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Abstract: Agricultural work, particularly livestock farming, is considered to be a notable
risk factor for occupational diseases. Endotoxin as a major component of organic dust
causes adverse health effects of the airways among farmers. Endotoxin concentrations in
airborne and settled dust were measured in modern, naturally ventilated animal houses
for different species. Median values of airborne inhalable endotoxin ranged from 16.9
EU/m’? for dairy cattle, 557.9 EU/m? for beef cattle, 668.7 EU/m’ for pigs, 463.2 EU/m’
for laying hens, to 1,902 EU/m? for turkeys. The endotoxin levels in settled dust followed
the same pattern as the airborne samples. The concentrations were lower than in previous
studies, but the proposed Dutch endotoxin threshold (50 EU/m?) was exceeded in most
cases. Thus, endotoxin levels in modern animal houses still give concern for health and
further reduction of endotoxin exposure in animal houses is desirable.
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INTRODUCTION

Agricultural work, particularly livestock farming, is con-
sidered to be a notable risk factor for occupational airway
diseases. In Germany, animal production is widespread in
the rural areas, especially in parts of Lower Saxony, North
Rhine Westphalia and Bavaria [1, 27], and appears in fa-
cilities with increasing size and specialisation. During their
daily work in the animal houses farmers are exposed to a
considerable amount of inorganic and organic dust, con-
taining bioaerosols such as fungi, bacteria or their compo-
nents, as well as gases (e.g. ammonia) and chemicals (e.g.
pesticides, disinfectants) [26]. Bioaerosols can adhere to
different sizes of organic dust particles, classified as inha-
lable and respirable dust fraction and settled dust. The major
components of organic dust are endotoxins, which are part
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of the outer membrane of Gram negative bacteria. Their
purified derivatives are called lipopolysaccharides (LPS)
[19]. Endotoxins can be found ubiquitously on surfaces of
animals, plants and soil [18, 19] and at higher concentra-
tions in all occupational environments with exposure to or-
ganic dust, including cotton production [15] and intensive
farming [24, 33]. In animal houses, the major contributors
to endotoxin-contaminated organic dusts are animal faeces
and bacteria-contaminated plant materials [26]. Endotoxin
is a potent inducer of neutrophilic airway inflammation and
thought to be a major risk factor for adverse health effects
of the airways among farmers [24]. Due to its proinflam-
matory properties, high endotoxin exposure is considered
to be associated with acute inflammatory processes — the
so called ODTS (organic dust toxic syndrome), as well
as chronic obstructive pulmonary diseases (COPD) and
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asthma-like syndrome [24, 27, 31]. Such diseases are very
common in farmers [20, 24, 25]. Several environmental
studies have shown an increased risk for the development
of work-related symptoms in animal farmers [7, 25, 26] and
high levels of endotoxin concentrations in animal houses
and ambient areas were reported [22, 30]. In contrast, there
is also evidence that endotoxin exposure in early life (e.g.
contact with farm animals) might reduce atopy and pre-
vent the development of asthma and respiratory allergies in
children [2, 3, 11, 14, 34]. The effect seems to be sustained
until adulthood [17, 28].

In Southern Germany, cattle, pig and poultry husbandry
occurs predominantly inside animal houses. Exposure pat-
terns of dust and endotoxin concentrations in these houses
may vary over the year due to the cycles of animal produc-
tion, and are affected by animal species, housing condi-
tions, feeding management, seasonal climate conditions
and diurnal activities. In 2005, a pilot project was conduct-
ed in Bavaria concerning the analysis of modern, ecologi-
cally compatible and economically competitive practices
of livestock husbandry, as well as aspects of species ap-
propriate husbandry and environmental sustainability. Dif-
ferent types of modern housing systems for different types
of animals, mainly operated with natural ventilation, were
investigated with respect to exposure conditions.

The aim of this study was to determine endotoxin con-
centrations in airborne and settled dust samples taken from
naturally ventilated modern livestock buildings for dif-
ferent species (dairy cattle, beef cattle, pigs, laying hens,
turkey). In addition, the potential seasonal and day/night
variation was assessed.

