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Carbondioxide,hydrogen sulphide, ammonia anddustparticle concentrations and ventilation ratesweremeasured in
three commercial poultry laying barns under winter conditions. These units were representative ofthe triple-deck, deep-
pit/flat-deck, and shallow-gutter/stair-step, cage operations. Each barn was monitored continuously for six 24-h periods
over4mo. Mean C02 production rates ranged from 1.81 to 1.84 L/(h.bird) and from 1.21 to 1.37 L/(h.bird) for light and
dark periods, respectively, with concentrations ranging from 2340 to 3620 ppm, respectively. Hydrogen sulfide was
detected only in the deep-pit unit, the maximum concentration being 30 ppb. The mean NH3 production rate in the triple-
deck barn, at6.5mL/(h.bird), was only about one-fifth ofthat for the other units, the rates apparently being a function of
droppings storage time. Ventilation rates were found to bemore than adequate for moisture control in all threebarns but
inadequate to control NH3 at acceptable concentration in the deep-pit and shallow-gutter units where mean ambient NH3
values were 53and 33ppm, respectively. Overall mean total dust concentrations ranged from 8600 to 13200 andfrom 4200
to 4600 particles/L for the light and dark periods respectively.

INTRODUCTION

The air quality parameters generally
considered to be of primary concern in
confinement housing are carbon dioxide
(C02), hydrogen sulphide (H2S),
ammonia (NH3) and aerosolized particu
latesor dust. With respect to poultry layer
facilities, NH3 is recognized as the most
prominent contaminant (Reece et al.
1981), while C02 and H2S would not
appear, in normal circumstances, to reach
concentrations that would be likely to
create problems (McQuitty and Feddes
1982). Dust also is considered to be a
seriouscontaminant (Honey and McQuitty
1976; Lampman 1982). To control the
quality of the birds' environment,
however, the rate of production of con
taminants must be known (Scott et al.
1983). Such data presently are either
unavailable or are such that their

applicability for use as design criteria for
environmental control purposes in layer
operations in Alberta is at best marginal.
Consequently, a study was undertaken
with the objective of establishing produc
tion rates and/or base-line data for the pri
mary air quality parameters, that is, C02,
H2S, NH3, and dust, in commercial egg
production operations. This study, the
results of which are reported here, was
undertaken concurrently with another
study involving heat and moisture loads in
the same facilities (Feddes et al. 1984).

EXPERIMENTAL FACILITIES

The three laying barns monitored have
been described elsewhere (Feddes et al.
1984) and were representative of the
majority of types of egg production facili
ties in the Province. All three barns were
located within 4 km of Beaumont, Alberta,

and were of insulated wood-frame con
struction with concrete footings and foun
dation walls.

Barn A wasa single-storey, caged-layer
unit measuring 13 x 49 m, with four rows
of triple-deck vertical cages. Endless belts
were situatedbeneatheach deckof cages to
facilitate handling of the droppings. Once
a week, the droppings were conveyed to
one end of the barn, dumped into a cross-
conveyor and elevated outside to a manure
spreader. Barn B was a deep-pit, or dou
ble-storey, caged-layer barn, measuring
9 x 68 m, the lower half of which was
utilized for droppings' storage. The drop
pings in this unit accumulate over a year
and are removed during the summer by
tractor and front-end loader. The hens were

confined in three double-row, flat-deck
cages. Barn C was a single-storey structure
measuring 9 x 50 m, the hens being con
fined in three rows of stair-stepcage units.
Shallow concrete droppings pits, approx
imately 15-20 cm in depth, were situated
below the cage rows. The droppings were
scraped monthly by a gasoline-powered
scraper to a cross-conveyor at the end of
the barn and then elevated outside into a

manure spreader. All three barns had a
floor-to-ceiling height of approximately
2.5 m.

