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FOREWORD

The hog industry iswdll established in Canada, and it looks toward expanding in the future. However,
this sector of Canadian economy isfacing a number of issues, mostly related to environment, regarding
acceptance by the public and the impact on the environment.

In the spring of 1997, Agriculture and Agri-Food Canada crested a multidisciplinary task force to
deve op effective and economicaly viable solutions to the environmenta issues arising from hog
production.

The contribution of the Research Branch to this activity has been to collate, through the expertise of a
scientific focus group from research centres across the country, the available information from the
internationd literature.

This report presents the available information and provides a research response to the environmenta
chdlenge. | hopethat it will contribute to the development of solutions for the environmenta issues
related to the existing and future hog production in Canada.

Frank Claydon
Deputy Minigter
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EXECUTIVE SUMMARY

The hog industry in Canada has grown more than 400% since 1982. The 12.2 million animdsin
Canada produce 24.4 million tons of manure annually. The present trend in hog production, i.e., toward
agreater number of animals per farm, results in excessve manure production on asmal land base and
greater distancesto utilize manure for crop production without causing pollution. This Stuation has led
to environmenta concerns with current hog manure management.

Environmenta impacts of hog production are
 oObjectionable odors

« nitrogen and phosphorus pollution to water
e ammoniaemisson to the amosphere.

Odors are an environmental concern throughout Canada, wheress nitrogen and phosphorus pollution to
water are a. concern in some geographical aress or as aresult of improper management of the manure.
Ammoniaemisson isa problem in British Columbia, and it may become a problem in other areasin the
future.

Minimizing odor

Odors, the most obvious complaint, come from the anima-housing manure storages, epecialy during
mixing or following land gpplication of the manure. Usudly considered as a nuisance, odors may have a
negative impact on human health. Objectionable odors are produced by fresh manure, and the intengity
of these odors increases during anaerobic decomposition of the liquid manure.

The first steps toward reducing odors is to keep animas and facilities clean and to minimize manure

exposure to the air during storage and land application. The second step isto incorporate cost-effective

technologies dready available to reduce odor during manure storage and land application. The third

step includes research on

» theimpact of diet amendment and feeding practices on odor emissons

« improving pig genetics to better utilize nitrogen, phosphorus, and other precursors to odorous
compounds

» deveoping pig production and manure management systems that reduce odor production and
disperson.

Minimizing ammonia emission

Ammoniais emitted from anima housing, during manure storage, and following land gpplication. Up to
75% of the excreted nitrogen may be lost through ammonia emisson with the current pig-production
systems now being built in Canada, which include lagoon storage of manure and irrigetion of the manure
onto land. Ammonia emission increases with temperature and manure exposure to air. Ammonia
redeposition cannot be predicted and may cause acidification and nutrient imbaance in sengtive
ecosystems, including surface weter.

There are four possible steps toward minimizing anmonia emissons.

« incorporate manure immediately into the soil following field goplication

« better balance the diet with pigs requirements, ater the diets by balancing amino acids, and/or
Incorporate other additives that may reduce ammoniaemission



* reduce the exposure of the manureto air
* conduct research on improving diets and on developing pig production and manure management
sysems that minimize anmoniaemisson.

Determining soil suitability to receive manure

In some regions the soils, because of coarse texture or drainage characteristics, are not suitable for
utilizing hog manure effectively as a nutrient resource, and this problem resultsin arisk of pollution of
water by nitrogen and phosphorus. The presence of shalow unconfined aquifers used for drinking
water or the presence of ecologicaly sengtive streams or lakes may dso influence suitability for safe
location of hog farms.

Steps in determining soil suitability for manure gpplication are;
develop manure gpplication guidelines so that manure nutrients are applied & rates not exceeding the
capability of specific cropsto utilize these nutrients

 deveop dternative manure utilization systems for hog farms that have excessve manure in areas that
are a high risk of surface or groundwater pollution

» deveop “risk” mapsidentifying which soils or areas are at greatest risk and determining safe rates of
manure application. This aso includes encouraging hog production to develop in areas of least risk.

Reducing therisk of phosphorus pollution

Manure gpplication guidelines based on nitrogen lead to phosphorus accumulation in soil. Long-term
gpplication to soils in Quebec, Ontario, and British Columbia have increased soil phosphorus
concentrations, which in turn increases the risk of polluting water through soil erosion. Manure
gpplication a so increases the water-soluble phosphorus content.

Steps toward reducing the risk of phosphorus pollution are:
apply manure based on the ability of cropsto utilize the phosphorus and at times of the year which
result in minimum pollution potentia

» develop feeding systems that reduce manure P by using enzymes such as phytase, or by phase
feeding

* develop dternative manure-utilization systems to produce vaue-added products to be exported
from areas at risk of water pollution.

Toward sustainable pork production

Odors and risk of water pollution by nitrogen and phosphorus are immediate concerns in Canada.
Ammoniaemission during pork production does not represent a sustainable system. A system approach
is required to encourage an economically viable and environmentally sustainable hog production
industry in Canada. Recycling manure nutrients for crop production is at present the least-cost method
of manure utilization, where the land base is large enough to utilize the manure effectively. This becomes
more chalenging as hog production intengfies.

Five mgor issues/consderations for sustainable pork production include:

 developing improved feeding systems, to reduce odor, phosphorus and nitrogen excretion, and
ammonia emisson from the manure

* improving manure storage and gpplication methods, to effectively utilize manure as a nutrient source
for crops

» edablishing manure application guiddines for soil and soil suitability criteria that consder the risk of
water pollution by N, P, biologica oxygen demand (BOD), and bacteria, and of accumulation of
metasin sol



 developing manure treatment systems that consider al environmenta concerns,; e.g., manure
treatment systems designed to reduce odor or “remove’ N and P often promote ammonia emissions

» edablishing an economicaly viable and environmentaly sustainable pork production, through
development of dternative housing and manure management systems.



INTRODUCTION

Over the past 20 years, much of the anima production in Canada has evolved from diversified to
specidized and intensive production systems. The changes occurred in response to market Ssgndls,
especidly an increase in the demand for a different product. In severd aress, this intense productivity
had an impact on the conservation of agroecosystems. Hog production, in particular, showed a
ggnificant increase. Thisindudry is perceived often negetively by the public and the media because of
the concentration of production unitsin some regions and the nuisance and pollution problems they
generate, especidly in relation to the manure durry.

