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PROJECT NUMBER: W-195
TITLE: Water Quality Issuesin Poultry Production and Processing

DURATION: October 1, 2000 - September 31, 2005

STATEMENT OF THE PROBLEM:

Water quality issues have received a lot of press coverage in recent years as contamination of
ground and surface water sources have been brought before the US public. The importance of
these issues will continue to escalate as our nation looks more critically at it’'s natural resource
base. Water quality is an issue that will continue to be magnified and will not disappear or be
played down in the near future. Water quality is a health issue in many parts of the US and world,
and it isjust asimportant to poultry production and processing, since water quality can affect
poultry health and performance.

This new regional research project will be the only regional project dedicated to the role of water
quality issues in poultry production. Water quality issues include the environmental, food safety,
growth performance, and profitability of poultry and poultry products. The objective of this new
project isto study the role of water used in poultry production and product processing and their
effect on the environment, and food safety.

JUSTIFICATION:

I mportancein agriculture, rural life and consumer concerns

Agriculture continues to be the dominant industry in rural communities, however, it is becoming
more and more evident that stewardship of our natural resource base is not only the responsibility
of farmers, but of all citizens. Consequently, society is demanding that agriculture implement
environmentally sound sustainable systems of production that have low chemical usage, reduced
movement of sediment and nutrients from the land, and have minimal or no off-site impacts.
Components of these production systems must include reduction of waterborne pollutants into the
environment, high-quality, healthy food products, and profitability. Management of pollutants
released into the environment will insure a safe and healthy drinking water supply for humans and
animals.

In 1990 and 1991, states throughout the U.S. assessed the surface water quality of this nation's
rivers, streams, lakes and estuaries. According to EPA sources, agricultural non-point source
pollution affected 72 percent of the river and stream miles, 56 percent of lake acres, and 43
percent of estuary acreage. The nation's groundwater quality was also assessed and found
generaly good; however, local areas have experienced significant contamination with agriculture



implicated as one of the main sources of groundwater pollution. One-third of agricultural
pollution originates from non-point sources, with causes which may include the mishandling of
animal waste such as manure and dead birds, and poultry processing facilities.

Public concern over animal waste pollution of our water resources initiated several pieces of
federal legidation. Agriculture was greatly affected by these federal laws such as the Coastal
Zone Management Act, the Clean Water Act, and the Safe Drinking Water Act. Under the
Coastal Zone Act Reauthorization Amendment, SiXx management measures are used as a guide for
agriculture to prevent non-point source pollution. They are: 1) sediment/erosion control; 2)
confined animal facility; 3) nutrient management; 4) pesticide management; 5) livestock grazing;
and 6) irrigation. Best management practices (BMP's) within these measures must be
economically achievable and must represent the best means possible to reduce the discharge of
non-point source pollutants. Manure, waste water, and runoff water that is utilized on
agricultural land must be applied in accordance with an animal waste management or nutrient
management plan. The Reauthorization Amendment is the foundation for controlling and
preventing non-point sources of pollution. The re-authorization also encompasses the Clean
Water Act which includes surface and groundwater protection from point and non-point sources
of pollutants. Agriculture, in general, and the poultry industry, specificaly, will most definitely be
affected.

Maintaining profitability while protecting the environment has become a critical issue for the
poultry producer. On many farms, traditional agricultural practices related to traditional crop and
livestock production cannot provide adequate protection of the environment while sustaining
agricultural profitability. To achieve this balance, agriculture must implement cost effective
practices which invoke innovative approaches to marketing, production, management, and
utilization. Such approaches include reducing total input costs, direct marketing, forward
contracting, increasing efficiency through newly devel oped technologies, and identifying new uses
for traditional agricultural products. All of this must be accomplished in harmony with the
country’ s rich natural resource base.

Extent of the problem

Poultry production in the U.S. is an 18-billion-dollar-a-year industry which has grown
dramatically since the 1950's. Increased concentration of poultry production has caused severe
environmental problems such as odor, flies, dust and declining water quality. The poultry industry
is faced with three major water quality and nonpoint source pollution issues. They are: 1)
mortality management; 2) manure/litter management; and 3) processing plant waste. These issues
must be addressed by the producers and managers of poultry companies. Water quality issues
must be a normal business concern.

Non-point source pollution from animal waste runoff can reduce surface and groundwater quality
by introducing excessive levels of nutrients such as nitrogen and phosphorus, organic matter, and
pathogens into the environment. 1n 114 watersheds studied throughout the U.S., excessive levels



of nitrogen and phosphorus were derived primarily from excessive or irresponsible manure
applications. Detailed guidelines on manure-nutrient management programs must be devel oped
for the poultry industry in order to avoid water pollution or improve water quality. Besides
manure-nutrient management programs, mortality from poultry production units must be handled
in such away that disposing of the mortality does not pollute ground and surface waters.
Alternative handling methods of daily mortality need to be developed that are economical and
easly implemented by the industry.

One of the real challenges facing the poultry producer deals with the managing and handling of
poultry waste products in ways that minimize adverse impacts, especially water quality impacts.
Animal wastes contain materials which cause direct and indirect health problems in other animals
and people. Health problems from water contact sports or drinking water always relate to the
concentration of contaminants in the water. With more and larger poultry operations confined to
smaller areas of land, the likelihood of water contamination increases. That is the single most
important reason for concern of both ground and surface waters in areas where there are high
numbers of animals producing large amounts of manure and associated by-products.

