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Dust, gases, odours, and bioaerosols (e.g. aerosolized human and animal pathogens and
antibiotic-resistant bacteria) may potentially be emitted in large quantities following manure
spreading on agricultural land. These airborne contaminants can affect the health of workers,
animals, and surrounding rural communities. 

The Fugitive Emissions Following Manure Spreading – Risks Assessment and Engineering
Controls project began one of their experimental project phases during the summer of 2021
on the experimental farm at the Research and Development Institute for the Agri-
environment (IRDA) in St-Lambert-de-Lauzon, Quebec. The aim was to measure the fugitive
emissions of gases, odours, dust, and bioaerosols from manure spreading operations in a
controlled environment.

A greenhouse (8 m width x 30 m length x 4 m height)
with a polycarbonate covering was used as a controlled
environment for measuring the emissions of
contaminants from manure spreading. The greenhouse
mimics a wind tunnel, as 10 fans (24 inches diameter) are
installed at one extremity and two openings are on the
other end. The speed of the fans can be controlled
individually to change the air pattern and flowrate in the
greenhouse from ≈ 5 to 30 m3/s, which is equivalent to
wind speeds of 0.2 to 1.2 m/s. This allows the research
team to measure large ranges of emissions of gas, dust,
odours, and bioaerosols at the outlet of the greenhouse.
Environmental conditions, including temperature,
humidity and wind speed, can be monitored
continuously in the greenhouse. A soil container (4.9 m
width x 22 m length x 0.6 m height) was installed in the
center of the greenhouse and filled with loam soil on
which manure can be spread. 
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Figure 1: Inlet of Greenhouse (IRDA)

Figure 2: Dribble bar liquid manure spreader
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Manure Spreading Experiments
Two types of manure will be spread: 1) solid cow manure, spread using a small ground driven
manure spreader with horizontal paddles, and 2) liquid pig manure, spread using a 4 m
dribble bar with about 10 hoses on the bar applying manure at low pressure onto the soil. The
spreading equipment will be pulled using a winch installed on a tractor outside the
greenhouse. Manure will be incorporated into the soil manually before each test and the soil
will be replaced for each type of manure. Spreading tests will be done in a large-scale wind
tunnel, to validate new flexible sampling devices, which are to be used further in the field in
summer 2022.  

Emissions of Gases, Odours, Dust, and Bioaerosols
The fans in the greenhouse can be calibrated to determine the airflow rate based on the
rotational speed of the fans. During the manure spreading experiments gases will be sampled
continuously for analysis of ammonia, nitrous oxide, carbon dioxide, methane, and hydrogen
sulphide concentrations both throughout the experiment and for a few hours following.
Concentrations of gases will be collected using Fourier-Transform Infrared Spectroscopy
(FTIR) and Gas Chromatography/Mass Spectrometry(GC/MS) analyzers. The emissions will be
calculated by multiplying the air flowrate in the greenhouse by the gas concentrations, which
is a conventional technique to measure emissions from a farm building.
 

In parallel, passive flux samplers (PFS) will be installed in the greenhouse for the
measurement of gas emissions. The PFS consists of two tubes with a hole in between so that
the air velocity inside the sampler is equal to the outside wind velocity. An absorbing material
is placed in the tubes to capture gas molecules. After the sampling period is complete, the
captured gases are extracted from the absorbent material and quantified in the laboratory. 

Odours will be sampled at the outlet of the wind tunnel using a bag filled with a low flow rate
electric pump to collect average samples over time. The odour concentration will then be
analyzed by olfactometry using a human panel. 

Two devices will be used and compared for dust measurement: DustTrak DRX Aerosol Monitor
8534 and the DustTrak Environmental Monitor 8543. The Heated Inlet Sample Conditioner has
been designed to maintain a constant relative humidity level in the sample air stream.
Bioaerosols will be collected with robust high-volume electric dry filter air samplers: the
SASS® 3100 Dry Air Sampler and the SASS® 4100 Two-Stage Aerosol Collector. The sampled
bioaerosols will be analyzed by qPCR for detection of airborne pathogenic agents and
antibiotic resistance genes at the Institut Universitaire de Cardiologie et de Pneumologie de
Québec – Université Laval (IUCPQ-UL).


