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SUMMARY 
The primary source of odour emission in Australian piggeries has been identified as anaerobic treatment ponds. The 
aim of this paper is to describe how odour emission rates have been found to vary with loading rate between ponds 
during summer and winter.  Odour emission rates at six piggery ponds were determined using a forced choice dynamic 
olfactometer.  The ponds were sampled once in summer and once in winter using a wind tunnel. A systematic grid was 
used on each pond to determine an average odour emission rate. Odour emissions were found to increase with 
increasing volatile solids loading rate for both the summer and winter periods. The adjusted R2 values for the 
relationship between odour emission rate and volatile solids loading rate for summer and winter were found to be 73.3 
and 72.2 (P<0.05) respectively.  The rate of change of odour emissions with respect to loading rate was similar for both 
sampling periods. However,  odour emission rates were higher in winter than summer. 
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1 INTRODUCTION 
Intensive livestock production can result in odour 
problems to nearby land users and therefore can become 
an environmental constraint to the expansion of the 
livestock industry (Feddes et al. 2001). Studies 
undertaken by the National Centre for Engineering in 
Agriculture (NCEA) indicate that up to as much as 75% 
of the odour produced by a piggery is from its anaerobic 
ponds (Smith et al. 1999).  

An anaerobic pond is an earthen cavity into which 
livestock waste is placed to be in a state of high dilution 
with water for the primary purpose of biological 
degradation (treatment) (ASAE, 1993). These ponds 
offer what most producers want in a waste treatment 
system – convenience and simplicity.  However odour 
is a major by-product of this treatment system and as 
such may cause amenity problems for the occupants of 
nearby dwellings and businesses. 

Odour dispersion models such as Ausplume, TAPM and 
Calpuff are often used to assess proposed piggery 
developments. Current dispersion modelling in 
Queensland uses standard odour emissions per unit area 
based on the work of Watts (2000).  This however, does 
not take into account the effect of pond management on 
odour emission rates.   

The purpose of this paper is to describe the preliminary 
results of a Australian Pork Limited / Department of 

Primary Industries / Tong Park Pty Ltd funded project 
(Project 1628) that sought to determine the effect of 
loading rate on the spatial variability of odour emissions 
from primary effluent ponds at piggeries in south-east 
Queensland.  

 

2 METHODS 

2.1 Pond Selection 

The ponds selected for sampling had to meet four 
specific criteria. The criteria were that the pond had a 
known operating history; a loading rate could be easily 
determined; there was only one primary pond; and there 
was only one or two discharge points into the pond.  
The selected ponds gave a representation of a number of 
different loading rates.  

Sampling sites on each pond were selected beyond the 
batter of the pond. This ensured a uniform depth of 
effluent below each sampling point. To create a 
sampling grid, the area of the pond that was suitable for 
sampling was broken up into sections with equidistant 
spacing between the sampling points. 

2.2 Wind Tunnel Design 

Odour samples were collected using a wind tunnel as 
designed by the University of New South Wales (Jiang 
et al. 1995; Bliss et al. 1995). Further modifications 
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were made to the wind tunnel to improve sampling 
efficiency as discussed by Wang et al. (2001). This 
involved the manufacture of a curved 90-degree 
manifold on the exit of the wind tunnel. At the end of 
the tunnel a hollow, stainless steel cross with 
equidistant spacings was used for sample collection. 

Carbon-filtered air was forced into the wind tunnel 
using a 240-volt fan assembly to generate an internal air 
velocity of between 0.3 and 0.5 m/s in the working 
section of the tunnel. The velocity in the tunnel was 
measured using a Thermo Systems Incorporated (TSI) 
Model 8355 hot wire anemometer. 

2.3 Sample Collection 

Odour samples were collected in Melinex 
(Polyethylene Terephthalate) sample bags. The sample 
bags were placed into a rigid sample container and the 
air inside the container was evacuated at a controlled 
rate using 12-volt diaphragm pumps to fill the bags. All 
components used for sampling were composed of 
stainless steel or polytetrafluoroethylene (PTFE). 

The bags were pre-conditioned by filling them with 
odorous air from the source prior to the sample being 
collected.  The samples were collected over a period of 
six minutes. This sampling period was selected for 
comparison with results from a downwind sampling 
model.  The latter model is not discussed in this paper. 

A gantry was constructed to allow the wind tunnel to be 
moved across the ponds without disturbing the surface. 
This gantry consisted of two pontoons constructed from 
stormwater pipe and a four-metre wide aluminium 
frame.  A smaller carriage with nylon rollers was placed 
onto the frame to allow movement of the wind tunnel 
laterally along the frame. Two 12-volt winch motors 
were used to position the wind tunnel onto the surface 
of the pond for odour collection. 

2.4 Olfactometry 

Odour concentrations were determined using an eight 
panellist, triangular, forced choice dynamic 
olfactometer developed by the Department of Primary 
Industries. This olfactometer was constructed to meet 
the requirements of the Australian / New Zealand 
Standard for Dynamic Olfactometry (AS4323.3) 
(Standards Australia, 2001)   

Each panellist was first screened with the reference gas 
(n-butanol) according to the Australian standard 
(Standards Australia, 2001) to ensure their detection 
thresholds for the reference gas was between 20 and 80 
parts per billion.  

Odorous air was diluted and presented to the 
olfactometer panellists in one of three ports, while the 
other two ports emitted clean odour free air. The 
panellists were then asked to sniff from the ports and 
determine whether they could detect a difference 
between the three ports. Each panellist was allowed a 
maximum of 15 seconds to detect a difference. The 
panellists were then asked to answer whether they were 

certain, uncertain or guessing which port the odour (if 
any) was emitted from. 