MATERIALS AND METHODS

Sampling locations. The study included 12 animal
houses with livestock husbandry in Southern Germany.
Of these animal houses 4 housed dairy cattle, 1 beef cattle
(breeding), 3 pigs (fattening), 4 poultry (3 houses for laying
hens and 1 house for turkeys). All buildings were modern
housing systems (constructed between 2002-2004), mainly
operated with natural ventilation and adapted to animal
needs and health in order to optimise animal welfare and
environmental sustainability. In total, 174 airborne and set-
tled dust samples were taken in the livestock buildings du-
ring spring, summer and winter between June 2004 — July
2005. The most important data on the characteristics of the
animal houses and on the number of samples are summa-
rised in Tables 1 and 2.

Airborne endotoxin sampling. For airborne endotoxin
measurements, stationary samples of inhalable and respir-
able dust fractions were collected using personal samplers
over the feeding period (day) for 1 hour and during night
time for 6 hours. Single day and one night samples were
taken in each animal house during spring, summer and
winter, respectively (except for 3 animal houses, where

Table 1. Characteristics of the different animal houses.

Animals kept No. of Size (m) Ventilation
animals

Cattle

Dairy cows 110 66 x25x8 ridge v. with large area
curtains (climate controlled)

Dairy cows 110 54 x26 x 10 ridge v. with large area
curtains (climate controlled)

Dairy cows 80 46x29x 11 ridge v. with large area
curtains (manually operated)

Dairy cows 70 30 x34 x5 ridge v. with large area
curtains (manually operated)

Beef cattle 140 60 x20 x 8 ridge v. and space boards (no
ventilation control)

Pigs

Fattening pigs 1,200 64 x 49 x4 natural v. (partly climate
controlled)

Fattening pigs 1,400 100 x 18 x 7 dual v.

Fattening pigs 600 61 x25x7 natural v. (with climate
controlled curtains)

Fattening pigs 600 51 x16x5 ridge v. (climate controlled)

Poultry

Laying hens 2,200 40x10x5 low pressure v.

Laying hens 3,000 30x10x5 forcedv.

Laying hens 500 9 x 8 x3 naturally v. with curtains

Turkeys 1,500 60 x 13 x6 naturally v.

Table 2. Number of animal houses, measurement days and samples.

Type of animal ~ Number Measurement Airborne  Settled dust
house of animal days dust samples samples
houses
Dairy cattle 4 11 44 11
Beef cattle 1 3 12 3
Pigs 4 9 36 9
Laying hens 3 9 36 8
Turkeys 1 3 12 3

measurements were taken in only 2 seasons). Due to time
restrictions of the study, no measurements took place in
autumn. The personal samplers were placed in the mid-
dle of the animal houses about 1.5 m above ground level.
Dust samples for endotoxin measurements were collected
on glass fibre filters (MN 85/90 BF, 37 mm, Macherey-
Nagel), which were manufactured with an organic binder
for higher mechanic resistance. The suction pumps were
operated at a rate of 3.5 I/min for inhalable dust sampling,
and at a rate of 2.0 1/min for respirable dust sampling.

Endotoxin sampling in settled dust. In each animal
house, 5-6 samples of settled dust were collected on a spatu-
la from different dry surfaces at a height of 0.5-1.5 m above
ground level (e.g. ledges, window sills) on each measure-
ment day. Fine dust was separated from hay and straw with
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Table 3. Endotoxin concentrations in airborne samples.
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Air samples

Endotoxin concentration (EU/m?)

Inhalable Respirable
No. of samples Minimum Median Maximum No. of samples Minimum Median Maximum
Dairy cattle 22 2.8 16.9 66 22 0.3 3.1 61
Beef cattle 6 124.0 557.9 1,025 6 0.9 10.2 31
Pigs 18 43.2 668.7 7,469 18 1.9 23.1 236
Laying hens 18 21.8 463.2 21,933 18 25 62.0 12,282
Turkeys 6 467.1 1,902.0 5,292 6 94.0 362.0 762

a sieve (mesh size 0.5 mm). These samples were combined
to 1 representative sample for every measurement day.