Water is vital to the poultry industry. Good quality water is necessary for poultry to grow, thrive
and be profitable to the producer. On the other hand, the poultry industry must learn to prevent
water pollution from large quantities of water discharged from meat and egg processing plants.
Development of economical methods to clean up the large volume of discharged water from the
processing plantsis of high priority. Recycling of reclaimed water from processing plants to the
production unitsis a possibility.

Poultry farms may use water from municipal sources (potable for humans), from wells, streams,
ponds, lakes, rainfall catchments, and springs. Because of its very nature of potential hydrogen
bonding, water is an excellent solvent for both inorganic and organic substances. For this reason,
water is an ideal medium for the proliferation and distribution of harmful components such as
chemica elements and microorganisms. Quality of surface and ground water depends upon
naturally occurring inclusions such as cations, anions, heavy metals and inadvertent inclusions
such as pesticides, herbicides and wash off of excessive organic or inorganic fertilizers, and
microorganisms.

Drinking water is of concern to poultry producers due to its great variability in quality and its
potential for contamination. Naturally occurring surface and ground waters always contain
inclusions ranging from low to very high concentrations. Water quality is characterized by its
taste, acidity, alkalinity, odor, color, turbidity, salinity, electrical conductivity, pH, biochemical
oxygen demand, hardness, presence of anions, cations, herbicides, pesticides and bacteria. Water
inclusions contribute to the diet of chickens, having either nutritional, anti-nutritional, toxic, or
infectious properties. Dissolved inclusions and additives are generally considered to be more
readily available for absorption. High quality drinking water may be defined as water which
contains inclusions which promote vitality and lack inclusions causing morbidity and mortality. As
the volume of non-drinkable water increases and the technology for measurement of inclusions



improves, we are becoming increasingly aware of water inclusions and their effects on health and
nutrition. It isimportant that we discover the effects of water inclusions, both naturally occurring
and supplemental, on the performance of poultry and that we precisely define “high-quality”
drinking water.

Drinking water inclusions can affect the quality of poultry meat and eggs. Water inclusions can
discolor poultry products, particularly eggs. Toxic substances can build up in fat and muscle
tissues and hens can export toxic substances into eggs. Variations in water quality and
management practices (water treatments, additives, and delivery devices) have the potentia to
influence the health and productivity of poultry and the quality of processed poultry products.
Poultry products are required by law to be washed or rinsed with potable water. Often cleaners
and disinfectants are added to improve food safety. Wash and rise waters must be handled to
avoid environmentally pollution.

Needs and advantages of a cooper ative approach

It isimportant for the American poultry industry to strive toward the compliance of environmental
policies and regulations and to exceed future expectations through the devel opment and adoption
of environmentally safe technologies. The development of these systems requires a multi-
disciplinary approach that can only be accomplished through cooperation of various experimental
stations to account for variations in climatic and environmental conditionsin the US. Also, these
issues must be examined regionally because of the enormous variation in forage and crop biology,
soils type, and management systems employed across the US. No single station or investigator is
likely to develop a single broad-based program to ensure the environmentally safe disposal of
farm-generated poultry by-products or to ensure the safety of ground and surface waters.
Unfortunately, local environmenta conditions and local management practices vary across the
country, so specific recommendations aimed at the poultry producers will have to be tailored for
different geographic regions. Field testing and producer education programs must be addressed in
different regions of the country to ensure that results of research trials and field tests are
presented that pertain to the target audience. The need to refine information to fit local
conditions mandates the need to develop an information base that involves researchers from
diverse geographical regions and to include experts in nutrition, physiology, waste management,
agronomy, horticulture, agricultural engineering, waste water management, and food safety.

Expected benefits

This formation of an interdisciplinary team will allow greater flexibility and innovation that
dictates the need to solve non-point source problems for the poultry industry. Resources have
been critically limited in recent years, and yet results have been forthcoming. By sharing the
circumstances and approaches of several innovative programs, concepts and characteristics
portrayed in other states can be tailored to fit the needs of other regions by saving time, money,
and energy in solving related problems, as well as boosting programs that may need a new
direction or approach.



The development of methods to ensure the environmentally safe disposal of poultry by-products
and to ensure the quality of ground and surface waters requires a thorough understanding of
scientific principles and their application to “real-world” situations. A more complete knowledge
in these areas will allow for the development of sustainable agricultura systems that utilize
science-based technologies to reduce environmental problems and will result in more appropriate
management-based systems. The application and integration of these systems will result in
improvements in the efficiency of poultry production by reducing costs, lessening the potential for
the contamination of ground and surface waters, utilizing by-products in a more economical
manner, and reducing the amount of non-point source pollutants being expelled into the
environment.

Extension publications, videos, Experiment Station publications, popular articlesin trade
magazines, and refereed journal articles which discuss results from the project will be used to
educate producers and managers of poultry companies on manure/nutrient management, waste
water management and dead bird disposal. Through educational materials, producers and
managers will further understand and appreciate the impact of various management schemes on
water quality and poultry performance.

