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ABSTRACT
A great deal of effort has been given through intensive reseanard studying

the sources of gaseous emissions from animal feeding operafi&:@s) and their
influencing factors. Ammonia (N§)l is the most predominant noxious gas released from
poultry production facilities and it is mainly affected by de@mposition, manure
temperature, moisture content and stacking configuration and manure sustaeg@osed
to ambient air. However, current literature lacks information oth &ge effects on NH
emissions, even though changes in diet composition with bird age @eetex to affect
the emissions. Also, some producers have been using different bikingtaensities
(SD) as an attempt to improve bird welfare. Nevertheless fheteff different bird SD
regimens on Nklemissions remain unknown. Moreover, it has been shown that different
housing styles can have significant impacts on the magnitude efeNtiksions from
laying-hen facilities in that the high rise (HR) syste(typical of US egg production) emit
61 to 71 % more ammonia than the manure-belt (MB) systems (gainirggpopularity in
the US). The impact of manure accumulation time on the belts irsy$Ems on N
emissions needs to be quantified. Hence, a research studyomdscted in a laboratory
setting that resembled a commercial MB system for lalgns. The results of the study
are presented in this thesis.

Chapter 2 describes the effect of different SD regimens @589 cni bird™ or
24 to 96 ifi bird™) and manure accumulation time (MAT, 1 to 6 d) of pullets (hens < 18
weeks of age) and laying hens on Jghtissions. Results showed that daily J\gthission
rate (ER) for pullets and laying hens increased exponentially bird age and MAT,

while SD effect on NBIER was more pronounced for MAT3d (P<0.0001). In general,



higher SD led to higher ER. Specifically, for the laying héid; emissions from the'
to 6" d MAT ranged from 41 to 251 mg/hen-d for the high density (HD) ava £9 to
160 mg/hen-d for the low density (LD). This outcome supports thentuegg industry
practice of removing manure at 1- to 3-d MAT for the MB house systems.

Chapter 3 assesses the dynamics of feeding, defecation anemibsions of
pullets and laying hens under different SDs (as used in the deskcribed in Chapter 2),
MAT (1 to 6 d) during light and dark periods of the day. Resultsatdithat SD did not
adversely affect feed disappearance or fresh manure productiod.{? = 0.81) at any of
the tested ages. For each gram of feed use, the fresh mapawequl varied from 0.58 to
1.15 g bird* (P < 0.0001) varying according to bird age. The light and darkipaitig of
feed disappearance was 92% to 8%, respectively, while the panigitor fresh manure
production was 80% to 20%. Results also revealed that 37% of the tdjalNébs

emission occurred during the dark period vs. 63% during the light hours.



CHAPTER 1. GENERAL INTRODUCTION

Introduction

Among all constituents emitted from poultry production faciliteeemonia (NH)
is the predominant noxious gas due to the nature of the manure (ficalg 2005).
Although NH; emission regulations have been in place for some time, stateedeml
regulatory agencies have not enforced these regulations for aperaltions for various
reasons including the limited information on emission of gaseous grakuémitted from
animal facilities (Jacobson et al., 2005).

Ammonia emissions from agricultural sources has been widelydedaas an
important factor contributing to acid rain and excessive nitrogen itpubatural
ecosystems, which can lead to unwanted modification of such ecosystems (varrBete
al., 1982; Demmers et al. 1998), such as eutrophication and soil adwmiificatated
environmental stress (Heij & Schneider, 1991: Heij & Erisman, 1997, éign&
Erisman, 1998).

Several methods have been developed to reduce gas emissions franTAESe
methods address four major areas: (1) manure, (2) exhaust aanig3l diet, and (4)
housing design.

Manure additives are products generally intended to reduce ammaatidization
from manure. Some of these are digestive (e.g., select miarosngs, enzymes) or NH3
absorbing additives (McCrory and Hobbs, 2001; Li et al. 2008). Another tpatiH
manure acidification through the use of sodium bisulfate or aluminumates\lierber et

al. 1999). At a pH of approximate 4.5 or lower, virtually all nitrogeesent exists as



nonvolatile ammonium (NJ). Li et al. (2009) reported that topical application of certain
low pH chemicals (e.g., aluminum sulfate) onto poultry manure nduceesNH emission
by up to 90%.

Another strategy to reduce emissions is biofiltration, whereltar fbed is
established at the exhaust with a diverse population of aerobroarganisms, which
subsequently oxidize the reduced compounds generated by indoor confineemioto
dioxide, water, salts, and biomass (Leson and Winer 1991). Gas amsagptnother
potential strategy to reduce emissions at the exhaust. Aallected and passed through
an enclosed tower with the absorption media (typically watewirfig counter-current to
the air stream. Gases are diffused into and absorbed by the Netlianother strategy to
treat exhaust air is bio-scrubbing, which has a similar concepatmf biofiltration with
the exception that the microorganisms are housed in an enclosed pagkedhstead of
in a filter bed (Lais, et al., 1997). One additional potential ntibgatechnology under
investigation is wet or acid scrubber. The principle of thdae&t scrubber is to subject
contaminated (exhaust) air to an acidic solution that will dissbli#g in the acidic
solution. Melse and Ogink (2005) concluded that gaseous removal efficdramgidic
scrubbers could reach 91 to 99%.

There have been several recognized studies that have quantHig@nmlssion
reductions from diet manipulation, as reported by Jacob et al. (2000NdegWva et al.
(2008). For instance, nutritionally balanced laying-hen diets witHal#ér crude protein
would lead to approximately 10% reduction in ammonia emission (Learsd., 2005).

Inclusion of acidifiers or fiber in laying-hen diets has been shimmeduce manure pH



and ammonia emissions from laying-hen manure (Wu-Haan et al., Robérts et al.,
2007; Xin et al, 2010 — Personal Communication, lowa State University).

A ‘long-term’ strategy to reduce gaseous emissions from ABBOte use of
alternative housing designs that lead to a shorter resideneeofirnanure inside the
building. The two primary housing styles for laying hens in theatéSigh-rise (HR) and
manure-belt (MB).

The HR housing system is described by Fabbri et al. (200 8iag & cage system
with aerated open manure storage (fig. 1). Manure is stored agrabed floor and the
hens are housed on the first floor. In the HR house, the droppingsli@eed on baffles
under the cages and scraped and removed to the under floor storaggagyeriyere they
remained in heaps for the complete laying cycle (typicatly year). The HR system for
layers described shown in figure 1 is more representative aghdiokels used in Europe,
the designs being current used in the US have the batteries efdisgesed in a pyramid
or an “A” shape.

The MB housing system was also described by Fabbri et al. (200&)rasa one
pavement construction only (fig. 2), with the manure collected on the mdmelts.
Manure is usually ventilated via air ducts to enhance fastangdryfhe manure is

discharged every 1-7 d to a sheltered external storage.



Figure 1. Cross section (a) of a high rise (HR) layer housegidusnd floor is for manure
storage and the hens are housed on the first floor. Source: Xin (20d@n&e

Communication).

Exhaust
fans

Exhaust
air

Figure 2. Cross-section (a) and top view (b) of a house withcaktiered cages with

manure belts (MB) and forced air drying (ventilated belt). Source: Fabali (2007).



Fabri et al. (2007) stated that the Nie¢duction of a ventilated MB systeft-d
manure accumulation timey. HR system was 61% (combining the emissions of both the
barn and the manure storage area). Emissions also seem to imcegaagcally with the
increase in manure accumulation time (MAT) for MB houses. L&trgg. (2005) reported
an increase in NHrates of 71% for daily removal vs. semi-weekly removal from non-
ventilated MB systems. Laboratory experiments designed toaranilB house system
performed by Ning (2008) also showed thatsNdrhissions from laying hens (Hy-Line W-
36) depend on duration of manure accumulation.

However, the documented or ongoing studies on &Hissions from MB or other
housing types do not include pullets (i.e., hens younger than 18 weeaks, gire-laying),
even though pullets are a major integral part of the egg operatiameoler, pullets or
hens may be housed at different stocking densities (SD) as predaspond to certain
industry production management guidelines such as those by thed gy Producers
and/or fast food-chain restaurants (e.g., McDonald’s). Hence thea¢éso a need to
guantify the impact of bird stocking density on aerial emission rate.

Thus, a study was carried out in a laboratory setting thatasiadMB system with
the following objectives:

1. To quantify NH emission rate (ER) of W36 pullets and laying hens vs. bird
age and as affected by manure accumulation time (MAT) and stockingyd@&i3)t

2. To delineate feeding and defecation dynamic behaviors andehi$sions of

pullets and laying hens housed under different SDs and different MAT.



Thesis organization

This thesis has been prepared in journal manuscript format, watimmuscripts,
corresponding to the respective study objectives. The thesis iactade chapters — a
General Introduction, one manuscript entitled “Ammonia Emissions l@t®and Laying
Hens as Affected By Stocking Density and Manure Accumulatiore™ to be submitted
to the Transactions of the ASABE; the other manuscript entitled “Dynamics of Feeding,
Defecation and NEl Emissions of Pullets and Laying Hens under Different Stocking
Densities and Manure Accumulation Time” to be submitted to Jbernal of
Environmental Quality. Figures are embedded in the text but tables relevant to gaeh pa
are included in the end of each paper. System calibrations, dataig@qprogram and

statistical analysis programs essential to the experiment are id@dadgpendices.
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CHAPTER 2. AMMONIA EMISSIONS OF PULLETS AND LAYING
HENS AS AFFECTED BY STOCKING DENSITY AND MANURE

ACCUMULATION TIME

Luciano Barreto Mendes Hongwei Xin Hong Li

Department of Agricultural and Biosystems Engineering
lowa State University, Ames IA, 50011, USA

A manuscript prepared for submission Toansactions of the ASABE

Abstract

Data on ammonia (N4 emissions from pullets (hens <18 weeks of age) are non-
existent, despite the large differences in nutritional and environheamditions between
raising pullets and laying hens. Different stocking densities {$Bdusing the birds may
be used in response to certain industry guidelines on production; howewvematbn
concerning the impact of SD on accumulated manure properties rf@igture content)
and thus NH emissions is limited in the literature. It is hypothesized biva SD affects
the amount of manure per unit of storage or surface area as naacurgulates, and the
exposed manure surface area would affect ammonia emission fromcthenulated
manure. A lab-scale study was carried out that resembledotigitions of manure-belt
laying-hen houses with the objectives of (a) determining thenituamig of NH emission
rate (ER) of pullets as a function of age, and (b) assessirgffént of SD on NH ER of
pullets and laying hens during a 6-d manure accumulation time (MAA) different
SD’s at a given bird age were evaluated, being that the hignsitydéHD) had 33%

lower per-hen floor area allocation than the lower density (Bljcking densities ranged
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from 155 to 619 cf(24 to 96 if) per bird. Tests were conducted for W-36 pullets at 4 to
37 weeks of age. NHER was expressed in the units of amount of Biission per bird,
per kg of feed nitrogen (N) disappearance, and per kg of ‘asit’dry manure weight
and g/AU (animal unit, 500 kg BW). Results showed that dailg BR for pullets and
laying hens increased exponentially with bird age and MAT (P<0.080dgking density
effect on NH ER was more pronounced for MAY 3d, where the treatment HD led to
higher ER. Specifically, for the laying hens, NEmissions from the3to 6" d MAT
ranged from 41 to 251 mg/hen-d for HD and from 29 to 160 mg/hen-d for hi3. T
outcome supports the current egg industry practice of removing mainixéo 3-d MAT
for the manure-belt house systems. The results of this stuidyelp set a foundation for
further field-scale emissions measurement, and ultimately lajgwent of best
management practices to effectively reduce aerial emissimm egg production
operations.

Key Words: bird welfare, emission rates, manure accumulation, pullets’ age
Introduction

Animal feeding operations (AFOs) are associated with aen@gsions, primarily
ammonia (NH), nitrous oxide (NO), nitric oxide (NO), methane (GH hydrogen sulfide
(H2S), volatile organic compounds (VOCSs), and particulate mattersofidthcademy of
Science, 2003). In agriculture, several sources of air emissiondbbawnestudied as well
as the substances being emitted from them. Aerial emissiorjERdeis the product of

source concentration of the substance and the air exchange rate through the source.
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Among all constituents emitted from poultry production faciliteeemonia (NH)
is the predominant noxious gas due to the nature of the manure (ticalg 2005).
Livestock is often fed high protein diet, which contains surplus nitrdgesmsure that the
animals’ nutritional requirements are met. Nitrogen that is netabolized into animal
protein or product is excreted as uric acid where further midrabi@mn releases NHnto
the air during manure decomposition (Gay et al., 2009). Thevsldtilization rate from
solid poultry manure is affected by nitrogen content, moisture consgatking
configuration of the manure pile, pH, temperature and oxygen avigyabll of which
contribute to the microbial activities and hllselease from the manure pile (Li, 2006).
Research has shown that prolonged exposure to high levels ptadHcause reduced
body weight gain and egg production in laying hens, and also can megat@ve impact
on farm workers (Carlile, 1984; Ning, 2008).

The most recent studies on BlHemissions from commercial U.S. poultry
operations include those reported by Liang et al. (2005) for ldyamg, Wheeler et al.
(2006) and Burns et al. (2007) for broilers, and Li et al. (2008) for yarkeéurrently a
national study through an air compliance agreement (ACA) legtvlee U.S. EPA and
certain sectors of the livestock and poultry industry is ongoingaiha to collect more
baseline data on AFO air emissions. Laboratory experiments mpedoby Ning (2008)
showed that NEHHER from laying hens (Hy-Line W-36) depends on duration of manure
accumulation. Ning (2008) also found that the emissions had an inkeleg®n to
defecation events.

