
AIR QUALITY IN COMMERCIAL BROILER HOUSING

J. J. Leonard, J. J. R. Feddes and J. B. McQuitty

Department ofAgricultural Engineering, University ofAlberta, Edmonton, Aha. T6G 2H1.
Received 21 December 1982, accepted 15 September 1983.

Leonard, J. J., J. J. R. Feddes, and J. B. McQuitty.
Agric.Eng. 26:65-71.

1984. Air quality in commercial broiler housing. Can.

This study was earned out to measure concentrations of carbon dioxide, ammonia, hydrogen sulphide and dust
particles in two broiler barns near Edmonton, Alberta, under fall-winter conditions. The two barns were monitored for
continuous 24-h periods during each week of the broiler production cycle. Ventilation rates were also measured allowing
calculation of gas production rates in the barns. High ventilation rates in both barns resulted in low measured gas
concentrations (130(M000 ppm for carbon dioxide, and 1.8-12.1 ppm for ammonia). Carbon dioxide production rates
increased with bird age, the best-fit curve of the data being a sigmoid similar to that for broiler growth Ammonia
production increased exponentially with time while no evidence ofhydrogen sulphide was detected. The maximum
concentration ofdust particles less than 5p,m in diameter was 6788 particles/L, and that ofparticles greater than 5am
was 1300 particles/L. ^

INTRODUCTION
Much of the effort that has been devoted

to the provision of controlled environ
ments for housed animal operations has
focussed on providing optimum tempera
tures and, to a lesser extent, optimumrel
ative humidities. Relatively littlehas been
done to provide, or even define, condi
tions of optimum air quality. Although a
number of workers have reported on the
concentrations of dust (Honey and
McQuitty 1976) and gaseous contami
nants (Moulsley 1976; Reece 1979), and
their effects, in animal environments,
there is a lack of data on the levels of these
non-thermal parameters as they occur un
der commercial housing conditions, in
various climates and under various man
agement practices.

A greater body of data on these para
meters is required for the following rea
sons: (a) there is a general need to estab
lish threshold levels of contaminants
beyond whichhealth and/orproductionof
animals is affected (McQuitty and Feddes
1982); and (b) rising energy costs, to
gether with increased sophistication of
sensorsand controls, are likely to result in
the need to control environments on the
basis ofparameters otherthantemperature
and humidity (Owen 1982). Levels of air
contaminants couldbeusedin sucha way,
but more needs to be known about the
4'normally occurring" and acceptable
levels of these contaminants.

This paper reports on the gathering of
data relating to the atmospheric contami
nant concentrations found in two broiler
barns that were monitored under winter
conditions in Alberta. The monitoring of
gases and dust levels was carried out in
conjunction with a study of heat and mois
ture loads in commercial broiler barns

which has been reported elsewhere
(Feddes et al. 1983).

Ideally, a study of air quality also
should be concerned with monitoring the
concentrations of viruses and bacteria.
Smith (1972) has cited evidence that mi
croorganisms may travel through the air
attached to larger particles, and notes for
example, the airborne transmission of Ma-
rek's disease and avian lymphomatosis.
The concentrations of microorganisms
present in the environment could be influ
enced by ventilation methods, ventilation
rates and relative humidity, as well as the
location and orientation of buildings rel
ative to prevailing air flows and other
buildings. Although the resources to mon
itor microorganisms were not available in
this instance, the need for such studies to
be carried out in conjunction with thermal
and other, non-thermal environmental pa
rameters is recognized.

The objective of this study was to meas
ure concentrations of air contaminants, in
cluding several gases and dust, in the two
broiler units and to attempt to relate them
to parameters influencing broiler produc
tion.

EXPERIMENTAL FACILITIES
The studywasconducted duringthe pe

riod from 1 Sept. 1981 to 31 May 1982.
The two broiler houses monitored have
been described elsewhere (Feddes et al.
1983). Located in the Edmonton area, and
representative of the majority of broiler
houses in the Province, each barn meas
ured 12 m x 46 m with a 3-m ceiling
height. Both barns were ventilated by ex
haust fans located along the leeward side
of each building, with a continuous-slot,
fresh air inlet situated under the eaves
along the windward side. In Barn A, seven
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55-cm two-speed fans were spaced equally
along its length while, in Barn B, six 60-
cm variable-speed fans were used, also
equally spaced along the length of the
barn. Two additional fans were mounted
on the ceiling of each barn to facilitate air
mixing within the unit. These were lo
cated at each end of the building, 1.5 m
from the inlet, withthe air being directed
parallel to the wall towards the center of
the barn.