Oral presentations of the results will be presented at grower meetings, regional meetings,
scientific meetings, international meetings, conferences, extension workshops, and the annual
meetings of the Poultry Science Association, the Southern Poultry Science Association, the
World's Poultry Science meeting, and Southeastern Poultry Association.

Coordination of the educational plan will be through the Chair of the committee. Richard
Reynnells, USDA/CSREES/PAS liaison will be actively involved in assisting in nationa
coordination and distribution of information. Coordination of an educational action plan will be
discussed as part of meetings and conference calls. Personnel will have responsibilities related to
their contributions on individual projects and team efforts.

How this project variesfrom past efforts

The new project varies from work done in the past by WCC-59 in that additional research
emphasisis being placed upon the effects of non-point nutrient pollution associated with poultry
production and slaughter. This has important ramifications upon environmental quality issues.
Cooperative efforts to evaluate water quality and water deliver device effects on poultry
performance will continue, but with added emphasis placed on the microbiologic environment
within watering systems. This has an indirect impact on human heath and a direct effect on
poultry productivity. Environmental issues, water quality, and food safety are critical public
issues. Thiswill be the only regional project that studies these issues specificaly in the poultry
production arena. The proposed research project is innovative and unique. It addresses the
critical nature of environmental issues for the nationa poultry system in the absence of formal
research programs.



RELATED CURRENT AND PREVIOUSWORK OF OTHER PROJECTS

An extensive search for related work was conducted in the Current Research Information System
(CRIYS) database in addition to a physical review of the USDA/CSREES list of Multi-State
Research projects. The search found several Multi-State Projects fall within the scope of the new
Project proposed by the WCC-59 participants. However, the new proposed project addresses a
research problem not being addressed elsewhere. Most of the individual projects, within existing
Multi-State Projects represent efforts of specific individuals and/or laboratories and do not
duplicate WCC-59 efforts.

In addition, the new Project shares interests with other multi-state projects:

S275 Animal Manure and Waste Utilization, Treatment, and Nuisance Avoidance for a
Sustainable Agriculture

NC-183 Development of New Processes and Technologies for the Processing of Poultry
Products (Terminated)

NE-127 Biophysical Models for Poultry Production Systems

S291 Systems for Controlling Air Pollutant Emissions and Indoor Environments of
Poultry, Swine, and Dairy Facilities

W-184 Chemistry and Engineering to Minimize Irrigated Agriculture's Effects on Water
Quality

NRSP-3 The National Atmospheric Deposition Program

W-82 Pesticides & Other Toxic Organicsin Soil & Their Potential for Ground & Surface

Water Contamination

Thereisno overlap of the proposed New Project with any of the regional projects. However,
methodol ogies generated by the New Project research will contribute to the goals of the related
projects.

Project S-275 (Anima manure and waste utilization, treatment, and nuisance avoidance for a
sustainable agriculture) shares similar goals to Objective 1 (Develop methods for proper
management and recycling of poultry production and processing waste to improve water quality)
in the proposed new project, but S-275 does not address any of the issues of Objective 2
(Determine water quality factors that affect poultry performance and market product quality).

The terminated Project NC-183 (Devel opment of New Processes and Technologies for the
Processing of Poultry Products) dealt exclusively with poultry, as does the new Project, but was
focused on chemical, physical, and microbiological properties of poultry meat products as
influenced by new processing techniques and technologies to improve and insure the safety and
quality of processed poultry meat products. Two investigators participating on the new Project
were formerly in Project NC-183.

The objective of Project NE-127 (Biophysical Models for Poultry Production Systems) are to
develop, evaluate, and validate mathematical models appropriate for application to poultry



production based on data generated in response to time-dependent changes of the environment
with resulting economic implications. NE-127 utilizes poultry, as does the proposed new Project,
however the goals of two projects are dissimilar. One investigator on NE-127 will aso be
included in the new Project.

Project S-291 (Systems for Controlling Air Pollutant Emissions and Indoor Environments of
Poultry, Swine, and Dairy Facilities) includes poultry but the focusis on air pollution. For some
potential pollutants, such as nitrogen, there are interrelationships between air and water
contamination, but thisis not the major focus of the new proposed project.

Projects W-184 (Chemistry and Engineering to Minimize Irrigated Agriculture's Effects on Water
Quality), NRSP-3 (The National Atmaospheric Deposition Program), and W-82 (Pesticides &
Other Toxic Organicsin Soil & Their Potential for Ground & Surface Water Contamination) are
concerned with ground and surface water contamination. The focus of these Projects do not
overlap with the new proposed project.

The new WCC-204, “Animal Bioethics’ project may include the contemporary issue of water
quantity and quality (WQ2) for al animals, but the focus and extent would not be a duplication of
these proposed research efforts. Two other projects, S-289 (Factors Associated with Genetic and
Phenotypic Variation in Poultry: Molecular to Populational), and S-285 (Reproductive
Performance of Turkeys) contain little to no potential linkages to the proposed formalized
research efforts.

Serarieg-17, “Minimizing Agricultural Phosphorus Losses for Protection of the Water
Resources’, focuses on phosphorus sensitive watersheds, the Phosphorus Index, use of BMP sto
decrease agricultural phosphorus losses, and the development of soil phosphorus tests and animal
manure application strategies. Again, thereislittle or no conflict with the proposed Water
Quality Issuesin Poultry Production and Processing project.