However, the documented or ongoing studies do not include pullets (ins., he

younger than 18 weeks of age, pre-laying), even though pullets ajeramtegral part of
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the egg operation. Moreover, pullets or hens may be housed at difteckihg densities
as producers respond to certain industry production management guidgictesas those
by the United Egg Producers and/or fast food-chain restaurantsMe@onald’s). Hence
there is a need to quantify the impact of bird stocking density on aerial emission rat
The objectives of this study were a) to quantifyNEHR of pullets and laying hens
vs. bird age and MAT, and b) to assess SD effects op BRHof pullets and layers.
Results from this research will help filling a literaturapgon pullet NH emission, and
provide insight on the impact of production management (SD) practineserial

emissions.
Methodology

Dynamic gas emission chambers system

The study was conducted using four dynamic gas emission chamdefy &t the
lowa State University Livestock Environment and Animal Physiolagyoratory I
(LEAP Lab Il). The chambers each had a dimension of 86 cm Lond®/ x 66 cm H
and were located inside an environmentally controlled room. The chamaltler were
constructed with transparent plexiglass panels (5 mm thickyldreach chamber was an
iron-framed wire-mesh cage (44 cm L x 34 cm W x 58 cm H)sh-aér to each chamber
was supplied through an air distribution plenum to improve spatial amtigrand the air
supply was powered with a diaphragm air pump (100 L ntiapacity, DDL 120-101,
GAST Manufacturing INC, Benton Harbor, MI, USA) placed on the inig¢ ©f the
chamber, thereby creating a positive-pressure ventilatiomrsysAirflow rate through

each chamber was measured with a thermoelectric air floassneter (capacity of 110
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L/min, GFM57, Aalborg Instruments & Controls Inc., Orangeburg, N$AYUplaced in
the supply air stream. Prior to onset of the experiment, cabbragguations were
developed to correlate output readings of the air mass flow meitérshe actual flow
rates (equations are presented in Appendix 1). Air flow through ehamber was
adjustable via a by-pass, so that the concentration of targes gaH, CO,) inside the
chamber could be controlled. One air temperature and relative hur(itity sensor
(HMP45A/D, Vaisala, Woburn, MA, USA) was placed in each cage tesuneahe dry-
bulb temperature. A plastic cup with tubing was placed underneatigxoaté drinker to
catch and divert any water leakage out of the manure pan or chamber.

To capture feeding and defecation events of the birds, two electratances
(2200.0 = 0.1 g, model GX2000, A&D Company Limited, Tokyo, Japan) with a 0-2.2
VDC analog output (sampling rate of 0.1 s, the data acquisitioansyaterages data at
every 10 s) were used in each chamber. One balance wasouseddsurement of the
feeder weight or feeding activities and the other for measnemf the manure pan
weight or defecation activities. Feed disappearance and’ ‘asainure production were
calculated as being the difference between the weight ondlesische beginning and the

end of the day.
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Samples of the exhaust air from each chamber were succegstwkeh by a
sampling pump (capacity of 20 L/min, Teflon wetted parts, Model No. 2AQ0B,
Gardner Denver INC., Sheboygan, WI, USA) at 5 min intervals, witHitktie3 min for
stabilization and last 2 min for measurement. This sampling segugietded a
measurement cycle of 25 min for the entire system (includingnSfenithe ambient air).
The successive sampling was accomplished through controlled operatros sxlenoid
valves (PKV-2R-D1/4NF, Takasago Electric Inc., Midori-ku, Nagoysad). A Teflon
filter (4.7 cm diameter, im pore diameter) connected to a Teflon tubing (0.32 cm ID x
0.64 cm OD) was placed in front of each solenoid valve. A photoacusti¢-gasilt
analyzer (model 1412, INNOVA AirTech Instruments A/S, Ballerupniark) was used
to measure NEland CQ concentrations. The multi-gas analyzer was challenged weekly
and calibrated, as needed, with zero, 25 ppm (dElanced with air) span calibration and
2500 ppm CQ@ (N, balance) calibration gases (information on calibration of INNOVA i
in Appendix 3). Dew-point temperature was measured with a dew-pggrometer
(model 2001, EG&G Moisture and humidity Systems, Burlinton, MA).

Analog outputs from the temperature, INNOVA gas analyzer, dew-point
hygrometer, electronic balances, and the mass flow metersloggred at 10 s intervals
into a measurement and control module (CR10, Campbell ScientificLbgan, UT). A
sample of the CR10 program used in the study is in Appendix 1.Allurexaents were
recorded as the average of output over the 10 s intervals.

To assess and ensure the integrity of the dynamic emissionna@ant system,
CO, recovery tests with 100% ethanol ,HgOH) lamps were conducted prior to the

beginning of the experiment and repeated every other week, asypeatfoy Ning (2008).
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In the test, an alcohol lamp containing 100% ethanol was placed orett@lc balance
in each chamber, so that the dynamic as well as cumulat@kaklconsumption could be
obtained from the weight changes. Detailed algorithm for the regcoestr was described
by Scott and Hillman (1983) and can be found in Appendix 4.

The system was set and handled in a way that would mimic a eabeltirhouse
system with a 6-d manure accumulation time period, so that thiésregthe study can be

extrapolated to that housing type.

Hen handling and experimental design

The experimental Hy-Line W-36 pullets/hens were procured froranamercial
farm in lowa. Two batches of 32 randomly assigned pullets (two wageks in age) at
initial age of 2 weeks were acquired in the beginning of tiper@xent. Twenty-eight of
the 32 pullets in each batch were randomly allotted to the four cages insidesgactive
chamber, two cages or chambers with 8 birds in each and the otheages or chambers
with 6 birds in each, thereby yielding two stocking densitieg fdur remaining birds
were housed separately in a holding cage for replacement ofggagraental birds in case
of mortality. After 12-d measurement, the pullets inside thésgon chambers were
returned to the holding cages at similar SD to that used duringqhéasurement. The
following 2 days were used to check, calibrate, and perform mainter@mcthe
instruments and prepare the system for the next trial. Then, 28sputiat the second
batch (now having reached the same measurement age as thiosdiist tbatch) were
allotted to the emission chambers to repeat the measuremedonesvith the first batch.

After two more weeks, birds from the first batch were measured again. dhedpre was
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repeated until birds from the second batch reached 18 weeks ofbaglee Bection of the
experiment regarding the laying hens, the two previous batchesusedevhen the hens
aged 23 wk, but in order to improve the statistical power of the reantther batch of 10
hens from the same precedence of the previously mentioned was acgithieditial age
of 34 wk. All the birds were kept at comfortable environmental cmmdif as suggested
by the Hy-Line Commercial Management Guide (i.e., 21.1°Z3.310-50% relative
humidity). Birds were weighed once a week. Detailed informagioout the pullets and
the dietary N contents is shown in Table 1.

During the test period, fresh feed was added daily to the feeded|yubetween
10:00 AM and 12:00 PM. Fluorescent lighting was provided at an illuminatiensity of
10 lux with a lighting program specified for Hy-Line pullets angrlg hens (Hy-Line,
2007). Nipple drinkers were used to supply drinking water. Manure parmsregaced
after 6-d manure accumulation.

The treatment for this experiment was SD at various agésedbird. Two SD’s
were tested: high SD (HD) and low SD (LD). For birds at 4 teéks of age, HD and LD
were, respectively, 155 and 206Third™ (24 and 32 ifbird?), i.e., HD bird having 33%
more floor space; for birds at 6 to 18 weeks of age, HD = 3¥®ia (48 irf bird™) and
LD = 413 cnf bird™ (64 irf bird™ - 33% more space). For birds at 23 weeks and older HD
= 413 cnf hen' (64 irf hen') and LD = 620 crhhen' (90 irf hen). To achieve the
respective SD levels, the number of birds per chamber or cage foaghe HD and 6 for
the LD for pullets at 4-6 wk of age; but 4 birds for the HD @rards for LD for pullets
from 6 to 18 wk of age. For layers at 23 to 37 wk of age, treasmemsisted of 3 and 2

hens per cage for HD and LD, respectively.
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To complete the randomization process and avoid chamber effect on
measurements, groups under the same treatment switched chambersektyabasis, so
that by the end of the trial, all SD would have been run in all four chambers and all ages.
Because the hens used in this research study ranged from 23 &eld3 o age,
data sets for that respective section were first analiaredge effect. However, no age
effect was detected on feed disappearance, manure productien oratBlH; ER.
Consequently, the age factor was disregarded among the layeifseastmta were pooled

over the age span.

Calculation of NH3 ER and evaluation of SD effect on the Nglemissions
Daily ammonia emission rate (NHER) was calculated for 1 to 6 d of MAT with

the following equation.

QSI'PDX(CNH3,e - CNH3,i )XWm X 103 [1]

NH, ER =
° 10 xV, xN

Where:

NHs; ER — ammonia emission rate, fmi¢bird™

Qstep— air flow rate, corrected for standard temperatur@2lpressure (1 ATM) and
dry basis, th*-chambet

CnHse Canzi —e€xhaust and inlet ammonia concentrations, respectively, ppm

Wn—  molecular weight of ammonia (17.03ingl™)

Vm—  molar volume of ammonia, corrected for standard temperatfrf€)dressure
(1 ATM), 24.14 L:mol™

N — number of hens per cage or chamber.
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NH3; ER was calculated in several units, including g/kg N disappeararia ‘as
is’ and ‘dry basis’ manure, and g/AU (animal unit, 500 kg BW). Thd fée&isappearance
was calculated based on the feed disappearance and crude-prBtelialple 1) content of
the diet. Crude protein was divided by 6.25 to yield the feed N contéett€bf SD were
tested on a daily basis usipgoc gimin SAS. In addition, the percent of the difference in
the mean ER values between the SDs was calculated usingoeguatand 3. Standard
error values for the percent of the difference were calculated the Delta Method, as
described by Casella & Berger (2002).

A= (MJXJ.OO [2]
Hup

Where:

A

A - estimated mean value of the percent of the rdiffee (%)

[, - estimated mean value for the variaplender the LD treatment

[, - €stimated mean value for the variaplender the HD treatment

oA

N [ o4 e Var(/z COVl flyp, 2 B
952(/1): {a - } {,\ A’( HDA) A( le LD )} gED 3]
Hp Hip (#p #00 )=(p ALp) mv('uHD »Hip ) Var('uLD )

Where: aﬂLD (4 #410)=(ftp LD )

S (ﬂf) Standard error of the estimated percent of tfferdnce;

Var(4,,, )- Estimated variance of the estimated mean undeHid treatment, obtained

from SAS output;
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Var(f,, )- Estimated variance of the estimated mean underLih treatment, obtained
from SAS output;
V(. i1, ) - Estimated covariance for the estimated meangruthe effects of both

treatments (equal to zero, since the number ofcagpk per SD treatment is always the

same).

Statistical Analyses

Statistical analysis was performed using the pmg@AS (version 6.2). Data
modeling was performed in two different levels. Tinst, considered the overall effects of
all possible factors and interactions (SD, MAT ag#) on the analyzed variables, called
the ‘full’ model; the second model, named ‘reducexdidel, only considered the effect of
stocking density. As for the full model, statisti@nalysis was performed usirgoc
mixed andproc glimixin SAS.

Considering that we wanted to take a closer loos@teffect on the variables,
‘reduced’ model compared only the means for differtocking densities regardless age
and day MAT, the analysis of the plot of residualdicated that for a specific age and
MAT the variance is approximately constant, wh&tvaéd the datasets to be analyzed in
the original scale. This was done usprgc glm in SAS. A difference with p-value equal
to or less than 0.05 was considered significane @ddes for the SAS programs used in

the analysis are presented in Appendix 5.



22

Results and Discussion

Full Model Analysis: Effects of Age, MAT and SD on NH; Emissions

Prior to running the ANOVA test to look for overalffects of age, MAT and SD
on the analyzed variables, the residual plots efdfta sets were generated in SAS using
proc univariate; e.g., Figure 2 (top) shows that for daily NHR, the distribution of the
residuals (the difference between each observatmmhthe overall mean) follows what
looks like afunnel shaped pattern, indicating that there is an increasehendpread from
the left to the right. According to Ramsey & Schgf2002) the unequal spread revealed
by the plot of residuals is an indication that &MOVA test results might be unreliable
because its assumption of ‘equal distribution’ énl violated. In such cases, Ramsey &
Schafer (2002) suggested that a log transformaifathe data set might be appropriate.
Figure 2 (bottom) shows the residual plot for tbg transformed daily NHER; the
approximately equal spread indicates that the f‘eglistribution’ assumption of the
ANOVA test is no longer being violated. All datas&ere checked through residual plots
before being tested with ANOVA, log-transformatiwas applied when needed.

P-values from Table 2 indicated that age had aifgignt impact in feed
disappearance, manure weight in ‘as-is’ and drysbasd NH emissions in all units (P <
0.0023). This outcome was expected since the hiiititend to eat more as they grow old,
impacting manure production, which is the primasyrse of NH emissions.

Data in Table 2 also evidenced that ‘as-is’ and mhgnure weights were both
significantly affected by MAT; consequently, MlEmissions in all units were significantly

affected by MAT (P <0.0001).



