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Abstract
This paper describes an exploratory study of endotoxin emissions and dispersal from a commercial
composting facility. Replicated samples of air were taken by filtration at different locations around
the facility on 10 occasions. Measurements were made of endotoxin and associated culturable
microorganisms. The inflammatory response of cell cultures exposed to extracts from the filters
was measured. Endotoxin was detected in elevated concentrations close to composting activities.
A secondary peak, of lesser magnitude than the peak at source was detected at 100-150 m
downwind of the site boundary. Unexpectedly high concentrations of endotoxin were measured
at the most distant downwind sampling point. Extracted endotoxin was found to stimulate human
monocytes and a human lung epithelial cell line to produce significant amounts of pro-inflammatory
cytokines. On a weight basis, endotoxin extracted from the composting source has a greater
inflammatory cytokine inducing effect than commercial E. coli endotoxin.

Background
The commercial composting industry in the United Kingdom (UK) has grown rapidly in response to the requirements of the Landfill Directive (EC/31/99). 0.06 million
tonnes were composted in 1994 rising to nearly 2 million
tonnes in 2004 [1]. 82% of the waste composted in 2003/

04 was processed using open windrow technology which
has limited control over emissions to the air [1]. The emission of culturable microorganisms, and their constituent
parts, into the air from composting has been well documented [2-4], with agitation activities such as shredding,
turning and screening shown to enhance the release of
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bioaerosols. The potential for public health to be
adversely affected by bioaerosol emissions from composting has been identified [3,5]. In view of this, regulators in
the UK require risk assessments to be completed for any
licensed composting facility that has a sensitive receptor
within 250 m of the facility boundary [6]. Whilst some
progress has been made in the quantification of emissions
and downwind dispersal of culturable microorganisms
from composting facilities [7] relatively little is known
about the concentrations in outdoor air of cell constituents such as endotoxin generated by composting.
Endotoxin is the biologically active lipopolysaccharide
(LPS) that is a major constituent of the outer membrane
of Gram-negative bacteria (GNB). Endotoxin is a potent
proinflammatory agent that produces airway inflammation when inhaled. Elevated levels of endotoxin have been
measured in various environments including cotton mills,
grain storage and processing buildings, farm animal
barns, sewage treatment plants and humidified work areas
[8-12]. Inhalation of endotoxin at elevated concentrations
have been associated with acute airway obstruction,
hypersensitivity pneumonitis, chronic bronchitis and
decreased lung function [13]. There have been several
studies of occupational exposures and the health of workers in composting facilities. These have shown significant
increases in airway and skin diseases than in controls. A
study of Dutch compost workers [5] reported excess acute
and sub-chronic non-immune inflammation in the upper
airways which they suggested was induced by exposure to
endotoxin and glucans. However, there have been very
few studies of health in the general public around composting sites. Studies based on self-reporting criteria either
found no association between respiratory symptoms and
living near a composting site, or a significantly increased
risk for a number of health complaints based on distance
between home and the composting site [14].
This paper describes an exploratory study of endotoxin
emissions and dispersal from a commercial composting
facility. Replicated samples of air were taken by filtration
at different locations around the facility on 10 occasions
during 2007 and 2008. Measurements were made of
endotoxin and associated culturable microorganisms. The
inflammatory response of cell cultures exposed to extracts
from the filters containing endotoxin was used as a preliminary step towards assessing the health significance of
endotoxin release to the environment.

Methods
Sampling took place at a large-scale green waste composting facility in central England. The site receives 25,000
tonnes green waste per annum, sourced from kerbside collection and civic amenity sites. Shredding and screening is
carried out using dedicated machinery, whilst windrow
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turning is carried out using a front-loader. The sampling
procedures have been described previously [15]. Briefly,
samples were taken using SKC sampling pumps operated
at a flow rate of 2.0 ± 0.1 L min-1 and attached to SKC IOM
particulate sampling heads, loaded with IOM multi-dust
plastic cassettes and positioned at a height of 1.7 m. Each
sample cassette contained a sterile 0.8 μm pore size polycarbonate filter. Six pumps were run simultaneously at
each location for 30 min to capture microbial cells (n = 3)
and endotoxin (n = 3). Samples were taken upwind of the
facility, within the operational area, at the site boundary
and at locations downwind of the boundary (50, 80, 100,
150, 180 and 280 m). Samples were taken at times of site
activity (shredding, screening and turning of waste) or no
activity (e.g. lunchtime). The site was sampled 10 times
from Autumn 2007 to Summer 2008 at approximately
monthly intervals. Methods for microbiological enumeration have been described previously [7,15]. Briefly, filtered cells were suspended in buffer solution, diluted and
plated onto selective media for Aspergillus fumigatus, actinomycetes and Gram-negative bacteria. For endotoxin
measurement, filters were extracted according to the
methods described by Spaan et al. [16]. The extraction
solution was then transferred into pyrogen-free tubes and
centrifuged at 1000× g for 15 minutes. Supernatant was
collected, vortexed and aliquots examined using the PyroGene rFC Endotoxin detection kit (Lonza Wokingham
Limited, UK). To assess the potential for the environmental endotoxin to induce inflammatory responses,
extracted endotoxin solutions were added to cultures of
human airway epithelial and monocyte cells. After 24 h of
incubation, the cell culture supernatants were harvested
and stored at -80°C until analysis for the release of interleukin (IL)-6 and IL-8 into the supernatants by the DuoSet® sandwich enzyme-linked immunosorbent assay
(ELISA) kits according to the manufacturer's instructions
(R&D Systems, Abingdon, UK).