The Sera-ieg-24 deals with generic composting issues, but there has been little more than informal
interaction. Little or no linkage is foreseen with the Water Quality 1ssues proposal.

The CRIS search strategy categorized projects as. poultry + water; water; manure; wastewater;
NC-183/S-292; NE-127; and, S-275. There was significant overlap in these searches. The
attempt was made to not summarize duplicate titles. For the search using the keyword
“wastewater”, six research projects were found to be terminated, four of which could have had
application to the proposed project. Two new projects (DAF By-Products as Broiler Feed; and,
HACCP Approach to Poultry Processing...”) could have some linkage and could be placed within
this project at some point. One project was a support center for manure management.

The “manure” keyword yielded information on three terminated projects and seven new projects.
Of the seven, at least four could, or will, come under this project. Using “water” as the search
strategy resulted in reports on nine terminated research efforts and three new research projects.
The “poultry + water” keywords led to four terminated and five new research projects.



The conclusion can be clearly drawn that there are very few linkages between the proposed
“Water Quality Issues in Poultry Production and Processing” Multi-State Research Project, and
existing projects. There were no or very few projects discovered in these various search
categories that addressed components of the proposed Water Quality Issues project section on
Procedures intended to meet our Objectives. The proposed research project isinnovative and
unique. Given the critical nature of environmental issues dealing with WQ2, the absence of
formal research programs to address these issues for the poultry system (with application to other
species), and the willingness of many individuals to go to significant effort to submit this
application and continue to develop significant cooperative programs, even with no formal
recognition, it is very important that approval be provided this group of dedicated professionals.

RELATED CURRENT AND PREVIOUSWORK OF WCC-59:

The materials presented in this section demonstrate the productivity of the WCC-59 group. The
participants in the Western Regional Coordinating Committee (WCC-59), “Poultry Production,
Processing and Water Quality,” have organized two symposia. The symposium “Water Quality
and Poultry Production” was presented at the Annual Meeting of the Poultry Science Association
in 1994.

The second symposium titled “Alliance for Environmental Stewardship: A Comprehensive
Approach” was held in St. Louis, MO on September 27-29, 1999. The objective of the “Alliance”
workshop was to create an opportunity for personnel representing the major sources of water
pollution to define inhibitors to comprehensive nutrient evaluation and utilization programs, and
to define ways they can cooperate to help develop science-based policy and regulations to reduce
environmental pollution. Potential pollutant sources were defined as sectors of the industry which
included: 1) agricultural nutrients which included commercia fertilizers, 2) animal production
residuals and biosolids, 3) pollutants obtained from urban areas and on-site wastewater and
sewage treatment facilities including biosolids. Working groups were formed among the 160
participants during the symposium developed alisting of Prioritized Recommendations were
included , along with papers prepared by the 62 invited speakers in a proceedings publication
(Blake and Kintzer, 2000).

The members of WCC-59 have created a poultry drinking water database by combining the results
of their numerous studies. Most of the participants had their water samples analyzed at the
University of Arkansas Water Quality Laboratory. Thus, the database is an accurate means of
comparing water inclusion concentrations between geographic regions.

Other accomplishments from station-based members of the WCC-59 include, but are not limited

to, the following extracts from meeting minutes. This effort clearly demonstrates the continued
progress shown by the cooperative efforts of the technical committee.
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The members of WCC-59 committee gathered data on water inclusions from commercial
poultry farmsin Washington, Oregon, Arkansas, Maryland, and Utah. The analyzed data
on water inclusionsin surface and ground water wer e correlated with poultry production
parameters.

A.

Washington (Zimmermann) analyzed drinking water samples from 71 broiler farms on
Delmarva. The bacterial profile showed that 88% of the wells contained bacteria, 7% and
1% of these had coliform or E. coli bacteria, respectively. Nitrate (as N) exceeded 10
ppm in 27% of the wells. The growth performance variables from 49 farms, within one
integrated company, from 190 flocks consuming the water were statistically related with
all 20 measured water inclusions. Pearson correlation coefficient analysis suggested that
elevated K, CaCO, and electrical conductivity (EC) in drinking water improved feed
conversion. Mortality was reduced by high levels of Mg, K, CaCO,, and EC.
Condemnation was decreased by high levels Mg, Na, CaCO,, HPO,, and pH. Datawere
also analyzed by arank multivariate procedure to evaluate effects of interactions among
inclusions on broiler performance. Body weight was positively influenced by age, drinking
water, CaCO;, pH, dissolved oxygen, and was negatively effected by total aerobic plate
bacteria (TAB); r* = 0.912). Feed conversion increased with age and drinking water TAB,
but was reduced by K in the drinking water; r* =0.647. Mortality increased with age and
drinking water NO,, but was improved by K; r* =0.175. Condemnation was increased by
age, HCO,, and TAB; r? =0.153. The results of the multivariate analysis suggest that
bacteriain drinking water are reducing growth performance and that high nitrate level
increase mortality on broiler farms on Delmarva. These results are not in agreement with
those previoudly observed in WA or AR, likewise absolute concentration of inclusions
varied greatly among the three regions. Interestingly, the bacteria causing morbidity are
not Coliforms. Zimmermann’s previously collected data has not yet been analyzed with the
multivariate procedure.

