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Abstract

A study was conducted in a broiler house belonged to Poultry research station - national
Board of Agri. Research Iraq -Baghdad. The purpose of the study was to investigate how the
rearing system affects the litter chemical components, hence how these elements impact the
air pollutants in the poultry house especially ammonia, (particulate Matter) PM10 and PM2.5
pum. The litter chemical components include Ph, dry matter, moisture, ash, organic matter,
nitrogen and crude protein. 608 birds were distributed into 16 pens inside the poultry house
under varying conditions: first Litter/padding deep 5 vs 7 cm. second, spatial distribution, or
in other word bird location near air inlet vs. exhaust outlet, third was stocking density (7 birds
/m? vs. 12 birds/ m?). The Amonia gas was quantified by the multiple gas monitoring detector
S360 along with BENETECH-GM8806-Ammona-Gas-Detector as back up device.

The pm 10 and 2.5 pum were quantified using multiple gas monitoring and detector
S360.THC-4 temperature and humidity data logger was used to log the data. The findings
demonstrated that not all the litter's chemical constituents were impacted. The only factor that
had an impact on the parameters of dry matter, moisture, ash, and organic matter was the
stocking density. The results also showed that the ammonia level was not detectable during all
5weeks of age. The pm10 and 2.5 pm were very high in the beginning of rearing period with
lower rates in between because of using gaseous brooders in the beginning of the rearing
period and later on due to the high levels of dust particles resulting from the ground feed that
was provided to the birds more than once daily , because the birds grow in age and became
larger in size hence the mechanism of its wings interacting with the litter and feed became
also stronger during the last stages of rearing.

Key words: Ammonia, Bedding Thickness, Birds Spatial Location, Pm10and 2.5 pm,
Stocking Density.



1.Introduction

Management of the miniclimate in Poultry
houses represent a challenge to the
growers. because most of rearing
procedures in broiler houses aims to
increase income and push the limit of
stocking density to the far most, on the
condition of balancing with welfare of the
flock [1]. The litter is considered a very
important parameter in the equation of
handling with the microclimate inside the
house, because this medium is interactive
with the birds. the litter absorb the exert of
the birds and controls emissions inside the
house. The litter interacts continuously
with the environment throughout the
rearing period; thus, it’s physical and
chemical properties is affected, hence the
microclimate quality surrounding the birds
is affected too [2] [3]. among the factors
affecting litter quality is how deep it is. the
thickness of the litter impacts the trait of
absorption of moisture [4] . the stocking
density also affects the litter in terms of its
guality and quantity of constituents
present in it [5] [6]. special distribution is
affected by the performance of the
ventilation which in turn affects the litter
moisture (quantity) thus performance of
the birds could be heterogenous if the
microclimate wasn’t uniform throughout
the broiler house [7].

This study aims to investigate litter
thickness, stocking density and birds’
distribution inside the house on chemical
characteristics of the litter such as: Ph, dry
matter, moisture, ash, organic matter,
nitrogen, and crude protein.

2.Materials and Methods

A study was conducted during the period
of April 1st to May 5th, 2025, at poultry
research station, Iragi national board of
Agricultural research, in Abu Ghraib
district — Baghdad Irag. The figure (1)
shows the broiler house. A 608 bird were

used in the experiment distributed into 16
pens, each measuring 4 m2. The ventilation
system in the house was cross section
design in which the air moves laterally.
Litter thickness of 5 and 7 cm, stocking
density of 28 and 48 birds per pen, and the
distribution of birds within the house at
position 1 (the intake air openings) and
position 2 (the outlet openings on the
exhaust fan side) were the factors under
investigation. The BENETECH-GM8806-
Ammona-Gas-Detector figure (3) and the
multiple gas monitoring detector S360
figure (2) were used to quantify the
ammonia gas. The pm 10 and 2.5 um were
measured using (multiple gas monitoring
and detector S360 device). The
contaminants were measured in the front
and back of the house in the microclimate
symbolled as A and B in figure (1). The
Litter samples were collected at the end of
the rearing period then laboratorial
analysed.

Then according to kjeldal method as stated
in [8] the total protein was measured by:

N

Vdigest )
Vdistelld

1.401*(Vsample — Vblank)*N acidx(

sample weight

(1)

Where: Vsample: Volume of standard acid
used for titration of the sample(mL)
Vblank: volume of acid used for blank
(mL)

1.401: atomic weight of nitrogen (g.mol-1)
Vigest: total volume of the digested sample
(mL)

Visteltea: total volume of distilled sample
(mL)

Then N%=N*6.25.......... )

Ash was measured according to [9], [10].
organic matter, Carbone, ph. was
quantified according to [11] and [10].