On average, one hog produces gpproximately one ton of manure per year. Therefore, on a year-round
basis, the Canadian pig population produces some 24.4 million tons of manure annualy. Hog manure
contains mgor plant nutrients and organic matter that can be utilized for efficient crop production and to
enhance soil properties. However, because many production units do not often have a sufficient land
base or are located away from field crop production aress, the issue of digposing of the manure
adequately and in an environmentaly sound manner represents sgnificant additiona coststo the
industry.

Most hogs in North America are housed and raised using smilar technologies. As aresult, issues are
adso smilar everywhere: odor, surface water and groundwater pollution, and NH; volailization. Hog
production is therefore at the origin of potentia environmental problemsfor air, water, and soil

resources. The public has high expectations regarding:
« the odorsthat are released from the production units and the liquid manure storage facilities, and
during field gpplication
« the high concentrations of nutrients (especidly phosphorus) and heavy metas building up in the soils
]ecas <_5|1_r_ewlt of field gpplication of manure, especidly in the areas with alarge number of production
adlities
« the contamination of water bodies by nutrients and bacteria

The department’ s response is outlined in Agriculture in Harmony with Nature, the sustainable
development strategy for Agriculture and Agri-Food Canada. The plan cdls for actions dong four
drategic directions in order to address the environmenta issues. Current management practices must be
reconsidered, and improved ones devel oped, as well as new technologies for the trestment and
economical utilization of the anima manure. A soil-based approach (manure utilization for crop
production) will not redly solve thisindustry’s problems. A holistic approach that consders the entire
production system, from housing to feed, to manure utilization in the fields, and uptake of nutrients by
crops, must be adopted in order to address problems such as odor and water contamination. This
approach, aming at reducing anima wastes and improving its characteristics, will assg in determining
which part of the production system is creating mgor environmental problems, and also where
maximum gains are achievable. At the same time, research needs for the future will become more
evident.



MAJOR ISSUESRELATED TO SWINE MANURE

An overview of the Stuation shows common and distinct issues in the different regions, very much in
relation to the agricultura context.

Odors—the common major problem related to swine production units

Odor, a problem closgly linked to housing and production of hogs, and aso with land gpplication, is the
most important issue. Coverage by the mediaresultsin a negative public perception of the swine
industry that further decreases the tolerance of peopleto odors nuisance. In some regions, the odor
problem is regtricting the growth of the hog industry. Therefore, it isimperative to find solutions to
control odors. Solutions will come from a concerted effort to improve the current agricultural practices

regarding the handling of manure and its use as a fertilizer. Mgor technologica needs are related to:

« odor control dong the hog production line (e.g., closed systems, ventilation, feed, handling in the
production unit, and storage, handling, and spreading of anima wastes)

« moreefficient utilization and vaorization of the anima wastes (composting, treatment, fractionation,

equipment, application according to crop requirement, time and techniques of application,
trangportation, and new uses).

Regional concerns

Atlantic Provinces
» problems rdated to land gpplication of manure in conformity with environmenta regulationsin each
province.

Quebec
« problemsrelated to land gpplication of manure, especidly the accumulation of Pin the soil and the

release of P and N into groundwater and runoff.

Ontario _

» lossof N asammonia

» problemsrelated to land application of manure and the incorporation of nutrients in the soil before
they arelost

» problemsrelated to bacteria soread on the land dong with the manure, which often enter tile drains
or surface water.

Prairies

» dorage of liquid manure

« hog production facilities established over shalow water tables

« land suitability to receive liquid manure, in relation to soil types and nature of the vegetation.

British Columbia
 impact of manure nutrients on surface and groundwater quality
 impact of swine production on ar quaity (NH; emissons).

These concerns reflect Sgnificant regiona environmenta questions. |ssues that seem less important



nowadays may become very important in the future. Strategies to solve environmenta problemsin the
long-term need to identify solutions that solve rather than shift the environmentd problems.

DEALING WITH ODORS
The problem

Indugtridization of hog production and demographic changesin rura areas (subgtantia urban
development onto agricultural land over the past decades) have resulted in sengitive cohabitation
problems. Odors generated from pig housing, manure storage, and gpplication in the field are mgjor
causes of conflicts between producers and their neighbors. In Quebec, for example, 10% of the
complaints about odors involved farm buildings, 20% dedlt with manure storages, and 70% involved
land gpplication activities. Management of manure durry outside the production building was therefore
responsible for 90% of the complaints.

Farming operations give rise to a variety of “naturaly occurring” odor problems. Odorous gases are
generated by the microbid breskdown of plant and animd proteins and when manure is stored under
anaerobic conditions. The main sources of odors are associated with the production, handling, and
processing of anima wastes, and the problem has become accentuated with the high-density, confined
rearing of livestock.

Odor intengty varieswith

Sze and type of hog production facilities
production practices

location of the unit and local topography
season and climate

time of the day

direction and speed of thewind
turbulence of the air.

It is often difficult to determine which compounds, or combination of chemicas, give rise to the offense.
Humans have a highly developed sense of smell, but not everyone smdls the same thing. Thusthe
response to odor intengty is highly variable, influenced by factors like peopl€ s background, perception
of hog production, and sengitivity of the olfactory system.

The complex nature of odors

 Odorous substances in anima housing are produced predominantly by volatile compounds and dust.
Chemicd andyses of the volatile chemicas arisng from animd production have been attempted.
More than 150 volatile compounds have been identified; not al compounds necessarily cause “bad’
odors, and volatile compounds in the highest concentrations may not be the most unpleasant to
humans. These volatile compounds originate mainly from manure durry, wet floors, and dirty
animas.



Dust is composed of fine aerosol particles such as feed components, dried fecal materid, hair, skin
cdls, mold, fungi, viruses, and bacteria. The dust associated with hog-production facilities amplifies
the perceived odors. The concentration of some odorants may be 40,000,000 times greater on dust
particles than in an equal volume of air. Dust particles are aso cgpable of trangporting odors over
long distances.

Odors from manure storage result from the anaerobic degradation of the organic fraction of the
durry. Odors are very intense during the homogenization of the content in the storage and the
loading of the manure durry spreader.