This process was repeated by doubling the strength of 
the previous presentation until all panellists had 
responded with certainty and correctly for two 
consecutive presentations. The panellists’ individual 
threshold estimate (ZITE) were then determined by 
calculating the geometric mean of the dilution at which 
the panellists did not respond with certainty and 
correctly and the first of the two dilutions where the 
panellists responded with certainty and correctly. This 
dilution series is defined as a round. Three rounds were 
undertaken for each sample where sufficient sample 
was available.   

At the end of the three rounds, the results of the first 
round were discarded as per the Australian standard 
(Standards Australia, 2001). The results from rounds 
two and three were then geometrically averaged ( ITEZ ).  
The ratio between Z  and 

ITE ITEZ  is defined as ∆Z. The 
calculation of ∆Z is as follows. 

if   ≥ITEZ ITEZ  then ∆Z=
ITE
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ITE
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Z

   (2) 

If ∆Z is greater than ± 5 then all ITEs of the panel 
member with the largest ∆Z  are excluded from the data 
set. The screening procedure is then repeated, after re-
calculation of ITEZ  for that measurement. If panel 
member(s) again do not comply, the panel member with 
the largest ∆Z is omitted. This is repeated until all panel 
members in the dataset comply (Standards Australia, 
2001). The last value of ITEZ  is then defined as the 
odour concentration and expressed as odour units per 
cubic metre (OU/m3).  

2.5 Odour Emission Rates 

The odour emission rate, commonly defined as OER or 
E was calculated using equation 3. 

s

t
t A

A
CVE =      (3) 

where C is the odour concentration in the bag; Vt is the 
wind speed inside the tunnel; At is the cross sectional 
area of the tunnel; and As is the surface area covered by 
the tunnel.  

Equation 3 assumes that the incoming air has had all 
background odour removed by the wind tunnel and that 
there is complete mixing between the emissions and the 
airflow in the tunnel (Smith, 1996).  

The calculated OER was then scaled to a standard 
tunnel wind speed of 1m/s according to Smith and 
Watts (1994). They compared two different sized wind 
tunnels and concluded that the emission rate Ev at a 
particular tunnel wind speed Vt was related to the 
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emission rate E1 at a tunnel wind speed of 1m/s.  This is 
shown in equation 4.  

63.0

1
t

v V
E
E

≈        (4) 

The exponent of 0.63 was derived as a factor for wind 
tunnels when used on solid surfaces at feedlots and does 
not apply to ponds. However, Pollock (1997) discussed 
the use of an exponent of 0.5 for pond surfaces. This 
value has been adopted for the purposes of calculations 
for this paper. 

 

  

2.6 Determination of Pond Loading Rates 

The pond-loading rate is an indication of the mass of 
organic matter (volatile solids) to be treated daily per 
unit of pond volume.  The loading rate can be estimated 
from standard text book values (ASAE Standards, 
1997) or more accurately predicted from the 
digestibility of the diet and mass balance principles. An 
accurate estimate of the pond loading rate requires: 

• the number of pigs in each class; 

• the amount and type of feed fed and the 
proportion of feed wastage for each pig class; 

• any effluent pre-treatment such as solids 
screening; 

• pond volume; and  

• pond sludge volume. 

The DMDAMP model  (McGahan et al. 2000) uses the 
dry matter digestibility of each feed ingredient to 
calculate the overall digestibility of the diet.  Everything 
that is not digested is assumed to be excreted.  The 
amount of feed that is wasted is also added to the non-

digested component to give an amount of total solids 
(TS) in the waste stream.  The amount of fixed solids or 
ash (FS) in the waste stream is calculated from the 
amount fed, minus the quantity taken up as liveweight 
gain in the animals plus any that is wasted by the 
animals when feeding.  The amount of volatile solids 
discharged to the ponds is simply the difference 
between the TS and the FS. 

The volume of the pond available for treating effluent is 
assumed to be the volume of supernatant, or liquid 
effluent.  This is calculated as the total pond volume 
less deposited sludge.   

2.7 Statistical Analysis 

Genstat for Windows (5th edition) was used to perform 
linear regressions on the data. Genstat was also used to 
perform linear regressions with groups to test whether 
there were significant differences between the odour 
emission rate in the different seasons. 

3 RESULTS 

3.1 Loading Rate 

The loading rates of the ponds selected are shown in 
Table 1. In summer, ponds A, B, C, D and E were 
sampled.  In winter, ponds A, B, C, E and F were 
sampled. 

Table 1: Pond Characteristics. 

Piggery VS 
added 

to 
pond 
(kg/d) 

VS Loading 
Rate (g of 

VS/m3/day) 

% of Max 
Designed 

Active Vol. VS 
Loading Rate 

A 375 178 223 

B 400 50 51 

C 3078 530 639 
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   Figure 1 : Odour Emission Rate (ou/m2.s)  versus pond volatile solids loading rate (g vs/m3 act vol/day) for summer 
and winter 

OER vs Loading Rate (Summer and Winter)

y = 0.0188x + 7.1765 (R2 73.3)

y = 0.0222x + 16.156 (R2 72.2) 

0

5

10

15

20

25

30

0 100 200 300 400 500 600

Loading Rate (g vs/m3 act vol/d)

Average Pond
OER (Winter)

Average Pond
OER
(Summer)

Linear
(Average
Pond OER
(Summer))

Linear
(Average
Pond OER
(Winter))








