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Overview & Objective

1. What are bioaerosols and why are they of interest? 

2. What are the sources of bioaerosols?

3. Composting facility case study
1. Challenges for monitoring
2. Challenges for dispersion modelling

4. Conclusions and future research needs

Presentation Objective

Within the context of this presentation we are primarily interested in 
bioaerosols related to biowaste management activities. In particular we 

explore challenges related to two bioaerosol components from commercial 
composting facilities, specifically Aspergillus Fumigatus and Endotoxin. 
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What are bioaerosols and why are they of interest?

• Bioaerosols (or biological aerosols) are airborne biological particles, 
microbial fragments and constituents of cells, which may be viable or 
nonviable, and consist of fungi, bacteria, pollen, and fragments, 
constituents, particulate matter (PM10), and/or by-products of cells 
(Douwes et al., 2003; Dowd and Maier, 2000). 

• Bioaerosols can cause adverse health effects, particularly to those who are 
immuno-compromised (Swan et al., 2003). 

• There is qualitative evidence which suggests that populations who live or 
work close to source facilities are at risk to adverse health outcomes. 
However there are no current quantitative dose response estimates  and 
our scientific understanding of the link between exposure, dose-response 
and onset of health effects is limited bioaerosol component sizes vary, from 
approximately 0.02 – 100 microns in diameter (Dowd and Maier, 2000). 
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What are bioaerosols? Components and species found at biowaste sites
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Bioaerosol or bioaerosol component Species or components of bioaerosol found at 
biowaste facilities 

Fungi Cladosporium, Alternaria, Veticillum, Aspergillus, 
Eurotium, Penicillium, Trichoderma, Absidia, Mucor, 
Rhizopus, Mycotoxins 

Bacteria (Gram-negative), including endotoxin Pseudomonas, Klebsiella, Pantoea agglomerans, 
Rahnella, Alcaligenes, endotoxin, Actinetobacter, 
Enterobacter 
E.coli, Campylobacter, Salmonella 

Bacteria (Gram-positive) Corynebacteria, Bacillus, Staphylococcus, Micrococcus, 
Streptococcus, Actinomycetes

Actinobacteria (Gram-positive) or Actinomycetes (old 
classification) 

Saccharopolyspora (faenia) rectivirgula, 
Saccharomonospora, Streptomycetes

Glucans (1→3)-β-D-glucan 

Table adapted from Douglas, 2013



What are the health effects? 

Health Effects Agents

Respiratory problems and 
diseases

Asthma, Rhinitis, Mucous membrane 
irritations, Chronic bronchitis, 
Tracheobronchitis, Airflow obstructions, 
Organic dust toxic syndrome, Farmer’s 
lung, sinusitis, Aspergillosis 

Fungi, Bacteria, Actinomycetes, 
Endotoxins, Glucans, Mycotoxins, 
Peptidoglycans, Microbial enzymes, 
Plant, mammalian and invertebrate 
proteins 

Gastrointestinal problems Diarrhoea and Nausea Gram negative bacteria, Endotoxin, 
Fungi 

Skin problems Skin rash, Itching skin rash, Dermatitis, 
Dermatomycosis, Pyoderma, Eczema 

Streptococci, Enterobacteria, 
Endotoxins 

Table adapted from Douglas, 2013
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What are the sources of bioaerosols?

Bioaerosols are ubiquitous in ambient air, but 
may be released in elevated concentrations from 
certain activities and processes such as:
1. Biowaste – green and household waste 

handling, landfill, composting etc
2. Agriculture – particularly intensive 

agricultural activities such as pig and poultry 
facilities, land-application of biosolids etc

3. Urban – waste transfer stations, waste water 
treatment works, specific industrial 
activities, domestic activities (garden 
maintenance, leaf blowing etc)

4. Natural sources e.g. parks, woodland, green 
field sites etc
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Composting Case Study – Site Description
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1. Site entrance and weighing

2. Unloading and shredding of 
source material (e.g. green 
waste)

3. Young compost windrow which 
is regularly turned 

4. Mature compost windrow

5. Screening to remove un-
compostable material

6. Compost windrow ready for sale



Composting Site Activities - Shredding
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Prior to composting, the waste is usually shredded to a 

uniform size and in some cases feed stocks are added to 

adjust carbon-to-nitrogen and moisture levels.