Relevant management data for each of
the barns are summarized in Table I. The
birds in each operation were of the White
Leghorn type and were fed wheat-based
rations (16-18% protein, 11.7 MJ/kg ME).
The water in each barn was provided by
low-pressure drinking cups. The lighting
systems in each unit were controlled by a
time-clock and were in accordance with
normal, recommended standards
(Winchell 1982).
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The environmental control in each lay
ing unit was providedby an exhaust-type,
cross-flow ventilation system. The exhaust
fans were located along the leeward side of
each building. A continuous-slot, fresh-air
inlet was situated under the eaves along the
opposite side of the building from the fans,
with the incoming air entering directly
from outside. The center of the fan open
ings in Barns A and C were located about
1.5m above floor level. In Barn B, the fans
were located in the lower wall below the

bird floor level. The ambient temperature
in each barn was controlled by a number of
thermostats that activated the operation of
the fans.

EXPERIMENTAL PROCEDURES

AND EQUIPMENT
The thermal and non-thermal param

eters of the three laying barns were
monitored simultaneously with the instru
mentation and data acquisition system
described by Feddes and McQuitty (1977,
1981), all housed in a mobile laboratory.
The thermal parameters were those that
defined the heat and moisture balance for

the laying units, i.e., dry-bulb tem
peratures, dewpoints, air-flow rates and
conductive heat flows. The non-thermal

parameters were those that relate to the air
quality of the birds' environment, i.e., the
concentrations of C02, NH3, H2S and dust
particles.

Ventilation rates were monitored by
measuring the output of the ventilation
fans as described by Feddes et al. (1984).
Dewpoints and dry-bulb temperatures
were measured by a dewpoint hygrometer
and thermistors, respectively, at each oper
ating fan location and outside the air inlet.
These two parameters were also measured

13



TABLE I. SUMMARY OF MANAGEMENT DATA FOR THE THREE BARNS DURING
STUDY PERIOD

Barn At BaraB$ BarnC§

Number of birds: start/finish 10800/10 200 9300/9120 5180/5130

Bird age (days): start/finish 176/289 360/430 336/389

Birds per cage
Cage areaper bird (cm2)
Birds per m2 floor area

6

430

16.5

4

343

15.1

3

406

11.4

Egg collection mode
Egg collection time (h)
Mean daily egg production (%)
Automatic feeder type
Frequency of feeder operation perdayf
Mean light pattern, L:D (h/day)

Automatic

11.00, 17.00
86

Moving hopper
9

13.5:10.5

Automatic

1100, 1700
68

Chain-

10

15.0:9.0

Manual

1600

77

in-trough
3

14.5:9.5

t Triple-deck.
$ Deep-pit.
§ Shallow-gutter.
1 Light period only.

TABLE II. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN A
(TRIPLE-DECK)

Run Code

LA 1 LA 2 LA 3 LA 4 LA 5 LA 6

Run date 6 Dec. 9 Dec. 1 Feb. 2 Feb. 29 Mar. 30 Mar.

Start time (h) 15.00 13.00 15.00 15.00 13.00 13.00

Number of birds 10800 10800 10440 10440 10200 10200

Daily egg production (%) 82 82 89 89 86 86

Mean ambient temperature (°C) 12 14 15 14 16 16

(range) (9/14) (13/16) (13/16) (13/16) (15/17) (16/18)

Mean outside temperature(°C) -20 -11 -8 -11 1 1

(-25/-15) (- - 14/— 1) (-9/-7M- 13/ —8) (-1/6) (0/5)

Lights on (h) 08.00 07.00 06.00 06.00 05.30 05.30

Lights off (h) 19.30 18.30 20.00 20.00 20.00 20.00

Feeders on (h) 08.00, 09.00, 10.00, 11.00, 13.00, 14.00, 15.00, 17.00, 18.00

Last date of barn cleaning 7 Dec. 7 Dec. 1 Feb. 1 Feb. 29 Mar. 29 Mar.

TABLE III. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN B
(DEEP-PIT)

Run code

LB 1 LB 2 LB 3 LB 4 LB 5 LB 6

Run date 12 Jan. 14 Jan. 8 Feb. 9 Feb. 22 Mar. 23 Mar.