Utah (Buchner) analyzed drinking water samples from 65 turkey farms but did not relate
data to growth performance.

Washington (Zimmermann) surveyed 46 layer farms for water inclusions such as cations,
anions, contaminants and bacteriain the drinking water and correlated the levels of water
inclusions with layer performance. Of 46 layer farms, only 24 farms provided performance
data. Water conductivity, iron, manganese, sodium, sulfate, chloride, and total bacteria
were found not to correlate significantly with the data. The Pearson correlation
coefficient and probability values for weeks with less than 90% egg production and
chloride were r =.486, P =.0188; nitrate: r = .538, P = .0081; conductivity: r =.996, P
=.0151; hardness. r =.552, P =.013, and magnesium: r = .528, P = .0095. The correlation
between feed conversion (kg feed/dozen eggs) and hen-day egg production were
negatively correlated r = -.437, P=.033). The correlation of hen-day egg production and
pH was r =.495.
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Arkansas (Barton) obtained and analyzed water samples of 120 Arkansas turkey farms
from two companies. Little difference in water quality was observed. Water samples
from 100-120 broiler breeder farms were also analyzed.

Utah (Warnick) tested soil samples for phosphates and nitrates where turkeys were
raised. These nutrients were not pollutants in the water.

Oregon (Hermes and Holleman) surveyed all broiler farmsin the state for 18 inclusions to
determine background level s (performance data was not known).

Oregon (Nakaue) reported on aturkey farm that experienced 50% down grading due to
crooked keel bones. After installation of awater softener, crooked keel bones were
reduced by 2% but the rate of dipped hock tendon increased. Levelsof Ca, Mg, Na, K
and pH were higher on this farm than Corvallis drinking water. Toleration of Na may be
high, but the role of Cl needs to be studied.

Washington (Zimmermann) analyzed drinking water samples from every broiler farmin
Washington State and correlated 19 measured inclusion values with growth performance
parameters of 210 flocks consuming the water. Bacteria were found in 41% of the water
samples. In WA, broiler drinking water with high concentrations of sulfate or copper
were associated with poor feed conversion whereas high levels of potassium, chloride, or
calcium reduced mortality. None of the water inclusions was significantly related to body
weight or condemnation. These results are in marked contrast with similar studies donein
Arkansas. The results emphasize the differences in water inclusions between regions and
suggest the mixture and interaction of inclusions in drinking water is as important as the
absolute concentration.

Evaluation of the effectiveness of water additives, treatments, and delivery systemsused in
poultry production and processing facilities.

A.

California (King) reported that vitamin C (1500 ppm) supplemented in the drinking water
24 hours prior to slaughter had no effect on lipid oxidation in the dressed poultry
carcasses. Presence of iron, magnesium and copper in drinking water may affect lipid
oxidation of dressed carcasses.

Oregon (Nakaue and Hermes) investigated four water delivery systems (trough, cups,
Clark and Ziggity nipples) in broilers reared on a commercia broiler farm for five batches.
Broilers provided water with trough waterers used more water than the two nipple types
and cups. Growth rates of broilers on cups or Clark nipple waterers were the same, but
dightly lower than the broilers provided water via the trough. Mortality was lower with
broilers provided water via the Clark nipples than either the trough, cups or Ziggity
nipples; however, broilers on Ziggity nipples had better feathering.
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Washington (Zimmermann) supplemented drinking water with water additives such as
electrolyte-vitamin-mineral, chlortetracycline, carnitine, lysine, and methionine during
induced molt by fasting. Leghorn hens (65 to 108 wks of age) were not significantly
affected with mortality or post-molt laying performance.

Washington (Zimmermann) reported that city water treated with electrolysis lowered
broiler mortality and increased nickel and chromium levels compared to the untreated
water. Broiler growth rate and feed conversion were not affected by water treatment.

The Western Regional Research Center, USDA, ARS (Stevens) investigated the formation
of several compounds that may be mutagenic during chlorination of poultry processing
water. The addition of S-9 liver enzymes to the Ames assay, which uses bacteria, destroys
the mutagenicity of the compounds. Compound E, the major mutagen, was found to be
structurally similar to MX, one of the most potent mutagens known.

The Western Regiona Research Center, USDA, ARS (Tsai) reported that chlorine dioxide
is used by many drinking water purification plants and in the disinfecting of fruits and
vegetables during processing. Chlorine dioxide at 20 ppm had the same effectivenessin
poultry chiller water as chlorine at 100 ppm. Chlorine dioxide is less corrosive and
oxidative, and forms no THM (trihalomethanes) and mutagenic compounds. FDA has
recently approved the use of chloride dioxide in poultry chiller water; FSIS must approve
its use in the poultry processing plant.

Oregon (Nakaue and Hermes) reported that broiler reared on a commercial farm with
Clark or Ziggity nipple drinkers out-performed broilers reared with either trough or cup
waterers during a one year period.

California (King) researched dressed broiler carcasses for a dark and light muscle color
condition which was observed by a commercial broiler processor. The problem was
related to the length of time the dressed broiler carcasses were left submerged in the ice
water. Light muscle color was related to carcasses being immersed in ice water for longer
than 48 hours, due to tissue pigments leaching out of the muscle.