Composting Site Activities – Windrow & Turning
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The shredded waste is then formed into windrows. During 

this phase, the windrows are turned often to improve 

oxygen content, and to regulate temperature and moisture 

levels. The main phase can be further split into three 

stages (Swan et al., 2003): 

• High rate composting 

• High rate of biological activity 

• High heat generation 

• High demand for oxygen 

• Stabilisation phase 

• Biological and heat activity starts to decline 

• Oxygen demand increases 

• Thermophilic temperatures are attained (>50ºC) 

• Maturation phase 

• Further reduction in biological and heat generation

• Oxygen demand decreases 



Composting Site Activities – Screening
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• The material is screened to remove any contaminants 

and to grade the material into different sizes (WRAP, 

2012) 

• During composting agitation activities such as turning, 

screening and shredding, bioaerosols are found in 

elevated levels, typically two to three orders of 

magnitude higher than concentrations measured during 

passive emissions (Taha et al., 2006). 



Composting Case Study – Monitoring

1. AfOR standardised protocol recommends that Andersen Direct 
Impaction Samplers or IOM Filter Samplers should be used when 
monitoring bioaerosol concentrations at open windrow composting 
facilities (AfOR, 2009). 

2. Sampling Options 
1. Direct Impaction requires the pumping of the contaminated air across agar 

plates. 

2. Liquid impingement is very similar to the impaction method, but instead of 
bioaerosols being impacted onto a solid agar surface, they are collected 
into a liquid. 

3. Filtration sampling involves air being passed through a filter using a pump 
with any bioaerosols present in the air being captured onto the filter. 
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Composting Case Study – Monitoring Challenges

1. The standard methodologies only give spot sampling and are 
limited as it does not reflect the seasonal and diurnal variability in 
emissions and concentrations due to on site activity or annual 
variability due to volume of waste onsite, meteorological conditions 
etc. 

2. Continuous monitoring equipment (e.g. WIBS) are available but are 
still in their infancy. Wideband Integrated Bioaerosol Sensor (WIBS) 
aligns sampled particulates and generates UV pulses, eliciting 
fluorescence spectra and allowing biological / non-biological 
particulate differentiation in addition to providing information on 
size (optical), morphology and number concentration of detected 
particles (Gabey et al., 2010). 
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Composting Case Study – Monitoring using filters

1. 30 minutes at 2.2 L/min, 0.666 m3 air was 
drawn through a 0.8 m pore size 
polycarbonate filter.

2. Picture illustrates the monitoring rig with 
visible compost turning plume in the 
background.

3. See Pankhurst et al. (2011) and Taha et al. 
(2006 & 2007) for sampling methodology.
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Particle Size using Andersen Sampler: Endotoxin v Aspergillus Fumigatus
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Aspergillus Fumigatus

Stage Number Polycarbonate filter size (µm) Andersen pore size (µm)

1 8.0     [8.0] 7.0     [7.0]

2 5.0     [5.0-8.0] 4.7     [4.7-7.0]

3 3.0     [3.0-5.0] 3.3     [3.3-4.7]

4 2.0     [2.0-3.0] 2.1     [2.1-3.3]

5 1.0     [1.0-2.0] 1.1     [1.1-2.1]

6 0.65   [0.65-1.0] 0.65   [0.65-1.1]

• Endotoxin data suggests particle size can vary.

• Aspergillus data suggest particle size are predominantly at 
the smaller fraction (>2.1µm)

• Results can be influence by clustering and fragmentation  of 
bioaerosols through compaction.

• See Deacon et al., 2009 for more information.



Composting Case Study – Dispersion Modelling

Atmospheric dispersion models can play an important role in the planning and 
regulation of industrial emission sources such as composting facilities.  

Attempts have been made to use dispersion models for predicting the impact of 
bioaerosols from composting facilities, but despite being robust studies, there is 
limited confidence in these predictions due to model limitations and model input 
data challenges specifically:  

• the set-up of pollutant and source parameters within the model

• the behaviour of bioaerosol within the plume (e.g. does the bioaerosol die or 
multiply, aggregate etc.). 

• lack of validation studies to allow for the verification, and subsequent 
adjustment, of the model due to monitoring programme deficiencies 

• lack of a clear evidence and health based threshold for bioaerosol components 

• lack of a meaningful averaging time for considering exposure

• analysis and interpretation of the outputs in light of the above deficiencies
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How can we use dispersion models for bioaerosols?

• To determine the impact of bioaerosols from an existing or proposed facility on the 
surrounding area, such as estimating short and long term bioaerosol concentrations at 
various locations including at the sensitive receptors.  This information could then be 
used to estimate exposure levels, and start to address the dose response relationship in 
conjunction with health data, which may influence future regulatory policies and 
guidelines. 