The two barns were of wood-frame con
struction with earthen floors. Short straw
was used as litter. Each barn was heated
by a powered boiler located in a sepa
rately-sealed room within the broiler unit.
Hot water was circulated through 51-mm
internal diameter black-iron pipes
mounted horizontally on the walls along
the lengthof the unit. The total lengths of
pipe used were 465 m in Barn A and 380
m in Barn B.

Thenumberof birdshoused,liveweight
gains, feed intake, water consumption,
and exposure factors of the buildings are
shown in Table I. The broilers in both
barns were fed ad libitumusing automatic
feeders. The hopper-type feeders in Barn
A were connected to three 40-m augers
that operated when a paddle-operated mi-
croswitch, located in the last pan feeder,

TABLE I. BROILER PRODUCTION CYCLE

SUMMARY

Barn A BarnB

No. of birds

Initial 7937 6810

Final 7535 6635

Mortality (%) 5.0 2.6

Final bird weight (kg) 1.71 1.71

Days to market 44 46

Building exposure factor 281 162

(kJ/(h-°C-1000 birds))
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sensed that the feeder was empty. In Bam
B, the feeder was a 100-m, continuous,
feed-chain-in-trough type that operated
every2 h underthe controlof a time-clock.
Drinkingwater was providedin both bams
in standard fountain-type waterers. Arti
ficial (electric) lighting in each unit was
providedon a continuous basis.

The ambient temperature in both bams
was controlled at 31-33°C when the chicks
were introduced at the start of the produc
tion cycle. Over the first 35 days of the
production period, the inside ambient
temperature was decreased gradually to
approximately 21°C. Althoughthis rate of
temperature reduction is slower than rec
ommended in the literature (American So
ciety of Agricultural Engineers 1982),
both producers claimed that it was in line
with their normal practice. In both bams,
full-house brooding was used. After the
broilers were marketed, the litter was re
moved, the bam disinfected, and fresh
straw introduced for the next batch of
birds. The normal "resting period" be
tween successive batches was approxi
mately 2 wk.

The ventilation and heating control sys
tems of both bams were similar. The op
eration of each exhaust fan and of the
powered boiler was controlled by separate
thermostats. Minimum ventilation re

quirements were satisfied by manually
setting thermostats to ensure continuous
operation of the required fans.

EXPERIMENTAL PROCEDURES

The thermal and non-thermal parame
ters of the two broiler houses were moni

tored simultaneously with the instrumen
tation and data acquisition system
described by Feddes and McQuitty (1981),
all of which were housed in a 6-m x 3-
m air-conditioned mobile laboratory. The
thermal parameters were those that de
fined the heat and moisture balance for the

broiler house, i.e., temperature, relative
humidity, air-flow rates and conductive
heat flow. The non-thermal parameters
were those that relate to the air quality of
the birds' environment, i.e., the concen
trations of carbon dioxide (C02), ammo
nia (NH3), hydrogen sulphide (H2S), and
dust.

Ventilation rates were monitored by
measuring the output of the ventilation
fans (Feddes et al. 1983). This was done
by measuring air velocities in ducts that
were constructed downstream of the fans
and, also, by means of sulphur hexafluor-
ide tracer gas. Measured fan deliveries
were calibrated against fan speeds which
were also monitored continuously.

The relative humidity of the air entering

i,i-,

and leaving eachbam wascalculated from
the dewpoints and the dry-bulb tempera
tures of the outside and exhaust air, re
spectively. Dewpoints were measured by
a dewpoint hygrometer (Model 880,Cam
bridge Systems, Mass.) twice hourly at
three locations inside the broiler bam 1.5
m from the floor. The monitoring loca
tions were in the center of three sections,
each of which corresponded to one-third
of the building area. To obtain a dry-bulb
temperature representative of the broiler
environment, each bam was divided into
six sections, thirds by length and halves
by width. Dry-bulb temperatures were
measured every 20 min at 0.5 and 1.5 m
from the floor in the center of each section
by means of thermistors (Fenwal Elec
tronics, Framingham, Mass.).