23

A regression analysis, usipgoc reg in SAS, was performed on the daily BNBR
data, as a function of age (wk) and MAT (d), th@éadaets were analyzed by SD
treatments. Results from the statistical analysiécated that NGIER could be explained
as a function of AGE and MAT following an exponahtfashion (P<0.0001). From

equations 4 and 5 one can see that daily BR was positively correlated to bird age and

MAT.
For the treatment HD:
NH.ER = e[(fse,rm) + (52:06)AGE + (28:08)MAT | (R*=0.51) [4]
. =
For the treatment LD:
NH.ER = e[(*SOill) + (37+05)AGE + (42+12)MAT | (R2 =0.56) [5]
. =
Where:

NH; ER — NH; emission rate (mg birdd™)
AGE - bird age (wk)
MAT — manure accumulation time (d)

There is evidence that ‘as-is’ manure weight wagaicted by SD (P<0.0001), but
no effect of SD was detected on dry manure weithiet,effect on ‘as-is’ manure weight
presumably arose from different manure moisturdests between the treatments HD and
LD. According to Table 2, SD also had a significempact on daily N5 ER (P<0.0001),
and in NH emissions in all other units. Detailed analysi$SDfeffect on NH emissions is

discussed later in this paper.
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Data in table 2 also reveals that there was noeecel of an interaction between
age and SD (F0.44) on any of the analyzed variables, neitheretlveas evidence of an
interaction among age, MAT and SD>(P98).

An interaction between age and MAT on feed disafge® was non-existent
(P=0.59), indicating that birds will ingest moreefeas they get older but the amount of
feed doesn’'t seem to change considerably over dese of a 6-d period. This result
presumably arose from the fact that daily feedpbsarance rate data was averaged over
the total number of cycles that were run for eagh tested. However, an interaction
between age and MAT clearly existed on ‘as-is’ dndmanure production; consequently,

the effect of the interaction affected plemissions in all analyzed units{®05).

Reduced Model Analysis: Effects of SD on NH Emissions

The downside of analyzing the data sets throughfulemodel is that if the
analysis was performed in the log-transformed sealaverting SEs back to the original
scale is not simple. Thus, a more simplified mada$ developed: the ‘reduced’ model, in
which age and MAT were set constant, and the dastested only for SD effects. The
‘unequal distribution’ problem is eliminated herechuse the analysis is performed on
sub-sections of the entire dataset, which are semalligh to have equal distribution.

The results of data analysis using the reduced heardeshown in Tables 3 to 7.

There was no significant difference (P 0.61 -2D.9n either feed or feed N
disappearance between the two SD regimens foriralldges or different MATs. This

outcome indicates that the reduced floor spaceatilon did not seem to adversely affect
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feed disappearance. Figure 3 (top) illustrates femdl disappearance increased according
to the bird age, but remained fairly constant witthe 6-d cycles.

‘As-is’ manure weight data presented in Tables 3 show some significant effect
of SD (P = 0.03), indicating that HD led to higmeanure weight. Data also indicates that
even with lack of significance, mean values for aranweight under the treatment HD
were consistently higher than those under thertreat LD. The difference presumably
arose from greater moisture evaporation for the hBnure because of larger exposed
surface area per unit weight of manure. The largenber of birds under HD was also
associated with a higher indoor RH, e.g., averagifip as compared to 37% for LD for
the 8-wk trials. The lower RH and greater vaporspuee gradient between the manure
surface and the ambient air for LD would be moredtwive to moisture loss of the
manure. Manure samples were collected at the etftedd-d MAT and were analyzed for
MC to confirm these speculations. Moisture con{®h€) for the last day of MAT was
lower for the LD manure (P = 0.009 — 0.04). TheralleMC averaged 74 % for HD
manure and 70% for LD manure (Figure 4). Mean ‘asa@nure weight is illustrated in

Figure 3 (bottom) as a function of age and MAT.
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Figure 3. Daily feed disappearance (top) and ‘asi@ure production (bottom) of W-36
pullets/hens as a function of bird age (5 to 30)vek&l manure accumulation time (MAT,
1to 6d).
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Daily NH; ER data is presented in Tables 3 to 7. For datdysis purposes, a
distinction was made between ‘clean’ vs. ‘non-cleaistem and NEHER in several units
were derived from the daily NHER obtained from ‘clean’ system. It can be seemfthe
tables that data for ‘clean’ and ‘non-clean’ systdook different from each other for the
first 2-d MAT; however after the'®day the 95% confidence intervals for both condiion
overlap each other. Mean values for daily\ER for ‘clean’ and ‘non-clean’ system are

illustrated in Figure 5 as a function of age and A
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Figure 4. Manure moisture content on therasthure accumulation time (MAT).
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(bottom) systems.
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When looking at SD effect on NHER shown in tables 3 to 7, one can observe that
percent of the difference values are consistendgative and relatively constant for
MAT >3 d, evidencing that the treatment HD led to higdek ERs, and with an overall
difference that ranged from -41 to -27% and fror t& -24% for ‘clean’ and ‘non-clean’
systems respectively.

This outcome indicates that the SD will likely ingbghe emission after 3-d MAT.
In particular, significant effect of SD was detettd the 3rd d of MAT for pullets at 12
wk of age, for the ‘clean’ system, 1.0+0.1 mg/hefodHD vs. 0.6+0.1 mg/hen-d for LD;
and for the laying hens at days 3 and 4 of MATthar ‘non-clean’ system, with estimated
means being 45+3 mg/hen-d for HD vs. 25+3 mg/hdard.D at 3-d MAT and 83+8
mg/hen-d for HD vs. 568 mg/hen-d for LD at 4-d MAThe increase in the uncertainty
of the emission as the estimated mean became Javgemmost seemingly what caused the
lack of significance of the treatment SD on thead#tus a greater number of replicates
would presumably allow one to see more significeffects of SD on daily NKHER for
both ‘clean’ and ‘non-clean’ systems after tffed3of MAT.

This outcome on daily NHER supports current management practices used in
manure-belt housing systems, where manure is ystaatioved every 1 to 3 d MAT to
avoid overload of the belts (Xin, 2010 — Persormhmunication). Results indicate that
regardless of the stocking density, daily ]NER will increase considerably for MAT>3 d.

Liang et al. (2005) measured MR from manure-belt laying hen houses with
MAT = 1-d (lowa) or 3- to 4-d (Pennsylvania) anghoded that the overall N+HER was
5415 mg/hen-d for MAT = 1 d and 94+2 g/hen-d for MA 4 d. These ER values parallel

those in the current study, for the data presemddble 7 (layers) and MAT=2 d of the
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non-clean HD system (57+6 mg/hen-d) and 3-4 d efdlean or non-clean HD system
(83-94 mg/hen-d). The 2-d MAT of the non-clean sgsin the current study likely better
resembles the commercial production situation at Home residual manure exists in the
barn from the daily removal of the manure.

NH3 ER in other units followed similar trends to tlo&tER in g/hen-d (Tables 3 to
7). The overall percent of difference in grams dfisNemissions per N disappearance
varied from -41% to -23% (values averaged frono3-td MAT).

Stocking density effects on Nk¢missions in g/kg manure were similar for manure
expressed in ‘as-is’ and dry basis for most daysM&T. NH3; emissions under the
treatment LD was 26% to 44 % lower than that fa theatment HD in g/kg ‘as-is’

manure, and 12 % to 52% in g/kg dry manure.

Conclusions

Effects of bird age, manure accumulation time (MARNd stocking density (SD) on
ammonia emission were examined. The following agsiohs were drawn:
1. Ammonia (NH) emission of pullets and laying hens increaseb hiitd age and
manure accumulation time, following an exponergagtern.
2. SD effect on NH emission became more pronounced for MAJ d.
3. Daily NH3 emission increases with age and manure accumuléitiee, but tends to

decrease with increasing floor space allocatiaihéchens.
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Table 1. Bird body weight (mean = SE) and feed ermibtein (CP) content .

Bird Age (wk) HB[')rd body weight (t‘g) Feed CP content (%)
2 0.22 +0.017 0.22 +0.017 19.0
5 0.30 + 0.014 0.30 + 0.018 19.0
6 0.35 + 0.006 0.35 + 0.009 19.0
8 0.58 + 0.015 0.59 + 0.012 19.0
9 0.67 +0.025 0.70 + 0.022 175
10 0.76 + 0.016 0.78 +0.013 175
12 1.00 + 0.024 1.01 + 0,022 175
13 1.03 * 0.033 1.05 + 0.025 175
14 1.02 +0.018 1.06 + 0.017 155
16 1.15 + 0.01 1.17 % 0.02 15.5
17 1.18 0,07 1.19 + 0,02 17.0
18 1.25 % 0.06 1.23 % 0.01 175
23 1.46 + 0.02 1.35 +0.04 175
24 1.48 % 0.01 1.48 * 0.06 175
25 1.48 +0.04 1.50  0.10 175
34 1.49 * 0.02 1.53+0.11 175
35 1.51 +0.08 1.53+0.11 175
36 1.54 0.01 1.56 + 0.08 175
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Table 2. P-values from the ANOVA for cumulative dease, feed N use, cumulative
manure weight (as is and dry matter) and s;Ndrhissions in several units under two
stocking density (SD), different manure accumufatione (MAT), block (batch) effect,
and interaction among them the factors. Hen age 374wK.

Factor/Interaction

Variables AGE*MA MAT*S AGE*MAT*

*
Block AGE MAT T SD AGE*SD D )

Daily feed

disappeara

nce g/bird-
d

< 0.0001 <0.0001| 0.5933 0.9427 0.7703 0.9276 0.993p 1.0000

Daily feed
N
disappeara| < 0.0001 0.0002 0.6004 0.9953 0.1373 0.1962 0.976p 1.0000Q
nce g/bird-
d

Manure
weight (as 0.5857 < 0.0001 < 0.0001 < 0.0001 <0.0001 0.1930 0.4409 0.9810
is), g/bird

Manure
weight
(dry basis),
g/bird

0.0001 <0.0001 < 0.0001 <0.0001 0.4759 0.8794 0.9853 1.000

Daily NH3
emission, 0.0469 0.0001 < 0.0001 0.0002 <0.0001 0.5102 0.8701 0.9996
mg/bird-d*

NHs
emission,
g/kg N 0.9394 0.0003 <0.0001| 0.0543 < 0.0001 0.6643 0.8841 1.0000
disappeara

nce *

NH;
emission,
o/kg 0.0446 0.0002 < 0.0001 < 0.0001 <0.00q1 0.8805 0.8462 0.9999
manure
(as-is) *
NH;
emission,

g/kg 0.0378 0.0005 | <0.0001 <0000l <0.0001 0.6179 0.7582 0.9999
manure

(dry basis)
*

NH,
emission, |  0.0038 0.0023 <0.0001  0.0050 <0.0001 0.3913 0.9956 1.0000
kg/AU-d

*Variables were analyzed in the log-transformedescd bold P values are less than 0.05.
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Table 3. Feed disappearance, feed nitrogen (Nppésance, manure weight and ammonia emission of W-
36 pullets over 6-day period at two cage stockiegsities (SD): pullet age = 4 - 5 wk; pullet bodgight =

220 - 329 g; HD = 155 cfibird; LD = 206 crivbird (meant+ SE); the percentage of difference (%dif) uses
HD as basis. NElemissions in g/kg N disappearance, g/kg ‘as-igl dry manure, g/AU-d were calculated
using ‘clean’ system NHER data.

Manure Accumulation Time (MAT, d)

Variables

1 2 3 4 5 6 Overall

Daily feed | HD 30+1 30+1 30+1 30+1 30+1 30+1 30+1
disappearance;;

g/bird-d LD 28+1 29+1 28+1 30+1 31+1 33+1 30+1

Daily feed N | HD | 0.910.02 0.91+0.02 0.91+0.02 0.94+0.0B 0.9120.0 0.94+0.03| 0.92+0.07
disappearance;;

g/bird LD 0.85+0.02 0.88+0.02 0.85+0.02 0.91+0.08 0.9420.0 1.00+£0.03| 0.91+0.02
Manure HD 204 23+3 38+2 62+4 8816 108+6 -
weight (as-is),
g/bird LD 10+4 18+3 34+2 52+4 706 8816 -
Manure HD 71 6+la 11.2+0.4 19+1 25+1 311 -
weight (dry
basis), g/bird | LD 71 9+1b 12.0+4 18+1 25+1 3241 -
Dail_y NH3 HD 0.05+0.07 0.10+0.18 0.3#0.1 0.6+0.2 2+1 6+2 -
emission,
mg/bird-d
(clean system) LD 0.02+0.07 0.05+0.18 0.1+0.1 0.3+0.2 1+1 3+2 -
Daily NH3
emission, HD B ) . . . . .
mg/bird-d
(non-clean LD - - - - - - R
system)
NH; emission,| HD | 0.05+0.07 0.10+0.05 0.3+0.1 0.60.2 2+1 6+2 -
o/kg N
disappearance LD 0.02+0.07 0.06+0.05 0.2+0.1 0.3+0.2 1+1 3+2 -

NH; emission,| HD | 0.003+0.002| 0.004+0.008 0.007+0.003  0.010+0.002.020+0.007| 0.06x0.07 -
g/kg manure
(as-is) LD | 0.002+0.002| 0.003+0.0083 0.004+0.003 0.006+0.004.014+0.007| 0.03+0.02 -

NH; emission,| HD | 0.007+0.011 0.02+0.20 0.02+0.01 0.03+0.02 0.0020 0.240.1 -
g/kg manure
(dry basis) LD | 0.003+0.011 0.01+0.20 0.011+0.01L 0.02+0.02 omaz 0.1+0.1 -

L HD 0.09+0.10 0.21£0.40 0.51+0.5 1.0+0.6 3+1 1044 -
NH; emission,

kg/AU-d

LD 0.03+0.10 0.09+0.40 0.2+0.5 0.5+0.6 2+1 5+4 -

Values for the two stocking densities of each \deidollowed by different letters are significandifferent @ andb for 0.01< P<
0.05; AU = animal unit = 500 kg live body weightvéall values for variables that have a cumulatiaire wouldn't make sense and

thus they were not shown in the table above.
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Table 4. Feed disappearance, feed nitrogen (Nppé&sance, manure weight and ammonia emission of W-
36 pullets over 6-day period at two cage stockiagsities (SD): pullet age = 8-9 wk; pullet body gei=

580 - 670 g; HD = 310 cftbird; LD = 413 crivbird (meant SE); the percentage of difference (%dif) has
LD as basis. Nklemissions in g/kg N disappearance, g/kg ‘as-isf dry manure, g/AU-d were calculated
using ‘clean’ system NHER data.

