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Bate, L. A., Hacker, R. R. and Phillips, P. A. 1988. Effect ofmanure
handling on air quality and pig performance in partially slatted
floor barns. Can. Agric. Eng. 30: 107-110. Two trials were carried
out to determine the effect of manure handling systems on the per
formance of growing-finishing pigs when ventilation rate was gov
erned by temperature. The first trial compared accumulated manure
(1-m-deeppit) and subsequent evacuation from under slats versus con
tinuous gravitymanure flow. The secondtrial comparedgravity man
ure flow (control) versus flushing with either fresh, aerobically or ana-
erobically stored manure. Significant differences were not found
among the environmental parameters or pig performance on the first
trial. In the second trial, higher levels of carbon dioxide were noted
in all the flushed rooms. Ammonia levels were higher when flushing
was done with anaerobically stored manure while flushing with fresh
manureresulted in highly variable but large increases in hydrogen sul
phide. The pH of the manure in the control rooms was always lower
than for the flushed rooms. These environmental modifications did not

result in differences in animal health status or in pig performance.
Therefore, pigs could be raised and finished on partially slatted floors
using any of the manure handling systems described here without det
rimental effects.

INTRODUCTION

Manure disposal is a serious problem when pigs are raised in
confinement. One approach used in slatted floor barns has been
to flush out the solids with water and then use the slurry as
fertilizer or dispose of it into aerobic or anaerobic lagoons. An
aerobic system, which requires the use of large volumes of
water, is very expensive in terms of water and treatment cost.
One solution to minimize water usage has been to recycle man
ure as a flushing medium (Ashfield 1982). The economic
advantage of this approach could be jeopardized by the impact
of the system on the animal's environment, which in turn may
influence performance (Curtis 1972). Among the potentially
adverse aspects are increased bacterial counts (Jensen and
Bishop 1983) and the presence of noxious gases (Taiganides
and White 1969). Some of the gases produced by manure are
carbon dioxide (C02), methane (CH4), ammonia (NH3) and
hydrogen sulphide (H2S) (Scott et al. 1983). The first two do
not necessarily limit performance in confinement houses
(Wathes et al. 1983) but NH3 and H2S are strong irritant sub
stances which can definitely cause inflammation of membranes
within the eyes and the respiratory tract (McQuitty 1985). An
alternativesolution has been the aeration of manure prior to its
use, but unfortunately this adds to the cost of manure handling
(Smith and Evans 1982).
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Two trials were performed to determine the effect ofdifferent
manure handling systems, in partially slatted floor barns, on
the performance of growing-finishing pigs.

MATERIAL AND METHODS

Four identical rooms within one barn were randomly allocated
to either a control (gravity flow of manure under slats towards
a collection channel outside the room) or a treatment (manure
accumulation and release to the same collection channel). Each
room contained 12 pens which were filled with nine pigs per
pen. Pigs were fed ad libitum a 15% protein, corn, soybean diet
and had continuous access to water. The floor dimension of

each pen was 2 x 4.5 m. About 80% of the floor area consisted
of solid concrete and the remaining 20% was slatted concrete.
The feeder and drinker were placed in the solid and slatted area,
respectively. Partitions between pens were made of vertical gal
vanized steel bars with a 10-cm space between bars. These sep
arations permitted free air circulation throughout the barn.

The accumulated manure treatment allowed the manure to

accumulate under the slats with evacuation occurring once a
month. During the month, manure would accumulate to a depth
ranging from 70 to 90 cm. The entire trial was carried out for
a period of 4 mo between January and April. During this time
the pigs were weighed every 2 wk as pen groups. The feed
disappearance for each pen was recorded for the same period.
Pigs entered the experiment at an average weight of 25 kg and
were replaced by a new group when they averaged 90 kg. Post
mortem studies to determine health status were performed on
a random 12% of the pigs used in the trial. The respiratory
system was examined for gross and microscopic lesions caused
by pneumonia. Detection of atrophic rhinitis was performed by
sectioning the nose behind the second premolar. A range of
lesions was sought culminating in total bilateral dystrophy of
the turbinates and deviations of the nasal septum.

