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Abstract: Endotoxin is a cell wall component from Gram-negative bacteria, and
inhaled endotoxin contributes significantly to the induction of airway inflammation and
dysfunction. Background levels of endotoxin have not yet been extensively described.
In this study, airborne endotoxin was measured with a standardized protocol in 5 types
of background environment (169 samples) in Denmark from October to May.
Endotoxin levels in a greenhouse (median = 13.2 EUkmare significantly higher than

in the other environments. The air from biofuel plants (median = 5.3 ¥Uhm air on
congested streets (median = 4.4 E¥j/and on an agricultural field (median = 2.9
EU/m) had higher endotoxin contents than the air in industrial areas (median = 1.3
EU/nP) or in towns (median = 0.33 EU#nLevels in industrial areas were significantly
higher than in towns. A literature study revealed background levels of endotoxin on
different continents between 0.063—410 E&)/with median or mean values between
0.063-3.6 EU/r Endotoxin concentrations in towns and industrial areas were higher in
April and May than in autumn and winter, and were higher in October than in winter.
These data of exposure in background environments and of seasonal variation are
helpful for public health practitioners, epidemiologists and industrial hygienists.
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INTRODUCTION exposure and respiratory disorders including asthma-like
syndrome, chronic airway obstruction, organic dust toxic
Bioaerosols occur ubiquitously as inhalable mixtures afyndrome, byssinosis, bronchitis, and increased airway
air and microorganisms and their parts, viruses, and pargsponsiveness. On the other hand, recent studies suggest
of plants and animals. Endotoxin is a cell wall componetfthat environmental exposure to endotoxin may protect
from Gram-negative bacteria, and is composed @ifgainst the development of allergic diseases [33]. Thus,
lipopolysaccharides (LPS) as a main constituent, proteindependent studies from different countries have shown
and phospholipids. Environmental bacteria (and therefoewidence of a protective association between exposure to
also endotoxin) in soil and water can be aerosolised leydotoxin in early childhood and allergic diseases and
wind, splashing rains, sea spray, and mechanicasthma later in life.
disturbance [16]. Inhaled endotoxin contributes signifi- For airborne fungi, variations in outdoor concentrations
cantly to the induction of airway inflammation andthroughout the year have been described in some areas of
dysfunction (e.g. [25]), and many occupational studiethe world [29] and also variations during a day [20]. For
have shown positive associations between endotox@mdotoxin this has not been very well described. Thus, in
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Table 1.Environments in Denmark where endotoxin has been measured.

Place n  Description Place in Denmark Season of sampling
Towns 53  Mainly residential areas. All over Denmark January—April and
November—December
2003-2004
Streets 5 Congested streets. In the centre of Copenhagen May 2005
Industry 68  Small industrial areas where biofuel plants were  All over Denmark January—February and
present. Measurements were performed upwind of the October—December 2004—
biofuel plants. 2005
Air from biofuel plants 20  Small industrial areas with biofuel plants. SamplingAll over Denmark January—May and October—
was performed 250-350 m downwind of the plant. December 2004-2005
Greenhouse 5  Greenhouse with pot plants. Northern Jutland November 2004
Field 18 Afield 200 m from a field where pig slurry was Northern Jutland April 2005

distributed at time of sampling.

a review, the authors write that the endotoxin content plers were mounted with Teflon filters (pore size 1.0 mm).
ambient airborne particles has not yet been extensiveljne samplers were generally placed with the opening in
studied, and neither has seasonal variation nor the contér@ same direction as the wind in different environments,
of endotoxin in polluted air versus that of unpolluted aibut in one environment (called wind from the biofuel
[16]. In this study, we have, with a standardized protocagblant) the samplers were placed with the opening towards
measured the concentrations of airborne endotoxin in ttiee wind from the plant (Tab. 1). Field blanks (no air
period January—May or September—December in differeptilled through the filter) were collected on each sampling
environments in Denmark, including towns, smalblay to verify that the filters were not contaminated.
industrial areas, agricultural fields, greenhouses and
around biofuel plants. The cold periods were chosen sinceDetermination of endotoxin by the Limulus method.
epidemiological studies of exposure to bioaerosols armRlust was extracted with 6.0 ml sterile 0.05% Tween 20
health effects are often performed outside the main poll@agueous solution by orbital shaking (300 rpm) at room
season, which in Denmark is in January-April antemperature for 60 min and centrifuged (1000x g) for 15
September—December. min. The supernatant was analysed (in duplicate) for
There is no standard method for sampling bioaerosasdotoxin by the kinetic Limulus Amboecyte Lysate test
and this has often been stressed as a problem [5, 21, IB]netic-QCL endotoxin kit, BioWhittaker, Walkersville,
In this study, we used GSP samplers to sample tharyland, USA). A standard curve obtained from an
bioaerosols and the Limulus kinetic assay to quantifigscherichia coli O55:B5 reference endotoxin was used to
endotoxin, and compared results from other papers whatetermine the concentrations in terms of endotoxin units
the same methods were used. In addition, we collect@ddU) (10.0 EU= 1 ng). The endotoxin concentrations are
data of outdoor references from other studies. presented as time weighted averages (TWA).