Volatile compounds are released rgpidly when manureis gpplied onto the land, and very strong
odors are emitted in the field area. Odor emissions may reach levelstha are sometimes
unacceptable to the neighborhood for the serious discomfort they create.

Another problem associated with odors is the low acceptability of manure durry by some potentid
users, e.g. cash crop producers. Thisisarea congraint for hog farmsthat have to dispose of a
aurplus of manure. The lack of sufficient land for digposd of manure surplus often results in soil and
water pollution. Thisissue will be addressed later.

In some regions, the threet of odor emissions from hog operations has restricted the growth of the
industry. Odor abatement is thus a mgjor concern for hog producers. At present, thereisno
economical control technology available in Canadato solve the odor problems from hog operations.

Until recently, odors were considered essentialy as a nuisance problem. However, thereis new
evidence that odors can have aso some negative effects on human hedlth, causing nauses,
headaches, deep disturbances, upset somach and loss of appetite, and depression. Health problems
can be more serious for farm workers who are exposed continuoudly to odors, dust, and toxic
gases. Some farm workers have developed respiratory problems such as chronic bronchitis,
occupationa asthma or even worse, farmer’s lung disease. Because swine operations are getting
larger, more workers are being exposed to these harsh conditions.

Toward a solution

1. Thefirst essential step to achieve odor abatement is to develop and recommend best management

practices and guidelines that gpply to livestock buildings and manure durry management. For
example, measures that reinforce the cleanliness of farm buildings and that recommend appropriate
wesether conditions and timing for land gpplication of manure durry would have a positive effect on
odor attenuation.

Until some of the newer technologies are available to them, farmers should utilize the “Best
Management Practices’ dreedy available in severa provinces, for the management of the animal
manure. For example:

kesping animas and facilities dlean

adding manure from below to the storage pit

injecting or incorporating manure below the soil surface

aoplying manure when the wind is blowing away from neighbors and dwellings

applying manure in the morning or on cloudy days
using trees as windbreaks to promote upwards disperson of odors.

2. The second step is to identify and recommend cost-effective technologies used in other countries

that can be rdlevant to odor control and air qudity, and that are gpplicable under Canadian climatic
conditions and hog facilities management practices.



Some opportunities from research findings for manure storage facilities:

Covering the storage tank can reduce odors by 90%.

Adding akaine materid may reduce odors (e.g., by-products from power plants or cement
plants can substantialy reduce odors by increasing the pH above 9.5, thus reducing hydrogen
aulfide emission; such a measure, however, has to be mitigated with the increased ammonia
emission, discussed later).

Adding sphagnum peat moss or other acidifying amendments to manure lagoons reduces odors.
Manure from anaerobic digestion systems s less offensve than undigested waste.

Bubble ess oxygenation reduces hydrogen sulfide production to non-detectable levels by GasTec
Sensdyne dosmeter tube.

A floating permegble blanket can dlow a 90% reduction in ammonia and hydrogen sulfide.

Some opportunities from research findings for land application of manure:

Manure would be either injected or incorporated within 24 hours of spreading. Variousinjection
systems are being researched for injection/incorporation of liquid manure into row and field crop
systems.

3. Thethird step is to establish a comprehensive short- and long-term research program.

Recommendations for the short-term

Assess the potentid impact of diet amendment and feeding practices on odor emissions.

Because nitrogen is akey ingredient of ammonia and other odorous compounds, the higher the
nitrogen content in the manure, the greater isthe potentia for odor emission. Research on feed
conversion and odor control proceeds in many different directions:

* N levesinthe swine diet may affect the volatile fatty acid compostion and NH; concentration.

» Synthetic amino acids subgtituted for traditiona protein sources contribute to reducing
excretion of N by pigs.

» Proteolytic enzymesin processing or dietary supplementsincrease protein digestibility.

 Dieary supplements such as zeolite, bentonite, charcod etc. can adsorb odor. Effects of the
these materials on swine growth and feed conversion efficiency need further research.

» Plant extracts, enzymes and direct fed microbials may aso help to decrease odor. Y ucca
extracts, as feed additives, may bind ammonia and other gases and thus decrease odor
emissions from durry during storage. Beneficid effects of these additives have been shown for
both hogs and poultry.

Utilize knowledge on odor emissions, diffusion, and abatement gained from Europe and the
United States.

Knowledge of odor concentrations enables experts to establish goals and basis of comparison to
improve facilities and management practices. Severd techniques, e.g., gas chromatography,
digtillation, liquid chromatography, and specific ion traps, have been used to characterize odors
and to identify its condtituents. The human nose is one of the best available odor detectorsin the
absence of standard methods for measuring hog odors. Dynamic olfactometers dilute pungent air
to different concentrations with odor-free air, and the human nose is used as the measuring
device.

Mesasure the efficiency, adaptability, and economics of existing technologies under loca
conditions.



» Evauate the ussfulness and rdiability of manure durry additives by sandard methods. Such tests
will indicate if an additive has disadvantageous Sde effects on air, soil, and water qudity. For
example

« A 68% reduction in ammonia concentrations was observed in piggeries using De-Odorase ©,
but in the absence of ventilation rates, absolute ammonia emissions rates could not be
caculated.

« Added to the diet of grower pigs,De-Odorase © reduced significantly the concentration and
emissions of NH; by 26%, but did not significantly affect the odor concentration or emissons
and did not influence the rate of weight gain.

Recommendations for the long-term

The long-term activities should be oriented toward the development of solutions that have excellent

potentia to substantidly reduce odor emissions and amospheric pollution, as well asimproving the

Work| ing conditions inside the farm buildings. For example:
gaining a better knowledge of odor emissions and dispersion mechanisms, to quantify the
influence of awide range of anima management and environmenta factors and to recommend
distance regulation based on operationd features and geographica locations

» dudying anima genetics, to develop animas more efficient in using nitrogen, phosphorus, and
odor-producing compounds

* deveoping effective and economic technologies to deodorize swine manure durry and reduce its
negetive impact on air, water, and soil quality

« finding areproducible methodology for ng manure odors in the |aboratory.