Determination of air concentration of NH3, CH4, C02 and
H2S was carried out every 2 wk and during the manure removal
from the pits. The selected point for air sampling was 35 cm
from the floor between slatted and solid concrete. This point
represented the average gas concentration circulating at the pigs'
level in the room. These were determined from preliminary
measurements taken at 35 cm from the floor in 24 different

places over the room. Air concentrations of C02, NH3 and H2S
were measured by gas chromatography using a Gastec pump
and Gastec analyzer tubes (Gastec Corp., Tokyo). Methane was
monitored with a methane detector (Model CD210, National
Mine Service Company) capable of detecting a minimum of
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Table I. Temperature and concentration of gases in rooms with
different manure handling systems (Trial I)

C02 NH3 CH4 Temp.
Treatment (%) (ppm) (%) (°C)

GFMt 0.24 ±0.09* 16 ± 10* ND§ 19.0±3.4t
Accumulated

Before 0.24 ±0.11 14 ±10 ND 18.9±2.8

After 0.29 ±0.11 17±11 ND 18.9±2.8

tGFM = gravity flow manure (control).
tMean ± standard deviation.
§ND = not detected.

0.1% methane in the air. Temperature was recorded daily in
each room and the relative humidity (RH) was recorded con
tinuously for periods of 1 wk per month with a thermohydro-
graph (J.S.C. Lab Supplies, Toronto, Ont. Canada) located in
a representative location in the room. Ventilation was set to
maintain room temperature at 20°C. Each room was equipped
with two 95-cm variable-speed fans and two 47-cm single speed
fans located on the wall opposite to the air inlets and connected
to the thermostat.

The main objective of the second trial was to determine the
influence of different types of flushing materials on the envi
ronmental parameters and pig performance. In this trial the four
rooms were randomly allocated to be either control (gravity
overflow) or flushed. Treated rooms were flushed with either
fresh, aerobic or anaerobically stored manure. The pipe which
delivered the flushing material to the 1-m-deep pit discharged
the material 20 cm below the surface of the slats and approxi
mately 70 cm above the surface of the manure. Fresh manure
was then collected for the last 48 h within the barn. Aerobically
stored manure was manure stored and aerated for at least 1 mo
prior to use. Anaerobically stored manure was manure stored
in silos for at least 1 mo without aeration.

The treated rooms were flushed three times a week for a
period of 1 mo with each type of manure. The same gas param
eters as in trial 1 were measured during each flushing.

Each flushing lasted 30 min during which the determination
of gases in the air was performed as described for trial 1. The
pH of the manure used for flushing and from the control rooms
was also measured at this time. Dust concentrations were mon
itored randomly over time. Dust collection was carried out for
12 consecutive hours in two rooms simultaneously with a dust
collector pump. Air was drawn through a 6-cm-diameter GFA
glass microfibre Whatman No. 2 filter. Total flow through was
recorded for each collection period. Filter papers were dried in
an oven at 100°C and cooled for 3 h in a dessicator prior to
weighing. Pig weight, feed disappearance and health status
examination were performed as outlined for trial 1.

The design for both trials was complete randomized block
where each block was an overtime replication of the experi
ment. The data were analyzed using General Linear Models
from a Statistical Analysis System computer package (Good
night et al. 1982).

RESULTS AND DISCUSSION

The results of the first trial showed no significant differences
in the environment parameters as a consequence of the imposed
treatments (Table 1). There were some temporary environmen
tal modifications during the process of emptying the pits from
the accumulated manure treatment. These changes were not suf
ficient to influence the performance (P>0.05) or the overall
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Table II. Performance of pigs grown between 25 and 90 kg in rooms
with different manure handling system (Trial I)

Treatment Room

Number

of

pens

ADG

(kg/d)
Feed

conversion

GFMt

Accumulated

2

3

1

4

21

15

22

20

0.82±0.11t
0.85 ±0.08

0.81±0.12

0.80 ±0.09

2.70 ±0.33$
2.68±0.31

2.78 ±0.34

2.85 ±0.28

tGMF = gravity flow manure (control).
tMean ± Standard deviation.

health status of the animals (Table II). Methane and H2S were
not detected in any of the rooms under normal conditions or
during manure removal from the pits. The lack of detection is
understandable since during simple storage of slurry fermen
tation occurs but methanogenesis is often restricted because of
low temperature (optimum 35°C). In larger lagoons or holding
tanks complete anaerobic digestion is achieved but this may
require storage for 6-12 mo or more, a condition which did not
exist in this study.