Manure Accumulation Time (MAT, d)

Variables
1 2 3 4 5 6 Overall
. ) HD 44+1 45+1 44+1 44+1 43+1 46+1 44+1
Daily feed disappearance,
g/bird-d
LD 44+1 47+1 47+1 47+1 46+1 47+1 46+1
. . HD 1.27+0.03 1.30+0.06 1.27+0.05 1.27+0.02a 1.284Q. 1.32+0.02| 1.28+0.03
Daily feed N disappearance,
/bird
g LD 1.27+0.03 1.35+0.06 1.35+0.05 1.35+0.02b  1.3040. 1.35+0.02| 1.33+0.01
HD 23+6 72+8 124413 174+14 218+14 254+16 -
Manure weight (as-is), g/bird
LD 24+6 61+8 101+13 142+14 181+14 218+1 -
. . HD 5+2 19+3 32+4 45+4 5615 6615 -
Manure weight (dry basis),
g/bird
LD 5+2 19+3 31+4 43+4 5545 66+5 -
. o . HD 0.1+0.4 0.2+0.4 2+1 5+3 1145 30+6 -
Daily NH; emission, mg/bird-d
(clean system)
LD 0.3+0.4 0.6+0.4 1+1 4+3 55 26+6 -
. L . HD 19+4 1.6+0.5 5+1 12+3 2745 24+10 -
Daily NH; emission, mg/bird-d
(non-clean system)
LD 13+4 0.4+0.5 2+1 5+3 165 15+10 -
L HD 0.08+0.40 0.2+0.3 2+1 4+4 9+8 23+8 -
NH; emission, g/kg N
disappearance
LD 0.24+0.40 0.4+0.3 1+1 3+4 4+8 19+8 -

. HD | 0.004+0.002b| 0.003x0.008 0.016+0.0p5  0.03+0.010.05+0.02| 0.12+0.02 -
NH; emission, g/kg manure

(as-is)

LD | 0.013+0.002 a| 0.010+0.008 0.010+0.0p5 0.03+0.010.03+0.02| 0.12+0.04 -

. HD 0.02+0.34 0.01+0.03 0.06+0.02 0.11+0.0p 0.2+0]1 0.5+0.1 -
NH3 emission, g/kg manure
(dry matter) L
LD 0.06+0.34 0.03+0.03 0.03+0.02 0.09+0.0p 0.1+0{1 0.4+0.1 -
HD 0.07+0.30 0.2+0.3 1.5+0.8 4+2 8+4 2245 -
NH; emission, kg/AU-d
LD 0.22+0.30 0.4+0.3 0.7+0.8 3+2 44 1945 -

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent & andb for 0.01< P<
0.05; AU = animal unit = 500 kg live body weightvéall values for variables that have a cumulatigiire wouldn’'t make sense and

thus they were not shown in the table above.
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Table 5. Feed disappearance, feed nitrogen (Nppé&sance, manure weight and ammonia emission of W-
36 pullets over 6-day period at two cage stockiegsities (SD): pullet age = 12-13 wk; pullet bodgight

= 1000 - 1030 g; HD = 310 &hird; LD = 413 crivbird (meant SE); the percentage of difference (%dif)
has LD as basis. NHemissions in g/kg N disappearance, g/kg ‘as-igl dny manure, g/AU-d were
calculated using ‘clean’ system NHR data.

Manure Accumulation Time (MAT, d)

Variables
1 2 3 4 5 6 Overall
Daily feed disappearance,| HD 5442 57+1 5742 53+1 5445 48+2 5442
g/bird-d LD 48+2 5741 5242 561 5345 5242 5342
Daily feed N HD | 1.45:0.06 | 1.53+0.03| 1532008  1.42:0.08 1.4+05 1.2920.05 | 1.45%0.02
disappearance, g/bird-d | | p 1.29+0.06 | 1.53+0.03| 1.400.06  1.510.08 1.420.5 1.40+0.05 | 1.42+0.02
Manure weight (as-is), HD 3613 8345 14146 198+10 252415 299+16 -
g/bird LD 3243 7645 12146 164210 201415 24316 -
Manure weight (dry basis)| HD 1240.4 2420.7 3621b 4742 58+3 704 -
g/bird LD 1140.4 25+0.7 47+la 5442 66+3 7944 -
HD 0.340.2 0.3¢0.1 1.00.1a 3+1 1644 3648 -
Daily NH; emission, LD 0.1+0.2 0.1+0.1 0.6+0.1b 241 14+4 2348 ;
mg/bird-d (clean system)
Yodif - - -45£31 40424 -43+29 -36£38 41431
) o HD 18+4 10+2 1845 44+9 5311 61+18 ;
Daily NH; emission,
mg/bird-d (hon-clean LD 15+4 4+2 65 1549 22+11 34+18 -
system
ystem) Yodif - - 67425 -66£23 -58+41 -54+40 61428
HD 0.240.2 0.2+0.2 0.640.2 242 1124 2819 -
NH; emission, g/kg N i
disappearance LD 0.1+0.2 0.1+0.2 0.4+0.2 142 104 1629
Ydif - - 39:18 81442 11211 41251 -23+13
o HD | 0.008+0.010| 0.004+0.010 0.007+0.010 0.015:0.02®.060.02 |  0.12+0.03 -
NH; emission, g/kg
manure LD | 0.003+0.010| 0.001#0.010 0.00520.010 0.012+0.02®.07+0.02 | 0.010:0.03 -
as-is
(as-is) Yodif - - 36212 -76£33 1045 2149 3147
HD | 0.025:0.03| 0.013+0.03 0.028+0.04  0.064:0.03 £ 0.5+0.1 -
NH, emission, g/kg LD | 0.009+0.03 | 0.004:0.03] 0.012:0.04 0.037+0.03  £QR06 0.30.1 -
manure (dry basis)
Yodif - - -58+21 -83£38 238 -43£28 52416
HD | 0.15:0.04 | 0.15:0.04| 049+0.05h 147+0.05a #8®Ha | 17.6:0.1a -
NH; emission, kg/AU-d | LD 0.05:0.04 | 0.05:0.04| 0.27+0.05bh 0.29+0.09b &®A6b | 11.2¢0.1a -
Ydif - - -45£16 -80£33 -13+10 -36£18 -44£22

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent & andb for 0.01< P<

0.05; AU = animal unit = 500 kg live body weight;d¥ ( A ) values were calculated from], = (o — ftap) ! 1p]-100%

where /[lLD and ,LAlHD are the estimated means for the considered variaider low and high density, respectively. Theddad

error for A was estimated with the Delta Method. However, wtien%diff was small, the Delta Method tended ttpatiextremely

high SEs, in other words, the function used tonestie SE got closer to its limit ranée lim SE=w ) thus %diff values with
%diff -0

extremely magnified estimates for SE were deleBactrall values for variables that have a cumulatigire wouldn’t make sense and

thus they were not shown in the table above.
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Table 6. Feed disappearance, feed nitrogen (Nppésance, manure weight and ammonia emission of W-
36 pullets over 6-day period at two cage stockiegsities (SD): pullet age = 16-17 wk; pullet bodgight

= 1015 - 1018 g; HD = 310 &hird; LD = 413 cribird (meant SE); the percentage of difference (%dif)
has LD as basis. NHemissions in g/kg N disappearance, g/kg ‘as-igl dny manure, g/AU-d were

calculated using ‘clean’ system NHR data.

Manure Accumulation Time (MAT, d)

Variables
1 2 3 4 5 6 Overall
HD 64+2 67+2 67+2 63+1 642 58+2 64+1
Daily feed disappearance, g/bird-d
LD 58+2 67+2 62+2 66+1 63+2 6212 63+1
HD 1.77+0.05 1.85+0.07 1.85+0.06 1.7+0.3 1.77+0{04.60+£0.04 | 1.76+0.08
Daily feed N disappearance, g/bird
LD 1.6+0.05 1.85+0.07 1.71+0.06 1.8+0.3 1.74+0/04.7120.04 | 1.74+008
HD 45+1 102+4 14945 b 197+3 244+4 292+6 -
Manure weight (as-is), g/bird
LD 46+1 91+4 173+5a 199+3 243+4 28816 -
HD 23tla 38+4 69+4 88+4 136+4 g 148+6| -
Manure weight (dry basis), g/bird
LD 15+1 b 25+4 56+4 774 11144 b 12946 -
HD 2.00+0.03 24+0.1a 2.4+0.2 5+2 49+13 90+21 -
Daily NH; emission, mg/bird-d _
(clean system) LD 2.03+0.03 1.840.1 b 1.9+0.2 2+2 2613 5721
%dif - - -21+11 -60+46 -47+24 -37%13 -41+21
HD 128+25 305 326 41+10 49+10 88+14 -
Daily NH; emission, mg/bird-d LD 10225 285 2716 20+10 38:10|  62t14 -
(non-clean system)
%dif - - -16+18 -28+12 -22+11 -30+22 -24+16)
HD 1.13+0.03 a 1.28+0.07 4 1.3+0.1 2.9+1 2849 56+16 -
NH; emission, g/kg N disappearance LD 1.27£0.03b| 0.98+0.07 b 1.140.1 1.1+1 1549 33+16 -
%dif - - -14+2 -62+28 -46+523 -41+12 -41+14
HD 0.044+0.001| 0.023+0.001 0.016+0.001a  0.025+0.p08B20+0.05| 0.30+0.08 -
g';fise)m'ss'on' gkg manure LD | 0.0440.001| 0.020+0.001 0.011+0.00db  0.010:0.008.11+0.05| 0.20+0.08 -
%dif - - -32+18 -60x1 -47£19 -36+29 -44+16
HD 0.09+0.05 a 0.06+0.01 0.035+0.02 0.06+0.03 0.3+0 0.6+0.3 -
?é'j; gg"s'isss)'on' g/kg manure LD | 0.14:0.05b| 007#0.01| 00342002  0.03:0.08  0.2:0 0.4:0.3 -
%dif - - 15+10 -37%20 -12+10 -14+8 -12+10
HD 0.87+0.02 1.03+0.08 1.0+0.1 2.2+0.5 21+9 39+16 -
NH; emission, kg/AU-d LD 0.88+0.02 0.79+0.08 0.8+0.1 0.9+0.5 11+9 2516 -
%dif - - -21+8 -60+24 -47+52 -37+42 -41+18

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent & andb for 0.01< P<

0.05; AU = animal unit = 500 kg live body weightd# ( A ) values were calculated from] =[(&p = Hup ) f14p]-100%,

where /:\ILD and /}HD are the estimated means for the considered variaider low and high density, respectively. Thedaad

error for 4 was estimated with the Delta Method. However, wiien%diff was small, the Delta Method tended ttpatiextremely

high SEs, in other words, the function used tomeste SE got closer to its limit ranﬁe im SE=w ) thus %diff values with

%diff -0

extremely magnified estimates for SE were deleBaetrall values for variables that have a cumulatigire wouldn’t make sense and

thus they were not shown in the table above.
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Table 7. Feed disappearance, feed nitrogen (Nppé&sance, manure weight and ammonia emission of W-
36 hens over 6-day period at two cage stockingities$SD): hen age = 23-36 wk; hen body weighB51L

- 1564 g; HD = 413 cffbird; LD = 620 crmbird (meant SE); the percentage of difference (%dif) has LD
as basis. Nklemissions in g/kg N disappearance, g/kg ‘as-id’ @y manure, g/AU-d were calculated using
‘clean’ system NHER data.

Manure Accumulation Time (MAT, d)

Variables
1 2 3 4 5 6 Overall
Dally feed HD 94+2 9843 99+3 968 103+4 9842 98+3
disappearance, g/bird-d | p 9542 10043 98+3 10048 102+4 9942 99+3
Daily feed N HD | 2.60:0.07| 2.72+0.08 2.73+0.08 2.63:0.08 2.83%0,02.70+0.05| 2.70+0.0d
disappearance, g/bird-d | 5 | 2 62+40.07| 2.75:0.04 2.73+0.08 2.77+0.08 2.8080/02.72+0.05| 2.73+0.08
Manure weight (as-is), | HD 45+4 13745 225+9 307+12| 375+l  455+18 ;
g/bird LD 4644 13445 214+9 288+12|  360+18  419+1 ;
Manure weight (dry HD 2642 7246 13045 17747 216410,  262+1 ;
basis), g/bird LD 2612 806 12745 17147 214+10 248+1( -
HD 543 12+4 4149 98+13 179426 251433 .