DEALING WITH AMMONIA EMISSION

The problem

Ammonia emissions from hog manure contribute a sgnificant loss of N. A computer model of the fate of
excreted N, developed in south coastd British Columbiafor their specific types of waste management
and climatic conditions, demonstrated that over 40% of N excreted from hog production islogt to the
ar from the barn, during storage, and following field application. In that area, hog manure is generdly
gored under the barn or in concrete pits. The mode showed that improving animal diets was the most
effective method to reduce NH; emissions. In North Caroling, the Divison of Air Qudity estimates an
85-95% loss of N from hog manure facilities. In Denmark, agriculture contributes about 93% of the
NH; emission, with 35, 20, and 40% of the NH; voldilization coming from anima houses, manure
dorage facilities, and following land spreading of the manure, respectively. Danish manure storage
systems are typicaly under the barn or in concrete tanks.

Ammoniaitsaf has a short resdence timein the air. It may be redeposited in dry deposition as NH;
close to the source (6-14%). Alternatively, it may be converted to NO (<1%) and form particul ates of
ammonium nitrate or anmonium sulfate (86-94%), which can travel distances of up to 2500 km. Most
of the NH; is redeposited close to the source of production. In Denmark, more than 85% of the NH; is
redeposited within 100 km of the source, with 75% and dmost 100% of the redeposition occurring



within 4 km from the source during the day and night, respectively. In the Netherlands, N deposition
corresponded to 68 and 42 kg N ha* at distances of 75 and 700 m from a poultry barn. NH,
volatilization has therefore a sgnificant effect on N supply in neighboring nutrient-poor ecosystems.

Ammonia emissons cause direct ecologica and human health concerns, in addition to poor nutrient
accountability and nutrient recycling. Ammonia and ammonium particulate deposition is causng
eutrophication problems in surface waters and on soil ecosystems. Ammoniais alocaized pollutant not
likely acting as an atmospheric toxin; however, it is a precursor for ammonium particulates or agrosols,
which are delocalized pollutants. Aerasols of ammonium nitrate and ammonium sulfate are particles less
than 2.5 Fm in diameter. These particles have been suggested to pose a sgnificant hedth risk to human
hedlth with increasing atmaospheric particulate concentrations. Particles of this size bypass the norma
defenses of the respiratory system. The amount of NH; that combines with airborne acidic nitrates and
sulfates to form aerosols depends on the concentration of these compoundsin the air. Acidic nitrates
and sulfates are produced by industry and automobiles. For example, the areas near Los Angeles and
Vancouver have been noted to have sgnificant quantities of ammonium nitrate and ammonium sulfate
aerosols because of the close proximity of intensve animd production units to urban centres. In the
eagtern Fraser Vdley of British Columbia, aerosols of ammonium nitrate and ammonium sulfate were
measured to be up to 70% of the fine particul ates during the summer, and have resulted in visbility
imparment.

Toward a solution
Ammonia emission and its control

As discussed above, it is sometimes difficult to distinguish ammonia emisson from the barn from
emission during storage because, on some farms, storage pits are directly below the barn. In arecent
European study, NH; emission from pig barns was estimated at 37-40% of the excreted N. Using an
N budget approach on a hog facility in Ontario, it was estimated that 43% of the excreted N was lost
from the facility, primarily as NH,. Direct measurements of NH; emisson from hog barnsin Ontario
have shown a 9-19% loss of excreted N. In terms of animal mass, the NH; flux ranged from 4.6 to 7.0
mg N h* kg?, afigure comparable to estimates of 2.5-6.5 mg N h* kg™ from pig fadilitiesin Scotland.

Much of the excess dietary protein is excreted in the form of urea. Urea hydrolyss sarts immediately
on the barn floor, causing a pH increase that results in NH; emission. With dairy cattle manure, NH;
emisson was highest during the firgt 24 hours following excretion. Ammonia emisson from manure
depends on the animal diet and on the exposure of manure to the air. The rate of NH; emission from
the manure is related to temperature, air exchange, pH, depth of manure, and the length of exposure.

Improving the diets, particularly the protein content



 Phase feeding to baance amino acids in the diet is the primary Strategy to reduce NH; emissons
during hog production; this can be achieved on most existing production facilities and is one of the
most effective srategies for reducing NH; emission.

* Improving diets has demondtrated a 26% reduction in N excreted, which aso resulted in a 25%
reduction in NH; emitted.

* Inclusion of bacteridly fermentable substrates in the ration reduced NH; emissons by 18% during

pig finishing.
Decreasing the exposure time of the animal excretions with the air

» Frequent barn cleaning using manure scrapers with separate urine channelsis effective; this least cost
conventiona manure management system resulted in low NH; emissons.

» Using durry collection pans contributed to a 30% decrease in NH; emisson. A combination of
improved diets, phase feeding, and optima housing reduced NH; emission from the barn by 45%,
compared with conventiona feeding and housing systems.

» Deep bedding facilities for growing and finishing hogs may help reduce NH; emissions by 70%,
compared with conventiona housing, but with a net increase in N,O, amagjor contributor to
globa-warming gas emisson.

Ammonia emission during manure storage

Exposure of manure to the air is the primary factor in NH; emisson. Unlike liquid dairy cattle manure,
hog manure rardly forms a crust during storage, which resultsin high NH; emission rates. N lossesin
the United States during storage and handling were estimated at 60-80% from anaerobic lagoons and
30-65% from underground pits with liquid spreading. N losses of up to 95% were observed in the
eagtern United States in lagoon storage of liquid hog manure.

Severa recommendations may be effective:

* Reducing NH; losses during manure storage may require alarge investment for changing storage
systems. In alaboratory experiment, NH; volatilization losses of 24% of manure total N were
recorded with the use of artificid covers on liquid hog manure, compared with a 76% loss with
uncovered storage. In Canada, most new hog operations in the Prairies are accompanied with large
lagoons for storage. In contragt, in the Netherlands, the trend is to store liquid hog manure in
enclosed pits or containersin order to minimize NH; loss.

»  Sphagnum peat maoss, sulfuric acid, and phosphoric acid contribute to reducing NH; emisson from
stored pig durry by at least 75%.

» A covering of straw or plastic reduces NH; emissions by 65-70% and 77-84%, respectively, and a
covering of minerd oil on the durry reduces NH; emission by 34% to 90-95%.

» Reductions in NH; emission during fattening pig manure storage have been achieved by addition of
organic acids, by manure additives, by cooling the manure, or by separation, aeration, and
recirculation.