The patterns of relative humidity (RH) were very similar in
all rooms during any given 1-wk period. They generally fluc
tuated between 40 and 90%. This close relationship between
the RH of different rooms reflected the external environmental

conditions suggesting that the treatment was not influencing
this parameter. This is understandable considering that both
treatments had an identical evaporative surface under the slats
and a similar pig density.

From this trial, it is evident that, using the animal density (1
m2 pig-1) reported herein, pigs can be grown and finished on
semi-slatted floors equally well with a system of accumulation
under the slats or with a system where manure overflows freely
from the pits. The ultimate decision as to which system should
be used will depend on the pork producer and should be based
on criteria such as alternative manure storage or disposal system
rather than on pig performance. If any advantage was noticed
for one system over the other it relates to a reduced number of
flies in the rooms with periodic accumulation and removal of
manure.The filling of the 1-m-deeppit with manure apparently
reduced the egg-laying area on the pit wall and the sudden
removal of the manure may have contributed to a disruption in
the reproductive cycle of the flies.

The results of the second trial indicate a significant effect of
replication on all detectable gases (C02, NH3 and H2S) as well
as on temperature, reflecting the seasonal nature of the repli
cation. Methane was not detected in any of the experimental
rooms throughout the experimental period.

The levels of C02 were higher (P<0.05) in the flushed than
in the control rooms but differences (/>>0.05) were not detected
among the various flushing materials (Table III). The concen
trationsof NH3 were higher (P<0.05) during flushing with ana
erobically stored manure than with fresh manure, but differ
ences were not noted between these two and flushing with
aerobically stored manure. The concentration of H2S was very
variable and the fluctuation could best be described as erratic.
Overall, H2S was highest (P<0.05) in the rooms flushed with
fresh manure.

The pH of the manure was lower (P<0.05) in the control
than in the flushed rooms. Under normal operating conditions
pH values in liquid swine manure would be affected by the
loading rate and the temperature. At high loading rates or low
temperatures, which inhibit the metabolism of the microflora,
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Table III. Environmental parameters inrooms flushed with different types ofmanure
C02 NH3

Number of (%) (ppm)
Treatment measurements X±SD X±SD

Fresh GMFt
Flushed

Aerobic GMF
Flushed

Anaerobic GMF
Flushed

78

78

48

48

52

52

0.069 ±0.085

0.118 ±0.069

0.75 ±0.097

0.114 ±0.077

0.96 ±0.071

0.131 ±0.073

tGMF = gravity manure flow (control).
$ND = not detected.

4.90±3.39

4.60±1.81

5.00±3.88

5.80±3.51

6.20±4.38

5.60 ±2.94

Table IV. Performance of pigs grown between 25 and 90 kg and
housed in rooms flushed with different types of manure (Trial II)

Treatment

Number

of pens

Feed

conversion

X±SD

ADG

(kg/d)
X±SD

Fresh GMFt
Flushed

50

51

2.69 ±0.41

2.69 ±0.36

0.79±0.12

0.80 ±0.11

Aerobic GMF

Flushed

50

51

2.63 ±0.46

2.68±0.41

0.77±0.21

0.75±0.12

Anaerobic GMF

Flushed

43

42

2.64±0.44

2.54 ±0.42

0.87±0.19

0.86±0.14

tGMF = gravitymanureflow.

the manure will be more alkaline. Under these conditions pop
ulations of nitrifiers would not become established and the min

eralized nitrogen remain in the form of ammonia. Apparently
the flushed manure in this study was overloaded and thus the
microflorawere not allowed adequate time to establish as indi
cated by the higher pH values. Dust concentrations averaged
0.36 ± 0.29 and0.41 ± 0.28 mg/m3 for the controlandflushed
rooms, respectively. Nodifferences were noted in dust level as
a consequence ofchanging flushing material. Although marked
differences were noticed in some of the environmental param
eters, these did not influence the performance or health status
of the animals (Table IV).