Start time (h) 14.00 18.00 11.00 11.00 15.00 15.00

Number of birds 9300 9300 9250 9250 9120 9120

Daily egg production (%) 74 74 71 71 60 60

Mean ambient temperature (°C) 20 17 14 13 14 15

(range) (18/22) (16/20) (14/15) (13/14) (11/19) (13/19)
Mean outside temperature (°C) -1 -6 -14 -13 -9 -7

(range) (-5/4) (-13/3) (- 17/-10) (--16/-12) (- -15/-2) (--10/-3)
Lights on (h) 05.00 05.00 05.00 05.00 05.00 05.00

Lights off (h) 20.00 20.00 20.00 20.00 20.00 20.00

Feeders on (h) 06.15,06.30, 08.00, 11.0C), 11.15, 13.00, 16.15, 16.45, 19.15, 19.30
Last date of barn cleaning June 1982

inside the laying units at various locations
to provide data representative of the laying
bird environment. These locations, and
the scanning rates of the laying bird
environment, have been detailed
elsewhere (Feddes et al. 1984). In Barn A,
inside dewpoints were not measured since
all the sampling lines were committed to
sampling air at the fans.

The atmospheric gaseous contaminants
were monitored at the same locations as

the dewpoints within the barns, i.e., about

1.25 m above the floor in the center ofeach

half of the building. To determine the pro
duction rates of NH3 and C02, the con
centrations of these gases were also
measured at the fan locations and at a point
outside each barn near the inlets to obtain

background concentration ofthese gases in
the incoming air. The instrumentation and
the procedure used in this sampling have
been described previously (Feddes and
McQuitty 1981). The NH3 and C02 con
centrations were measured by non-disper-

sive infrared gas analyzers. Con
centrations of H2S were measured by a
sulphur analyzer. Calibration gases were
used to check the zero and span of these
analyzers before each data-recording
period.

The air-sampling lines used to monitor
the air quality parameters and dewpoints
were brought from each sampling location
into the mobile laboratory. The lines were
placed inside an electrically-heated pipe
between the building and the laboratory to
eliminate any risk of condensing out
moisture in the sample air. Each sampling
line was connected to a programmed auto
matic-sequencing sampler (Feddes and
McQuitty 1977). This sampler drew an air
sample from each sampling location and
distributed it to each of the analyzers. The
concentrations of NH3 and C02 and dew-
points were recordedtwice hourly at each
sampling location. The H2S con
centrations were recorded for only 20 min
utes during each day of monitoring.

Atmospheric dust concentrations were
monitored continuously during each run in
the center of each laying house approx
imately 1.25 m above floor level. Dust
concentrations were monitored at the same

time as the other parameters. Sample air
was drawn through an iso-kinetic probe
into a particle counter (Climet Instru
ments, 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 10 |xm. The air-flow rate and
machine calibration were such that the par
ticle counts represented concentrations per
unit volume of air sampled. The counts
were recorded automatically on paper
tape.

The three laying units were monitored
during the periodbetween 6 Dec.1982 and
1 Apr. 1983. Each unit was monitored
continuously over a complete 24-h period
six times during the study period. Between
Runs 1 and 2,3 and 4, and 5 and 6 for each
barn, the mobile laboratory was moved to
one of the alternate barn locations. All the
sensors, extension wire, and sampling tub
ing were installed permanently into each
barn for this period. Through multi-pin
connectors and fittings, the extension
wires and tubing could be uncoupled
easily to facilitate moving the mobile labo
ratory from one site to another. Tables II,
III and IV give the operatingdatasummary
for Barns A, B, and C, respectively.

