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Feddes, J.J.R. and Licsko, ZJ. 1993. Air quality in commercial
turkey housing. Can. Agric. Eng. 35:147-150. Air quality was moni
tored in a typical brooder and grower turkey barn near Edmonton,
AB. Ammonia, carbon dioxide, airborne dust, temperature, and ven
tilation rates were measured on a semi-hourly basis over a 24-h
period during weeks 2, 3,4,and 5 in the brooder barn and weeks 9,
10, 11, 12, 13, 14,and 15 inthegrower barn. Both concentration and
production rate data are reported. The levels of aerial contaminants
were acceptable in the brooder barn and unacceptable in the grower
barn.

La qualite de Fair aete mesuree dans un poulailler de demarrage
et un poulailler de croissance pour dindons pres d'Edmonton, AB.
L'ammoniac, le bioxyde de carbone, lapoussiere de Fair, latempera
ture et les taux de ventiliation ont ete mesures sur une base
semi-horaire pendant 24-h durant les semaines 2, 3, 4, et 5 dans le
poulailler de demarrage et durant les semaines 9, 10, 11, 12, 13, 14,
et 15 dans la poulailler de croissance. Les donnees de concentration
et de taux de production sont presentees. Les niveaux de contami
nantsaeriens ont ete acceptables dans le poulaillerde croissance et
inacceptablesdans le poulailler de croissance.

INTRODUCTION

Air quality in animal housing is a function of the concentra
tion of ambient airborne contaminants. In turkey housing,
aerial contaminants include gaseous compounds such as am
monia (NH3), carbon dioxide (CO2), and hydrogen sulphide
(H2S) as well as respirable airborne dust particles. Wolfe et
al. (1968) focused their research on the effect of dust and
NH3 on turkeys and found no significant relationship be
tween NH3 levels and the occurrence of airsacculitis.
However, they did find that the incidence of airsacculitis
increased significantly with dust levels. Feed conversion
rates were not affected by these NH3 or dust levels.

Subsequent research has concentrated on the levels of
bacterial and particulate concentrations (Jacobson and Jor-
don 1978). They found that humidity and bird activity
affected the concentration of both these aerial contaminants;
however, they could not relate the incidence of either bacte
rial or particulate concentrations to bird health. Increased
ventilation rates, littermanagement, and humidity were sug
gested as control strategies for reducing bacterial and
particulate concentrations.

More recent research reported on the concentration of
aerosols and noxious gases under commercial conditions for
turkey rearing (Janni et al. 1984, 1989). Additional research
has focused on the causes of airsacculitis in male turkeys
(Janni and Redig 1986). In a comparison of mortality differ
ences on a seasonaV basis, they found that high levels of
Aspergillus, NH3, dust, and aerosols were concurrent with
bi%U mortality rates among turkeys raised under commercial
conditions.

Research also has attempted to correlate the clearance rate
of Aspergillus spores with bird age and NH3 concentration
(Janni and Redig 1986; Mulhausen et al. 1987). Although
spore clearance rate decreased with increasing bird age, there
was no link to NH3 concentrations. Final bird weights and
bird mortality werenot affected by the NH3 concentrations in
their study.

The objectives of this project were to obtain data on ambi
ent levels and production rates of aerial contaminants found
incommercial turkey housing throughout a growth cycle ina
brooder and grower barn.The study was carried out concur
rently with a study that compared direct and indirect
calorimetric methods for determining bird heat production
(Feddes and McDermott 1992).

EXPERIMENTAL FACILITIES

This study was conducted at a commercial turkey facility
approximately 150 km northwest of Edmonton, AB. A
brooder and a grower barn were monitored between January
and May of 1988. These two barns have been described
elsewhere (Feddes and McDermott 1992). These barns were
considered to be typical of turkey housing in that fresh bed
ding was provided after removal of the litter from the
previous batch of turkeys and heating was provided to main
tain acceptable ambient temperatures at recommended
ventilation rates. Exchange air was introduced through con
tinuous slot inlets and exhausted by wall mounted fans.
Stocking density was that suggested by the industry. Birds
were housed in the brooder barn (0.12 m2/bird) from one day
to8 weeks and inthe grower barn (0.43 m2/bird) from 8to 16
weeks of age. Table I shows the dates of each 24-h monitor
ing period, the number of birds, and their age in each barn.

