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ABSTRACT
Endotoxins can significantly affect the air quality in school environments. However, there is currently

no reliable method for the measurement of endotoxins and there is a lack of reference values for
endotoxin concentrations to aid in the interpretation of measurement results in school settings. We
benchmarked the “baseline” range of endotoxin concentration in indoor air, together with endotoxin
load in floor dust, and evaluated the correlation between endotoxin levels in indoor air and settled
dust, as well as the effects of temperature and humidity on these levels in subtropical school settings.
Bayesian hierarchical modeling indicated that the concentration in indoor air and the load in floor dust
were generally (<95 percentile) < 13 EU/m® and < 24,570 EU/m? respectively. Exceeding these
levels would indicate abnormal sources of endotoxins in the school environment, and the need for
further investigation. Metaregression indicated no relationship between endotoxin concentration and
load, which points to the necessity for measuring endotoxin levels in both the air and settled dust.
Temperature increases were associated with lower concentrations in indoor air and higher loads in

floor dust. Higher levels of humidity may be associated with lower airborne endotoxin concentrations.
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1. INTRODUCTION

Endotoxins are lipopolysaccharide molecules in the outer membranes of gram-negative
bacteria and are ubiquitous in indoor and outdoor environments™?. Although there are no commonly
established analytical procedures for measuring endotoxin levels*®, and it is impossible to establish a
clear dose-effect relationship or an exposure limit for the workplace’, a wide range of indoor studies
have found an association between endotoxin exposure and the exacerbation of respiratory allergic

diseases, including asthma®™

. Even low concentrations of endotoxins may cause respiratory
symptoms such as coughing, wheezing and phlegm® ™2, Paradoxically, it has also been reported that
exposure to endotoxins or other bacterial components in childhood might be a protective factor in
allergic diseases, such as asthma and atopy® ** .

In indoor environments, endotoxins are mainly measured in house dust using a vacuum
cleaner, because it is much easier and cheaper than using active airborne sampling®>*’. Although
endotoxin levels in settled floor dust have been used as a surrogate for personal long-term exposure**
18.19 it is not clear which measure - per gram dust or per square meter - may better reflect the actual
exposure of the occupant®. Despite the advantages of floor dust sampling, it has also been reported
that endotoxin load in settled dust is only a surrogate measure for airborne endotoxins* and a poor
proxy of inhaled endotoxin exposure, especially in classrooms, where floor dust consists, for a major
part, of large and heavy particles (e.g. sand and breadcrumbs)'’. On the other hand, since
environmental air samples represent a snapshot in time, they may be poor surrogates and biased
estimators for the actual concentrations they represent’, and they may not be an appropriate measure
to estimate longer-term inhaled exposure and chronic disease risk®. Thus, combining the
measurement of dust endotoxins with other information about indoor characteristics may provide a
better estimate of exposure to airborne endotoxins™.

Several studies reported that, in residential indoor environments, the levels of endotoxins
were generally much lower than the levels reported in occupational industry or farming settings™ * %
2 and that endotoxin levels in the environment vary geographically and regionally, in both outdoor

7, 24, 25

and indoor environments , and are influenced by meteorology factors such as temperature and

humidity®* ?* #'_ In addition, several other local factors, such as the existence of dampness indoors'”

28-30 21, 27

¢ number of people and pets (especially dog) indoors?®®®, presence of carpets® %, and household
cleanliness® ® have been reported to effect on indoor endotoxin levels?* ** %, However, it should be
noted that the effect of several environmental factors on endotoxin levels has been shown in the
literature to be inconsistent, and additional studies are needed.

Although much attention has been paid in recent years to the quantification of suspended
endotoxins in different workplaces®, there are very few studies available on the general concentration
of endotoxins in indoor air, together with endotoxin loads in settled dust in school environments'® **,

Traditionally, schools have been naturally ventilated and passively cooled®, with carpet or vinyl as

2
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flooring material®®. Although mechanical ventilation systems dominated over natural ventilation in the
twentieth century, natural ventilation has many advantages compared with mechanical systems® *" %,
and may be the future trend in school buildings. Thus, gathering information in relation to naturally
ventilated school buildings with different flooring materials is particularly important.