Except for dust concentration data,
which were recorded on a separate
punched-paper tape all datawererecorded
by a data logger on papertape. Detailsof
data recording and processing have been
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TABLE IV. SUMMARY OF OPERATING DATA DURING EXPERIMENTAL RUNS FOR BARN C (SHALLOW-GUTTER)

Run date

Start time (h)
Number of birds

Daily egg production (%)
Mean ambient temperature (°C)
(range)
Mean outside temperature (°C)
(range)
Lights on (h)
Lights off (h)
Feeders on

Last date of barn cleaning

Run code

LCI LC2 LC3 LC4 LC5

17 Mar.

LC6

27 Jan. 28 Jan. 10 Mar. 15 Mar. 18 Mar.
14.00 14.00 10.00 09.00 09.00 09.00
5180 5180 5130 5130 5130 5130

83 83 75 74 74 74
12 13 20 16 16 16

(9/16) (10/16) (16/23) (14/17) (14/17) (13/18)
-12 -10 -1 0 -5 -10

(-16/-5) (-17/-4) (-5/4) (-4/4) (-11/0) (-14/-6)
06.00 06.00 06.00 06.00 06.00 06.00
20.30 20.30 20.30 20.30 20.30 20.30

08.00, 13.00, 18.00
19 Jan. 15 Mar.19 Jan. 19 Jan. 15 Mar. 15 Mar.

TABLE V. SUMMARY OF EXPERIMENTAL DATA FOR AIR CONDITIONS, VENTILATION RATES, CARBON DIOXIDE AND
AMMONIA, MEAN MEASURED VALUES OF SIX RUNS PER BARN

Barn A Barn B BarnC

Light Dark Light Dark Light Dark

Outside temperature (°C) -7.1 -8.8 -7.1 -10.3 -4.9 -8.7

Ambient temperature (°C) 14.9 13.8 16.4 14.4 16.2 13.8

Relative humidity(%)t 61 49 58

Ventilation rate (L/(sec.bird)) 0.25 0.17 0.22 0.16 0.20 0.16

C02 exhausted (L/(h.bird)W 1.84 1.21 1.84 1.37 1.81 1.28

C02 exhaust (ppm)§ 2580 2520 2880 2960 3030 2790

C02 ambient (ppm)§ - - 3610 3620 2480 2340

NH3exhausted (mL/(h.bird))f:j: 6.5 31.9 30.6

NH3exhaust (ppm)t 9 46 46

NH3ambient (ppm)t -
53 33

t Daily average.
$ Weighted by ventilation rate at each fan.
§ Includes 500 ppm C02 in outside air.
- Data not recorded.
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described previously (Feddes and
McQuitty 1977, 1981).

RESULTS AND DISCUSSION

Ventilation, Temperature and
Humidity

The ventilation rates, expressed as sep
arate means for the light and dark periods
over the six trial runs were quite similar in
the three barns (Table V). The minimum
ventilation rates in Barns A, B and C were
0.09, 0.11 and 0.15 L/(sec.bird), respec
tively.

Mean ambient temperature values also
are expressed in terms of the light and dark
periods (Table V). The maximum diurnal
fluctuation in mean ambient temperature
over a trial run was approximately 2°C in
all three barns. However, a temperature
gradient of approximately 2.5°C was
found to exist in each barn between the
upper and lower levels, the latter being
cooler than the former. The difference in
height betweenthe upper and lower levels
was approximately 1200 mm in Barns A
and B and 600 mm in Barn C. In addition,
the mean exhaust temperatures in Barns A
and B were found to be lower by 0.7 and
3.0°C, respectively, during thelight period
andby 0.5 and 2.2°C, respectively, during Figure 1. Mean hourly carbon dioxide production rates in Barn B, Run 3.
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the dark period than the mean ambient
temperatures for the same period. In Bam
C, a reverse situation occurred, with the
mean exhaust temperatures being 1.9 and
1.3°C higher than the ambient values for
the light and dark periods, respectively.
These temperature gradients indicated a
lackof goodair mixingin eachof the three
bams.

The overalldaily mean relativehumidi
ties for Bams A, B, and C (Table V) were
well below the maximum normally recom
mended. The daily mean values over the
six trial runs ranged from 56 to 65, 40 to
55, and 55 to 60% for Bams A, B and C,
respectively. The mean hourly relative
humidity over each trial run showed less
variation than the values between runs.