Daily NH; emission,
mg/bird-d LD 73 12+4 2919 64+13 114426 160+33 -
(clean system)

%dif - 1+50 -31£33 -34+22 -36+24 -36+22 -27+28

. L HD 349+29 57+6 45+3 a 83+8a 154+19 24527 -
Daily NH; emission,
mg/bird-d LD 260+29 3846 25+3 b 56+8b 107+19 17127 -
(non-clean system)

o%dif | -25+13 | -33+17 | -43+14 | -32+16|  -30+19|  -30+17 37+

HD 241 441 16+3 40+4 a 61+11| 105+11fa ;
NHz emission, glkg N [ 241 441 1143 24+4 b 42411 |  62+114 ;
disappearance

%dif ; ; 35430 | -38+18 | -32+29 |  -40+18|  -36+22)

L HD | 0.07+0.05| 0.1+0.02| 0.15+0.0p 0.30£0.03 0.42+0(0@.52+0.06 -
NH; emission, g/kg
manure LD 0.07+£0.05( 0.1+0.02| 0.12+0.0p 0.22+0.03 0.30+0{08.35+0.06 -

(as-is)

%dif - - -17+£17 -25%15 -29+16 -33£19 -26+15

HD | 0.10+0.07| 0.12+0.04 0.27+0.04 0.52+0.p5 0.8+0{1 0.9+0.1 -

NH; emission, g/kg

manure LD | 0.15+0.07| 0.10+0.04 0.20:0.04 0.35+0.05 0.5+0|1 0.6+0.1 .
(dry basis) -
%dif . . 27424 -33+14 30421 32417 30421
HD 241 4+1 1443 32+4 588 82+10 ;
2'”3 emission, Kg/AU- | 1 241 4+1 9+3 20+4 3628 51+10 ;
%dif . . 34432 37420 38423 3747 -36+18

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent & andb for 0.01< P<
0.05; AU = animal unit = 500 kg live body weight;d®6 ( i) values were calculated from =[(fp — Ao ) f1p]-100%,

where :&LD and :&HD are the estimated means for the considered variatder low and high density, respectively. Theddad

error for A was estimated with the Delta Method. However, wtien%diff was small, the Delta Method tended ttpatiextremely

high SEs, in other words, the function used tonestie SE got closer to its limit ranée lim SE=w ) thus %diff values with
%diff -0

extremely magnified estimates for SE were deleBacerall values for variables that have a cumulatigire wouldn’t make sense and

thus they were not shown in the table above.
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Abstract

This study examines the dynamics of feeding andeadgion behavior and
ammonia (NH) emissions of W36 pullets (4 to 18 wk of age) #éayng hens (23 to 36
wk of age) housed under different stocking dersi{&D) over a 6-d manure accumulation
time (MAT). The lab-scale experiment was carried with a system that resembled the
conditions of a manure-belt (MB) laying-hen hou€entinuous measurements of feed
disappearance (g/bird-h), ‘as-is’ manure productigibird-h) and NH (mg/hen-h)
emissions were taken. An algorithm was developatl\atidated to calculate the fresh
manure production (g/hen-h) from ‘as-is’ manure doition by accounting for the
moisture loss of manure through evaporation. Twe 8Ca given bird age were evaluated,
ranging from 155 to 619 {24 to 96 i) per bird. Results indicate that the SDs did not
affect feed disappearance or fresh manure produ@@c= 0.17 — 0.81) at any of the tested

bird ages. Each gram of feed use corresponded tbbag of fresh manure production (P <
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0.0001) for laying hens. The light (16 hr) and d&8khr) partitioning of daily feed
disappearance was 92% to 8%, respectively, wh#ecttincomitant partitioning of fresh
manure production was 80% and 20%, respectivelg.rébults also revealed that 37% of
the daily NH emission took place the dark period that accotmt63% of the daily
hours.

Key words. Emission dynamics, laying hens, manure accunuratefecation behavior,

stocking density

Introduction

Livestock is often fed high protein diet, which tains surplus nitrogen to ensure
that the animals’ nutritional requirements are rf@ay et al.,, 2009), and most of the
unused feed nitrogen is lost in the manure, whicthé primary source of ammonia (H
emissions. Ammonia is an irritant, colorless gathwi characteristic pungent odor, which
can be harmful to both animals and humans. Reséa<ishown that prolonged exposure
to high concentrations of Nftan cause significant lower body weight gain agdliced
egg production in laying hens (Deaton et al., 19%88g, 2008).

Ammonia is the by-product of a 5-step enzymaticrdéagtion of uric acid (Singh
et al., 2009) and has been regarded as contribtiragid rain and excessive nitrogen
input to natural N-sensitive ecosystems. The rastitonsequence could be modification
of ecosystems (van Breemen et al., 1982; Demmaeiis £998) such as eutrophication and
soil acidification related environmental stress i{l8eSchneider, 1991: Heij & Erisman,

1997, Monteny & Erisman, 1998).
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Hence, there is an urgent need to develop and aealbew technologies and
practices that will cost-effectively mitigate MHmissions from laying-hen operations.
Several methods have been reported in the literalOne strategy to reduce gaseous
emissions from inside animal feeding operations@aFis the use of alternative housing
designs that lead to a shorter residence time oluneanside the building. High-rise (HR)
layer houses are the most popular housing type insid US for laying hens. Manure in
HR house is generally stored inside the barns hmutione year and land-applied after
crop harvest. Although HR system has been typitghe U.S., the trend in new laying-
hen houses has been shifted to manure-belt (MB), styrere manure is frequently (daily
to weekly) removed from the houses. Recent momigorof NH; emissions from
commercial laying-houses showed that MB houses @ity or semi-weekly manure
removal emit less than 10% of the N&s compared with HR houses (Liang et al., 2005;
Li, et al. 2009). Fabbri (et al., 2007) reporteds 6 NH emission reduction for a
ventilated MB system as compared to the HR system.

Laboratory experiments designed to mimic a MB haystem performed by Ning
(2008) showed that NHER from laying hens (Hy-Line W-36) depends on taraof
manure accumulation. Ning (2008) also found thateimissions had an inverse relation to
defecation events.

However, the documented or ongoing studies on &lHissions from MB or other
housing types do not include pullets (i.e., hensnger than 18 weeks of age, pre-laying),
even though pullets are a major integral part ef ¢élgg operation. Moreover, pullets or
hens may be housed at different stocking denssgsoducers respond to certain industry

production management guidelines.
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The objective of the research study describedisghper was to characterize the
dynamics of feeding and defecation behaviors and &iHissions of pullets and laying
hens housed under different stocking densities @d different manure accumulation
time (MAT) in a laboratory setup that resembles B Mbuse. The results obtained from
this study will advance the scientific knowledgel gmovide researched-based information

that enables the poultry industry to better makeagament decisions.

Materials and Methods

Dynamic gas emission chambers system, experimental hens and relation a$ thtudy
to the one described in Chapter 2

The study was conducted using the same four dyngmamcemission chambers
containing birds at different SD, ages and MAT asatibed in Chapter 2. In fact, the data
sets analyzed for this chapter were the same tetlefor the experiment described in
Chapter 2. However, feed disappearance, ‘as-is’'umgaproduction and NHER were

processed using a different methodology.

Description of the algorithm developed to analyze the dynamics of emissicates,
feeding and defecation behaviors
Hourly ammonia emission rate (NHEHR) was calculated for 1 to 6 d MAT with

equation 1, as described in Chapter 2 of this shesi

Hourly feed disappearance and fresh manure pramuctiies were calculated from

the continuously measured feeder and manure paghtgeiThe total values of feed
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disappearance, manure production ands léhhission were broken down into light and
dark periods, for each of the 6 d MAT.

To estimate the amount of fresh manure producedhbyhens (accounting for
moisture evaporation), an algorithm was writtemgdacros in Excel. The steps of the
algorithm were described in figure 1. Manure weidhta, originally recorded at 10 s
intervals were averaged into 1-min intervals taucsdthe noise. Then the change (delta) in
manure weight after every minute was calculatedh wiegative deltas considered as
moisture loss and positive delta indicating ocauresof a defecation event. Adding up the
positive and negative deltas provided ‘as-is’ manproduction. All variables were

initially calculated in g/hen-h.

[Data filtering \
|

Account for noise from scale NS
(1-min averaging)
—
Calculating 1-min deltas on manure
weight
- " =,
Account for moisture loss 0 _ .:1anm_ N
loss =
(adding up negative deltas) 60 min
g |
i=1lmi
Account for defecation events MpP,_, = Z+\A/
- ayw 60 min
(adding up positive deltas)

Figure 1. Flow chart illustrating the steps of éhgorithm for feed disappearance and fresh

manure production data processing.

Hourly feed disappearance data was obtained framctmtinuously monitored

feeder weight data. Data sets were first proceksedtmoval of the points corresponding
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to the birds pecking activity on the scale (figusnd 3), and then broken down into
hourly rates.

All variables presented were tested for SD effesthgiproc glm in SAS through
the ANOVA for a block design. Significant differenbetween means under different SD

was tested through the Tukey Test and p-valuesdesxjual to 0.05 were considered

significant.
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Figure 2. Sample of the continuously monitored &edeight data of chambers (CH) 1 to
4 throughout dark and light periods. Bird age: 14 @birds/chamber for CH 1 and CH 4
and 3 birds/chamber for CH 2 and CH 3; lightinggpeon: 12 L: 12 D.
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Figure 3. Sample of the processed, feeder weidghatafachambers (CH) 1 to 4 throughout

dark and light periods. Bird age: 14 wk; 4 birdsictber for CH 1 and CH 4 and 3
birds/chamber for CH 2 and CH 3; current lightimggram: 12 L: 12 D.
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Results and Discussion

Validation of the algorithm for the estimation of fresh manure producton
One can see from figure 4 how hourly ‘as-is’, fresnure production rates and
hourly moisture loss rates are related for layiegshaging 23-36 wk. The results confirm

the mass balance of equation 2. The same heldadrierds at the other tested ages.

Ooss = MPjoy —=MP i [2]

oss
Where:

Bl0ss— Moisture loss from manure (g/hen-h)

MPsesh— fresh manure production (g/hen-h)

MP5s.is — ‘@s-is’ manure production (g/hen-h)

The algorithm was validated by correlating the yads-is’ manure production
obtained from the difference between beginning end of the day (called raw data
method) with the daily ‘as-is’ manure productiortasbed from the algorithm by adding
up the hourly rates for the whole 24pkriod. The degree of correlation is quite good, as

presented in figure 5 (top) $80.96, P < 0.0001).
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Figure 4. Dynamics of fresh, ‘as is’ manure productrates and moisture loss from
manure throughout dark and light periods. Bird ager age: 30 wk; photoperiod of
16L:8D.

A similar validation procedure was performed, whadirelated the moisture loss
data obtained from the algorithm with those calmdarom the difference between fresh
manure production (determined with the algorithmyl dhe ‘as-is’ manure production
(determined from the scale readings). The graphiealesentation is shown in figure 5
(bottom), and the relationship was well represenbsd a linear model (&0.98,

P<0.0001).
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Light vs. dark period dynamics of bird feed disappearance, fresh manure pduction
and NH3 ER

The correlation between feed disappearance andh fnesnure production for
laying hens is shown in figure 6, regression anglgaggests that a linear model can be
used to represent the relationship. Results ofrédgeession analysis for fresh manure
production vs. feed disappearance for birds aedifit ages are shown in table 2. The
coefficient of determination @ indicated that the proportion of change in freséinure
production was explained by the change in feedpgisarance according to a linear model
by 35 — 57 %, but the P-value of the regressior®(@301) indicated that the relationship
is very likely to be linear, such as described Qyation 3. Ning (2008) reported that the
relationship (feed disappearance vs. fresh mantoduption) was well described by a

linear model only when feed disappearance was |tivear 8 g/bird-h.

MP;, = A*FD+ B [3]

Where:
MPresh— fresh manure production (g/bird-h);
FD — feed disappearance (g/bird-h);

A and B — parameters of the linear model, obtagregirically
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16

14 | MPg.q, = (1.15£0.06) FD + (2.5£0.2)
R2=0.57, N = 269, P <0.0001

Fresh manure production (g/hen-h)

0 1 2 3 4 5 6 7
Feed disappearance (g/hen-h)

Figure 6. Linear relationship between feed disapgeze and fresh manure production for
laying hens. (laying hen age: 23-34 wk)

Results in table 2 also show that both coeffici€Atsaind B) of the linear model in
eg. 3 were significantly different from zero (P<@0Q) for all the tested ages. The
coefficient A (multiplier or slope) indicated th#te increase in manure production per
each gram of increase in feed disappearance was-L8L5 g. The coefficient B (offset or
intersept) indicated that for periods of time wheed disappearance was zero, fresh
manure production was 0.83 — 2.5 g/bird-h. Thiconte suggests that during the dark
periods (when feed disappearance was zero or minmaaure was still being produced.

Bird fresh manure production and feed disappeartoraeach of the 6-d MAT and
both SD treatments during light, dark and dailyigs are shown in tables 3 to 7 for birds
at different ages. Results indicated no significdifference in feed disappearance (P =

0.46 — 0.81) between the two SD regimens, suggeshat the reduced floor area
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allocation did not adversely affect feed use. Cqusatly, fresh manure production was
not affected by the SDs either (P = 0.17 — 0.72).

About 8% of the total feed use took place durirgdark period, while about 20%
of the total fresh manure was produced during #meesperiod. This outcome supports the
above discussion that some manure is still prodalteohg dark hours even when birds
are not eating. These results are consistent witht Wing (2008) reported that laying
hens used about 4% of the total feed use whileymiad 17% of the total fresh manure
during dark hours.

Ammonia ER for dark, light and daily periods undlee different SD regimens at
1-6 d MAT are also shown in tables 3 to 7 for biatiglifferent ages.

For data analysis purposes, a distinction was rbatigeen ‘clean’ vs. ‘non-clean’
system and NEIER in several units were derived from the dailysNEHR obtained from
‘clean’ system. NB ER data in tables 3 to 7 are presented for ba¢larc and ‘non-clean’
systems. One can see that for the ‘non-clean’ systeost of the residual ammonia is
flushed before the first 48-h of MAT, when 95% ddehce intervals for both conditions
started to overlap.