Collected airborne dust samples were stored at 6°C and
settled dust samples were stored at room temperature. En-
dotoxin concentrations determined within 1 week after col-
lection in the laboratory of the Institute for Occupational
and Environmental Medicine, University of Munich.

Endotoxin analyses. Endotoxin concentrations in air-
borne dust samples were determined according to the
European Guideline EN 14031 using the chromogen-ki-
netic LAL (Limulus Amoebocyte Lysate) assay (QCL
Cambrex). Endotoxin concentrations in settled dust sam-
ples were determined according to a previously described
method [1, 35]. Briefly, from each sample 100 mg were
extracted by rapid shaking with 7 ml endotoxin-free wa-
ter for 1.5 h. Thereafter, the suspension was diluted 1:100
for settled dust samples. An aliquot of 100 ul was added
to a microtitre plate (96 well, Falcon) and assayed with
Limulus-Amoebocyte-Lysate (QCL Cambrex). To obtain
information about possible enhancement or inhibition re-
actions of the LAL assay, a replicate of each sample was
spiked with an endotoxin standard. A standard calibration
curve (0.05-0.5-5-50 EU/ml), a laboratory blank and an in-
ternal laboratory standard were included on each plate. As
recommended by the manufacturer, optical density at 405
nm was measured by an automatic reader (PowerWave™,
MWG Biotech Inc., Mendelhall Oaks Parkway, NC, USA).
If spike recovery was below 45%, the suspension was fur-
ther diluted and the analysis was repeated. The intra-as-
say variability (EU/mg dust) was less than 10%, the inter-
assay variability was lower than 20%. As the LAL assay
measures the activitiy of different types of endotoxin, the
results are expressed in Endotoxin Units (EU). Endotoxin
levels for airborne endotoxin were expressed in Endotoxin
Units per 1 m* (EU/m?®) and for endotoxin in settled dust in
Endotoxin Units per 1 mg dust (EU/mg). Our assay had a
potency of 11 EU/ng against Escherichia coli 055:BS.

Statistical analysis. Statistical calculations were per-
formed with the software packages Winstat and SPSS for
Windows. Since data were not normally distributed, the
minimum, maximum and median values are presented.
From 3 farms (1 dairy cattle and 2 pig farms) only airborne

endotoxin results for 2 seasons were available. These farms
were excluded from interpretation of the seasonal variation
of endotoxin concentration. For endotoxin in settled dust
the result of 1 measurement day in a laying hen house has
been omitted.

RESULTS

Airborne endotoxin. Endotoxin levels in inhalable and
respirable dust fractions from different animal houses are
shown in Table 3. As expected, the endotoxin concentra-
tions in the inhalable dust fraction varied largely between
2.8 EU/m? in a dairy cattle house at night during winter
sampling, and 21,933 EU/m? in a building for laying hens
during the day during winter sampling. The endotoxin
concentration in respirable dust was also lowest in a dairy
cattle house (0.3 EU/m?) and highest in the building of a
laying hen farm (12,282 EU/m?). The highest median con-
centrations were found in the turkey house, both for the
inhalable dust fraction (1,902.0 EU/m?) and the respirable
dust fraction (362.0 EU/m?), whereas the maximum values
were measured in the laying hens houses. In comparison
to the other livestock species, the endotoxin levels in in-
halable dust were very low in cattle houses for beef cat-
tle (median 557.9 EU/m?, range 124.0-1,025 EU/m?), and
in particular in houses keeping dairy cattle (median 16.9
EU/m?3, range 2.8-66 EU/m?®). The endotoxin levels in the
inhalable fraction exceeded the concentrations in the re-
spirable fraction. The (median) endotoxin concentration
in the respirable fraction comprised between 3-20% of en-
dotoxin concentrations in the inhalable fraction, although
there were minor differences in this percentage between
livestock species (dairy cattle 16%, beef cattle 3%, pigs
3%, hens 11%, turkeys 20%) and between day and night
and the seasons.