The higher production of C02 byall three flushing materials
when compared to the normal manure overflow suggests that
agitation by itself is contributing toeither oxidation oforganic
matter, or to the release of absorbed C02. Whichever mecha
nism may have predominated, the process was relatively con
stant regardless of the type of material used.

Stombaugh et al. (1969) demonstrated thata NH3 concentra
tion of57ppm had anadverse effect onfeed consumption and
ADG but not on feed conversion. For humans, the threshold
limitvalue of the time weighted average (TLV-TWA) has been
determined as 25 ppmfor NH3 andtheTLVshort termexposure
limit (STEL) has been established to be 35 ppm (American
Conference of Governmental Industrial Hygienists (ACGIH)
1981). The maximum NH3 TLV-TWA was, in both trials, sig
nificantly lower than the limit of 20 ppm proposed for pigs
(Bruce 1981) and lower than the maximum recommended for
humans by ACGIH (1981). The STEL values for NH3 were
closer to the allowable maximum reaching values of 35 and 17
ppm in the first and second trial, respectively.

The tremendousvariabilityin the concentrationof H2S in the
rooms flushed with fresh manure makes any explanation dif
ficult and to a certain point unreliable. Hydrogen sulphide is
produced byanaerobic manure decomposition (McQuitty 1985)
but H2S wasnot present in significantly higheramounts in the
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H2S

(%)
X±SD

0.153 ±0.193

9.47± 18.32

0.160±0.219

0.165 ±0.225

0.43 ±0.050

0.77 ±2.150

CH4

(%)

ND*
ND

ND

ND

ND

ND

Temp.
(°C)

Z±SD

21.14 ±2.47

21.5±2.57

20.27 ±3.74

21.44±3.58

19.15±4.16

19.71 ±4.03

pH
X±SD

7.26 ±0.30

7.24 ±0.26

7.04±0.91

7.53±0.15

7.17±0.30

7.28±0.21

anaerobically flushed rooms. The H2S TLV-TWA values for
flushing with fresh manure reached a maximum of 9.27 ppm
which is borderline with the recommended 10 ppm acceptable
for humans, but is higher than the 5 ppm proposed as safe limits
for pigs by Bruce (1981). The STEL H2S values reached a max
imum value of 90 ppm which is substantially higher than the
15 ppm recommended for humans. Despite this difference, the
values appear normal considering that it is common to find ele
vations up to 1000 ppm during manure agitation (Scott et al.
1983). The sudden increases in H2S concentration were not det
rimental to the pigs. Even though STEL value for H2S is 15
ppm, this gas starts causing symptoms of nausea and discom
fort only at concentrations of 500 ppm (Taiganides and White
1969).

Averagedaily gain and feed consumption of the pigs in these
trials are comparable with performance of growing pigs fed a
similar diet (Skoch et al. 1983; Tyler et al. 1983).

Moser et al. (1985) and Randolph et al. (1981) have reported
an improvement in performance of grow-finishing pigs as pig
density decreases. The density usedin thisexperiment falls in
between the densities used by both reports indicating that 1.0
m2 pig-1 is not out of the range in which performance canbe
improved by reducing density. Furthermore, the size of the
groups (nine pigs) was also between the ranges in which per
formance couldbe improved by reducing groupsize(Randolph
et al. 1981).

CONCLUSIONS

From the results found in this trial, the use of any of the three
materials to flush pits in partial slatted floor barns appears to
be adequate in terms of pig performance.

The information drawn from both trials suggests that manure
handling systems for pigs grown in partially slatted floors is
apparently not a determining factor in hog performance and
health status. Slight environmental improvements may be
attained by choosing manure accumulation and release over
gravity flow ofmanure interms ofreduction offlies inthe barn.
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