an issue from the point of view of food safety.

Water-

Improve the handling of liquid manure. This portion of the manure contains high quantities of soluble
nutrients which are readily available to plants, but can aso easlly contaminate the environment. As
processes are devel oped for separating the liquid and solid portions of the manure, techniques for
transporting and applying this water must dso be addressed.

Evauate the potentid for soluble nutrients and other elements (e.g. Zn, Cu,...) to enter groundwater. Much
of the basic data on movement of water and dissolved chemicds through different soil typesis known. This
needs to be summarised in an easily understandable form and presented to producers so they do not
unwittingly contaminete their groundweter. Thiswill have dso implication for human water suppliesand
recycling of nutrients to livestock.

Learn techniques to prevent nutrient run-off into surface waters, onto adjacent fields, farm dugouts or
environmentaly senstive streams and rivers. Thiswill involve learning parameters such astime of
gpplication, carrying capacity of soils, height of the water table, rate of incorporation of water into the soil
matrix, metabolic activity of the soil, minera interactions, soil pH, etc.

CPC Research Agenda

The CPC is about to fund short term research on odour reduction. Its other research priorities are:

Optima timing of manure application according to soil type and crop requirements.

Alternate ways of storing and handling manure.

Alternate uses of manure.

Feeding management practices that minimize the impact of hog production on the environment.
Development and evauation of feed and manure additives that are said to improve manure quality, odour
production and manure quantity per animal (including testing of additives for cogt-effectiveness).
Evduation of theimpact of the built environment on both anima and human hedlth and the impact of other
aspects of the swine production environment and working conditions.



CPC research priorities, while more directly focussed on odours, are wholly compatible with AAFC' s identified
short and long term research needs. Each set of items reflects a systems gpproach to research on hog-related
environmenta problems.

Other Potential Inputs: Information and Technical Service

The range of government, industry and community responses to the environmenta issues associated with hog
production presented in Chapter 2 of this report suggests that there may be anationa coordination role for AAFC
and the CPC in fadilitating access to technica information and professiond services. The results of scientific
research and information on effective new technologies and management practices would be useful to producers as
well asto provincia and municipa regulators. This information could be provided through use of software
packages, Internet Stes or more traditional means, such as provincid extenson workers or literature. There could
be arolefor univerdty extension to provide better access to the expertise it has in engineering, animal science and

agronomy.

A nationd inventory of firms offering professiond services would assis the hog industry in evauating and adopting
new technologies. There may be other work which can be done with professiona associations to ensure that their
members are fully informed of improvements in environmental management techniques.

There may be assstance which AAFC and the CPC can, through provincid government mechanisms, afford
municipa governments in the development of regulations concerning the hog industry and in their rdaions with
interest groups. In addition to the technica information discussed above, these governments may benefit from more
information on the nature of regulations in other provinces, the basis on which they are formed and the technologies
available to ensure thair proper enforcement (eg. computerized mapping). They may aso find it ussful to organize
community forathat provide perspectives on the role of the municipditiesin enforcing environmental standards and
in working with industry associations and citizens groups to ensure balanced development.

Public receptiveness to hog industry expansion proposas at the community and regiond levels may be dependent
on the understanding of hog production and associated environmenta risks. Strategies could be developed to
improve public understanding at the national level and to correct inaccurate perceptions of performance at the
regiona and locd levels. Consultation gpproaches that proved effective in one region or municipaity could be
shared s0 asto assst other municipdities and producersin avoiding conflicts and achieving consensus.

In some provinces, a peer review processis part of the required approva process for new or expanded facilities.
A certification scheme, focussed specificaly on environmental considerations, could be carried out by government
or industry. It could apply to new applicants or to al hog producers. Certification under the 1SO14000 program
could dso include initiatives to enhance the marketability of particular products because of their conformity to
particular codes of practice. Awards and recognition could be given to producers who develop new methods or
are exemplary in their management practices.

The federd government and the CPC could gpproach financid indtitutions, such as banks, trust companies and
caisse populares, with an investment incentive proposa for hog producers. Under the proposd, an interest
discount would be offered on loans for the acquisition of equipment and facilities that would improve
environmenta performance. The financid indtitution would benefit from reduced risk of a degraded asset in the
event of defaullt.

The Prairie Farm Rehabiilitation Adminigtration (PFRA) of AAFC isdirectly involved in the provision of technica
sarvices, including planning and infrastructure development, in the prairies region. It aready provides advice to



producers and communities on Sting decisions and water management. PFRA has the potentid to play alarger
rolein asssting provincid governments, municipdities and producers in deding with hog-related environmenta
ISsues.

A find potentid input is to develop decision support tools using integrated scientific, economic, demographic and
regulatory data bases to assst Siting and investment decisions by producers and permitting decisons by local
municipa councils. This activity would require the participation of provincia governments and producer groups to
ensure that the underlying data bases reflect loca operating and regulatory Stuations.

This chapter has provided an overview of a number of possible inputs by AAFC and the CPC under
the proposed HEM S initiative. Resource congtraints dictate that only some of these inputs can be
offered. A listing and description of proposed AAFC and CPC deliverables are provided in the
companion document to this report, entitled Hog Environmental Management Strategy: Potential
AAFC and CPC Inputs. Consultations with provincid governments and industry associations will
confirm whether these potentia inputs are indeed needed and will aso identify opportunities for
collaboration.
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