Diurnal effects. As shown in Table 4, the concentra-
tions of endotoxin were slightly higher during the day
than at night. Daytime concentrations (1 h during feeding)
ranged from 7-21,933 EU/m? for the inhalable dust frac-
tion and from 2-762 EU/m?® for the respirable dust frac-
tion. The highest median concentration of inhalable endo-
toxin during the day (feeding time) was seen in the laying
hen houses (3,389 EU/m?), followed by the turkey houses
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Figure 1. Median endotoxin concentrations of the inhalable dust fraction
in different seasons.

(2,031 EU/m?). The endotoxin exposure was far lower in
pigs houses (585 EU/m®) and in the cattle barn for beef
cattle (516 EU/m?), and with a big difference in the cat-
tle barns for dairy cattle (20 EU/m?). During night (6 h)
the concentrations varied between 3-10,546 EU/m? for in-
halable dust and between 1-12,282 EU/m? for respirable
dust. The maximum exposures at night were again found
in houses for laying hens, both for the inhalable and the
respirable fraction. In the turkey house and in the build-
ings for laying hens, the median inhalable endotoxin con-
centration increased significantly during the feeding time
by day compared to nighttime, in the hen houses up to a
factor of 14. In contrast, the median concentrations in the
beef cattle and pig houses during nighttime exceeded the
daytime values only slightly in the case of beef cattle, and
more strongly in the case of pigs (Tab. 4). Especially 1 pig
farm showed particularly high median nighttime endotoxin
concentrations (inhalable fraction) in all seasons, but the
endotoxin levels of the other pig farms were also conside-
rable during the nighttime.

Table 4. Endotoxin concentrations in airborne day and night samples.
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Seasonal effects. The endotoxin concentrations in the
inhalable airborne dust fraction in the different animal
houses showed highest values in winter samples and low-
est concentrations in spring (Fig. 1). Again, the poultry
buildings presented the highest concentrations compared
to the other animal houses over all seasons, with the turkey
hen house at the peak. As mentioned above, endotoxin con-
centrations in the dairy cattle buildings are far below the
other values. Again, the concentration levels for endotoxin
in respirable dust were generally below the values from
the inhalable fraction. As the respirable dust fraction con-
stituted a part of the inhalable fraction, the seasonal vari-
ations in endotoxin concentration are less clearly visible
in the respirable fraction, compared to the inhalable frac-
tion, due to the small contribution of respirable dust to the
entire collected airborne dust. Median values were about
3% of the median endotoxin level in the inhalable fraction
for cattle (breeding cattle) and pigs, and higher for poultry
houses (laying hens and turkey hens) with 11% and 20%,
respectively. While the portion of endotoxin in respirable
dust from inhalable dust in the poultry houses remains ap-
proximately the same over the seasons (about 10% in the
laying hen houses and about 20% in the turkey house), no
trends could be found for the other livestock buildings. The
ratio of endotoxin from respirable dust to inhalable dust in
dairy cattle houses resulted in 16%, but this information is
restricted due to the low (median) endotoxin levels in the
inhalable fraction.

Settled endotoxin. The median endotoxin levels in set-
tled dust for the different kinds of species are presented
in Table 5. The median endotoxin concentrations, and also
the minimal and maximal values, followed the pattern of
the airborne inhalable endotoxin fraction. Again, the endo-
toxin loads in settled dust from surfaces at human breath-
ing height were higher from the poultry houses than those

Day and night endotoxin concentration (EU/m?)