Investigations into the “baseline” level of endotoxins — both in indoor air and in settled floor
dust — in school settings without mold and moisture problems, and without other well-known indoor

sources of bioaerosols (from farming, pets, cooking etc)® 3* 4

will help to characterize normal and
abnormal levels of endotoxins, indicate the need for further investigation, and develop and implement
corrective measures to improve the indoor air quality. Thus, the overall aims of the present study
were: (i) to benchmark the “baseline” concentration of endotoxins in indoor air, together with the load
of endotoxins in floor dust, that may be found in carpeted, naturally ventilated, non-moisture/mold
damaged school classrooms in a subtropical area during different seasons (winter, spring and
autumn); (ii) to quantify correlations between the concentration of endotoxins in indoor air and the
load of endotoxins in floor dust, and (iii) to determine the effect of temperature and humidity

(seasonality) on endotoxin levels.

2. MATERIAL AND METHODS

2.1. Study design, location and classroom characteristics

This was a cross-sectional study, which was carried out between October 2010 and August
2012, in a total of 25 randomly selected primary schools (S01-S25) in the Brisbane Metropolitan Area
(BMA), South-East Queensland, Australia, as part of a large epidemiological project titled “Ultrafine
Particles from Traffic Emissions and Children’s Health (UPTECH)”. According to the selection
criteria for the schools, there were no major local air pollution sources, including infrastructure
projects such as roads, tunnels and building construction, in the vicinity of the schools, other than road
traffic. All selected schools were built more than 10 years ago, constructed of concrete or wood, with
no central air-conditioning system. The school buildings were ventilated primarily via opened
windows and doors, and ceiling fans. Two classrooms used by 8-11 year old children from each
school were selected for the measurements. This study was conducted at S04-S07 and S18-S21 in
autumn (March-May), S08-S12 and S22-S25 in winter (June-August), and S01-S03 and S13-S17 in
spring (September-November), as defined by the Australian government*. All measurements were
done during teaching periods, according to the Queensland Department of Education, Training and
Employment. In Brishane, schools are closed over most of the summer period (December-February)
and therefore, no measurements were conducted during summer time.

Prior to sampling, a “walk-through” assessment was carried out to determine indoor and
outdoor sampling locations. Room characteristics, with regards to cleanliness, moisture damage and

other possible bioaerosol sources, were assessed visually in each studied classroom before the

3
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measurements were conducted. In addition, building and room characteristics (e.g. number of
students, room area, cleaning schedule and floor type) were recorded via a questionnaire and
information form. Although the size of the classrooms (40-120 m?, average 68 m?) and number of
pupils (16-29, average 23) varied between schools, the room area per classroom, as well as the
number of students in each measured classroom (which generally differed by 0-2 students within each
school) was similar within each of the measured schools. The daily cleaning schedule during the
measurement period included carpet vacuum cleaning and desk wiping in each classroom. Vacuum
cleaning was conducted before or after school hours and desk wiping was often done once a week. In
classroom B at school S6, desk wiping was conducted on the same day (before) as endotoxin
measurements. There was no visible moisture/mould or known moisture problems in any of the
building structures at the time of the measurements. The floors of the classrooms were carpeted and
there were no animals or pot plants inside the rooms. There was no kitchen (cooking) within the

measured buildings and the school canteens were located in other buildings.

2.2. Sampling and instrumentations

Endotoxins in indoor air and floor dust were collected from two teaching classrooms at each

school. Endotoxins were sampled using two different methods. Two air samples were collected using
glass fiber filters mounted in 37 mm closed face cassettes (SKC, 225-709) for 8 hours at 2 L/min in
each classroom. At a rate of 2 L/min, 37 mm closed face cassettes efficiently sampled particles with
an aerodynamic diameter of up to 10um. Samples were collected between the hours of 8 am and 7 pm
(8h sampling in each classroom) during normal room activities. Classrooms were occupied between 9
am and 3 pm. The sampling of airborne endotoxins was conducted close to the children’s desks, at
least 1 meter from the nearest wall and at the height of about 1.0 m from the floor, which is in the
children's breathing zone when they were seated. The flow rate of the SKC-pump (Airchek sampler,
model 224-PCXR8, serial no. 944390) was regularly checked using a Gilian Gilibrator-2TM Primary
Flow Calibrator (Range 20 cc — 6LPM P7N8-289-1) before each set of measurements. The airborne
endotoxin concentrations were expressed as endotoxin units (EU) per cubic meter of air. No outdoor
control was performed but 1-2 field blank filters were taken for quality control of air sampling at each
school. Blank filters were subjected to all precalibration, postcalibration, storage and assay procedures
and the average blank value was subtracted from the measured endotoxin value for each sample.