• To calculate the approximate set-back distances for new facilities and to site new 
facilities appropriately to reduce the risk of exposure at neighbouring sensitive receptors.

• To estimate the maximum bioaerosol concentrations emitted and estimate the sources 
with the greatest impact allowing for targeted mitigation.

• To quantify the effectiveness of mitigation strategies to ensure cost-effective solutions 
are implemented. 

• To determine the most appropriate ambient monitoring siting and strategies by 
determining locations around the site where the highest concentrations are likely.

• To determine the source emission trigger levels, above which would result in an 
exceedance at nearby receptors .
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Composting Case Study - Dispersion Modelling Input Data

• Composting site modelled using ADMS and three meteorological data sets.

• Modelled for Endotoxins and Aspergillus Fumigatus

• 33 individual sources identified (shredding, windrow, turning, screening, screened material)

• Time Variation Emission File generated
• 8760 Met lines x 3 Met datasets x 33 sources x 2 pollutants = >1.7M unique emission rates

• Outputs set as annual means:
• Endotoxin - 50 EU/m3 and Endotoxin - 5 EU/m3 (Liu et al, 2011)

• Aspergillus Fumigatus – 1000 cfu/m3  (Wheeler, 2001)
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Parameters Shredding Windrow Turning Screening Screened Justification

Emission rate: Endotoxins (ng/s) 1.71x10-9 2.14x10-10 1.75x10-9 3.07x10-9 1.62x10-10 Measured

Emission rate: Aspergillus (cfu/s) 84256.2 3439.4 196694.2 30611.5 0.0 Measured

Release rate 0.1m3/s Default 0.1m3/s 0.1m3/s Default Assumed

Temperature 15ºC 15ºC 15ºC 15ºC 15ºC Assumed

Source Type Point Volume Point Point Volume Measured

Source Dimensions 6x3x3m Variable Variable 6x3x3m Variable Measured



Model Results: Endotoxin v Aspergillus
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Impact Distance Met1 Met2 Met3

Endotoxins

50 EU/m3 Contour

Minimum Site Site Site

Maximum <10m <10m <10m

Endotoxins

5 EU/m3 Contour

Minimum 33m 65m 23m

Maximum 227m 213m 238m

Aspergillus Fumigatus

1000 cfu/m3 Contour

Minimum 245m 443m 213m

Maximum 1043m 1060m 697m

• Endotoxins - The 50 EU/m3 contour, the threshold that may 
induce an inflammatory response, primarily falls within the site 
boundary. The 5 EU/m3 contour, also falls within the 250m set-
back distance established by UK Environment Agency. This 
suggests that Endotoxins may be consider an occupational 
exposure issues rather than an ambient exposure issue.

• Aspergillus Fumigatus - The 1000 cfu/m3 contour, exceeds the 
250m set-back distance established by UK Environment Agency 
for all three Met Data sets suggesting that while the 250m set-
back distance may be suitable for Endotoxins it is not suitable 
for Aspergillus Fumigatus.



Conclusions

1. What should we regulate? The comparison between Endotoxin and Aspergillus Fumigatus illustrates that 
we need to be more prescriptive than simply regulating ‘bioaerosols’ as emissions rates vary substantially, 
health effects vary and compliance with one component (e.g. Endotoxin) does not necessarily indicate 
compliance with another component (e.g. Aspergillus Fumigatus).

2. We need monitoring for modelling? At the moment monitoring programmes are primarily designed for 
compliance purposes or the collation of samples for cell cultures. We need monitoring programmes 
designed to enhance our model inputs to give us a better understanding of the source term (emission 
data), bioaerosol parameters (e.g. particle size) to better understand the behaviour of the bioaerosol in 
the atmosphere.

3. We need continuous monitoring? Spot sampling may be sufficient for compliance purposes but 
continuous monitoring is required to learn more about the source releases and to generate validation 
data for models. The WIBS may provide this in the future. 

4. We need a better understanding of the health thresholds? The evidence linking a known concentration 
of a specific bioaerosol to a known response both over the short- and long-term still limited. This lack of 
dose-response evidence to date for bioaerosols from composting is insufficient to allow us to define 
concentration thresholds and exposure averaging times in the dispersion modelling interface.

Footnote: The author is part of a NERC funded project (2015-18) exploring how these challenges can be met for 
biowaste and agricultural facilities. For further information on this project please contact Dr Enda Hayes 
(enda.hayes@uwe.ac.uk) and/or see http://www.nerc.ac.uk/research/funded/programmes/emhh/
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