» Composting of separated hog durry solids, solid hog manure from shallow or deep bedded hog
facilities, or durry bulked with peat or straw has been promoted as a more environmentally
sustainable manure management system. However, sgnificant emissons of NH; and N,O are
produced during composting of hog wagtes.

Ammonia emission following field application

Ammonium-N condtitutes up to 90% of the N in anaerobicaly stored hog manure. Following field
gpplication, pH increases when short-chain fatty acids are oxidized. This pH increase, in combination



with exposure to the air, resultsin aloss of N as NH;. Ammonia emission increased when manure is
gpplied on impervious soils, on high pH soils, and under climatic conditions with higher temperatures
and greater wind speed. A wide range of values were reported: up to 90% of the ammoniacal N
fraction of the manure may be lost following gpplication to the fidd. In France, NH; emission losses
from pig durry gpplied to grasdand or arable land ranged from 37 to 63% of the ammoniaca N inthe
durry, with 83% of the emission occurring during the first 6 hours when the manure was gpplied a
midday. Between 25 and 50% of the ammoniaca N applied in pig durry was volatilized during the first
1.5-4 hours following application. In the Netherlands, loss of the ammoniaca N fraction of pig manure
as NH; amounted to 36—78% following application to pasture. In the United Kingdom, 24-39% of the
NH; lost was emitted during the first hour and 85% of the loss occurred during the 12 hours following
goplication of durry. All these vaues indicate a Sgnificant loss of N.

A solution may be found in the following:

» An effective and easily achievable strategy to reduce NH; emisson isimproved manure application,
ether by injection or immediate incorporation on arable soils, or usng adeigh foot on grasdands.
Immediate incorporation of the hog manure is the most effective method of reducing NH; loss
following fied gpplication of the manure. Tilling the soil before manure gpplication aso reduced NH;
emisson. Ammoniaemisson was 1.5 times higher following durry gpplication to grasdand than
gpplication to arable land. Use of adeigh foot type manure gpplicator on grasdand has
demondtrated significant reductionsin NH; emission, and higher recovery of manure N in the grass.

DEALING WITH SOIL/LAND SUITABILITY FOR MANURE UTILIZATION

The problem

Hog manure should be regarded as aresource, and its management and utilization would be
approached accordingly. Application to cropland is one of the most obvious methods of recycling plant
nutrients. Plant nutrients removed from the soil in the harvested product fed to the animas are then
returned in part to the soil as manure. The availability of plant nutrients from manure depends on its
composition and on other factors such as management practices and soil characteritics.

A number of hog production facilities are being established on lands with lower productivity for
economic reasons, in particular land price and location as close as possble to the market. Lands within
classes 4 and 5 for agriculture have commonly sandy to loamy textures with frequent limitations related
to wetness. These lands overlay various types of shalow aguifers and are sendtive areas from the point
of view of mantaining soil and water quality. Because of these consderations, it is most important that
environmentally acceptable protocols or guiddines for soil gpplications of hog manure be available to
hog producers. The availability of adigital soil database could form the geographica basisfor these
guiddines, and provisond application maps could be produced using GI S technologies.

Land suitability for receiving liquid manure must take into account severa parameters:

» Heavy-textured soils have low permesbility and promote low rates of decomposition, hence the rate
of manure gpplication should be lower compared with coarse-textured soils that are highly



permesable and promote rapid decomposition of manure.

 High gpplication rates of manure to coarse-textured soil may contaminate groundwater through the
leaching of nutrients, whereas high gpplication rates of manure on heavy-textured soil may be
beneficid because of the high nutrient-holding capacity of these soils

« Manure should not be applied on snow or frozen ground, particularly when the land is subject to
rapid spring run-off.

» Heavily manured fidds should not be summer fdlowed, to avoid leaching of N and the possibility of
groundwater contamination.

Information on the effects of hog manure on soil physicd propertiesis limited. However, the effects of
hog manure may be expected to be smilar to those reported for cattle manure. Cattle manure improves
s0il aggregation, lowers bulk density, and improves structure and water holding capacity of soils dueto
an increased organic matter content. Changes in the chemical compaosition of the soil caused by
gpplication of manure are much influenced by factors such as soil texture, rate, time and method of
gpplication of manure, the amount of loca precipitation, and the crops grown.

Heavy application of manure has been shown to increase NO;-N, available P, and exchangeable K
and Namore rapidly than inorganic fertilizers. Manure gpplication aso results in accumulation of
NO3-N and extractable P and Nain the subsoil. The level of accumulation increased with the rate of
gpplication. Hog manures have alower N-to-P ratio than crop plants. Thuswhen N is supplied through
manure to a crop, more Pis gpplied than is required by the plants, and this may result in leaching and
runoff of P. This point will be discussed in more detall later.

At high rates of gpplication, Caand Mg may be displaced from the exchange sites by competing ions
present in the manure, such as Na', K*, and NH,+, and may be leached from the top soil with some
accumulation in the deeper layers. The H" produced during conversion of NH,+ to NO5- may
successfully compete for Ca- and Mg-sites on the soil colloids, and consequently lower the soil pH in
the surface horizon. Sdts or additives to the feed can change the manure composition, and different ions
may accumulate in the soil. Manure from pigs fed high dietary Cu increased soil Cu, Zn, P, Caand Mg
levels dightly, compared with acontrol. Smilarly, increasing dietary sdt levelsincreased Nalevelsin
manure and the soil.

Theintensty of NO,;-N leaching following heavy application of manure depends on factors such asthe
rate and the period of gpplication, the soil type, type and duration of crops grown, and rate and amount
of precipitation. In temperate regions, NO5-N concentrations in the soil solution are generdly highest in
May and decline during the growing season because of N uptake by the crop and leaching. The fate of
manure N isinfluenced aso to some extent by the carbon content of the manure. Thusincreesng Cin
manure may increase the leve of denitrification in the soil and can reduce the potentia for nitrate
contamination of groundwater. In Quebec, maximum concentration of NO5-N occursin late June and
July. Denitrification is not particularlyC-dependent in cool and humid regions, and it proceeds as soon



as anoxic conditions are prevailing. N

,O emisson isimportant soon after fertilizer addition, or in the 20 days following manure application.
Voldilization here is much more important than denitrification, which would represent only 2-5% of the
losses. Leaching of soluble nutrients, especidly NOs-N, to lower parts of the soil profile may be of
greater concern when manure is gpplied by injection than when broadcast on the soil surface,
depending on the accessibility to soil macropores.