Inhalable Respirable
Air samples No. of samples Minimum Median Maximum No. of Minimum Median Maximum
samples

Day

Dairy cattle 11 7 20 66 11 2 8 61
Beef cattle 3 124 516 689 3 7 14 31
Pigs 9 43 585 7,469 9 2 43 171
Laying hens 9 100 3,389 21,933 9 3 280 533
Turkeys 3 1,773 2,031 5,292 3 94 319 762
Night

Dairy cattle 11 3 8 55 11 1 1 11
Beef cattle 3 181 600 1,025 3 1 2 29
Pigs 9 112 1,329 4,873 9 6 19 236
Laying hens 9 22 246 10,546 9 3 39 12,282
Turkeys 3 467 1,271 2,440 3 152 405 577
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Table 5. Endotoxin concentrations in settled dust samples.

Settled dust Endotoxin concentration (EU/mg)

No. of Minimum Median ~ Maximum

samples

Dairy cattle 11 51 365 1032
Beef cattle 3 95 1079 1114
Pigs 9 147 778 2288
Laying hens 8 137 754 11169
Turkeys 3 502 2100 4408

from the other animal houses. Nevertheless, even in houses
for pigs and beef cattle considerable amounts of endotoxin
were measured in settled dust. A seasonal effect for endo-
toxin in settled dust could not be evaluated since only 1
sample was collected for each season.

DISCUSSION

Airborne endotoxin. Our measurements showed that
high endotoxin concentrations could even occur in modern
animal houses and vary largely due to animal types and
seasons. Considerable endotoxin levels were found both in
inhalable and respirable fraction of airborne dust as well
as in settled dust. The concentration of the inhalable endo-
toxin fraction ranged between 2.8 EU/m? for dairy cattle
and 21,933 EU/m? in a poultry house for laying hens. The
corresponding endotoxin concentration in the respirable
fraction followed nearly the same pattern and was usually
only 3-20% of the inhalable fraction. Compared to the pro-
posed Dutch endotoxin threshold of 50 EU/m? [9] it is ob-
vious that this limit value could only be met in dairy cattle
houses. Von Mutius et al. [34] also observed a significantly
higher endotoxin concentration in the inhalable fraction
(geometric mean 649 EU/m?®) of animal houses than in the
respirable fraction (geometric mean 7 EU/m?). The big
concentration differences between endotoxin in inhalable
and respirable fraction indicate that endotoxin is bound to
larger particles in the animal houses [1]. Compared with
other studies, our results for endotoxin concentrations in
cattle [30], pig [12, 30] and poultry [30] houses are some-
what lower or approximately in the same range. However,
comparison of our endotoxin concentrations with results
obtained in other studies has to be approached with cau-
tion, because endotoxin analyses may differ from labora-
tory to laboratory and sampling method and time vary. This
has been demonstrated shown in various studies evaluating
results of different laboratories and analytical methods. In 2
laboratory comparison studies concerning endotoxin assays,
Chun et al. [6] showed high variations. Zucker et al. [36]
compared 2 different sampling methods for endotoxin and
found that the suitability of each method depended on the lev-
el of endotoxin concentration and duration of measurement.

Generally, for interpretation of our results, it must be
taken into account the relatively small number of sam-
pling sites. On the other hand, we had 3 measurements on

different days with 2 samples each (1 day sample and one
night sample) for each animal house, so that we had a rep-
resentative overview over diurnal and seasonal patterns.
Due to the fact that all 12 animal houses investigated were
located in the southern region of Bavaria, the outside cli-
matic conditions during the seasons were well comparable
for all sites.