Carbon Dioxide Production

The C02 production rates from each
laying house were calculated from the dif
ference in C02 concentration of the
exhaust air and that of the outside air, and
the ventilation rate. An example of the
variation in hourly C02 production rates,
expressed as m3/h, during a monitoring
period are illustrated in Fig. 1 for Bam B.
The diurnal variations in C02 production
in all three bams and for all runs were

similar to those of the hourly total heat
production rates found by Feddes et al.
(1984) in these same units. The difference
in bird activity between the light and dark
periods was undoubtedly the major con
tributor to this variation.

There also was variation in the hourly
production rates within a lighting period
for a particular bam. This was considered
to be partly the result of variation in ven
tilation rates which were subject to ther
mostatically-controlled fan operation. In
addition, observed changes in bird activity
were noted during a run and from one run
to another as a consequence of manage
ment actions such as routine dust or drop
pings removal, and equipment servicing.
Such changes in activity levels would be
reflected in changing C02 production rates
of the birds.

The hourly C02 production rates for
each lighting period for the six runs were
averaged to mean production rates for each
bam (Table V). These mean values during
the light hours ranged from 1.81 to 1.84
L/(h.bird) while those during the dark
hours ranged from 1.21 to 1.37 L/(h.bird)
for the three bams. As was the situation

with respect to heat production rates dur
ing the dark hours (Feddes et al. 1984), the
C02 production rates were higher in Bams
B and C than those in Bam A. The ages of
the birds together with the amount of feath
ering were probably responsible for a dif
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ference in metabolic activity and, hence,
in their C02 production. The reduction in
C02 production rates between the light
and dark periods for Bams A, B and C
were 34, 26 and 30 percent, respectively.

The C02 concentrations in the vicinity
of the birds were typically higher than in
the exhaust air in Bam B whereas, in Bam
C, the concentration of C02 was highest at
the fan opening (Table V). These trends
were similar to those for temperatures at
bird level and of the exhaust air in Bams B
and C (Tables II, III and IV). The mean
C02 concentrations ranged from 2340 to
3620 ppm for all three bams (Table V).
These concentrations are considered to be

low in terms of any potential animal and
human health hazards resulting from
exposure to this gas.

The relationship between the ventila
tion rates, number of birds and the C02
concentrations found in this study is given
by:

VL = 508 BI{D-E) (1)

where VL = ventilation rate, light period
(L/sec.);2? = number of birds;D = C02
concentration of exhaust air (ppm); and E
= outside C02 concentration (ppm).

For the dark period, the relationship is
given by:

VD = 350 B/(D-E) (2)

where VD = ventilation rate, dark period
(L/sec).

The coefficients in each equation are
based on the mean of all the C02 produc
tion rates measured in all three barns.

Using these relationships, the ventilation
rates of a laying house may be estimated if
the C02 concentration in the exhaust air
were measured and the number of birds in

the unit known. Such estimates could be

useful, for example, in trouble-shooting
ventilation-related problems under field
conditions in such units.

Ammonia Production

The NH3production rates for each bam
were calculated by the method described
earlier for the C02 rates. The hourly NH3
production values, expressed as
mL/(h.bird), were relatively constant
throughout the duration ofeach 24-h run in
each of the three bams. This was expected
since lighting period would not influence
the NH3evolution rate from the droppings,
which were the source of the NH3. Con
sequently, the hourly production rates
were averaged on a daily, rather than a light
period, basis for each of the 18 runs. These
daily mean values ranged from 5.3 to 8.1,
29 to 38 and 18 to 60 mL/(h.bird) for
Bams A, B and C respectively. The wide

range that occurred in Bam C appeared to
be due to the storage time of the droppings
at the time of monitoring (Table IV). The
rate of NH3 production in this bam was
lowest during Run 1, with a marginal
increase in the value during Run 2. The
peak occurred during Run 3 when the
droppings had accummulatedfor 50 days.
During Run 4, which coincided with the
date of droppings removal from the bam,
the mean production rate recorded was
only two thirds that of the peak value. The
values for Runs 5 and 6 were of the same

order of magnitude as those for Runs 1and
2, reflecting the fresh nature of the drop
pings.