Toward a solution

Soil suitability for hog manure gpplication is anationd and internationd issue. The common method of
determining application rates is currently based on the capacity of the crops to take up the nutrients,
most often on the N requirement for the sdected crop.

 Additiona consderations would improve the management of both soils and manures, and provide
for environmental protection. For example, devel oping recommendations on soil-based gpplication
rates would be vauable for producers and commercid contractors, and would ultimately benefit the
generd public. Appropriate resource information using GI S techniques could be combined with data
on volume and qudity of manure to achieve this objective.

« Information on the capacity of soil to assmilate hog manureis limited. Research focus was more on
technologies related to processing, handling, reducing, and gpplying manure. Existing soil and crop
information can be used to develop soil-manure loading rates in the form of “risk” maps, in terms of
soil, landscape, hydrology, temperature, precipitation, crop type and cropping practices, quality of
meanure, and time of application. Guiddines for the utilization of hog manure to sustain and enhance
the productivity of agricultural and non-agricultura soils, and to provide an option for hog producers
to dispose of aresource by-product, will have mgor impact on land management and cropping
practices. Risks for loading rates can be devel oped.

» An objective will be to establish guiddines for rates of gpplication based on the fate of the materid
aoplied, in order to optimize the utilization of nutrients and to minimize losses through leaching, to
minimize salt and meta build-up in the soil and to protect groundwater.

« Multi-disciplinary projects bringing together the required critical expertise in areas of environmental
geochemisgtry, landscape pedology, soil physica chemistry and microbiology will contribute
sgnificantly to the solution of the problem.

» Detaled knowledge of soil types, their chemicd, physicd, biologicd, and minerdogica
characterigtics aswell asther spatid variability, and loca climatic conditions can be used to identify
probable soil-plant relationships and potential productivity.



» Research protocols should focus on the efficient use of manure as a soil nutrient enhancement, and
methodol ogies would incorporate soil and landscape information such as soil permesbility (texture
and thickness), pH, organic matter content, soil temperature and moisture, and risk of surface runoff,
aswell asrate of biodegradation and qudity of the manure (for example, nutrient and sdt status and
micro-dement and heavy metal contents).

» Soil resource information from severd provinces has been compiled into stlandard digita data bases
auitable for analysis and display using geographic information system (GIS) technology. Sail
information for Agro-Manitoba is now digitized, and is managed in standard formais for use and
gpplication in a GIS environment. Such a database can be used to facilitate extrapolation of
management recommendations to farm fields and landscapes.

DEALING WITH PHOSPHORUS ISSUES

Managing anima wastes as liquid manure contributed to the rapid expanson of the hog industry in
Canada, and thisislikely to continue in the Prairie Provinces. In 1996, about 55% of the tota hog
inventory was located in Quebec and Ontario and 42% in the Prairies, mainly in Alberta and Manitoba.
Liquid manure used to be spread at large application rates, and uniformity of gpplication was a
problem. Quebec may be the only province with alegidation controlling manure management. Since
1978, the law has specified the distance from buildings for the storage and the rate of spreading
according to crop-N requirement. British Columbia has legidation controlling some aspects of manure
management, including distance from streams and buildings, as well as field storage requirements.
British Columbia aso has guidelines for field application that are based on nitrogen and depend on the
receiving crop.

Traditional gpplication rates are based on N needs for the crops. This has led often to an increase in
soil Pleve in excess of crop requirements because of the greater N-to-P ratio (averageratio of 4:1) in
manure than taken up by the crops (mgjor grain and hay cropsratio of 7:3). The problem of P
accumulation in the soil is different in each part of the country. The amount of hog manure is not
exceedingly abundant in the Atlantic Provinces. Phosphorous levels are a problem in Ontario, Quebec,
and British Columbia. Mogt of the hog producersin Quebec and British Columbia do not have an
adequate land base to use dl the manure in an environmentally acceptable manner. Some 3000 Quebec
farms arein this gtuation. Thereisasufficient land base on the Prairies to handle the manure. Soils are
consdered deficient in N and P, and require annua inputs of both nutrients for optima crop growth.
The cacareous nature of these soils restrictsinorganic P mobility. However, inadequate manure
management creates a risk of surface water contamination by P through surface runoff on doping land.
Furthermore, excessive gpplication of manure may increase the risk of downward movement of organic
P to shdlow aquifers.



The problem

Liquid manure, with alarge content of soluble C and P, may lead to high water soluble P (P,,) inthe
plow layer and the subsoil, increasing the risk of P trangport by surface and subsurface runoff. Plot
gudies have shown high P losses in runoff, even at recommended application rates. P migration is
crop-dependent. Migration is much larger for forage crops than for corn, because the biopores are
more accessible in the absence of tillage. In poorly drained, level sandy and clayey sails, tile drains can
contribute to move P to the water bodies when conditions are favorable. In clay soilswith cracking or
ghrink-swell properties, preferential by-pass flow may transport manure directly from the soil surface to
thetiledrans

Studies conducted in watersheds with a high concentration of hog production units in Quebec have
shown alarge increase in biocavailable P content in the soil and a decrease of the P sorption capacity of
soils on the hog farms. Concentrations of P much in excess of the 0.03 mg L threshold value were
found in drainage outlets and siream and river waters. At least Six watershedsin the province of
Quebec have a surplus of over 1 000 000 kg of N and P in comparison to crop needs. Application
rates in excess of crop need lead to soil enrichment and filling of a significant part of the soil retention
capacity. Increases of over 1000 kg ha'* in the plow layer, 275 kg ha* in the B horizon, and 500 kg
ha* in the C horizon were measured in hog farm soils, compared with the forest soilsin the Beaurivage
watershed in Quebec. Sediments of the Boyer River watershed, very important for smelt spawning, are
saturated with P. A sgnificant relationship between the amount of suspended solids and the totd river P
concentration at the outlets was found in 16 mgor riversin the St.-Lawrence Lowlands. This suggested
that erosion from P-enriched soils was an important process along the dopes, dthough preferentia
infiltration in leve tile-drained soils was dso important.