(multiple gas monitoring detector device
of S360) working is based on air
continuous sucking pump and adopted for
guantifying Ammonia gas, along with
(BENETECH-GM8806-Ammona-Gas-

Detector device) was used as a backup
device as in Figure (2) and (3)

accordingly. THC-4  temperature  and
humidity data logger device as in figure
(4). The Statistical analysis used was
complete randomized design CRD by SAS
programme. LSD was used for comparison
among the means P<0.005.
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Figure (1) the design of the broiler house
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3.Results and Discussion

3.1 Special Distribution Impact on
Litter Physiochemical Ssubstances

The results in table (1) explain how the
elements in the litter affect the studied
traits. For example, the characteristics
under study were unaffected by the
location factor, in other words, the litter
substance groups were comparable in their
averages. That leads us to assume that the
environment on either side of the house
didn’t have effect on physiochemical
substances that all together constitutes the
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litter, this is in consistent with [12] who
said the temperature and humidity if were
spatially heterogenous in the house the
litter will perform differently , in
accordance, in our study temperature and
humidity levels were similar on both sides
as seen in figure (5)and(6). For instance,
figure (5) shows the relation between
Temperature and humidity during the
production period of 5 weeks and the
covariance of is related to figure (1) that
shows were the pens are present in which
side of the house along with the specified
litter thickness.
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Figure (5) pattern of Temperature and
humidity distribution in the first location
of A on the side of air inlets openings T:

temperature H: relative humidity

Whereby temperature levels didn’t exceed
31°C in all weeks of Age of the birds
(WOA). Temperature had more uniform
pattern in the house in comparison with
Relative humidity, which had a diverted
percentage from good levels in the early
and last phases of production along with
lower percentage in week 2,3, and 4 of
birds’ age.
That’s due to the diverse climate the house
encountered during April in 2025 in
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Baghdad. The beginning of the month was
cold, so we turned on the Brooders,
resulting in increasing temperature along
with decreasing relative humidity to the
point we needed to add water on the empty
spaces on the ground, afterward in (week
of age) WOA2, WOA3, WOA4 the
climate began to be warmth thus we
shifted to the maximum ventilation
providing turning off the brooders. But at
the end in WOADS the climate was turning
into hot, hence the birds needed
evaporation cooling to retain the neutral
climate zone, leading to increase in
relative humidity to a suitable level.
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Figure (6) pattern of Temperature and humidity distribution in the second location B on the
side of exhaust fans. T: temperature H: relative humidity



So, what is recommended is to keep
relative humidity on the 50-70% level
during all the production period,
nevertheless it was not uniform, but stable
throughout the pens during individual
WOA of the birds. Put differently, all the
pens in WOAL had a same percentage of
relative humidity, but the pens' relative
humidity levels in WOAL in comparison
to WOA2 didn't appear to be the same.
[13] stated that it’s best to keep the
relative humidity above 50% to have a
concentration of moister 30-35 % in litter,
and we kept it that way in our study. [14]
also said water activity as an environment
factor which is impacted by relative
humidity, whenever the later was uniform
the effect of the resulting water activity
will be uniform on the litter. Figures 5
and 6 show that they perform similarly
each week, that is, when you compare
WOAL1 at location 1 with WOAL at
location 2, they look very similar.
However, when you compare WOAL at
location 1 with WOAZ2 at location 2, or
even with location 1 itself, they don't look
similar because the rearing period began in
January 2025, and it was quite cold, so we
had to use gas brooders. , afterwords in
WOAZ2 the weather started to get worm so
we turned down the brooders, and used
maximum ventilation until the end of the
rearing period, then we shifted to
evaporation cooling due to the high levels
of temperature.

3.2 Litter/padding Thickness impact
on Litter Physiochemical substances

The effect of Litter deep, showed no
impact on the studied traits, in other words
the levels of Litter thickness had no effect
on the group of substances and this is in
consistence with [15] whom indicated
there were no differences in the depths
(5.08, 6.35 and 7.62 cm) on the Litter
traits , also the results were in consistence
with [16]

3.3 Stocking density Impact on
Litter Physiochemical substances

Table (1) shows that Stocking density
didn’t have an impact on Ph, Nitrogen,
and crude protein. On the other hand, The
Stocking density had a highly significant
impact on other substances such as Dry
Matter, Moisture, Ash, and Organic
Matter. The dry mater content was higher
in the lower density of 28bird /pen (7 bird
.m?) of 71.98 in comparison with 48 bird/
pen (12 bird .m™?). since the less density
produces less manure, it remains drier and
more stable leading to higher dry matter
content.