Dust samples were collected using a Breville Vac Master vacuum cleaner with a filter
(Kimpech Science Wipers). Before sampling, both the inside and outside of the vacuum cleaner were
disinfected with 70% alcohol. Dust was collected from a 1 m? area in each classroom for five minutes
and in close proximity to children’s desk/working area. Dust samples were collected between the
school hours of 9 am and 3 pm. After sampling, cassettes and filters were put into a plastic bag and
frozen (-20°C) until analyzed, together with the field blank filter. The choice of -20 °C was based on

earlier experiences and published studies in relation to the impact of storage temperatures for
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endotoxin measurements® ****. The loads of endotoxin in floor dust were expressed as in EU/m?.
Endotoxins were extracted by vortexing (Maximum speed, Multi-Pulse Vortexer, Clas-Col, Terre
haute, Ind) filters for one hour in 20mL (30mL for dust samples) of sterile pyrogen-free salt solution
(0.9% NaCl) plus 0.025% Tween 20. Solutions were then centrifuged at 500 g for 5 minutes and
supernatants were used for endotoxin quantification. Endotoxin measurements for both indoor air and
dust samples were performed in duplicate using the LAL assay (Associates of Cape Cod, Woods
Hole, MA) as previously described®. Briefly, filter extraction solutions were diluted and an
inhibition/enhancement test was performed prior to measurement. Blank filters were extracted for
filter controls. Control values were subtracted from the sample values. The detection limit of the
method was 0.33 EU/m® for air samples and 0.47 EU/m* for dust samples. Samples with
concentrations below the detection limit were assigned a value of half of the detection limit*. The
efficiency, reproducibility and sensitivity of this method for airborne endotoxin quantification have
been evaluated and proven by previously reported studies® ***,

Outdoor and indoor temperatures were measured at three sampling locations at each school.

Measurements were conducted 24/7 using a pPSENSE portable CO, Metre and a TSI IAQ Monitor

(Model 8551) in the indoor locations (classrooms). Outdoor relative humidity and temperature were

also measured concurrently for 24/7 using a Monitor Sensors uSmart Series weather station.

2.3. Statistical analysis
Endotoxin load (EU/m?) in floor dust was modeled as count data with a Poisson likelihood.
The mean load, y, within each classroom, j, at each school, i, was modeled with a hierarchical linear

model*:

Yij ~ Poisson(lij)

log(/'lu) = a;
a; ~ N(ag, Tp) 1)
a, ~ N(0,1079)
7, ~ TI(0.001,0.001)

The hierarchical model assumed a mean school level, with the separate classrooms treated as
replicates (as there was only one measurement per classroom). The school level means were drawn
from a distribution of school means whose mean had a weakly informative prior. All variance
parameters were given weakly informative Gamma priors. Prediction at an unobserved school, labeled
*S26”, could be achieved by sampling a,¢ from the hierarchical prior.

Airborne endotoxin concentrations (EU/m®) were also modeled as count data, but were non-
negative, non-integer values close to zero. As such, the Poisson was an inappropriate distribution. The
log-Normal distribution did not permit values of zero and the Normal approximation to the Poisson

was a poor choice because the counts were close to zero. The “ones trick™ in JAGS (Just Another
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Gibbs Sampler, Plummer (2003)) was used to specify a custom distribution which was a continuous
analogue of the discrete Poisson distribution. The likelihood of this pseudo-Poisson random variable

was:

AVe~h

foh) =2 @

where the gamma function, T', generalizes the factorial function (x!) to real numbers (excepting

negative integers). Because there were two replicates in each classroom, an additional hierarchy level
was added to center the classroom level mean around a school level mean. The Bayesian hierarchical
model was then given as:
Viigk ~ [fijioAiji)
log(A;) ~ N(ay,7a)
a; ~ N(ag, o) 3)

a, ~ N(0,1079)
To,T3 ~ T(0.001,0.001)

where k represents the two replicates in each classroom. The parameters, 4;;, were Poisson rate
parameters, so the predicted values of airborne endotoxin concentration were drawn from a Poisson
distribution.

To characterize the relationship between endotoxin indoor air concentration and floor dust
load, a meta-regression was performed on the estimates of log4;; from both models. For the dust
measurements, d;; represented the mean and Tay represented the precision of the estimates of 4;;.

Similarly, a;; and Tq,; Were defined for the airborne measurements. The meta-regression model was
then given as:
dij ~ N(Bij,rdij)
6;; ~ N(Bo+ BraijiTo)
4
aij ~ N(aij,Tai].) ( )

Bo.Br ~ N(0,107°)
79 ~ TI(0.001,0.001)

where the meta-analysis estimate, 6;;, contained an estimate of the background level of floor dust
endotoxin, B,, and the rate at which dust endotoxin occurred with respect to airborne endotoxin, 8;. A
95% credible interval for 5;, which contained zero, indicated that, at a level of 95%, there was no
relationship between the indoor air concentration and floor dust load.