Utah (Warnick) reported market turkeys reared with Ziggity nipple drinkers were heavier
than turkeys grown with dome-type waterers. One point better performance in market
turkeys can have significant economic returns to the producers.

Oregon (Hermes and Nakaue) reported that four week broiler body weights were
depressed by the highest level of nitrate in the drinking water (2000 ppm) compared to
those given O, 111, or 427 ppm nitrate from the sodium salt. Morphological changesin
livers were also noted in the 2000 ppm nitrate group as well.

Washington (Zimmermann) reported that two strains of Lactobacillus acidophilus,
selected for gut colonization, when added to drinking water (0, 10%, 10°, or 10° per day)
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failed to have a significant effect on broiler growth performance or carcassyield. Zinc
bacitracin (20g/ton in feed) improved body weight gain and feed conversion, but had no
effect on carcass yield.

Utah (Warnick) reported reduced water consumption by turkeys following cholera
vaccination, viathe water, and the reduced water consumption was not related to the
powdered milk used in conjunction with the vaccine.

Utah (Warnick) reported water consumption by range reared turkeys correlated more with
the time of day (ambient temperature) than to the temperature of the water.

Washington ( Zimmermann) compared the effects of three electronic drinking water
treatment devices to untreated water on broiler growth performance. Two of the devices
increased dissolve oxygen content of the water and decreased conductivity and aerobic
bacteria count. One of these reduced broiler mortality (P=.065), decreased pH (P=.062),
and incresed Fe and Mn concentration in the water. The other increased temperature, Ti,
and Mn, while reducing the concentration of chloride, Al, Ca, Cr, Mg, and Sr in the water.
Neither the third device, an electrostatic water treatment, nor the other devices affected
body weight or feed conversion. No treatment differences in hematocrit, bursa weight, or
tibial ash weight were observed at 21 days of age.

Oregon ( Hermes) reported on studies showing broilers prefer cup waterers to Swish™
water satellites. Studies were done in two commercial broiler houses with dimensions of
13.4 mx 116.4 m and 13.4 m x 125 m with broiler capacities of 27,500 and 25,830,
respectively.

Arkansas (Andrews) presented data comparing broiler performance when drinking from
cups, nipples, and bell waterers. Nipples reduced body weight, had no effect on feed
conversion, but kept floors drier. Cups also kept litter dry. Newer nipples are being
developed to increase water delivery to birds.
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OBJECTIVE 1 Develop Methods for Proper M anagement and Recycling of Poultry
Production and Processing Waste to Improve Water Quality

1A.  Evauate management and recycling techniques for poultry waste as either afertilizer,
feed, or fuel to protect water quality.

1B. Evauate management and recycling techniques for poultry mortalities to protect water
quality.

1C.  Evauate management and recycling techniques for by-products of hatcheries, poultry

meat processing and egg processing to reduce water usage and protect quality.

OBJECTIVE 2 Determine Water Quality Factors That Affect Poultry Performance
and Market Product Quality

2A.  Determine the effects of naturally occurring water inclusions on poultry performance,
health, and product quality.

2B.  Determine the effects of drinking water additives on poultry performance, health, and
product quality.

2C.  ldentify additives or contaminants in processing water that affect poultry product quality.
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OBJECTIVES

1 Develop Methods for Proper Management and Recycling of Poultry Production and
Processing Waste to Improve Water Quality.

2: Determine Water Quality Factors That Affect Poultry Performance and Market
Product Quality.

PROCEDURES:

Objective1l. Develop Methodsfor Proper Management and Recycling of Poultry
Production and Processing Waste to Improve Water Quality
Coordinator: Blake (AL)

1A. Evaluate management and recycling techniquesfor poultry waste aseither a
fertilizer, feed, or fuel to protect water quality

1. Dietary and microbial strategies will be evaluated for their ability to reduce ammonia gas
and fecal phosphorus from commercia egg-laying houses (Patterson-PA). First,
antibodies to the uricase enzyme will be developed in an attempt to reduce the normal
breakdown of uric acid that occurs in poultry manure. Another effort will evaluate several
species of nitrogen-fixing bacteria (soil origin) for their ability to survive in hen manure
and broiler litter and their efficacy in converting free ammoniato nitrate/nitrite. To reduce
fecal phosphorus, dietary strategies along with control and Biomittent Lighting programs
will be evaluated with post-peak laying hens to better utilize dietary calcium and
phosphorus. Measures of hen productivity, egg quality, and fecal phosphorus
concentration will be determined.

2. The USDA/ARS laboratory in Fayetteville, AR isinvolved in evaluating management and
recycling techniques for poultry waste as either afertilizer, feed or fuel to protect water
quality. Dr. Mooreisthe lead scientist for the USDA/ARS CRIS “Poultry Manure
Management to Reduce Non-point Source Phosphorus Pollution”. The three main
objectives under this CRIS which relate to this project are to; (i) determine the factors that
affect phosphorus chemistry and transport in soil, water, and manure, (ii) determine the
long-term impacts of manure management strategies on soil, water, and air resources, and
(iii) develop best management practices to reduce non-point source phosphorus runoff.