The atmospheric contaminants, NH3,
C02, and H2S were monitored at the same
locations as the dewpoints. The instru
mentation and the procedure used in sam
pling the ambient air have been described
in detail elsewhere (Feddes and McQuitty
1977, 1981). The NH3 and C02 concen
trations were measured by non-dispersive
infrared gas analyzers (Beckman, Model
315 A, Calif.). Concentrations of H2S
were measured by a sulphur analyzer
(Melroy Laboratories, Springfield, Va.).
Calibration gases were used to check the
zero and span of the gas analyzers before
each data-recording period.

The air-sampling lines used to monitor
these air quality parameters, and the air
dewpoint, were brought from each sam
pling location into the mobile laboratory.
To eliminate any risk of condensing out
moisture in the sample air between the
building and the laboratory, the lines were
housed in an electrically-heated conduit
with an internal diameter of 100 mm. Each

sampling line was connected to a pro
grammed automatic-sequencing sampler
(Feddes and McQuitty 1977). This sam
pler drew an air sample from each sam
pling location and distributed it, as pro
grammed, to each of the respective
analyzers used to measure the dewpoint
and the concentrations of NH3, C02 and
H2S. The NH3 and C02 concentrations
were recorded twice hourly at each loca
tion. The H2S concentrations were re
corded for only 20 min during each week
of the production cycle. A fourth sampling
location was sited outside each broiler

bam and was sampled to establish back
ground concentrations of gases in the out
side air.

Atmospheric dust concentrations were
monitored continuously for 1 day each
week during the production cycle. Sample
air was drawn through an iso-kinetic

probe, located 0.3 m above thefloorat the
center of each bam, into a particle counter
(Climet Instrumentation, Redlands,
Calif.) located in the mobile laboratory.
This instrument counted the particles
every 3 min in five size ranges, i.e.,
greater than 0.5, 1.0, 2.0, 5.0 and 10p.m.
These counts were grouped subsequently
into two size ranges, namely, less than 5
u.m and greater than 5 (xm, on the basis
that the smaller particles are consideredthe
more hazardous since these can be inhaled
deeply into the lungs (Honey and Mc
Quitty 1976). The air-flow rate and ma
chine calibration were such that the par
ticle counts represented concentrations per
cubic foot of air sampled. The counts were
recorded automatically on paper tape. The
data from the tape were read into a com
puter file after each ran and hourly means
for each size range were calculated.

The broiler units were monitored con

tinuously over a complete 24-h period in
each week of a full production cycle. The
two units were also monitored continu

ously over a 1-day period immediately
after the broilers were marketed. This pro
vided certain background data to those
collected during each broiler production
cycle for analysis purposes. As a result,
Bam A was monitored for a total of 8 com

plete days and Bam B for 7 days. The time
of the week that the birds entered the

broiler house accounted for the different

number of monitoring periods since mon
itoring took place during the Tuesday-
Wednesday period of each week. Table II
shows the ages of the birds at each mon
itoring period.

Except for dust concentration data,
which were recorded on a separate
punched-paper tape, all data were re
corded by a data logger on paper tape.
Further details of data recording and pro
cessing have been described elsewhere
(Feddes et al. 1983).

RESULTS AND DISCUSSION

Ventilation and Humidity
The average ventilation rates for the 24-

h monitoring period within each week of
the production cycles are shown in Table
II. These data illustrate that ventilation

rates can differ widely between broiler
houses. The marked decrease in the mean

ventilation rate in Bam A during the sixth
week of monitoring was a result of the op
erator being overly concerned about his
high energy costs. The authors recom
mended that the ventilation rate be ad

justed to that necessary for relative hu
midity control. However, after a few days
his traditional method of fan control was
resumed, that is, the fans were used to
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TABLE II. EXPERIMENTAL DATA SUMMARY

Bird

age

(days)

Air condition Gas production Gas concentration Ventilation
Outside

Temp (°C)
Inside C02

mL/(h-bird)
NH3

M-L/(h-m2-bird)
C02

(ppm)

1313

NH3

(ppm)

rate

Barn Temp (°C) RH% (L/sec)

2 7.5 33.2 30 280 3.8 6.2 7509 6.8 27.7 41 510 1.3 2035 2.2 72016 8.1 26.6 38 870 2.0 1957 1.8 1303A 23 5.6 24.3 41 1460 4.5 1832 2.3 2349
30 -1.2 22.6 41 2380 5.2 2235 2.1 296237 0.0 21.8 58 2890 9.1 3171 4.6 2288
44 2.2 21.6 48 3630 30.5 2255 8.1 4332