The rates of NH3 production in Bam C
during Runs 1, 2 and 3 followed a pattern
similar to that reported by Leonard et al.
(1984) in broiler barns. These authors
found that NH3 production rates increased
exponentially with time over the broiler
production cycle. The data recorded in
Bam C indicated that if the producer had
adhered to his normal practice of monthly
removal of droppings, the NH3 production
rates would have been substantially less.
In fact, the producer was forced to increase
the ventilation rates (Feddes et al. 1984) to
maintain NH3 concentrations at tolerable
levels during working hours for the period
immediately prior to manure removal.

The effect of time on the daily mean
production rates of NH3 between bams
was clearly evident. These values for Bam
B were higher than those for either Bams
A or C with the exception of those in Runs
3 and 4 in Bam C. The low production
rates from Bam A and Runs 1,2,5, and 6
of Bam C were undoubtedly due to short-
term storage of the droppings, i.e.,
approximately 1 week (Tables II, III and
IV).

The daily means for the six runs for
each bam were averaged further to an over
all mean production rate (Table V). The
mean value in Bam B was slightly higher
than that of Bam C and about five times

more than that of Bam A.

Bams B and C shared a mean con

centration of NH3 which was very much
higher than in Bam A (Table V). The mean
concentration of NH3 in the exhaust air in
Bam B was lower than that in the ambient

air. This observation was consistent with

the fact that C02 concentrations and tem
peratures were also higher in the ambient
air than at the fans in this bam. Further

more, it was in agreement with the find
ings of Brannigan and McQuitty (1972)
who concluded that temperature and gas
concentrations were closely correlated,
that is, they follow similar trends in a con
fined animal unit. A similar but less

CANADIAN AGRICULTURAL ENGINEERING, VOL. 27, NO. \, SPRING \9&5



14 18 22 2 6

Clock Time (hours)

Figure 2. Mean hourly dustconcentrations in BarnC, Run 1for particle size less than5 [im.

TABLE VI. DAILY MEAN DUST CONCENTRATIONS IN POULTRY HOUSES (PARTICLES/L)

10 14

rn

<5 |xm >5 [im

Light Dark Light Dark

Ba Mean Range Mean Range Mean Range Mean Range

A 1 25462 12884-38830 6142 5118- 8472 1278 494-1853 300 247-381

2 17018 9559-24710 4677 3830- 7794 946 487-1483 226 176-346

3 12457 8500-15066 4716 2870- 4698 406 275- 484 141 88-148

4 14611 10166-18377 5634 4063- 4977 364 226- 611 113 81-116

5 3375 2619- 5348 1052 752- 1066 18 14- 18 11 11- 11

6 3283 2372- 5577 3244 2796- 4162 18 7- 28 18 14- 21

B 1 9129 8020-10844 - — 717 635- 770 _ —

2 7353 6538- 7897 5846 4441- 6929 431 395- 469 364 304420

3 11942 9506-13139 5659 4261- 5655 505 413- 618 229 169-261

4 11596 9369-15278 5327 4614- 5397 293 176- 399 106 92-116

5 5577 3989- 6605 3329 2104- 4035 102 53- 148 56 35- 78

6 4105 2690- 5510 2072 1553- 2065 64 39- 99 25 18- 28

C 1 8645 6626-12104 4578 3068- 3470 297 222- 420 120 67-212

2 8536 6485-10682 2895 2273- 2760 318 265- 381 95 64- 88

3 2146 791- 3297 565 268- 632 18 14- 25 71 4- 11

4 39670 24749-65859 14409 10255-14099 395 240- 547 194 138-194

5 1536 759- 4172 667 554- 738 14 7- 39 7 4- 11

6 3053 2157- 4250 1366 957- 2072 39 25- 53 18 11- 21

-Missing data due to instrumentation malfunction.