To investigate the effect of seasonality in endotoxin floor dust load and airborne
concentration, the Poisson mean was modeled for both the Poisson and pseudo-Poisson models in (1)

and (3), as follows:
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10g(11) = ySi
s ~ N6 Tg)
65 ~ N(ap Te) (5)
ay ~ N(0,1079)

19,7, ~ T(0.001,0.001)

where s; is the season of observation (summer, autumn, winter, spring) for school i. These
hierarchical priors model the school-level mean as being centered on the season-level mean 6. The
schools were measured during the following seasons: autumn S04-07, S18-21; winter S08-12, S22-25;
spring S01-03, S13-17. The quantity 6, = 6, — a, can be calculated to determine the difference
between the season mean and the overall mean, indicating the effect of the season. If the 95% credible
interval for a &, contains zero then there can be said to be no difference between the season and the
overall mean at a 5% level. Even though no measurements were taken during summer, the
hierarchical prior provides an estimate of the season level effect for summer.

The regression models for the effect of humidity and temperature on endotoxin concentration
and load were linear Poisson (or pseudo-Poisson) regression models with an interaction for humidity

and temperature, as follows:
yvi ~ fOui)
log(4;) Bo + BrT; + ByH; + BruT;H; (6)
Bo, Br, Bu, Bru N(0,107°)

l

with weakly informative Normal priors on all fixed effects coefficients. Here the index, I, refers to the
observations, as there were no school or classroom level effects to be considered. The Poisson model
above was used for the floor dust measurements and the model for airborne measurements was of the
same form, but replaced the Poisson likelihood with the pseudo-Poisson likelihood. Regression was
performed with standardized covariates (subtracting the mean, dividing by the standard deviation).
This centered the covariates around zero and eliminated any issues of covariate scale to do with the
interaction term and the priors of the regression coefficients. The means and standard deviations of

temperature and humidity were 18 and 4.7 ° C, and 67.1% and 11.6%, respectively.

3. RESULTS AND DISCUSSION

Due to the small number of samples taken at each school, endotoxin concentration and load
within each classroom were characterized by predictive modeling from the hierarchical models. This
modeling provided a distribution for likely concentrations and loads based on what is known about all
of the measurements together, as well as any school level effects that were observed. In addition to
modeling the concentrations and loads at S1-25, predictions were made at an unobserved school, S26,
based purely on the hierarchical prior, as no data was collected there. The cumulative density function
of the predicted values at S26 was similar to the empirical cumulative density function of the pooled

data from all classrooms, but was less sensitive to variation within the data, particularly at the upper

7
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guantiles. The 95% credible intervals of the posterior predictive concentration distributions for each
classroom cover the data for most schools (Figure 1). For the endotoxin load in floor dust, only one
observation was made in each classroom, the classroom level effect was ignored and the posterior
mean of the predictive load distribution was between the two observations at that school. The
posterior predictive load distribution at S01-03 and S26 was informed solely by the prior and covered

the observed data.

3.1. Predictive modeling

The modeled indoor air concentrations of endotoxins in the 25 schools and the endotoxin load
in floor dust for 22 schools are presented in Table 1, summarized as quantiles of the predictive
distribution for S26. Results showed that 30% of the modeled endotoxin concentrations in indoor air
were under the detection limit. The median (Ps;) concentration was approximately 1 EU/m® and Py,
and Pgs of the endotoxin concentrations in indoor air were < 3, and < 13 EU/m’ respectively. Figure 1
presents the predicted concentrations of endotoxins in the schools. Since no dust samples were
collected at S1-3, the predictions for endotoxin load in the dust for S01-03 were the same as those at
S26, which were based on samples from the hierarchical prior only. These are important findings, as
predictors of endotoxin levels from vacuumed house dust have been well described in several indoor

studies®®* %" ‘however the airborne sampling of indoor endotoxin levels is less common.