Table (1) Impact of Location of the Bird, Stocking Density and Litter Thickness on the Components of The Litter

Litter Substances (Traits)

Factors Levels
Dry . Organic Nitroge Crude
Ph Matter Moisture Ash Matter n Protein
1 8.37% 68.52 2 31552 10.52 2 89.47°2 3.11°% 19.47°
2 8.392 69.37% 30.62 % 10.162 89.83% 2.91° 18.226 2
Location LS.D 0.66 3.92 3.92 1.88 1.88 0.81 5.06
Pr<0.0 N. S N. S
5 N. S N. S N. S N. S N. S
5cm 8.09% 67.532 32.46°2 10.75% 89.24 2 2.92% 18.29 2
Litter 7cm 8.67% 70.36 2 29.71°2 9.93% 90.06 2 3.10% 19.40°2
Dee LS.D 0.66 3.92 3.92 1.88 1.88 0.81 5.06
P "pre00 N.S N.S
5 N. S N.S N. S N. S N. S
28 8.47% 71.98°2 28.08° 0.07° 90.922 2.79% 17.43°
Stockin 48 8.29% 65.91° 34.082 11.61° 88.38° 3.24% 20.26 2
Densitf LS.D | 066 3.92 3.92 1.88 1.88 0.81 5.06
Pr<0.0 o - e e N. S N. S
5 N. S

The same letters indicate a similarity in means

N. S = not significant

* = significant

** = highly significant




In addition, with less bird density a better
distribution of birds occurs leading to less
competition on drinkers thus less water
spillage on the litter for the less density
recorded 28.08% in comparison to the
high density recorded 34.08%.

Table (1) shows the level of ash was
higher in the SD of 48 bird /pen recording
highly significance difference of 11.61%
in comparison with the lowest SD of 28
bird/pen recording 9.07%, while the
organic ~ matter  increased highly
significantly in the lowest SD of 28 bird
/pen recording 90.92% in comparison with
higher SD of 48 bird/pen recording
88.38%. The reason for that can be
simplified in the fact that Ash is the
leftover of litter burning , it includes
minerals such as P and Ca along with uric
acid and urea so more birds means more
feed intake leading to more excreta that is
rich in minerals and salts ,Higher SD
produce more moisture [17], [18]and [19].
Hence it will help in retention of Ash this
is in consistence with [20] whom said
higher moisture leads to higher inorganic
compounds like ash.

3.3 Impact of Stocking Density on
Birds Performance

Since stocking density had influence on
some components of the litter, it’s useful
to know the effect of stocking density on
broiler performance. Table (2) shows the
effect of Impact of Stocking Density on
Birds Performance. It’s obvious that the
lowest stocking density (LSD) of 28 bird
/pen had the significant advantage of
cumulated FCR ratio by recording the
lowest FCR ratio of 1.29 gram feed/ gram
gain weight in comparison with the
(higher stocking density (HSD) of 48 bird/
pen recording 132 gram feed/ gram weight
gain [21]and [22], also [23] said that the
group recording the lowest FCR ratio is
the best performing group. In table (2) we

conclude that the same goes on in favour
of the (LSD) for the rest indicators of the
performance whereby SD of 28 bird /pen
recorded the significant larger body
weight of 2352.21 gm live weight in
comparison with SD of 48 bird/pen
recorded 2296.56 gm live weight. SD of
28 bird /pen consumed less cumulative
feed intake of 3172.44 gm of feed in
comparison with SD of 48 bird/pen
recorded 3141.42 gm of feed. Table (2)
elicit that SD of 28 bird /pen recorded
significantly better cumulative weight gain
of 2307.01gram in comparison with SD of
48 bird/pen of 2253.94. To address the
cause why the lowest stocking density did
record the best performance is easiness of
moving around, thus reaching to the water
and feed resources freely, this is in
consistence with [24].