One can observe from daily NHER data presented in tables 3 to 7 (for both clean
and non-clean systems), that considering the Fadtthe light period was always bigger
than dark period, the emissions for HD and LD ia tlark period would be relatively
equal to the respective emissions for the lightgaeif light and dark hours had the same
number or hours. This fact is an indication thatssions tend to be more intense during
the dark period. In fact, Ning (2008) observedrailsir result and speculated that during

the light period the newly defecated manure cotteesold manure surface which is more
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responsible for Nglemission because new manure needs time to decerapdsgenerate
NHs. The new manure covers the relatively old mama@ycing the effective surface area
for emission. It is estimated that about 37% ofdagdy NH; was emitted during the dark
hours. This outcome indicates that if an ddpressing agent is applied to the hen

manure, it would be more effective to apply theragkiring the dark period.

Conclusions

Feed disappearance, fresh manure production andBRHwvere partitioned into dark
and light periods for pullets and laying hens undifferent SD regimens from 1- to 6-d
MAT. The analysis revealed the following:

1. Stocking density did not impact feed disappearafite= 0.46 -0.81) or fresh
manure production (P = 0.17 — 0.72). Each graneed fuse led to 0.53 to 1.15 g of
fresh manure production.

2. Feed use during the dark period was minimal, wkime fresh manure was still
being produced;, ranging from 0.91 to 3.4 g/birdiine partitioning of feed
disappearance between light and dark hours was a8d/@® %, respectively; and
the partitioning of fresh manure production durdayk and light hours was 80 %
and 20 % respectively;

3. The partitioning for daily NRlER between light and dark hours was 63% and 37%

of the total daily emissions, respectively.
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Table 1. Bird body weight (mean and SE) and feedeprotein (CP) content .

Bird Age (wk) Bird EoDdy weight (kg), TeDan (SE) Feed CP content (%)
4 0.22 £0.017 0.22 £ 0.017 19.0
5 0.30 £ 0.014 0.30 £0.018 19.0
6 0.35 + 0.006 0.35 + 0.009 19.0
8 0.58 £ 0.015 0.59 £ 0.012 19.0
9 0.67 £ 0.025 0.70 £ 0.022 17.5
10 0.76 £ 0.016 0.78 £0.013 17.5
12 1.00 £ 0.024 1.01 £0.022 17.5
13 1.03 £ 0.033 1.05 +0.025 17.5
14 1.02 £0.018 1.06 £ 0.017 15.5
16 1.15+0.01 1.17 £0.02 15.5
17 1.18 £ 0.07 1.19+£0.02 17.0
18 1.25 +0.06 1.23+0.01 17.5
23 1.46 £0.02 1.35+0.04 17.5

24 1.48 +0.01 1.48 +0.06 17.5
25 1.48 £ 0.04 1.50£0.10 17.5
34 1.49 +0.02 1.53+0.11 17.5
35 1.51+£0.08 1.53+0.11 17.5
36 1.54 +0.01 1.56 + 0.08 17.5

Table 2. Summary of the regression analysis peddrfar feed disappearance (FD, g/bird-h)
vs. fresh manure production (M&, g/bird-h), of the form MRsp= A*FD + B.

Bird age Parameter estimate ,
(wk) A+ SE P B+ S_E P R
(OmanurdGree) (9manurd/bird-h)
4-5 0.58+0.05 <0.0001 0.83+0.08 <0.0001 192 035
8-9 0.76%0.05 <0.0001 1.6+0.2 <0.0001 192 0.48
12-13 0.84+0.06 <0.0001 1.7£0.2 <0.0001 184 042
16-17 1.02+0.08 <0.0001 2.0+0.2 <0.0001 184 0.46
23-36 1.15+0.06 <0.0001 2.5+0.2 <0.0001 288 057
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Table 3. Estimated means and SEs from the two-Ws®¥AA test for a block design of:
fresh manure production, feed disappearance angB¥XRHor ‘clean’ and ‘non-clean’ system
during the light, dark and daily periods (17 L vsD) along the six days of MAT of W-36
pullets at two cage stocking densities (SD): hemn=ad - 5 wk; hen body weight = 220 - 329
g; HD = 155 crivbird; LD = 206 cri/bird.

Manure accumulation time (MAT-d)

Variable Period SD
1 2 3 4 5 6 Overall
= HD 3618 38121 29+8 32+10 44+7 3916 36+1
i=) Light
g = LD 44+8 75121 51+8 55+10 57+7 4816 55+1§
(=]
O =
58 HD 4+1 5+1 6.8+0.5 4+1 6+1 5.5+0.5 5+1
C
G & Dark
EQ LD 5+1 4+1 6.7+0.5 5+1 611 6.8+0.5 6+1
c=
(=]
g = HD 41+9 42421 3619 36+11 50+8 44+7 42+19
L Daily
LD 4919 79+21 58+9 60+11 62+8 55+7 61+14
© HD 29+2 30+2 29+3 30+3 30+4 27+2 29+3
2 Light
g = LD 2712 29+2 27+3 30+3 3014 30+2 29+3
o
=
% L HD 0.7+0.4 0.3+0.1 1+1 0.18+0.0¢ 0.2+0.1 3.3x0p 910.4
o Dark
T2 LD 1.1+0.4 0.4+0.1 1+1 0.20+0.0¢ 0.3+0.1 3.1+0.p 0+D.4
- =
(=]
§E =~ HD 3043 30+2 30+3 304 30+4 30+2 30+3
Daily
LD 28+3 29+2 28+3 30+4 31+4 33+2 303
HD 0.03+0.04| 0.06+0.14 0.20+0.07 0.4+0.2 1.2+0J6 14+ -
- Light
x 8 € LD 0.01+0.04| 0.03£0.13 0.070.0f 0.2+0.2 0.7+£0)6 12+ -
s g
T Q,C)L 2 HD 0.02+0.02| 0.04+0.3Q0 0.10+0.02 0.20+0.p4 0.8+0[3 2+1 -
zg? Dark
%E s LD 0.01£0.02| 0.02+0.30 0.03+0.0p 0.10+0.04 0.3+0|3 1#1 -
o) =
o
DES HD 0.05+0.07| 0.10+£0.14 0.3+0.1 0.6+0.3 241 612 -
Daily
LD 0.02+0.07| 0.05+0.14 0.1+0.1 0.3+0.2 1+1 312 -
HD - - - - - - -
£ Light
Fac HD - - - - - - -
zZc® Dark
_5§ 3 LD - - - - - - -
825
vg/ HD - - - - - - _
Daily
LD - - - - - - -

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent @ andb for 0.01< P< 0.05,
andx andy for P< 0.01. Overall values for variables that have auative nature wouldn’'t make sense and thus theg wet shown in

the table above.
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Table 4. Estimated means and SEs from the two-way ANOMWA fte a block design of: fresh
manure production, feed disappearance ang BRI for ‘clean’ and ‘non-clean’ system during the
light, dark and daily periods (14 L vs. 10 D) along the six days ol MAW-36 pullets at two cage
stocking densities (SD): hen age = 8 - 9 wk; hen body wei§i®0= 670 g; HD = 310 cftbird; LD

= 413 cni/bird.

Manure accumulation time (MAT-d)
Variable Period SD
1 2 3 4 5 6 Overall
= HD 3519 48+7 52+7 4414 46+12 39+12 4410
i=) Light
g = LD 42+9 52+7 51+7 47+14 51+12 48+12 49+1
o
=
58 HD 15+4 23+2 2745 12+4 11+4 12+4 17+4
c
T & Dark
EQ LD 23+4 22+2 175 20+4 15+4 25+4 20+4
<
(=]
§ = HD 50+13 71+8 79+10 56+17 57+8 51+15 61+14
L Daily
LD 65+13 7418 68+10 67+17 66+8 73£15 69114
o HD 38+10 4515 35+8 38+6 35+8 38+3 38+7
2 Light
g ) LD 41+10 385 43+8 436 4548 4443 42+7
(=]
Q=
g g HD 612 73 9+4 6+2 816 848 7.35
oL Dark
T2 LD 3+2 243 44 412 146 318 2.845
- <
(=)
§ = HD 44+11 45+7 44+7 4416 4318 46+7 467
Daily
LD 44+11 47+7 47+7 4716 4648 47+7 45+7
HD 0.07+0.30 0.1+0.2 0.6+0.7 242 8+3 17+4 -
- Light
o 3 = LD 0.20+0.30 0.4+0.2 0.6+0.7 242 3+3 154 -
ws2
T $— 2 HD 0.03+0.05 0.1+0.1 1.4+0.4 2.7+0.5 3+1 131 -
zg?2 Dark
%5 8 LD 0.10+0.05 0.2#0.1 0.4+0.4 1.620.5 2+1 11+1 -
[o) 4
(8]
cE= HD 0.1+0.4 0.2+0.4 2+1 5+3 1145 3045 -
Daily
LD 0.3+0.4 0.6+0.4 1+1 4+3 515 2615 -
HD 13+2 1.2+0.3 31 82 17+2 16+ -
£ Light
x 8 % LD 8+2 0.3+0.3 1+1 3+2 9+2 10+4 -
s >
< UIC)L 2 HD 612 0.4+0.2 1.9+0.7 4+1 10+1 8+1 -
zZ5¢9 Dark
%‘E © LD 542 0.1+0.2 0.8+0.7 2+1 71 5+1 -
o &
a]
E E HD 19+4 1.6x0.5 51 12+3 27+3 24+5 -
Daily
LD 13+4 0.4+0.5 2+1 5+3 16+3 1545 -

Values for the two stocking densities of each \@edollowed by different letters are significantljfferent @ andb for 0.01< P< 0.05,
andx andy for P< 0.01. Overall values for variables that have audative nature wouldn’t make sense and thus theg wet shown in

the table above.
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Table 5. Estimated means and SEs from the two-way ANOMA fte a block design of: fresh
manure production, feed disappearance and BRI for ‘clean’ and ‘non-clean’ system during the
light, dark and daily periods (13 L vs. 11 D) along the six days ol MAW-36 pullets at two cage
stocking densities (SD): hen age = 12 - 13 wk; hen body weight = 1000 — 1030 g; HD =*&fiftirm
LD = 413 cni/bird.

Manure accumulation time (MAT-d)
Variable Period SD
1 2 3 4 5 6 Overall
= HD 63+6 64+6 65+5 62+6 67+6 62+4 605
i=) Light
g = LD 61+6 65+6 805 7246 62+6 65+4 67+5
o
O =
58 HD 15+1 16+1 15+1 16+1 12+3 13+1 14+2
=
G & Dark
EQ LD 13+1 14+1 16+1 13+1 12+3 14+1 16+2
<
(=2}
g = HD 79+6 807 805 7846 79+8 75+5 74+6
L Daily
LD 74+6 79£7 9645 8516 74+8 79+5 836
o HD 48+10 4745 4848 4946 4648 37+3 46+7
2 Light
g = LD 45+10 4945 4518 50+6 4148 38+3 4547
o
Q=
g2 HD 6+2 10+3 9+4 4+2 8+6 11+8 8.0#5
oz Dark
T2 LD 3+2 8+3 7+4 62 6+6 8+8 6.3+5
- <
o)
§E = HD 54+11 57+7 57+7 53+6 54+8 48+7 54+8
Daily
LD 48+11 57+7 5247 56+6 4748 4647 51+8
HD 0.2+0.1 0.21+0.10 0.7+0.1 2+1 11+3 25+6 -
- Light
x 8 =3 LD 0.1+0.1 0.07+0.10| 0.4+0.1 1+1 10+3 15+6 -
wse
T Q,C)L g HD 0.10+0.05| 0.09+0.03 0.31+0.04  0.9+0.3 5.0+0]5 +11 -
zg? Dark
%E s LD 0.04+0.05| 0.03+0.03 0.20+0.04  0.6+0. 4.0+05 18+ -
o) =
[a =)
E HD 0.3+0.2 0.3+0.1 1.0+0.14 3+1 16+4 36+8 -
Daily
LD 0.1+0.2 0.1+0.1 0.6+0.1b 2+1 14+4 2348 -
HD 13+3 8+2 13+4 4046 a 4819 a 40+13] -
£ Light
x 3 % LD 11+3 3+2 5+4 11+6 b 15+#9 b 22+13 -
w s >
< 09). 2 HD 5+1 2+1 5+2 4+3 5+3 21+6 -
Z2gs Dark
2L 0o LD 4+1 1+1 1+2 4+3 7+3 12+6 -
825
= g/ HD 18+4 10+2 1845 4419 53+11 61+18 -
Daily
LD 15+4 4+2 615 15+9 22411 34+18 -

Values for the two stocking densities of each \@edollowed by different letters are significantlyfferent @ andb for 0.01< P< 0.05,
andx andy for P< 0.01. Overall values for variables that have auative nature wouldn’t make sense and thus they wet shown in

the table above.



61

Table 6. Estimated means and SEs from the two-way ANOMA fte a block design of: fresh
manure production, feed disappearance and BRI for ‘clean’ and ‘non-clean’ system during the
light, dark and daily periods (13 L vs. 11 D) along the six days ol MAW-36 pullets at two cage
stocking densities (SD): hen age = 16 - 17 wk; hen body weight = 1008-g; HD = 310 cffbird;
LD = 413 cni/bird.