MATERIAL AND METHODS Literature review of background level of endotoxin.
A total of 50 papers concerning exposure to endotoxin in
Environments. The chosen background areas are desccupational settings and homes were studied to find data
cribed in Table 1. The different environments were seleof background or reference levels of endotoxin and to find
ted because people are expected to spend time in thdse incidence of papers with background measurements.
areas during non-working hours. Exposure to wind frorfihe papers were published in the period 1982—2005 and
biofuel plants was included because biomass releasesre collected randomly from a list from PubMed where
large amounts of endotoxin [14, 15], and because theretli® 3 search words ‘endotoxin’, ‘exposure’ and ‘airborne’
a likelihood that neighbours to plants handling organiwere used. Results of background levels of endotoxin
materials are exposed [7]. People spend a lot of time firmm these papers are mentioned in Table 2.
their homes, but homes were not included in this study as
this aspect has been described in other studies [23]. Statistical analysis. Statistical analyses were perfor-
med with SAS (version 8e, SAS Institute, Cary, NC). The
Sampling of airborne endotoxin. Inhalable bioaero- endotoxin data were log-normally distributed and were
sols were sampled at heights of 1.5 m using GSP (CIS thus log-transformed prior to statistical analysis. To com-
BGI, INC Waltham, MA) inhalable samplers (airflow 3.5pare the endotoxin concentrations in different environ-
I min™) for 4-6 hours, between 08:00-14:00. Pump caliments and at different times of year PROC GENMOD
bration was checked at least every second hour. The sg@ENeralized linear MODels) was applied.
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Table 3. Exposure to endotoxin in different environments where GSP-100.00 f
samplers have been used for sampling airborne dust and the Limulus »
Kinetic Assay has been used to quantify airborne endotoxin. * ¥
s
Environment Exposure EUn Personal (P) References 10.00 f A _}f =
or
Interval Median(s) Stationary - 'i' _E_
or geometric (gy samplin . -
means ©) ping :,“ A : H
E 100 O
Lumber mill  <2.5-347.5 21 P 4] @ .
workers$
0
Pig farmerd 10-8800 464 P [27, 26] * O
0.10 |
Pig farmer8  0.08-16720 610 P [26]
Poultry 152-13080 2060 P [26, 27] * Industrial areas o Towns
farmeré A Congested street + Air from biomass plants
0.01 X Greenhouse O Agricultural fields
Greenhouse 0.4-101 2.8 P [17, 26]

. Figure 1. Airborne concentrations of endotoxin (EU/iog 10 scale) in
BI'Of‘t‘OeI - 259-573 S [13] gifferent background environments. The bars (-) indicate median values.
plan
Insulation - 2.3-1300 P [1] agricultural field (median = 2.9 EUAnhad a higher
workers endotoxin content than the air in industrial areas (median
Domestic <4-7182  23.7-53.4 p [34] = 1.3 EU/m), and in towns (median = 0.33 EUWm
waste Levels in industrial areas were significantly higher than in
collectors

towns.
Wastewater ~ 0.6-2093 27 P [30] Seasonal differences were seen in towns (p=0.0161),
m";‘li’:resm and thus significantly higher concentrations of endotoxin

were found in March and April than in November and

°Exposure data are converted from ng to EU according to the conversecember (Fig. 2). In industrial areas, significant varia-
factors mentioned in each pap¥nterval not mentioned — only median tions between the months were also seen in endotoxin
values. concentrations (p<0.0001). The endotoxin concentrations

RESULTS were significantly higher in May than in January,

February, March and December. Furthermore, the

Endotoxin was present in all 169 samples (Fig. 1) arehdotoxin concentrations were higher in April than in
the concentrations were significantly different in thelanuary, February and March, and was higher in October
different background environments (p<0.0001). Thus, thtban in January (Fig. 3). There were too few data of

endotoxin levels in the greenhouse (median = 13.2 BU/mendotoxin in wind from the biofuel plants to carry out a

were significantly higher than in the other environmentsomparison between seasons.

The air from biofuel plants (median = 5.3 EUJnthe air In a review of 50 papers about exposure to endotoxin in
on congested streets (median = 4.4 EY/and on an homes and occupational settings, reference levels of

Table 2. Background concentrations of endotoxin measured as reference concentrations in different studies using a Limulus Adsegnand dif
aerosol sampling methods.