5 -12.9 30.4 23 190 1.3 1818 4.9 266
12 -8.0 28.2 28 570 3.3 2018 4.8 706
19 -26.0 25.7 37 960 4.3 2975 6.1 728B 26 -28.0 25.1 42 1860 7.5 3338 6.3 1221
33 -16.2 24.1 50 2870 16.9 3603 10.0 1716
40 -35.4 21.1 53 3180 19.9

10.6

4001 12.1

27.1

1673

400

tBarn empty

control temperature rather than allowing
the furnace thermostat to control temper
ature when only minimum ventilation rates
were required. Both operators, particu
larly the moreexperienced one (BarnA),
used their subjective impression of air
quality as the primary consideration in the
environmental control of their units, and
manipulated the ventilation rates accord
ingly while maintaining satisfactory am
bient temperatures (Table II). Bird health
appeared to be the motivating reason for
this emphasis on air quality.

The high ventilation rates observed in
both barns obviously influenced the con
centrations of moisture and other contam
inants in the air. The low moisture content
of the outside air, coupled with high ven
tilation rates, resulted in low relative hu
midities in the barns. The mean weekly
relativehumidities ranged from 23 to 58%
(Table II).

From observation, the litter in Barn B
contained more moisture than that in Barn
A, but both were consideredto be dry. In
the vicinity of the water fountains the litter
was damp. No quantitative measurements
of litter moisture content were made.

Dust Concentrations

Dust particle counts were grouped into
two overall size ranges, namely, smaller
than 5 |xm, and greater than 5 jim. The
particle counter used can detect a mini
mum particle size of 0.5 jxm. Hourly
means were obtained for concentrations of
particles in these two size ranges. Typical
fluctuations in these means are shown in
Figs. 1 and 2. Althoughlarge fluctuations
were observed (Fig. 2), in most cases these
could not be correlated with observed or
monitored changes in bird activity or en
vironment. A summary of the results is
given in Table III.

TABLE III. SUMMARY OF DUST DATA — DAILY AVERAGE CONCENTRATIONS OF
SUSPENDED PARTICLES FOR EACH WEEK DURING THEPRODUCTION CYCLESINBARNS

A AND B (PARTICLES/L).

Less than 5 |xm Greater than 5 (xm
Barn A BarnB Barn A BarnB

Week Range Meant Range Mean Range Mean Range Mean

1 570-1813 823 364-1251 664 21- 71 42 21- 49 35
2 445-2791 1417 845-1300 1106 32- 120 64 56-124 92
3 555-1060 873 1113-2940 1883 788-1597 1300 74-205 127
4 731-1534 1166 - - 39- 106 64 _ _ _

5 1986-3212 2519 - - _ 134- 258 187 _ _ _

6 3081-6389 4343 - - 208- 643 364 _ _ _

7 542O-9304 6788
-

-
431-1102 714

- - -

tMeans of 24-h means.
-Missing data due to instrumentation malfunction.
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Figure 1. Typical mean hourly dust concentrations in Barn A with 2-day oldbroiler chickens.
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ently, are inhaled more easily and more
deeply, suggesting that this environment
could be conducive to respiratory ail
ments. (3) The atmospheric concentration
of dust particles increased rapidly over the
life of the birds. In Bam A, concentrations
of both size ranges almost doubled every
week over the last 4 wk.

Given the high dust concentrations
measured, there is a need for further in
formation on dust in broiler units and its
possible adverse effects on operator and
bird welfare. The bacteriology and virol
ogy of the dust should be examinedto de
termine to what extent it acts as a vector
for disease pathogens. Parallel to this
should be an investigation of the aerodyn
amic characteristics of the particles to de
termine settling times, possible drift dis
tances, and the effect of relative humidity
on these, for the various particle sizes.