Table (2) Impact of Stocking Density on Birds Performance

Weeks of Age
Traits Stockl_ng Cumulation
Density 1 2 3 4 5
Body 28 204.35% | 568.04% | 1092.33% | 1656.05% | 2352.21°2 --
Weight (gm) 48 202.272 | 569.99% | 1085.36% | 1634.20% | 2296.56° --
LS.D 5.41 20.31 23 28.17 50.29 --
Pr<0.05 N. S N. S N. S N. S * --
Feed 28 160.74° | 424.17% | 64450°? 828.51% | 1114.52°2 3172.44 2
Consumption 48 169.95°% | 431.30% | 654.76°2 825.55% | 1059.83° 3141.42°
(gm) LS.D 8.46 18.32 14.04 19.78 87.62 85.83
Pr<0.05 * N. S N. S N. S N. S N. S
Weight 28 159.35% | 363.68 524.29 563.71 2 696.16 ° 2307.01°2
Increase 48 159.64 % | 367.72° 515.372 548.83 2 662.36 2 2253.94°
LS.D 4.63 19.27 10.42 20.299 54.79 51.03
Pr<0.05 N. S N. S N. S N. S N. S *
Feed 28 1.01° 1.162 1.23° 1.47° 1.602 1.29°
Conversion 48 1.06° 1.17° 1.27° 1.50° 1.60° 1.32°
Ratio LS.D 0.05 0.03 0.03 0.03 0.02 0.01
Pr<0.05 * N. S * * N. S *x

The same letters indicate a similarity in means ~ N. S = not significant ~ * = significant ** = highly significant



Figure (7) is illustrating the Laboratory
analysis of the litter indicating the
percentage components of the substances
constituting the Litter.

When we go through Figure (7), we find
that Ph didn’t exceed 9 in all the pens. The
highest recorded PH was 8,77 in pen 11.
PH is not the only reason to release
ammonia from the litter. Temperature,
humidity, ventilation rate and air velocity
are all detrimental too [25] and [26]. [26]
also said that microbial growth in chicken
manure is optimal between 40-60 % and
ammonia emissions increases, but at levels
above and beyond that on the contrary
ammonia emissions decreases.in our study
when you look at figure (5) only two
pens/nests exceeded litter moisture content
of 37% ,meaning that 37% moisture
content is detrimental in prohibiting
ammonia emission inside the house. Water
activity on the other hand referred to as Ay
is an indicator of water availability for
microorganism, so it’s a better descriptive
parameter for microbial growth in
comparison with moisture content, high
dry matter content in the litter decreases
the available water thus decreases
microbial activity [26]. In our study when
looking to figure (5), The litter that was
made of saw chips was of high content of
dry matter of average 75%. The data in
figure (5) indicates that dry matter has the
biggest percentage in comparison with
other components. dry matter is composed
of ash+ organic matter [11] so higher dry
matter leads to less ammonia emissions,
that’s corresponds with our data in this
experiment whereby high percentage of
dry matter was recorded as seen in figure

).

as for crude protein which is simply
nitrogen multiplied by a constant factor
CP=N*6.25 [8] it tells us how much
protein is there originally in the diet but
not all of it converted to ammonia in other

words it’s the lever that we can adjust
nutritionally the N concentration in the
litter ~ that could be transformed to
ammonia. N levels below (3% of DM)
were recorded in our study along with low
moisture average of 33% and considerably
good PH level.

birds consume CP in the feed then exerts
ammonial0% plus nitrogen into the litter
as uric acid80% and urea5% microbes in
the litter breaks down these into +NH4
depending on PH moisture content,
temperature and dry matter content, a
portion of it converted to ammonia gas,
thus this process reduces the concentration
of N in the litter [27] ,that’s corresponds
with our findings in recording ready
percentage of N to be transformed into
NH3 gas due to using saw chips with good
thickness of 5 and 7 cm
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Figure( 7) the phisiochemical components of the litter



3.4 Particulte Matter2.5um

What is observed from figure (6) are the
following:
1) during WOA1 PM2.5 um is the highst
at the back of the house compared to the
front.

2) during WOAland WOAZ2 both levels of
PM2.5 pum at the back and front side
droped remarkbly.

3) during WOA4 the levels of PM2.5 um
rise again also the back and front side are
both closely identical.
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37.50
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32.50

week1 week?2

B front of the house

4) during WOAS5 the front of the house
recorded the highst concetrations of
PM2.5 um levels recorded across all the
weeks of ages.

[28] said that aerosol is used as synonym
for particulate matter. They all classified
as dust levels. It was above the
recommended levels especially during the
last week it recorded 35 m this was in
consistence with [29] whom said: during
the end of rearing period of broiler PM 2.5
pm goes up.
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Figure (6) levels of particulate matter of 2.5um

The results of the study is explained by the
facts that the concetrations of 2.5 um is
the highest concentration in the rear side
of the house during production period,
except for the last week as in figure (6),
this is in consistence with [30] whom
mentioned there are special and temporal
variations in particulate matter
distributions. He stated that it accumulates

in the locations with poor ventilation. He
also stated that Carbone levels are linked
with raising in 2.5 um because it represent
large amounts of C.