Environment Country n Months of measurements  Endotoxin concentration E&/m Reference

or temperatures in the - -

period Interval Median, geometric

mean (GM) or mean

Outside a textile plaht Taiwan 3 April-May 4-410 - [31]
Urban area Massachusetts, USA 32  All year - GM =0.51 [23]
Suburban area Massachusetts, USA 35 All year - GM =0.39 [23]
Air intake in an office building St. Louis, USA 14 July-September 0.73-2.1 GM=1.2 [8]
Outside (upwind) paper recycling plahtsDenmark 19 April-October 0.21-5.6 Median = 1.3 2]
Outside (upwind) a composting facifity Illinois 10 September—November 0.1-3.59 Mean =1.4 [9]
Outside jute mifl India 2 September—October - Mean = 0.063 [18]
Upwind of industrial wastewater Finland 8 0-18°C <0.48-36 Median = 3.6 [112]

treatment planfs

*Exposure data are converted from ng to EU according to the conversion factors mentioned in the papers.
"This paper was selected because we knew that outdoor references were presented and this paper is not part of the estadyobpimpids with
outdoor reference measurements.
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Figure 3. Airborne concentrations of endotoxin (EU/rog 10 scale) in
industrial areas in different months. The bars ( — ) indicate median
values.

Figure 2. Airborne concentrations of endotoxin (EU/rog 10 scale) in
towns in different months. The bars ( —) indicate median values.

endotoxin, were only mentioned in 6 papers (Tab. 2¥tudy by Schiffmanet al. [28], healthy humans in an
These papers showed levels between 0.063-410 £U/mxposure chamber were exposed to air emissions from a
In 4 of the 6 studies and in the paper of Breeinal.[2] swine confinement atmosphere containing different
the median endotoxin level was between 0.4-1.4 EU/m components, including endotoxin (7.4 EUjmrin a level
close to that we found in the neighbourhood of the biofuel
plants. In that study, no effects on physical symptoms
were seen, but the exposed subjects were more likely to

Background levels of endotoxin are only rarelyeport nausea, headaches and eye irritation. The authors
mentioned in papers of exposure to endotoxin isuggest that this may be due to the exposures or to learned
occupational settings and homes, and in a review of B@arning signals of potential health effects. In another
papers, reference levels of endotoxin were onlgtudy, Pachecoet al. [22] conclude that airborne
mentioned in 6 papers (Tab. 2). In this study, wendotoxin is associated with respiratory symptoms in
measured endotoxin in 53 air samples from Danish townsaction to mice in non-mouse-sensitised laboratory
and we found a median endotoxin level of 0.33 ElU/mworkers. These people were exposed to endotoxin in
This level is very close to that found in urban andnean levels of up to 566 pgirte 5.66 EU/m), which is
suburban areas in Massachusetts (Tab. 2). In 68 sampitsse to that found in the air from biofuel plants and on
from industrial areas we found a median value of 1.3®ngested streets. An exposure of about 5 BUén
EU/nT - at the same level found in St. Louis and irconsidered low compared to what can be found in
Denmark outside office buildings and paper recyclingccupational settings (Tab. 3) and compared to the fact
plants, but it is very different from that found in industriathat a health-based exposure limit of 50 EY(B:TWA)
areas in Taiwan and India (Tab. 2). has been proposed in the Netherlands by the Dutch Health

Background levels of endotoxin in this study wer&ouncil. Similarly, the other endotoxin concentrations
measured by exactly the same methods in differefdund in this study are low compared to the suggested
environments. The method of sampling aerosols and tegposure limit. Whether the found levels of endotoxin are
method of quantification of endotoxin has often beeaf importance in relation to health effects is not yet
mentioned to have an influence on the measured level figssible to conclude, but knowledge of these background
21, 33, 34, 34]. The investigations mentioned in Table [Bvels are of importance because some of them are close
are studies where the GSP samplers and the kineticthat described as being associated with health effects in
Limulus assay have been used, as in this study. In tlieme occupational settings [10, 22].
study, the highest endotoxin concentration was in the The endotoxin concentrations in towns and industrial
greenhouse, and the concentration was in the intenareas were higher in April and May than in autumn and
found for exposure of Spanish greenhouse workevginter. Furthermore, the endotoxin concentration was
mentioned in Table 3. higher in October than in winter. Lorgt al. [12] have

The wind emitted from the biofuel plants had atudied endotoxin content in airborne dust, and in their
significantly higher content of endotoxin - namely astudy with 13 outdoor aerosol samples higher endotoxin
median of 5.27 EU/f+ than the wind entering the biofuel contents per g dust were found in spring than in winter
plants, but it was lower than found in some occupationahd autumn. The higher concentration of airborne
settings, including on biofuel plants (Tab. 3). Increaseendotoxin in spring and in October than in winter is
levels of microorganisms are seen earlier in thprobably related to the presence of leaves on the trees
neighbourhood of e.g. composting centres [6, 7]. In lBecause endotoxin is present on the leaves [3], to the

DISCUSSION
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