Carbon Dioxide Production
Carbon dioxide concentrations were

measured at three sampling locations in
each broiler house twice hourly. The six
readingsper hour were averagedfor each
hour. The C02 concentration of the out
side air was subtracted from the mean
hourly value, the difference in concentra
tions representing the C02 removed from
the broiler houses. Figure 3 shows typical
hourly C02 production rates over the pe
riod of a recording run (Bam A at 16
days). The hourly fluctuations in C02 con
centration were considered to be primarily
the result of variation in ventilation rates.
Sometimes C02 was removed at a rate ex
ceeding the production rate while, at other
times, it was removed at a rate which was
less than that at which it was being pro
duced. The ambient air acted as a buffer
or sink of C02, where C02 could be lost
from or stored in the ambient air, thus re
sulting in a change in concentration. The
hourly production rates were averaged
further to give a mean productionrate for
each respective age. These values are
given in Table II and are plottedin Fig. 4.
The equationto the curvein Fig. 4 is given
by:

C = 340-40.7A-5.59A2-0.0683A3 (1)

where C= carbon dioxide production (L/
h) per 1000 birds; and A= age of birds
(days).
This curve gave a good fit to the data
(R2 = 0.99), and its shape is generally con
sistent with that of a typical growth curve
for a broiler. However, due to difficulty
in accurately measuring the very low ven
tilation rates early in the cycle, there is
greateruncertainty associated withthefirst
results obtained in each bam than with the

V

JL

0 4 8

Clock Time (hours)

Figure 2. Typical mean hourly dust concentrations inBarn Bwith 44-day oldbroiler chickens.

The particle counter malfunctioneddur
ing the fourth week of recording in Bam
B and, consequently, the data for that bam
were limited. However, the data that were
obtained were generally of a similar order
of magnitude to those obtained for Bam
A. The measured concentrations, there
fore, may be considered to be represent
ative of broiler bams under similar con

ditions.

There would appear to be some dis
crepancy between the dust concentrations
for the two bams at week 3. However, this
may be explained by the fact that there was
a 3-daydifference in age between the birds
in each bam at the time of corresponding
recording runs, with Bam B birds being 3
days older than those in Bam A. The high
concentration of large particles in Bam A
at week 3 appeared to be due to the shed
ding of down by those birds at that time.
The same phenomenon may have been ob
served in Bam B some days before the
week 3 recording run for that bam. Other
differences between the bams can be ex
plained by variations in ventilation rate
and humidity.

No attempt was made to quantify the
extent to which particles were reduced in
size during their passage along the sam
pling tube or through the particle counter.
Conversely, no measure was obtained of
particle aggregation due to static charge or
the oil and moisture content of the dust.

68

In the absence of such measures, the data
presented are, nevertheless, useful as a
guide to expected particle concentrations,
and as a reference against which future
measurements may be compared.

Further work needs to be undertaken to

establish the general applicability of these
dust concentration data for broiler units.
Nevertheless, in the absence of back
ground data under commercial conditions
(Honey and McQuitty 1976), they provide
a guide to expected atmospheric dust con
centrations in commercial broiler bams

under winter conditions in Alberta. A

number of points are apparent from these
values: (1) The dust concentrations in the
broiler bams were less than those in poul
try housesas citedby Honeyand McQuitty
(1976). The maximum mean concentra
tion measured was 10 400 suspended par
ticles per litre, whose size was greater than
0.5|xm, whereas the maximum recorded
mean for poultry housing cited by these
authors was 58 000 particles/L. No range
of particle sizes was given for this quan
tity. Many of the dust concentrations cited
by these authors where expressed as grams
per cubic metre or without a particle size
range, thus making the comparison with
these data in Table III very difficult. More
uniformity of units to express dust con
centrations is required. (2) There is a
higher concentration of smaller than larger
dust particles. Smaller particles, appar
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Figure 3. Typical mean hourly carbon dioxide production rates in Bam A with 16-day old
broiler chickens.

4000 r

In this study, NH3 concentrations were
measured at three sampling locations
within the broiler house, twice each hour.
These six readings per hour were averaged
as hourly NH3 concentrations. From the
mean hourly ventilation rates for each
bam, total hourly NH3 production rates
were calculated. The NH3production rates
were then expressed on a per bird per unit
floor area basis, i.e., microlitres per hour
per bird per square metre. These rates were
then averaged further to a give a mean
value for each monitoring period of the
production cycle (Fig. 5).

Ammonia production was of interest in
that it indicated the amounts of NH3 gen
erated by the litter for each age interval.
Figure 5 shows that NH3 production ap
pears to increase at an exponential rate.
This would be expected where clean litter
was used initially. Ignoring the first point
for Bam A, which appears to be in error
due to inaccuracies inherent in measuring
very low ventilation rates, there was no
statistically significant difference (10%
level) between the data from the two bams
and these were fitted to the following ex
ponential equation (R2 = 0.S7):

where

(h-m2-bird)); and X
(days).

Y= 0.81 exp(0.078X).