A proposed legidation in Quebec would prevent application of manure on P-rich soils, or at the
minimum limit the inputs to the amount removed with the harvested plant materid. Thislegidation, yet to
be passed, could worsen the problem of excess manure in some watersheds. It could increase
subgtantialy, even double the land area required to dispose of the manure durry.

On the Prairies, there is a need for nitrogen and phosphorus to sustain crop production. In calcareous
prairie soils, soluble inorganic phosphates react quickly with calcium and magnesium to become
immohile. However, only 40-50% of the P in manure is mineraized during the first year following
gpplication. Poorly managed manure application poses arisk of pollution to surface waters from
phosphate runoff on doping land or from leaching of organic phosphate into shalow aguifers.

Toward a solution

Feeding systems to reduce manure P



Addition of phytase to hog diet may increase the utilization of feed P by 50 to 70%, and reduce the
requirement of minera P supplements (mono- and dica cium phosphate) in hog rations.

Cellulase addition and improved processing techniques may decrease manure P content by 5-30%.
Adjusting feed composition to meet the nutrient requirements at defined stages of growth will
decrease P excretion. However, this may have some impact on maximum anima growth.

Increasing feed digestibility by processing techniques will reduce the excess nutrients fed to achieve
maximal growth and thereby decrease excreted P by up to 5%.

Agronomic systems to monitor the impact of P

New guiddines are needed to gpply liquid manure on a P rather than on aN basis. Thiswill result in
more land being necessary to dispose of the same amount of manure.

Site-specific soil tests, based on soil type characterigtics important for P movement (e.g., dope, Al
content, tile drainage, and susceptibility to soil cracking) are needed. Soil information system and
GIS technology may assist in developing an integrated computerized decision-making support
system that can be used eadily by agronomists and farmers.

Manure management on awatershed basis, run by farmers' associations, will be needed to
coordinate and priorize the use of manure over dl other sources of nutrients. Soil-specific rates have
to be identified, and long-term impacts of repeated additions monitored.

Removing the solids (5% in volume) from hog manure would reduce the phosphorus content by
50%. The liquid phase could be further treated to obtain a concentrated solution.

Reaction with duminum sulfate to precipitate the phosphate, asit is done with urban sewage dudges,
could trandform manure P in very sparingly soluble forms to be added to the soils without enriching
them to alarge extent in other |abile nutrients. The long-term bicavailability of such compounds has
to be investigated.

An dternative isto raise pigs on litter with a highC-to-P ratio or to add liquid manure to carbon-rich
materials (e.g., wood chips and pulp and paper dudges) in order to produce composts to be used
off-gte to restore soils with low organic matter content.

Manure management to control P accumulation

Spreading of liquid manure in the fal without incorporation should be banned, as any significant
rainfall would result in large contamination of water and sediments.

Cdibration of manure spreading equipment is necessary to ensure the addition of adequate amounts
of nutrients.

Strip-cropping systems using perennia grasses or planting of multi-storied hedgerows to act as
buffers dong waterways have greet potentia to reduce P contamination by runoff on doping land.
Such systems may aso remove P from laterd subsurface water flow on shalow soils and retain
windblown particles.

Minimum tillage may reduce P losses by runoff on doping land and increase P uptake in the Prairies
where drainage water P losses are limited.

Strategic N gpplication in ammoniaform is known to increase P uptake either directly or by
increased soil P solubility.

Recommendations would be based on the use of resdua soil phosphorus coupled with small
amounts of tarter soluble P.

Use of companion cropsin spring cerea production may alow safe manure fal goplication in areas
of low rainfall.

Use of crops with high P uptake (for example, sllage corn in areas with >2500 CHU, or canolain
cool climate areas with < 2500 CHU).

Use of dternate crops such as forage or forests (e.g., Sugar maple) should aso be investigated.

Water management

Conservation tillage can reduce soil and P transfer in surface runoff, athough the proportion of P that



is bioavailable both in soluble and particulate forms may increase. Consequently,
eutrophication-agricultura management decisions should evauate and consder total and bicavailable
P loss from the manure.

» Use gppropriate methodology to estimate P bioavailability as both soluble phosphorous (SP) and
bioavallable particulate P (BPP) essentid to more accurately estimate the impact of hog manure
spreading or agricultura management practices on the biological productivity of surface waters.

» Evduate potentia response to soil resdud P from manure-amended soils in combination, with or
without rotations after short- or long-term manure applications.

RESEARCH CONTRIBUTION
New technologies to address short-term concerns

« Edablish sandardized methodology for evaluating additives, ar, soil, and water quality and offensive
odors.

« Improve practices for land application of manure to reduce NH; emissions.

» Reduce NHj; losses during storage.

» Develop manure management guidelines that incorporate information on the interaction between, for
example, the soil and manure nutrients, impact of soil characteritics, seasond factors, minera

interactions, surface and subsurface water movement.

* Invedigate the effect of addition of carbon-rich materids to manure durries to improve the handling
characterigtics of the manure nutrients.

» Evauate adaptability and economics of implementing exigting technologies.

» Evauate phase feeding, diet compostion, and diet amino-acid baance to reduce manure ammonia
emissons, modify manure composition, and reduce odors emanating from the manure.

» Separate manure liquid and solids, and compost the solids to reduce gas emissions.
» Modify the 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 ther use by
annual crops (also alonger-term research objective).

* |dentify cropsthat, under Canadian climatic conditions, use nutrients in the fal, 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.

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

Resear ch needs over thelonger-term

Hog production, an industry with avaue in excess of $2 billion, isfound in al parts of Caneda. It is
increasing, but not at the sameratein al provinces. Overdl, hog production in 1995 was 7% grester
than in 1994, and much of the production is going to the export market. About 30% of the Canadian
production has been exported to 55 countries, and the potentia for increased hog production is redl.
Any increase in production will also increase the requirements for feed production, feed qudity,
housing, manure storage, land to spread this manure, and the ability to deal with more people affected
by the hog-raising environment.

Four problems have been discussed in the previous chepters.
« odor production from hog production facilities and manure storage

« arpallution
* land suitability for manure gpplication
« phosphorus accumulation on land where manure is spread.

These problems can be considered as short-term problems that have a possibility of significant progress
being made over the next four years. Impact of hog production on water quality has aso been referred
to asanissue.