TABLE VII. OVERALL DAILY MEAN CONCENTRATIONS OF DUST DATA (PARTICLES/L)

<5 \km >5 |im >0.5 [im

Barn Light Dark Light Dark Light Dark

A

B

C

12700

8300

10600

4200

4400

4100

500

350

180

130

160

80

13200 4300

8600 4600

10800 4200
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marked situation was found in Barn C,
except that the temperatures and NH3 and
C02 concentrations were higher in the
exhaust than in the ambient air. Perhaps
due to the smaller air space in Barn C than
in Barn B, the air moved across the build
ing such that the concentration of NH3
increased with increasing distance from
the inlet. Because ofa vertical temperature
gradient and the large air space in Barn B,
aircurrentsappeared to betransporting the
NH3to bird level. This largerair spaceand
a low pressure differential across the inlet
(Feddes et al. 1984) may also have resulted
in less mixing of the exchange air. Thus,
the ambient air in the occupied space of
this barn appeared to be exchanged at a
lower rate compared to that below the
occupied zone. This probably resulted
from incomplete mixing in the ventilated
air spaces as explained by Barber and
Ogilvie (1982).

The mean NH3 concentrations in the
vicinity of the birds in Barns B and C were
53 and 33 ppm, respectively. These were
considered to represent a potentially haz
ardous environment in terms of both oper-
ator and bird health. The normal

occupational health standard for NH3 is a
time-weighted average, threshold limit
value of 25 ppm (American Conference of
Governmental Industrial Hygienists
1983). While no threshold limit values are
available for animals, Sainsbury (1980)
has suggested that about 20 ppm is an
acceptable upper limit for poultry, based
on present evidence. If concentrations of
this order were to be achieved under the

conditions prevailing in these two barns,
the ventilation rates would need to be

approximately doubled, that is, NH3 con
trol rather than moisture control should be

the design criterion in determining ventila
tion rates. To double the ventilation rate,
however, would pose a dilemma in that this
would cause increased heat loss. In the

absence of supplemental heating, this
would result in a substantial lowering of
the ambient temperature. On the basis of
the results of this study, a more practical
alternative to increased ventilation rates

would be to increase the frequency of
droppings removal. While this may be fea
sible in Barn C, it may not be in the deep-
pit unit. In any case, further investigations
are needed in similar commercial laying
units to substantiate the findings of this
study before firm recommendations can be
formulated.

Hydrogen Sulphide Production
The sulphur analyzer, which was capa

ble of measuring H2S concentrations as
low as 10 ppb, sampled the air for approx-
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imately 20 min during each run. There
were no detectable traces of H2S found in
Barns A and C at any time during the
study. The maximum ambient con
centration of H2S measured in BarnB was
30 ppb. Although such a concentration
was considered very low, the very pres
enceof H2S in thisbarn indicates the pos
sibility of a hazardous environment,
particularly during manure cleanout.
There is an apparent lack of data in the
literature pertaining to the release of H2S
and other manure gases during this opera
tion in deep-pit barns. Investigations are
required to ascertain the risk potential to
humans and birds.

Dust Concentrations

Dust particle counts were grouped into
two overall size ranges, namely, smaller
than 5 |xm, and greater than 5 |xm. This
was done on the basis that the smaller

particles, being able to penetrate lung
tissue, are considered particularly haz
ardous to health (Curtis 1981). Hourly
means were obtained for concentrations of
particles in these two size ranges. An
example of hourly fluctuations during a
24-h run for particle size concentrations
less than 5 |xm are shown in Fig. 2 for Barn
C. This figure illustrates the lower dust
concentrations that occurred during the
dark compared to the light period. In all
barns, the peak dust concentrations usu
ally corresponded with the time of feeding
of the birds and/or gathering of the eggs.