Carbone is generated mainly in the poultry
house from wusing gaseous brooders
especialy in cold seasons.Thats what has
been through during the first week of
production, the tempretures went down



thus we nedded to operate the brooders .
as for why the levels of pm 2.5 went up
during the last week was explaind it in a
way that the birds grew in age and size, so
they interact more with the litter by their
wings, more over the feed was in ground
format and was provided more than onece
on daily basis.This is in consistanc with
[29] [31].

3.5 Particulate Matter 10pum

When looking to figure (7) we can drive
the following conclusions:

1) During WOA 1 the PM10 pm
levels at the back of the house had
a higher level in comparison with
the front side of the house.

2) During WOA2 and WOAZ3 the
PM10 at both sides in the front
and back of the house decreased
remarkably.

3) During WOA4 the PM10 pm
levels at both sides were closely
identical

4) During WOA5 the PM10 pm
levels at the back was slightly
higher.

to break this out we should look again to
Figure (7).it reveals that particulate matter
10um followed a pattern like 2.5 um.
whereby in the beginning of the rearing

period was high due to the working of
gaseous brooders that consumes fossil
fuel. Soot and Carbon dioxide is the
results of incomplete burning due to that
reason particulate matter was high in the
first week. in the following weeks, the
environment became warmer thus the
brooders were turned off keeping only
continuous ventilation leading to more
moderate concentrations during the middle
period of the rearing. But at the end of the
production namely last week the cooling
evaporation system was turned on, still a
high level of particulate matter was
recorded. the reason could be explained in
simple way, when the birds grow older
and larger in size demanding more feed
that sometimes placed twice daily to the
birds moreover the feed was in the form of
ground materials not in pellet. also, when
the birds grow larger the interaction
mechanism between the wings and litter
also grew , this is in consistence with [29]
[31]. [32]and [33] showed that when birds
grow in age the levels of fine particulate
matter rise because of increased activity
and feather production.

The threshold of particulate matter 10um
didn’t excess 41.44 ppm, it was during the
last week in the rear section of the house
nevertheless stayed under the allowed
levels > 150 ppm [29] .
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3.6 Ammonia

The levels of this gas were so low that the
equipment didn’t record any. [34] stated
that the contaminants problem is a winter
issue and stayed zero during all the rearing
periods ,He stated the reason is due to the
moisture in the litter that stayed under
55% in our findings the moisture content
was much less, moreover the thickness of
the litter helped in drying the droppings
thus remained as nitrogen in the litter ,
nevertheless the humidity didn’t allowed
to release it into the air this is in
consistence with [35]. [31] also mentioned
that ammonia levels remain undetectable
during the production period of 8 weeks.
[36] indicted that ammonia levels remain
undetectable during the production period
of 6 weeks. [26] When talking about NH3
both quantity and composition of
droppings are of interest.

Ammonia is the product of decomposition
of bedding material, due to bacterial
activity on the condition that temperature
being higher than 25°C and

moisture higher than 40%, other than that
it remains in the form of * NH4 [37]. [38]
claimed that the ammonia level was
undetectable in his study because of the
small size of the birds during the first two
weeks and the small number of herds
raised.

[39] show that because of the continuous
ventilation method used, the concentration
of ammonia inside the house is lower than
the amounts released outside through the
exhaust fans. [40] stated that perfect litter
condition to not releasing ammonia is the
PH of the bedding 8-10 ppm.

[41] indicated that the key to minimize
ammonia formation specially in cold
weather is not by ventilation but rather
moisture control. [42] Said moisture can
rise in the poultry house to 100% after 15
minutes of shutting down the exhaust fans
for the 5 weeks of age of birds.

Conclusions



substances constituting the

e Litter thickness and Spatial bedding/litter substances.
distribution of birds did not have The format of the feed given to the
impact on physiochemical birds and the product of the
substances within the litter. gaseous brooders influenced the

e Stocking density only had an levels of Particulate Matter 10 and
impact on certain litter substances, 2.5 pum.
namely: moisture, dry matter, ash, Ammonia levels were
and organic matter. only undetectable during the production

e Stocking density had no impact on period.
the rest parameters of the
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