In addition to the efforts of Moore (UDSA/ARS), others will investigate methods of
improved poultry waste management and utilization which will provide poultry producers
with arange of management options that will sustain productivity while protecting water
quality (TN; VA; GA, WV).
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In collaboration with the NRCS and other agricultural agencies, a phosphorus risk index
will be developed as atool for use by poultry producers and litter applicators to determine
litter application rates on different fields and for different crop types (TN; VA; GA, WV).
Evaluating changes in the solubility of the phosphorus component of the poultry litter
when stored or when applied during house clean-out will also be evaluated. The
evaluation of established Best Management Practices will also be an integral component of
this process.

Recent changesin North Carolina laws regulating the land application of poultry litter
require that litter be applied based on crop usage and litter nitrogen content. Levels of
other nutrients such as phosphorus, copper, and zinc are also required to be monitored.
The possibility that land application of litter will be based on phosphorus rather than
nitrogen is quite distinct. Even though efforts are under way to decrease fecal nutrient
excretion, there is also a need to extend the useful life of current bedding materials and to
develop dternative uses of poultry litter once its usefulness as bedding has ceased. Current
technology developed by Adherent Technologies, Inc., holds promise to both extend
bedding life and to offer aternative uses of poultry litter. This process basically is a heat
process which has the potential to both sterilize turkey litter and to change its form and,
therefore, create a new product. This new product offers several potential advantages: 1) a
product of greater value than litter, 2) a product that does not have to be land applied,
which eliminates land application of excess nutrients, and 3) a product that will be moved
out of the areawhere it is produced. This study will be conducted at North Carolina State
University (Grimes) with the objective to determine if heat processed turkey litter can be
reused as bedding for turkeys.

Pine shavings which have been used as turkey bedding for one growth period will be used
in this study. Large White male turkeys will have been grown on the bedding for 20
weeks. This litter will be removed from the pens and heat processed for reuse as bedding
material. Four treatment litters will be used: 1) control - new pine shavings, 2) turkey litter
heat processed at low temperature (at least 250 F), 3) a mixture, 70:30 (w/w) of turkey
litter heat processed at low and high temperatures (approximately 600 F), and 4) a
mixture, 90:10 (w/w) of turkey litter heat processed at low and high temperatures
(approximately 600 F). These bedding materials will be placed in 36 floor pensin a
randomized block design to provide nine replicate pens per treatment. Thirty Large White
hen poults will be placed in each pen on day of hatch. Typical rearing techniques will be
applied to the birds for a 14 week growth period. During this period standard industry
type rations will be provided. Feed consumption, by pen, and mortality will be monitored.
Birds will be weighed individually at 6, 10, and 14, weeks of age. Period and cumulative
feed conversion ratios will be calculated. Litter quality and nutrient content will be
monitored. Nutrient content (N, P, Cu, and Zn) of the four treatment litters will be
determined at the beginning of the study and at 6 and 14 weeks of age. Bacteria anaysis
for total heterotrophs, coliforms, staphylococcus and streptococcus sp. will aso be
determined at the beginning, and at 6 and 14 weeks of age. Anaysisfor campylobacter
and salmonella sp. will be conducted at the beginning and at 14 weeks of age.
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Malone (DE) plans a demonstration of sand as an alternative bedding in poultry houses
will be implemented and market options for the litter will be identified. Four farms with
paired houses will be used in this demonstration. Two broiler farms from one cooperating
poultry company and two roaster farms from the other company will be monitored over a
two-year period. On each farm, ~2 inches of masonry sand will be placed in one house
and compared to ~ 3 inches of pine sawdust/shavings. Production cost per pound of live
weight, body weight, feed conversion, mortality, fuel cost, and condemnation data will be
determined each flock for aminimum of one year. In addition, litter temperature, gram
negative bacteria, darkling beetle population, litter and intestinal cocci oocyst, and dust
(total and respirable) will be monitored. Cost:benefit comparisons of the bedding
treatments will take into account: production cost per pound of live weight; bedding,
installation and crusting cost; volume of crust requiring storage, and estimated value of the
litter for end-use markets. The cost:benefit estimates will be projected for both the poultry
company and grower. Implications of any reductions in disease challenge and insecticide
use for beetle control will be assessed. The physical and chemical characteristics of the
sand base litter will be compared to the pine shavings/sawdust litter on each paired-house
farm over atwo-year period. Litter sampleswill analyzed for bulk density, particle size,
moisture, ash, nitrogen, phosphorus and potassium. Both total and soluble concentrations
of the following minerals will be determined; phosphorus, auminum, iron, calcium,
arsenic, copper, zinc and sulfur. The physical and chemical profile of each litter type will
be plotted over time to establish predictions of the optimum composition for compatibility
as an additive to a base soil amendment mixture. Based on survey of local turf and
nursery industries, thisinformation will be used to establish potential innovative markets
for the sand litter.

The use of sand or wheat chaff as a suitable bedding material will be investigated by
researchers at the University of Tennessee (Burns, Goan, and Walker) and USDA (May,
Lott, Miles) as management options that will contribute to productivity while protecting
water quality. Their efforts will contribute to an informational base concerning the use of
alternative litter materials within different regions of poultry production in the US.