The dust data are tabulated in Table VI

for each trial run. As shown in this table,
there were wide variations between the

means and the ranges of dust con
centrations for the different runs. The

overall mean dust concentrations were

lowest in Barn C (Table VII). The reason
for these lower values most probably was
that the hens were less excitable than in the

other two barns. Since the eggs were col
lected manually in this barn, the hens
appeared to be accustomed to the activity
of the producer. During Run 4 in Barn C
(Table VI), the dust concentrations were
unusually high as a result of the noise and
motion of the gasoline-powered gutter
cleaner being used to remove the drop
pings. The lower dust concentrations in all
three barns during the dark hours were a
result of the reduced activity of the hens.
There was also a higher concentration of
smaller than larger dust particles. Since
smaller particles are inhaled more easily
and more deeply, the dust in the environ
ments of these barns could be a contribut

ing factor in possible respiratory ailments.
Lack of standard dust sampling pro

cedures and of reliable relationships
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between dust concentration measurements
by various instruments made valid com
parisons of published data from studies in
confinement animal units questionable if
not impossible (Honey and McQuitty
1976; Lampman 1982). The data, there
fore, arising from this study are useful
only as a guide to expected particle con
centrations in laying barnsundercool/cold
conditions in Alberta and as a reference
against which data arising from studies
involving the sametype of instrument and
similarprocedures mightbe compared. In
this regard,Leonard et al. (1984) reported
on dust concentrations in commercial
broiler barns in Alberta, the maximum
meanparticle concentration recorded over
a 24-h period being 7500/L atthe7thweek
of the production cycle. The maximum
mean concentrations in Barns A, B and C
over any light period were 25460, 11940
and 39670 particles/L, respectively. The
overall mean concentrations recorded over
the six trials runs for the three barns were
also greater(Table VII) than the maximum
value obtained in the broiler study. This
indicated that the laying barn environ
ments were inferior to those of the broiler

units.

Guidelines on acceptable con
centrations of dust in poultry environments
have not been established. There is also a

lack of definitive data on adverse effects of

dust per se on poultry pulmonary function
(Honey and McQuitty 1976; Lampman
1982). However, Curtis (1981) has noted
that dust particles can absorb gases, either
directly or by water in the particles. If
these particles were of a size that could
reach the lungs, then they "would serve as
a vehicle to increase ammonia's imping-
ment in the pulmonary region." Thus, the
combination of dust and NH3 con
centrations found in the environment in

Barn B in particular would appear to repre
sent a substantial challenge to the birds'
respiratory system. As working environ
ments, the authors, by subjective
appraisal, ranked Barns A, B and C as
pleasant, unpleasant, and somewhat
unpleasant, respectively.

CONCLUSIONS

Based on the results of this study, the
following conclusions are drawn:

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

hazards (range: 2340-3620 ppm).
(2) Mean C02 production rates ranged

from 1.81 to 1.84 and from 1.21 to 1.37

L/(h.bird) for light and dark periods,
respectively.

(3) Hydrogen sulphide concentrations
were detected only in the deep-pit unit and

at very low values, but nevertheless indi
cated the possibility of a hazardous
environment during clean-out operations.

(4) Mean NH3 production rates were
affected only marginally by lighting
period but ranged from 6.5 to 31.9
mL/(h.bird) between barns.

(5) Ammonia production rates
appeared to be a function of length ofstor
age period of droppings.

(6) In the deep-pit and shallow-gutter
barns, NH3 and not moisture control
should have been the primary design crite
rion in minimum ventilation rate consid
erations under the prevailing conditions.

(7) The mean ambient NH3 con
centrations of 53 and 33 ppm in the deep-
pit and shallow-gutter barns, respectively,
were considered to be potentially haz
ardous to human and bird health.

(8) Mean daily dust concentrations of
particles sized less than 5 |xm for all three
barns ranged from 8300 to 12700 parti
cles/L while mean total daily counts
ranged from 8600 to 13200 particles/L.

(9) The overall ambient air quality of
the deep-pit barn was considered to be
inferior to that of the other two barns.

(10) The overall air quality of the air
exhausted from the deep-pit barn was bet
ter than that of the ambient air at bird level.

(11) The presence of gas concentration
and temperature gradients indicated inef
fective air distribution and mixing in all
three barns studied.
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