Numerous previous studies collected their samples in
conventionally conducted animal house systems (e.g. con-
finement buildings), which are usually enclosed structures
with a high density of livestock. Nevertheless, considera-
ble endotoxin exposures were found for most types of live-
stock species in our study, which was conducted in modern
and ecologically orientated stable systems specialising in
animal health and welfare in an appropriate way for the
species. As in previous studies, the poultry houses showed
the highest airborne endotoxin concentrations compared
to pig and cattle houses. This phenomenon could be ex-
plained by the higher activity of poultry [30]. This is also
supported by the fact that day time and nighttime measure-
ments differed largely for poultry houses, with consider-
ably higher daytime values. In contrast, the day/nighttime
variation was small for pig and cattle houses. Moreover,
our results for pig farms were usually lower than in earlier
studies [12, 30] mainly conducted in conventionally closed
swine buildings. However, Chang et al. [5] investigated
endotoxin concentrations in 30 open-style swine houses
with natural ventilation and within a radius of 600 m. They
found total endotoxin concentrations between 14.4-818
EU/m? with an overall mean of 140 EU/m? in 1.5 m above
the floor in the central area of the stables (surrounding:
range 3.2-32.9 EU/m?, mean 8.9 EU/m?). But it has to be
borne in mind that these measurements took place under
subtropical conditions using a different method. Another
reason for the generally lower values in our study com-
pared to other studies may be that the animal houses inves-
tigated in our study became operational only few months
before measurements took place.

In most of the published studies [8, 10, 21, 26, 29], en-
dotoxin samples were collected by personal sampling at-
tached to the workers. In our study, stationary sampling
(with personal samplers) took place in the middle of the
animal houses to determine the exposure both for humans
and for animals. For the sampling period during the time
we chose 1 hour during feeding time, when high activity
of the animals is expected to cause high dust and endo-
toxin exposure. However, since these data are from area
samplers, they are most likely lower (even during feeding
period) than they would be by personal sampling. Our data
therefore tends to underestimate the personal endotoxin
burden, which should be kept in mind when comparing
with other studies. This fact is confirmed by another study
[1] where personal dust sampling as well as stationary
sampling took place in the same sheds, calculating a fac-
tor of 7.3 for the inhalable dust and a factor of 11.3 for the
respirable dust fraction.
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But even in studies using stationary sampling, the record-
ed results for total and/or respirable endotoxin exposure in
dust from pig, cattle or poultry houses varied greatly, but
were usually higher than our results, or approximately in
the same range, independent if sampled during work rests
[37], during work activities [23, 36], or over longer periods
[30]. These and other findings were summarised in a re-
view by Omland [22] who presented the results of some
international studies from Northern Europe, USA and
Canada, applying personal and/or stationary sampling in
different animal houses (pigs, cows, poultry).

Diurnal differences. Only limited data on nighttime ex-
posure levels for endotoxin are available. The reason is that
most studies focussed on farmers’ health. However, night-
time endotoxin levels might be crucial for animal welfare.
We found much lower endotoxin levels in poultry houses
during the night and high concentrations during the feeding
period (1 h). In 1 poultry farm (laying hens) there was a 10
time higher endotoxin concentration (inhalable) in the day
measurement, compared to the night measurement. This
was probably due to the diurnal rhythm in animal activities
with reduced animal and human activities in the night, and
to the higher activities of both animal and livestock work-
ers during the day and the load of endotoxin in grain dust
from feed and manure (handling, clearing out, bedding).
Because of the larger size of particles being released du-
ring those activities, and due to the fact that endotoxin is
sticked to larger particles, endotoxin in inhalable dust frac-
tion usually increased more than the respirable endotoxin
concentrations. Likewise, endotoxin levels in the study by
Seedorf et al. [30] differed between day and night time in
poultry, as well as in pig and cattle houses in 4 European
countries. The endotoxin levels in houses for dairy cattle
were comparable to data we have found recently [1]. In
that study, we reported median concentrations of 36 EU/m?
(range 4-561 EU/m?) for inhalable samples and 2 EU/m?
(range 0-18 EU/m?) for respirable samples. In the house
for beef cattle, the concentrations in the present study were
higher, particularly during the daytime, than in dairy cattle
houses. In contrast, the higher median concentrations of
inhalable endotoxin at night in some pig farms could only
be assumed, and therefore possibly be caused by agitation
or higher part of more active piglets/weaners.