Manure accumulation time (MAT-d)
Variable Period SD
1 2 3 4 5 6 Overall
E HD 7416 798 736 7444 7446 8345 7616
.% Light
$3 LD 7046 80+8 7846 804 8946 7745 7946
O =
53 HD 1741 1945 1942 1742 1543 1822 1843
S & Dark
EQ LD 14+1 2245 2142 2242 1543 1742 1943
c<
8= HD 9147 08+12 9247 9147 8946 10147 9448
[ Daily
LD 84+7 102412 9917 102+7 1046 9447 9848
g A HD 59+10 615 58+8 5446 58+8 5543 58+7
c Light
g g LD 52+10 6445 5848 636 5348 58+3 58+7
Q=
gg HD 612 6+3 9:+4 9+2 616 318 6.545
oz Dark
5 g LD 3+2 313 424 342 106 648 4.845
o<
g3 HD 65+11 677 677 636 64+8 58+7 64+7
w Daily
LD 55+11 677 62+7 666 638 64+7 637
HD 1'3f)°'03 15:01 | 15402 342 3147 57+14 ;
Light
v S8F LD 1'43;—'0'03 12401 | 11202 142 1627 38+14 -
wyg e
£e5 Hp | 071092 00:01a] 00101 20s04) 184 3316 -
o c Dark
> @
550 LD 06320.02) 6.01b| 07:01| 09204 1024 1946 -
QOES b
HD | 2.00:0.03| 242014 2402 542 49+13 90220 -
Daily
LD 2.03+0.03| 1.8t0.1bH 1.80.2 242 2613 57421 -
_ HD 79419 2143 2115 2617 3048 5111 -
~E Light
x 82 LD 59+19 2143 1845 18+7 2548 30+11 -
W 5 >
£8° HD 49+4 9+1 11+1 1542 1943 3744 -
Zg53 Dark
>£3 LD 43+4 741 941 1142 1323 234 -
T D &~
0ES HD 128425 3045 3246 41+10 49+10 88+14 -
=~ Daily
LD 102425 2815 2746 29410 38+10 62+14 -

Values for the two stocking densities of each \@edollowed by different letters are significantlifferent @ andb for 0.01< P< 0.05,
andx andy for P< 0.01. Overall values for variables that have audative nature wouldn’t make sense and thus theg wet shown in

the table above.
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Table 7. Estimated means and SEs from the two-way ANOMA fte a block design of: fresh
manure production, feed disappearance and BRI for ‘clean’ and ‘non-clean’ system during the
light, dark and daily periods (16 L vs. 8 D) along the six dafyMAT of W-36 hens at two cage
stocking densities (SD): hen age = 23-34 wk; hen body weighb% 13564 g; HD = 413 cffbird;
LD = 620 cni/bird.

Manure accumulation time (MAT-d)
Variable Period SD
1 2 3 4 5 6 Overall
= HD 100+8 12717 131+16 120+14] 9715 92+3 111+10
K=} Light
ez LD 10748 12717 98+16 108+14 10315 9543 106+10
o
=
§ g HD 29+2 29+l a 31+2 29+l a 28+1 4 26x1 29+1
T & Dark
EQ LD 24+2 24+1b 24+2 25%¥1 b 24+1 b 25+1 24+]
<
(=]
é = HD 129+8 15617 162+18 149+15 12545 118+ 14011
Daily
LD 131+8 150+17 122+18 132+15 12745 120+3 13111
o HD 877 8515 965 777 915 90+6 88+6
2 Light
g ) LD 106+7 10145 10445 767 8945 91+6 956
(=]
Q=
g9 HD 1£1 1+1 1.1#0.3 | 0.9#0.3| 3.1:x04n 1£1 1.4+]
e Dark
50 LD 21 3£1 1.1+0.3 | 1.2#03| 1.1:x04b 3£1 1.9+]
- <
(=)
§ = HD 88+7 8615 a 975 78+6 9445 91+6 89+7]
Daily
LD 108+7 10445 b 10545 776 9045 94+6 96+7
HD 3+2 8+2 25+7 61+10 108+17 168+24 -
- Light
o 3 = LD 412 7+2 18+7 39+10 7217 102+24 -
ws2
T $— 2 HD 2+1 4+1 162 3744 71+9 838 -
zg?2 Dark
=2£ 8 LD 3+1 5+1 112 25+4 42+9 58+8 -
5 2s
= HD 5+3 12+4 419 98+13 179+26 251+33 -
Daily
LD 73 12+4 2949 64+13 114426 160+33 -
HD 21215+ 36+4 28+2 51+5 88+13 15814 -
£ Light
x 8 % LD 165+15 22+4 14+2 335 63+13 99+16 -
s >
< UIC)L 2 HD 137+14 21+3 17+1 3214 67+5 87+8 -
zZ5¢9 Dark
%‘E © LD 95+14 95+3 95+1 95+4 95+5 95+8 -
o &
a]
E E HD 349+29 57+6 45+3 838 245+19 245%21 -
Daily
LD 260+29 38+6 25+3 56+8 171+19 171427 -

Values for the two stocking densities of each \@edollowed by different letters are significantlifferent @ andb for 0.01< P< 0.05,
andx andy for P< 0.01. Overall values for variables that have auative nature wouldn’'t make sense and thus theg wet shown in

the table above.
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CHAPTER 4. GENERAL CONCLUSIONS

This thesis research was conducted to fulfill twainmobjectives. The first objective
was to delineate the magnitude of Nemission rate (ER) of pullets and laying hens as
affected by bird age, manure accumulation time (NMARd stocking density (SD). The
second objective was to investigate the dynamideeding, defecation and NHmissions
of birds housed under different SD regimens anfikigiht MAT. Tests were conducted in a
laboratory setup that resembled the conditions ahume-belt (MB) laying-hen housing
systems.

The first objective was accomplished by monitorihg emissions from pullets (4 to
18 weeks of age) and laying hens (23 to 37 weelagej at different SDs (155 to 619%Tm
bird ) from 1- to 6-d MAT. NH ER was expressed in several units, including theumt of
NH3; emission per bird, per kg of feed nitrogen (N)agigearance, and per kg of ‘as-is’ and
dry manure weight and g/AU (animal unit). The stoelvealed the following:

e Ammonia (NH;) emission of pullets and laying hens increase$ Wwitd age and

manure accumulation time, following an exponerggtern.

e SD effect on NH emission became more pronounced for MA3 d.

¢ Daily NH3 emission increases with age and manure accumultine, but tends to

decrease with increasing floor space allocaticthédhens.

The second objective was accomplished by continlyouseasuring feed
disappearance and ‘as-is’ manure production. Aordlgn was developed and validated to
calculate the fresh manure production (g/hen-hinfras-is’ manure weight readings by
accounting for the moisture loss from manure thhoexgaporation. Feed disappearance, fresh

manure production and hourly NER of the pullets and layers were partitioned ediog to
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dark and light periods for the same SD regimens dke first objective and for 1- to 6-d
MAT. The following conclusions were drawn:

¢ SD did not impact feed disappearance (P = 0.481) @r fresh manure production
(P =0.17 — 0.72). Each gram of feed use yield8 ®5..15 g of fresh manure.

e Feed use during the dark period was minimal, wbdme fresh manure was still
being produced, ranging 0.91 to 3.4 g/bird-h. Ta#ifoning of feed use into light
and dark periods was 92 % and 8 %, respectivelyerg@ds the concomitant
partitioning of fresh manure production was 80 % 26 % respectively.

¢ The patrtitioning for daily NslER between light and dark hours was 63 % and 37 %

of the total daily emissions, respectively.
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APPENDIX 1.

CR10 PROGRAM USED IN THE STUDY

*Table 1 Program

11:

L S

ourwbRo

01: 1 Execution Interval (seconds)

Batt Voltage (P10)

1 Loc [ Batt_Volt ]

If time is (P92)

01 M nutes (Seconds --) into a
1440 Interval (same units as above)
30 Then Do

Si gnature (P19)

2 Loc [ Prog_Sig ]

End (P95)

Do (P86)

1 Call Subroutine 1

Do (P86)

45 Set Port 5 High

Begi nni ng of Loop (P87)

0 Del ay

4 Loop Count

Do (P86)

74 Pul se Port 4

Excitation with Delay (P22)

Ex Channel

Delay WEx (units = 0.01 sec)
Delay After Ex (units = 0.01 sec)
nV Excitation

OFr OpPFr

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range
1 Dl FF Channel

3 -- Loc [ Flow_ 1 ]
0. 044 Mul t
0.1112 O fset

End (P95)

Do (P86)
74 Pul se Port 4

Excitation with Del ay (P22)
1 Ex Channel
0 Delay WEx (units = 0.01 sec)
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1 Delay After Ex (units = 0.01 sec)
0 nV Excitation
Volt (Diff) (P2)
1 Reps
25 2500 nV 60 Hz Rej ection Range
1 Dl FF Channel
7 Loc [ NH3 ]

0.032 wul t
-12.633 O fset

Do (P86)
74 Pul se Port 4

Excitation with Del ay (P22)

1 Ex Channel
0 Delay WEx (units = 0.01 sec)
1 Delay After Ex (units = 0.01 sec)
0 nV Excitation
Volt (Diff) (P2)
1 Reps
25 2500 nV 60 Hz Rejection Range
1 Dl FF Channel
8 Loc [ CO2 ]

5. 0667 wul t
-2021.6 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel
0 Delay WEx (units = 0.01 sec)
1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation
Volt (Diff) (P2)
1 Reps
25 2500 nV 60 Hz Rejection Range
1 Dl FF Channel
9 Loc [ dP ]

0.076 wul t
-89.227 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 DI FF Channel

10 Loc [ FB_1 ]

1.911 Mul t
26. 355 O fset
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Do (P86)
74 Pul se Port 4

Excitation with Del ay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Delay After Ex (units = 0.01 sec)
0 nmV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 DI FF Channel

11 -- Loc [ FB_ 2 ]

2. 3544 Mul t
-465.18 O fset

Do (P86)
74 Pul se Port 4

Excitation with Del ay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Delay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 Dl FF Channel

12 Loc [ FB_3 ]

2.4734 wul t
-508.08 O fset

Do (P86)
74 Pul se Port 4

Excitation with Del ay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Delay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 Dl FF Channel

13 -- Loc [ FB_4 ]

2.5066 wul t
-507.81 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)
Ex Channel
Delay WEx (units = 0.01 sec)
Del ay After Ex (units = 0.01 sec)
nV Excitation

OrOoOpR
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Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rej ection Range
1 Dl FF Channel

14 Loc [ MB_1 ]

1.9945 wul t
34. 354 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Delay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 Dl FF Channel

15 -- Loc [ MB_2 ]

2.3489 wul t
-467.39 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 DI FF Channel

16 -- Loc [ MB_3 ]

2.4708 wul t
-509.82 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rejection Range

1 DI FF Channel

17 -- Loc [ MB 4 ]

1.9072 Mul t
24,022 O fset

Do (P86)
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74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel

0 Delay WEx (units = 0.01 sec)

1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (Diff) (P2)

1 Reps

25 2500 nV 60 Hz Rej ection Range

1 Dl FF Channel

39 Loc [ Dewpoint ]

0. 0218 wul t
-9.9804 O fset

Do (P86)
74 Pul se Port 4

Excitation with Delay (P22)

1 Ex Channel
0 Delay WEx (units = 0.01 sec)
1 Del ay After Ex (units = 0.01 sec)
0 nV Excitation
Volt (Diff) (P2)
1 Reps
25 2500 nV 60 Hz Rejection Range
1 Dl FF Channel
40 Loc [ & ]
1 Ml t

20. 091 O fset

Do (P86)

55 Set Port 5 Low

Tenp (107) (P11)

1 Reps

3 SE Channel

1 Excite all reps wE1l

18 Loc [ Tenp_O ]

1.0 mul t

0.0 O fset

Do (P86)

47 Set Port 7 High

Excitation with Delay (P22)

1 Ex Channel

15 Delay WEx (units = 0.01 sec)
0 Del ay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (SE) (P1)

1 Reps

25 2500 nV 60 Hz Rejection Range
4 SE Channel

19 Loc [ RHO ]

1 Ml t

0 O fset
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Do (P86)
57 Set Port 7 Low

Tenp (107) (P11)

4 Reps

5 SE Channel

1 Excite all reps wE1l

20 Loc [ Tenp_1 ]

1.0 Mul t
0.0 O fset

Do ( P86)
48 Set Port 8 High

Excitation with Del ay (P22)

1 Ex Channel

15 Delay WEx (units = 0.01 sec)
0 Delay After Ex (units = 0.01 sec)
0 nV Excitation

Volt (SE) (P1)
4 Reps

25 2500 nV 60 Hz Rejection Range
9 SE Channel

24 Loc [ RH 1 ]

1 Mul t
0 O fset

Do (P86)
58 Set Port 8 Low

If time is (P92)
0 -- Mnutes (Seconds --) into a
5 Interval (same units as above)
10 Set CQutput Flag H gh (Flag 0)
Set Active Storage Area (P80)

1 Final Storage Area 1

101 Array ID

Real Tine (P77)

1111 Year, Day, Hour/ M nut e, Seconds (m dni ght
Aver age (P71)
4 Reps
3 Loc [ Flow_ 1 ]

Aver age (P71)

1 Reps
7 Loc [ NH3 ]

Aver age (P71)

1 Reps
8 Loc [ CO2 ]

Aver age (P71)
1 Reps
9 Loc [ dP ]

= 0000)
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69: Average (P71)

1: 8 Reps
2: 10 Loc [ FB_ 1 ]
70: Average (P71)
1: 10 Reps
2: 18 Loc [ Tenmp_O ]
71: Sanple (P70)
1: 5 Reps
2: 34 Loc [ Valve_ O ]

*Tabl e 2 Program
01: 1 Execution Interval (seconds)

1: Serial Qut (P96)
1. 71 St orage Modul e

*Tabl e 3 Subroutines

1: Beginning of Subroutine (P85)