Y= NH3 production

(2)

the age of bird

later results. Thus, in reality, C02 pro
duction would not decrease to a minimum

at 3.8 days as is shown in Fig. 4, but would
continually increase from some lower
starting value.

As shown in Fig. 4, the C02 production
rates were very similar in both bams. This
was expected since the type of bird, feed,
and management practices were very sim
ilar for both broiler houses. The mean C02
concentration ranges were 1313-3171
ppm and 1818-4001 ppm for Bams A and
B, respectively (Table II). These concen
trations are considered to be low in terms

of any potential animal and human health
hazards resulting from exposure to this gas
(McQuitty and Feddes 1982).

Ammonia Production

The amount of NH3exposure of broilers
is dependent largely on the concentration
of the NH3-producingfecal material in the
litter, moisture content and temperature of
the litter, and the air exchange rate of the
broiler environment (Reece 1979). Con
centrations up to 20 ppm have been found
to have little effect on the performance of
broilers; however, the rate of infection by
Newcastle disease increased significantly
at this concentration when birds were ex

posed to an aerosol of Newcastle disease
virus (Moulsley 1977).

Bird Age (days)

Figure 4. Carbon dioxide production in Bams A and B during complete production cycles.
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Figure 5. Ammonia production in Bams A and B during complete production cycles.

These data also illustrate the impor
tance of removing the litter on which
broilers have been reared previously.
Moulsley (1977) cited cases where inci
dence of keratoconjunctivitis in young
chickens was clearly linked to the use of
old litter. The highest production rate
(30.5 |xL/(h-m2-bird)) was measured in
Bam A at 44 days (Table II).

The concentrations of NH3 recorded in
both bams under study were considered to
be quite low. They ranged from 1.8 to 8.1
ppm and from 4.8 to 12.1 ppm in Bams
A and B, respectively (Table II). The con
centrations in Bam A were lower than

those in Bam B due to the higher venti
lation rates that existed in the former.

Higher concentrations of NH3 would re
sult if ventilation rates were lower. For ex

ample, if ventilation were controlled on
the basis of providing a constant relative
humidity of75%, the NH3production rates
represented by Eq. 2 would give concen
trations of NH3that increased from 10 ppm
to 18 ppm over the last 2 wk of the pro
duction cycle. In fact, the higher relative
humidity could result in increased NH3
production and, consequently, even
greater concentrations of the gas.

Also of interest was the concentration

of NH3 in Bam B immediately after the
broilers were marketed. With the venti

lation rate controlled at 400 L/sec, a mean

daily concentration of 27 ppm was meas
ured. From an operator's point of view,
this concentration of NH3 was found to be
very objectionable, in that it resulted in
irritation of the eyes while working in the
broiler house. This reaction is consistent
with data given by Longhouse et al.
(1967). The NH3production rate from the
litter in the empty building was much
lower (10.6 |xL/(h-m2-bird)) than that
found prior to the birds being removed
(19.9 |xL/(h-m2-bird)). The reason for the
decrease in production rate is not known.
Perhaps the drying of the litter surface and
a reduction in the litter temperature may
account, in part at least, for the decrease.

Hydrogen Sulphide Production
The environmental air in the broiler

houses was sampled for H2S for 20 min of
each week during the production cycle at
the center of the broiler unit. There were
no detectable traces of H2S found in the
broiler environment in either bam during
the production cycle. The sulphur ana
lyzer used had a capability to detect H2S
concentrations as low as 10 ppb.

CONCLUSIONS

(1) High ventilation rates in both bams
resulted in low relative humidities which
ranged from 23 to 58%.

(2) Mean dust concentrations of parti

cles sized less than 5 |xm ranged from 664
to 6788 particles/L, whereas concentra
tions of the particles larger than 5 |xm
ranged from 35 to 1300 particles/L. This
suggests that the major proportion of the
suspended dust was capable of deep in
halation into the lungs.

(3) Carbon dioxide production followed
a third-order function of age similar to a
typical broiler growth curve.

(4) Carbon dioxide concentrations were
considered to be low in terms of health

hazards (range: 1313—4001 ppm).
(5) Ammonia concentrations were con

sidered to be relatively low in terms of
health hazards (range: 1.8-12.1 ppm).

(6) Ammonia production increased ex
ponentially, suggesting that litter should
not be re-used.

(7) No detectable traces of hydrogen
sulphide were found in the broiler envi
ronment.
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