EXPERIMENTAL PROCEDURES

An instrumentation anddata acquisition systemdescribed by
Feddes and McQuitty (1977) was used to monitor each barn.
The system was housed in a mobile trailer and was isolated
from the barn environment. The parameters monitored in
cluded: NH3, CO2, dust levels, relative humidity(RH),
temperature, and ventilation rate. These parameters were
measured twice an hour over a 24-h period during a week for
each location. Ambient inside air temperatures in each barn
were based on temperature measurements from thermistors
(Fenwal Electronics, Framingham, MA) evenly spaced at
bird height.

Air was drawn through plastic tubing to the mobile trailer
from outside the barns and from the operating exhaust fan
locations, the location being controlled by a set of sequenced
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solenoid activated valves, tothe gas analyzers and adewpoint
hygrometer (Model 880, Cambridge Systems, Cambridge,
MA).

Ammonia and CO2 levels were recorded with the use of
non-dispersive infrared gas analyzers (Beckman, LaHabra,
CA). The accuracy of these instruments was checked at the
start and at the end of each 24-h monitoring period by sam
pling calibration gases. Hydrogen sulphide levels were also
checked periodically during each sampling period with the
use of a hand held bellows-type detector and appropriate
sampling tubes.

Dust levels were measured with the use of a forward-
scattering optical particle counter (Climet Instruments,
Redlands, CA). Samples were drawn 5 min of every hour
during the 24-h run through a 6.35 mm ID tube to the dust
sampler located in the mobile trailer. All dust samples were
drawn from a single location at the centre of each barn at
mid-height.

To measure the building ventilation rate, ducts with flow
straighteners were located downstream from each operating
ventilation fan (Jorgenson 1983). Flow rates from each vari
able-speed fan were determined from afan voltage - air flow
rate regression equation (Feddes and McDermott 1992). The
voltage to the variable speed fans was recorded every four
minutes. Air flow rates from single speed fans were deter
mined from event recordersmonitoring the time of operation.
Airflow rates were measured manually two times during each
run bymeasuring airspeeds at25 points ineach duct (Jorgen
son 1983). These airflow rates, along with corresponding fan
voltages, also were part of the data set used to establish the
regression equations.

ENVIRONMENTAL CONDITIONS

Outside air temperatures during the monitoring period ranged
between -30°C and 13°C (Table I).Overall mean daily venti
lation rates increased from 0.11 to 1.92 L/s per bird
corresponding to the increase in age of the birds (Table II).
Generally, ventilation rates were a constant minimum to
maintain acceptable RH and aerial contaminant levels. Inthe
grower barn, the mean daily ambient temperature ranged
between 11°C and 15.8°C.The majority of the temperatures
were well below 18°C as recommended by ASAE (1991). In
the brooder barn, mean daily ambient temperatures ranged
from 19.6°C to 33.8°C (Table I). Recommended inside RH
values for poultry housing are a minimum of 50% and a
maximum of 75% (ASAE 1991). Mean measured RHvalues
ranged from 38 to 59% in the brooder barn and from 62 to
85% in the grower barn, the higher RH generally associated
with lower ambient temperatures.

RESULTS AND DISCUSSION

The mean CO2concentrations, as presented in Table II, were
not great enough to be considered a health hazard to either
birds or humans. They did not exceed the threshold limit
value of 5000 ppm as recommended by ACGIH (1985).
However, CO2 is a good indicator of overall air quality.
Concentrations of 2500ppm are suggested as threshold lev
els in confinement buildings (Anonymous 1990). At 92 days,
24-h mean CO2 levels reached 3616 ppm with a correspond
ing high NH3 level of 28 ppm. The CO2 production values
ranged from 3.47 to 11.7 L/h per bird inthe grower barn and
0.48 to 1.95 L/hperbirdin thebrooder barn. Carbon dioxide
production rates fortheturkey hens inthebrooder barn were
similar to that of broilers at the same age (Leonard et al.
1984).