The poultry industry is faced with increasing local, state, and federal legislation limiting
the amount of nutrients applied to the land in the form of poultry manure, waste, or litter.
Historically, these limits were based on nitrogen application. Recently, however,
phosphorus has received a great deal of attention as being the rate limiting nutrient. In
addition, future limits may be based on phosphorus, and possibly heavy metals, rather than
nitrogen values. Therefore, al phases of the poultry production industry are concerned
with limiting the amount of fecal nutrients excreted by poultry. These concerns and efforts
should include the breeder phase of the turkey industry. Decreasing the dietary
phosphorus levels in breeder feed would have both immediate and long term effects. The
immediate effects would be to decrease the cost of breeder feed as well as poult costs,
especidly if the dietary phosphorus could be reduced without dietary phytase. Also,
reducing fecal phosphorus would offer both immediate and long term relief from manure
and litter use restrictions. In addition, the poultry industry would possibly receive positive
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feedback from the public sector for being in a pro-active or progressive mode with respect
to environmental awareness and concerns.

Five hundred parent stock Large White turkey breeder hen poults will be housed and
reared according to standard industry methods including breeder and NRC recommended
nutrition and feeding programs at North Carolina State University (Grimes). Sixty parent
stock males will be placed and reared according to breeder and industry standards to
provide semen for the hens. All henswill be weighed monthly until 18 weeks of age and
then they will be weighed at time of photostimulation (30 weeks of age) and at the end of
a 24 week lay period. At 18 weeks of age, the hens will be exposed to short day length to
30 weeks of age. At 30 weeks of age, one of three dietary phosphorus levels will be fed to
the hens. The phosphorus treatments will be as follows: 1) industry standard level of .7%
total phosphorus (.5% available), 2) .5% total phosphorus, and 3) .3% total phosphorus.
At each dietary phosphorus level there will be two levels of phytase enzyme (0 and
manufacturer’s recommended level). Thiswill provide for a3 x 2 factoria design (3 levels
of phosphorus and 2 levels of phytase) for atotal of six treatments. At 30 weeks of age,
turkey breeder hens will be assigned to pens with eight pens alotted to each of the six
treatments. All other nutrients will be provided at breeder’ s recommended level and also
to meet or exceed NRC recommended levels. The hens will be photostimulated at 30
weeks of age with 14.5-15.5 hours of light per day for a 24 week egg production period.
Hens will be inseminated at approximately 14, 17, and 21 days post photostimulation and
then weekly thereafter with at least 300 million sperm cells per hen. Eggs will be collected
5 times per day, stored for up to one week, and then set in incubators for 24 weekly
hatches. At each setting, three eggs per pen will be used to determine percent shell, shell
thickness (by direct measurement) and egg phosphorus content. Three additional eggs per
pen will be weighed at setting and at transfer to hatcher; subsequent poults will be
weighed. Any unhatched eggs will be broken and observed for fertility or day of embryo
death. Apparent phosphorus digestibility will be determined at the beginning and at the
end of the egg production period. Tibia P will be determined at the beginning of the
experimental period and for 1 hen per pen at the conclusion on a 24 week lay period. Hen
body weight, serum P, P retention, fecal P, tibia P, egg P, egg production, egg weight, egg
shell thickness, percent shell, fertility, hatch of all eggs set, hatch of fertile eggs set, poult
weight, poult yield per hen, and egg shell conductance will be determined.

Nutrient reallocation is aso a concern with the disposition of poultry manures.
Composting the poultry manure prior to land application may effectively dter the
phosphorus loading rate upon application of the manure. 1n a series of experiments
proposed by Carr (MD) and Burns, Goan, and Walker (TN) the soluble phosphorus
and/or nitrogen in composted poultry litter and/or manure will be determined and
compared to raw poultry litter and/or manure and poultry mortality compost. These
processes will include various litter amendments added to the litter in the production
environment and utilization of various recipes in the composting process. In Maryland
(Carr), an agitated bed compost system will be used to make the litter compost and a two-
stage poultry mortality compost system to make the poultry mortality compost. The
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carbon:nitrogen (C:N) ratio will be varied from 15:1 to 30:1 using various feed stocks.
Soluble phosphorus from the compost and the litter and/or manure will have an anticipated
effect on water quality.

Methods for composting the manure and bedding material (litter) production from broiler
houses istypically done exterior to the poultry house. However, there is research to
indicate that litter can be composted in-house between flock placements to ensure
improved bird health and performance when the next flock is reared on the old bedding
(litter) material. Such methods will extend the useful life of the bedding materials (i.e.
wood shavings, peanut or rice hulls, paper products) and result in a cost savings to the
producer. Hermes (OR) proposes to identify methods of in-house composting of broiler
litter and its effect on litter quality and broiler performance.

The employment of litter amendments to augment bird health and performance are
becoming more widespread through the poultry industry. Economic advantages play a
crucia rolein the decision to use litter amendments. However, there is little information
concerning their input to the manure product that will be eventually field applied. Thereis
a need to determine the effects of litter anendments on soluble phosphorus in broiler
chicken litter (Zimmermann-MD; Burns, Goan, and Walker-TN). The efficacy and
economics of these amendments will be determined on litter samples that vary in age and
number of flocks reared. Alum, acommonly applied litter amendment has been
demonstrated to reduce in-house ammonia levels. Burns, Goan, and Walker (TN) propose
to evaluate the real-time ammonia fluxes in dum treated and untreated broiler houses with
the intent to de