1. 1 Subroutine 1

2: If tinme is (P92)

1. 0 M nutes (Seconds --) into a
2: 39 Interval (same units as above)
3: 30 Then Do

3:  Z=F (P30)

1: 0 F

2: 0 Exponent of 10

3: 34 Z Loc [ Valve_O ]

4: Z=F (P30)

1: 0 F

2: 0 Exponent of 10

3: 35 Z Loc [ Valve_1 ]

5: Z=F (P30)

1: 0 F

2: 0 Exponent of 10

3: 36 Z Loc [ Valve_2 ]

6: Z=F (P30)

1: 0 F
2: 0 Exponent of 10
3. 37 Z Loc [ Valve_3 ]

7. Z=F (P30)

1: 0 F
2: 0 Exponent of 10
3: 38 Z Loc [ Valve_4 ]

8: End (P95)

9: If tine is (P92)
1. 10 M nutes (Seconds --) into a
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49 Interval (same units as above)

30 Then Do

Z=F (P30)

1 F

0 Exponent of 10

34 Z Loc [ Valve_ O ]
Z=F (P30)

1 F

0 Exponent of 10

35 Z Loc [ Valve_1 ]
Z=F (P30)

0 F

0 Exponent of 10

36 Z Loc [ Valve_2 ]
Z=F (P30)

0 F

0 Exponent of 10

37 Z Loc [ Valve_3 ]
Z=F (P30)

0 F

0 Exponent of 10

38 Z Loc [ Valve_4 ]
End (P95)
If time is (P92)

20 M nutes (Seconds --) into a

49 Interval (same units as above)

30 Then Do

Z=F (P30)

1 F

0 Exponent of 10

34 Z Loc [ Valve_ O ]
Z=F (P30)

0 F

0 Exponent of 10

35 Z Loc [ Valve_1 ]
Z=F (P30)

1 F

0 Exponent of 10

36 Z Loc [ Valve_2 ]
Z=F (P30)

0 F

0 Exponent of 10

37 Z Loc [ Valve_3 ]
Z=F (P30)

0 F
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0 Exponent of 10

38 Z Loc [ Valve_4 ]
End (P95)
If time is (P92)

30 M nutes (Seconds --) into a

49 Interval (same units as above)

30 Then Do

Z=F (P30)

1 F

0 Exponent of 10

34 Z Loc [ Valve_ O ]
Z=F (P30)

0 F

0 Exponent of 10

35 Z Loc [ Valve_1 ]
Z=F (P30)

0 F

0 Exponent of 10

36 Z Loc [ Valve_2 ]
Z=F (P30)

1 F

0 Exponent of 10

37 Z Loc [ Valve_3 ]
Z=F (P30)

0 F

0 Exponent of 10

38 Z Loc [ Valve_4 ]
End (P95)
If time is (P92)

40 M nutes (Seconds --) into a

49 Interval (same units as above)

30 Then Do

Z=F (P30)

1 F

0 Exponent of 10

34 Z Loc [ Valve_ O ]
Z=F (P30)

0 F

0 Exponent of 10

35 Z Loc [ Valve_1 ]
Z=F (P30)

0 F

0 Exponent of 10

36 Z Loc [ Valve_2 ]
Z=F (P30)

0 F



2: 0 Exponent of 10

3: 37 Z Loc [ Valve_3 ]
35: Z=F (P30)

1. 1 F

2: 0 Exponent of 10

3: 38 Z Loc [ Valve_4 ]

36: End (P95)

37: SDM CD16 / SDM CD16AC (P104)
1. 1 Reps

2. 02 SDM Addr ess

3. 34 Loc [ Valve_ O ]

38: End (P95)
End Program

I nput Locati ons-

1 Batt_Volt 1 01

2 Prog_Sig 101

3 Flow 1 111

4 Flow_ 2 000

5 Fl ow_3 000

6 Flow 4 000

7 NH3 111

8 C2 111

9 dP 111

10 FB_1 111
11 FB 2 101
12 FB_3 101
13 FB 4 101
14 MB_1 102
15 MB 2 100
16 MB_3 102
17 MB_4 102
18 Tenp_0O 111
19 RH O 101
20 Tenp_1 501
21 Tenp_2 901
22 Tenp_3 901
23 Tenp_4 17 0 1
24 RH 1 501
25 RH 2 101
26 RH_ 3 901
27 RH 4 17 01
28 110
29 111
30 123
31 151
32 112
34 Valve_ 0 527
35 Valve_1 927
36 Val ve_2 137
37 Val ve_3 147
38 Val ve_4 158
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APPENDIX 2.
LABORATORY CALIBRATIONS OF THE MASS FLOW METERS
(MFMs) BASED ON THE FACTORY-CALIBRATED REFERENCE

MFM

Signal cable

=2
s L
“SdNrare 4
l ’ " ,

Figure 1. Pictorial representation of the four migms meters (MFM) for control and
measurement of mass flow rates of fresh air inkocthambers of the ISU multi-chamber

system for air emissions measurement.
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Figure 2. Calibration equations and correlationfficients of the output voltage and display
readings of mass flow meter #1 as a function ofdisplay reading of mass flow meter #4

(calibrated by factory).
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Flow rate (MFM #4, |/min)
Figure 3. Calibration equations and correlationffoments of the output voltage and display
readings of mass flow meter #2 as a function ofdisplay reading of mass flow meter #4

(calibrated by factory).
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0 0
0 20 40 60 80 100

Flow rate (MFM #4, l/min)

Figure 4. Calibration equations and correlationffoments of the output voltage and display
readings of mass flow meter #3 as a function ofdisplay reading of mass flow meter #4

(calibrated by factory).
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mV, = 22.653FR, + 5.1454
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Output voltage (MFM #4, mV)

Figure 5. Calibration equation and coefficientlod torrelation between the output voltage

and display readings of mass flow meter #4 (caidaldy factory).
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APPENDIX 3.

DYNAMIC BEHAVIOR OF THE SEMI-WEEKLY CALIBRATION OF

THE INNOVA 1412 DURING THE COURSE OF SOME TRIALS

w
o

&
X

S
X
X

[N
o

+ NH3 Zero
X NH3 Span

[
o

NH s concentration (ppm)
(53]

o
L

A4
D e S e S e T

-5 T T T T T T T T T
8-Mar 28-Mar 17-Apr 7-May 27-May 16-Jun 6-Jul 26-Jul 15-Aug 4-Sep 24-Sep

Figure 1. Behavior of the INNOVA 1412 when challedgand/or calibrated for NHwith
zero (99.999% nitrogen) and span (23.2 ppnmy Baélanced with nitrogen) during the course
of some trials of the experiment. The lines repnese0 + 0.5 ppm NEltolerance range for

the zero gas and 23.2 + 1.2 ppm \tblerance range for the span gas.
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Figure 2. Behavior of the INNOVA 1412 when challedgand/or calibrated for GQwith
zero (99.999% nitrogen) and span gas (2500 ppm lEa@anced with nitrogen) calibrations
during the course of some trials of the experim&he lines represent a 0 £ 25 ppm £O

tolerance range for the zero gas and 2500 + 125@@¥rtolerance range for the span gas.
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APPENDIX 4.

ASSESSMENT OF THE INTEGRITY OF THE ISU MULTI-CHAMBE R
AIR EMISSIONS MEASUREMENT SYSTEM THROUGH CO ,

RECOVERY TESTS

a) Experimental set up and data collection
-

Instrumentation

rack for
collection,
& distribution and
analysis of the air
samples from the
chambers and

ambien

100% ethanol lamps on top of

electronic scales for continuous
measurement of ethanol
consumption

Figure 1. lllustration of the ISU Multi-chamber Aimissions Measurement System set up

for the CQ recovery test.
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-\ Ambient
22 Lamps were
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EI:I T T T T T
1] 1 2 J 4 ]

Time elapsed (h)

Figure 2. Sample of the dynamics of change in teaipee in the ambient and inside
chambers (CH) 1, 2, 3 and 4 after the ethanol wereed on for a C@recovery trial. Air

flow rate was constant and approximately equabtt/iin inside all four chambers.
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Figure 3. Sample of the dynamics of the carbonid®XCQ) concentration in the ambient
air and inside chambers (CH) 1, 2, 3 and 4 durevgal cycles of 50 min of a G@ecovery

trial.



86

270

280 4

230 1

210 4

Burner weight (g)

190 1

170 1

150
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Figure 4. Dynamics of the change in the weighthef burner inside chambers (CH)1, 2, 3

and 4 indicating that the consumption of 100% ebhancurred during a C{Qecovery trial.

b) Algorithm used to estimate the ¢f@covery:

(Equations presented by Scott & Hillman, 1983)

1. Given:

10, (%) — G concentration of the entering air (ambient);

EO, (%) — G concentration inside the chamber after ethanoptaburned at least 90 min;
ICO, (%) — CQ concentration of the entering air (ambient);

ECO: (%) - CQ concentration inside the chamber after ethanoptaburned at least 90 min;
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EFR (I/min) — Flow-rate;

EDB (° C) — Dry-bulb temperature inside chamber;

CDB (° C) — Chamber dry-bulb temperature;

CDP { C) — Chamber dew-point temperature;

BP (mmHg) — chamber barometric pressure;

ERH (%) — Chamber air relative humidity (calculatesing EDB and DCP, assuming no
condensation between chamber and flow meter;

Ees (mmHgQ) — saturated vapors pressure of exhaysgetermined at EDB);

COH (g) - amount of alcohol consumed

T (min) — time required for COH

2. General Equations

.27316°C

EFRg, = EFR(BP — ERH EeS)?BOmmHg (Equation 1)

IN, =100-10, — ICO, (Equation 2)

EN, =100- EO, — ECO, (Equation 3)

EF .EN .
IFRspp :% (Equation 4)
2
Vo, = EFRsm ECO, _ IFRsw 10, b0 ovion )
? 10¢ 10¢
COH.(3 mole)

PVO

> = (460694 g)[22414 moie) (FAUaION )

VCO, T
RCO: =5vo

100 (Equation 7)

2
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Where:

EFRstep (I/min) — exhaust flow rate at standard tempemtund pressure;

IN> (%) — incoming nitrogen;

EN> (5) — exhaust nitrogen;

IFRstpp (I/min) — incoming flow rate; assumes temperatina@ometric pressure and vapor

pressure same as exhaust air;

VO, (I/min) — rate of oxygen consumption;

VCO2 (I/min) — rate of carbon dioxide production;

RQ (non dimensional) — respiratory quotient

PVGQO; (I) — estimated volume of oxygen consumed by eth&amp, assumes behaves as an
ideal gas;

PVCQ; (I) — estimated volume of carbon dioxide produbgdethanol lamp; assumes carbon
dioxide behaves as an ideal gas;

RCQO;, (%) — recovery of carbon dioxide.
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APPENDIX 5.
SAS PROGRAMS DEVELOPED TO ANALYZE THE DATA SETS IN
TWO LEVELS: THE ‘FULL MODEL’' THAT ACCOUNTED FOR
EFFECTS OF AGE, MANURE ACCUMULATION TIME AND
STOCKING DENSITY AND INTERACTIONS VS. THE ‘REDUCED’
MODEL THAT ONLY ACCOUNTED FOR STOCKING DENSITY
EFFECTS

SAS Program for the Full Model Analysis

/* read in data */

dat a anoni a;

i nput age batch day density cage vy;
cards;

1 1 1 1 1 0. 257

1 1 1 1 2 0. 031

1 1 1 2 1 0. 035
5 2 6 2 2 123.011
run,

/* log transformthe response */
dat a anoni a;
set anoni a;
ly = 1Tog(y);
run;
proc sort data=anoni a
by density batch day age cage lvy;
run;
proc univari ate data=anoni a pl ot;
var lvy;
by density;
run;

/* fit the nodel */
proc m xed dat a=anmoni a net hod=rem nobound,;
cl ass age batch day density cage;
nodel |y = batch age|day|density / ddfnmesatterthwaite residua
out p=anoni a_out ;
random cage cage*age;
| sneans age*day*density / adj ust=tukey;
run;
proc glimm x dat a=anoni a;
cl ass age batch day density cage;
nodel |y = batch age|day|density / ddfnrsatterthwaite;
random cage cage*age;
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| sneans age*day*density / |ines adjust=tukey;
run;

/* Assess the nodel fit using the residuals. */
proc gpl ot dat a=anoni a_out;
pl ot studentresid*pred;
run;
proc gpl ot dat a=anoni a_out;
pl ot predictedl y*day;
run;
proc univari ate data=anoni a_out;
var studentresid;

qqpl ot ;
run;
proc print data=anoni a_out;
run;

SAS Program for the Reduced Model

/* read in data */
data anoni a;
i nput day age batch density cage vy;

cards;

1 1 1 1 1 0. 313

1 1 1 1 2 0. 037

1 1 1 2 1 0. 037

6 5 2 1 2 118. 655
6 5 2 2 1 127. 483
6 5 2 2 2 149. 466
run;

data anoni al;
set anoni a;

i f day=1 and age=3;
run;

/* fit the nodel */
proc gl m dat a=anoni al;
cl ass batch density cage;
nodel y=batch density batch*density;
random cage*densi t y*bat ch;
nmeans batch density / tukey lines cldiff al pha=0.05;
LSMeans batch*density / adjust=tukey-kramrer pdiff cl al pha=0.05;
run;
proc m xed dat a=anmoni al nmet hod=rem nobound;
cl ass batch density cage;
nodel y = batch density batch*density / ddf mrsatterthwaite;
random cage;
| sneans density batch / pdiff adjust=Tukey;
run;

proc print data=anonial;
run;
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