Table I. Summary ofenvironmental conditions for turkeys inthebrooder and grower barn.

Date No. of birds Age

(days) Outside

Temperature (°C)
Range Ambient

Brooder Barn

Range

Relative humidity (%)
Ambient Range

88-02-17 4692 16 -0.3 -5/6 27.2 26/28 38 35/43

88-02-22 4665 21 -12.0 -20/-5 24.5 22/26 46 42/52

88-03-01 4616 29 -2.7 -8/6 22.2 20/25 66 55/90

88-03-08 4595 36 6.4 2/13 23.0 21/26 59 51/68

Grower Barn

88-01-12 2710 64 -18.0 -23/-8 14.0 12/17 68 60/79

88-01-18 2692 70 -12.2 -17/-2 12.1 09/16 63 54/72

88-01-25 2673 77 -1.4 -10/4 12.8 08/18 70 57/77

88-02-01 2658 84 -18.0 -22/-17 11.0 06/16 81 59/92

88-02-09 2636 92 -23.8 -30/-17 13.2 12/16 85 66/90

88-02-16 2610 99 1.4 -2/5 15.8 12/20 62 54/68

88-02-23 2575 106 -9.1 -16/8 11.3 08/14 73 54/87

88-02-26 2560 Marketed

148
FEDDES and LISCKO



Table IL Daily meansidata fortoe gases anddust monitored in the two barns
Age

(days)

Ventilation

L/(s.bird)

Concentration

C02

ppm

NH3

ppm

Dust

particles/mL

<5um >5um

Production

CO2

L/(s.bird)
NH3

mL/(m2ofbldg/h)

Brooder Barn

16

21

29

36

0.11

0.16

0.20

0.38

1558

2542

2514

1772

1

1

3

17

18

4

0.6

0.3

0.1

0.48

1.26

1.56

1.95

5

6

34

Grower Barn

64 0.43 2594 11 32 4 3.47 40
70 0.80 1880 10 34 4 4.41 67
77 1.54 1584 8 35 3 6.84 103
84 0.95 2681 20 49 31 7.97 158
92 0.84 3616 28 41 21 9.88 194
99 1.92 1858 15 45 4 10.4 235
106 1.85 2113

- 50 3 11.7

Ammonia concentration and production rates are presented
in Table II. Mean 24-h NH3 levels exceeded 25 ppm at 92
days of age and exceeded 10 ppm during most of the moni
toring periods in the grower barn. In the brooder barn, NH3
concentrations were low since dry litter was maintained by
the floor heating. Levels of 10 ppm of NH3 are suggested as
exposure threshold in swine buildings for swine health
(Anonymous 1990). Moulsley (1977) found that concentra
tions as low as 20 ppm increased the susceptibility of
chickens toNewcastle disease. Ammonia production reached
amaximum of 235 mL/h per m2 of building floor area at 99
days of age.

Hydrogen sulphide

The presence of hydrogensulphide in each barn was checked
during each monitoring period, but no more than trace
amounts (< 1 ppm) were ever detected.

Airborne dust

Respirable (<5n.m) dust particle concentrations ranged from
32 to 50 particles/mL in the grower barn and between 4 and
V& particles/mL in the brooder barn. The mean stocking
densities of the birds were 7 and 17 kg of bird/m2 for the
brooder and grower barn, respectively. Assuggested byWeb
ster (1990) and Stroh et al. (1978), stocking density appears
to be a significant contributor towards dust concentrations.
Donham suggested 25 particles/mL of respirable dust as a
threshold level (Anonymous 1990). Therefore, air quality
appears to be acceptable within the brooder barn, whereas
dtfsf fevefs in the grower barn are almost twice that sug
gested.

The following conclusions can be drawn:

1) The levels of aerial contaminants in the brooder barn were
acceptable.

2) Airquality inthegrower barn was notacceptable. Ammo
nia and respirable dust concentrations were higher than
those suggested (10 ppm NH3 and 25 particles/mL
respirable dust).
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