Results and discussion
Endotoxin was not detected in samples taken upwind of
the facility but was consistently detected in on site samples, both during periods of composting processing and
periods where there was no site activity. Measurements
downwind of the site showed a pattern of peaks and
troughs (secondary peaks at 100-150 m and 280 m)(Figure 1). Culturable bioaerosol concentrations were typically below the limit of detection in upwind samples
except for actinomycetes which are a significant component of the background microbiota of ambient air at this
location. The highest concentrations were measured close
to on-site composting activities and as with endotoxin,
on-site concentrations of bioaerosols were consistently
lower during periods when site activity ceased (example
for A. fumigatus in Figure 2). Culturable bioaerosol concentrations decreased to 80 m followed by a second peak
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Figure 1 concentrations presented in EU m-3
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Endotoxin concentrations presented in EU m-3. Bar
represents geometric mean, annotations present groups of
statistical significance (p =< 0.05). E.g. Within group 'a' there
is no statistical difference, while groups 'a' and 'b' are significantly different from each other.X-axis crosses at lower limit
of detection, 0.152 EU m-3.

at 100 m. In contrast to the endotoxin findings there was
no secondary peak for culturable bioaerosols at 280 m.
There were similarities in the patterns of emission and dispersal of culturable bioaerosols and endotoxin (Figures 1
and 2). Bioaerosol emission peaks associated with composting operations have previously been described by
Taha et al [7] and Albrecht et al [1] for culturable microorganisms. On-site concentrations of all bioaerosols were
consistently lower during periods when site activity
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ceased, confirming that agitation activities have a significant effect on emission. In all cases bioaerosol concentrations decreased sharply with downwind distance from the
emissions source to the sampling point 80 m downwind
of the site boundary. The rapid dispersion of bioaerosols
downwind of composting facilities has been reported in
previous studies [17]. All data sets showed a second peak
in bioaerosol concentrations at 100-150 m. This phenomenon was not expected. It is possible this is a local effect
caused by site topography/features which may influence
plume dynamics (there is a bund and tree line close to this
sampling location). However, further sampling at another
composting site has produced similar findings (data not
shown). The detection of endotoxin at elevated quantities
up to 280 m from the site boundary was unexpected and
to the authors' knowledge, has not been reported previously. This could be caused by a second source of endotoxin or a transport mechanism that is different to that of
cellular bioaerosols. Quantities of endotoxin measured
on site were consistently below 50 EU m-3, a suggested
threshold level for occupational exposure in the Netherlands [18]. Extracted endotoxin induced inflammatory
cytokine release from human cell cultures in a dosedependent manner. However, cytokine release was minimal at concentrations less than ~50 EU m-3, supporting
this level as a cut-off value for potential health effects. To
our knowledge, there are no other reports of extracted
endotoxin from such facilities being investigated for biological effects [19].

Conclusion
1. The release and dispersal of endotoxin from composting operations has been quantified for the first time.
Endotoxin was not detected in upwind samples but was
detected consistently in on site samples confirming composting as a source. Concentrations were significantly
higher during composting activities compared to periods
of no activity. Downwind measurements showed a pattern of peaks and troughs suggesting complex dispersal
dynamics. Detection of elevated concentrations at distance from the site boundary was unexpected but it was
not possible to confirm that composting was its source.
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Figure
2 fumigatus concentrations presented in CFU m-3
Aspergillus
Aspergillus fumigatus concentrations presented in
CFU m-3. Bar represents geometric mean, annotations
present groups of statistical significance (p =< 0.05). E.g.
Within group 'a' there is no statistical difference, while
groups 'a' and 'b' are significantly different from each other.
X-axis crosses at lower limit of detection, 833 CFU m-3.

2. Extracted endotoxin (>50 EU/m3) can induce significant inflammatory cytokine production from human
cells. Endotoxin levels below 50 EU/m3 did not induce a
significant inflammatory response and this value might be
used as a tentative limit for airborne endotoxin at these
sites.
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