Seasonal differences. Only a few publications have
looked for the seasonal differences of airborne endotoxin
concentration from stationary samples in livestock farms,
but some of them applied personal sampling. Our results
are supported by Preller et al. [23] who found higher en-
dotoxin levels in winter (assuming a conversion factor of
10 EU/m’ for 1 ng/m3: geometric mean 1090 EU/m?) than
in summer (assuming a conversion factor of 10 EU/m? for
1 ng/m*: geometric mean 780 EU/m?) in pig houses using
personal sampling for 8 hours on a single day in each of the
2 seasons. In contrast, Seedorf et al. [30] did not observe
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a significant seasonal variation in airborne endotoxin con-
centrations for cattle, pigs and poultry. Other studies meas-
ured seasonal variations of dust concentrations, which may
be somewhat comparable because endotoxin is bound to
dust particles. Takai et al. [32] measured dust concentra-
tions in winter and summer in more than 300 livestock
buildings in England, Germany and the Netherlands. They
found only a weak seasonal effect for cattle, but a higher
winter dust concentration for pig and poultry houses, simi-
lar to our seasonal distribution. Lee et al. [16] measured
the airborne dust load as well as airborne microbial con-
centrations, such as bacteria and fungal spores, in different
animal confinements (swine, poultry, dairy) under summer
and winter conditions, and found on the swine farm higher
concentrations of particles in winter than in summer, bla-
ming the additional space enclosure in winter to protect the
animals from the cold weather. The concentration of bac-
teria and fungal spores measured on the swine and dairy
farms in summer was higher than in winter. The highest
bacterial concentration was observed in the swine confine-
ment during summer. Most likely, endotoxin levels in our
study were also influenced by other sources that could not
be included in our analyses, for example, weather condi-
tions on the measurement days [4, 13], ventilation rate,
amount of young active animals in the stables, variability
in work practices (building size, density of animals).

Endotoxin in settled dust. Endotoxin concentrations
in settled dust of dairy cattle were the lowest among the
different animal types, and compare well with our previous
results which showed a geometric mean of 258 EU/mg set-
tled dust from about 300 animal houses in Austria, Germa-
ny and Switzerland [35], and a median endotoxin concen-
tration of 202 EU/mg (range 22-832 EU/mg dust) in settled
dust from 36 cow barns in Bavaria [1], respectively. Von
Mutius et al. [34] measured a geometric mean of 649 EU/
mg endotoxin in settled dust in livestock buildings which
all housed cattle; some of them additionally housed pigs,
sheep, goats or horses. Settled dust is a good marker for
long term endotoxin exposure in stables. This dust can pass
into the airborne dust fraction when activities inside the
stables occur. Interestingly, the endotoxin concentrations
in settled dust showed the same pattern as the inhalable
endotoxin fraction in airborne dust for all animal species.
Therefore, settled dust might be a useful marker of the en-
dotoxin exposure in animal houses and has the additional
advantage of easier sampling procedure.

CONCLUSION

In conclusion, the present study has indicated that
even in modern, naturally ventilated and ecological hous-
ing systems, considerable exposure for airborne and set-
tled endotoxin existed both during the day and night, and
over all seasons. We have shown that the proposed Dutch
endotoxin threshold of 50 EU/m? could only be kept in
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modern dairy cattle houses. Endotoxin levels were in-
fluenced by sampling sites and animal species, but were
generally lower than in conventionally conducted stables
presented in earlier papers. In the inhalable dust fraction,
endotoxin concentrations were higher than in the respi-
rable fraction. Poultry houses generally showed the high-
est endotoxin levels compared to cattle and pigs. They also
had higher endotoxin levels during the daytime than at
night, while day and night concentrations in cattle stables
were balanced and high median endotoxin concentrations
at night were found in some pig farms. In winter, median
concentrations for inhalable endotoxin for all animal types
were usually higher than in spring or summer. The endo-
toxin levels in settled dust followed the same pattern as the
airborne samples.

Our results therefore indicate that endotoxin in livestock
houses, particularly in poultry houses, still give cause for
concern both for the health of farmers, as well as for ani-
mal health and performance, therefore a further reduction
of exposure is necessary. Further research is desirable to
find practical methods to reduce endotoxin exposure in ani-
mal houses.
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