The long-term aspects of hog production and the associated aspects of manure handling and disposal
are multifaceted. To fully address the problems, an integrated plan that deals with the whole system of
hog production must be developed. The component parts will include

» feedsand feeding

« hog buildings

* hog hedth

* manure production and storage

« manure odors and gas production

»  manure handling and spreading for the conservation of vauable nutrients

» cod effective ways of processing and /or packaging manure for subsequent usage
 impact of manure on the environment.

These issues will require ongoing work and must ultimately be addressed before the problem of hog
production increase will be adequately resolved.



In order to be successful, this approach will require the participation of the private sector, producers,
and agriculturd engineering, dong with the research groups.

Feeds and feeding

» Deveop feed sysems to maximize growth, minimize feed costs, and maximize profits to the
producers. Producers are looking for ways of optimizing production efficiency. Other problems can
be addressed through diet formulation.

» Modify the amino-acid balance in rations to reduce nitrogen levelsin feces of dietary origin.
Increasing the efficiency of animal feed can decrease feed costs and the amount of manure that must
be handled. Modified compogtion of the manure will have implications for the types of fermentation
that develop in the manure pit, the odors (the compounds responsible are by-products of manure
ingredients), and the gas production (gases are fermentation by-products of, for example, manure
nutrients and minerd recyding).

» Condder minerd complexes. Minerasin feeds are normdly in the form of organo-minerd
complexes. Mixing feeds may cause new organo-mineral complexes to form, which may make
certain minerasless available to the anima and also make those same minerals in manure less
availableto the plant in the fidd.

Animal environment and buildings

» Thekey factor is adequacy of ventilation. Hogs have very specific requirements for adequate fresh
ar. Thisisessentid for maintaining anima hedlth, regulating body temperature, minimizing dust in
their atmosphere, maintaining growth rates through well regulated metabolism, etc. Mogt of the
technology concerning this part of the environment is understood, but they have to be gpplied to
have the desired effects.

Manure storege

» Condder gorage facilities. Much work has gone into establishing the proper conditions for storage
of manure. Many different types of sorage systems are available depending, for example, on the
type of barn, the number of animds, the naturd topography, and the annud rainfdl. The main issueis
the correct type and size of storage facility for each operation. Cost is amgor factor.

» Storage and separation of manure is afactor. Storage of liquid manure requires storage and handling
of large quantities of water for much of the year. If the manure is separated into liquid and solid
fractions, each will 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 at much



less cost, composted, bagged, and spread with conventional equipment.

» Combine other wastes with manure in the storage pit. Many wastes from forestry, fisheries, and
agriculture may be effectively combined with manure to increase the stability of the manure or to add
more nutrients to the final product.

Manure spreading

* Apply manure in the fal effectively. When the crops stop growing in the fal, application of manureis
likely to have the nutrients lost with rain and surface runoff, and with spring snowmelt. Hog
producers need to empty their manure storage tanks in the fal to accommodate the winter and
spring production. Annual storage requirements can be as much as 9 months in some parts of
Canada. This problem requires crop species that will tolerate some frost and grow late into the fall,
in addition to determining the optimum time and method of spreading fal manure.

» Condder the handling methodology for wet and dry manure ingredients. This will evolve with the
decision about the best methods for handling whole liquid manure or separation of the manure into
solids and liquid with soluble ingredients.

» Assesstheimpact of soil and westher conditions on loss of manure volatile components. The impact
of factors like temperature, time of day, impending precipitation, wind, relative humidity, soil type,
soil surface, topography, type of manure, cropping, type of spreading equipment, and Size of tractor
can play adgnificant role in determining the efficacy of manure application.

» Adapt manure gpplication systems under conservetion tillage. Conservation tillage does not open up
the soil S0 that surface-applied manure can be buried and protected from those factors that will take
away volatile components. Similar adaptations to spreading technology are needed for preading on
perennial crops, such asforages.

» Assessthe accumulation of manure borne bacteria. The impact of bacteria of anima or
environmental origin that are 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 save reinfecting animals fed the
crops that are fertilized with their own manure?

» The problem of bacteriais dso an issue from the point of view of food safety.
Water

» Congder the handling of the water portion of liquid manure. This portion of the manure contains high



quantities of soluble nutrients which are readily available to plants and easily moved in the
environment with surface water. As processes are developed for separating the liquid and solid
portions of the manure, techniques for transporting and applying this water must also be addressed.

» Evauate the potentia for soluble nutrients and other eements (e.g. Zn and Cu) to enter the
groundwater. Much of the basic data on movement of water and dissolved chemicals through
different soil typesis known. This needs to be summarized in an easlly understandable form and
presented to producers so that they will not unwittingly contaminate their groundwaters. This will
a0 have implications for human water supplies and recycling of nutrients to livestock.

» Assessthe handling of nutrients that may be part of surface water and runoff into adjacent fields,
farm dugouts, or environmentally sengtive streams and rivers. Thiswill involve studying factors like
time 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, minerd interactions, and soil Ph.

CONCLUSION

A systems gpproach is required for economicaly viable and environmentaly sustainable hog production
in Canada.

»  Minimizing NH; emission during hog production must occur using a System approach, that takes into
account both the economic viability and the environmentd sugtainability. Environmenta sustainability
is concerned with NH; and greenhouse gas emission, odor, and surface and ground water
contamination by nitrates and BOD. Mot hog production facilities have been designed with little
condderation of a cogt-effective manure management based on maximizing the nutrient value of the
manure and minimizing the negative environmenta impacts. Consdering that the size of hog
production facilities is increasing in Canada, taking into account the cost of environmentaly
sugtainable manure management is a priority.

» Reducing NH; emissons from manure storage facilities and following field gpplication may increase
the cost of production through increased capital cost for storage and equipment, and by the need for
additiond land in order to gpply the manure without increasing the potentia for groundweter
contamination by nitrate and phosphorus.

 Improved feeding Strategies may result in dightly higher feed costs but will reduce at the same time
the amount of land required to gpply the manure in an environmentdly sustainable manner.

« Environmentally sustainable manure management has to be part of the economic equation for hog
production. This may lead to the development of aternative hog production strategies, such as group



housing on bedding that can be composted and exported further from the intensive production
fadilities. Credtivity has to be combined with the full understanding of the environmenta implications
of the production systems.
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