3.2. The concentration of endotoxins in indoor air

The results showed that endotoxin concentrations varied widely between schools and even
within one school building. Concentrations of airborne endotoxins over 1.0 EU/m® and over 2.0
EU/m® were detected in 17 schools (in 77% of the studied schools) and 12 schools (in 48% of the
studied schools), respectively. The average measured concentration of airborne endotoxin was below
detection limit for S03, S17 and S22, and the highest value (19.88 EU/m® was found at S12. To the

best of our knowledge, there are only two studies®® *

reporting endotoxin concentrations in school
settings, and no studies have previously measured endotoxin concentrations in naturally ventilated
subtropical school settings. In those previous studies, concentrations of endotoxins were expressed as
PM, 5 (Menetrez et al.*®: AM 9.2 EU/m?; Rabinovitch et al.**: 0.07 EU/m®) and thus, were not directly
comparable with our results (dust sampled with 37 mm closed face cassettes). Nor were our results
were directly comparable with previous PMy, studies from other indoor settings. In comparison with
other indoor studies, where dust sampled with 37 mm closed face cassettes, the predictive mean
concentration of endotoxins in the present study, at S26 (3.7 EU/m?®) for example, was over 30 folder

|50

higher than the mean endotoxin concentrations reported by Myatt et al.” in their office building study

|51

in Boston area, and 8.5 times lower than that reported by Rao et al.”™ in moderately/heavily water-

damaged houses.
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The estimates of the effect of seasonality for each of the four seasons had 95% credible
intervals which contained zero: summer -0.104 (95% CI: -0.805, 0.523); autumn -0.042 (-0.599,
0.534); winter 0.404 (-0.119, 1.006); and spring -0.259 (-0.845, 0.302). As such, there was no

appreciable difference across the seasons.

3.3. Endotoxin loads in floor dust

Endotoxin loads in floor dust varied widely (Table 1), with the highest and lowest mean
endotoxin loads detected in SO7 (24095 EU/m?) and S09 (1533 EU/m?), respectively. The predicted
median load of endotoxins in carpeted floor dust for S26 (7786 EU/m?) was higher than that reported
in a recent study of endotoxin loads in floor dust in the Netherlands (GM: 2178-6914)"" and in schools
with tiled floors in Northern Carolina (GM: 2200)%. The same North Carolinian study reported
carpeted floor dust endotoxin loads six times higher (GM: 48 000) than the load reported in this
study®?.

Although higher loads of endotoxins were found in schools (GM: 2178-6914 EU/m?) than
residential environment (GM: 462—1285 EU/m?) in an urban area in the Netherlands®’, the modeled
endotoxin loads in this study were over 4 times lower than in farming households in Germany, Austria
and Switzerland™ and in the Netherlands™. In an urban environment, schools - and not homes - may
represent the most significant location for endotoxin exposure, due to the higher number of children
present in a classroom, compared to a home environment®. It has been reported that places of
education for the youngest children, such as daycare centers and pre-elementary schools, had
endotoxin levels three times higher than those found in elementary schools for older children®.

Morcos et al.*®

compared endotoxin loads in rural and urban schools, and found that rural schools had
higher loads due to the close proximity of farm animals.

It should be noted that due differences in sampling methodologies, such as location, time and
size of the sampled surface, together with the use of different measurement units, the comparison
between endotoxin studies in floor dust is difficult and sometimes inconclusive®. In addition, most
studies focused on investigating the health effects of endotoxin exposure, and detailed information
about the measurement of endotoxins was often not available in the published paper.

The 95% credible intervals of the season effect contained zero for all seasons: summer -0.062
(95% CI: -0.726, 0.354); autumn 0.034 (-0.340, 0.497); winter -0.056 (-0.521, 0.307); and spring
0.088 (-0.246, 0.663). This indicates that there was no seasonal effect. The 95% CI for summer was
the widest, as there were no schools measured in summer, due to schools being closed from mid-

December to late January for the summer holidays.

3.4. Correlation between the concentration of endotoxins in indoor air and endotoxin loads in

floor dust
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Bayesian metaregression indicated that there was no relationship between the measured
endotoxin levels in floor dust and air within the classrooms in this study. The mean and 95% credible
interval for 8; (Equation 4) was -0.004 (-0.190, 0.181) and similar findings were reported in several
earlier studies® > 2", This suggests that it may be necessary to measure both airborne and settled
dust endotoxin levels, in order to accurately estimate indoor endotoxin exposure in school buildings.

This study also provided information for future indoor sampling strategies, highlighting the
need for standardized sampling methodologies. The harmonization of these methods calls for
additional research data based on the different methods, together with the systematic comparison of
different methods. In addition, the effect of storage and transport of endotoxin samples should be
studied, because these conditions can affect endotoxin concentrations, and these issues have often not

been addressed™ *" %8,

3.5. Temperature and humidity

In the studied school settings, the 24-hour average temperature ranged from 8°C to 27°C and
the 24-hour averaged relative humidity (RH) ranged from 42% to 91%. In the present study an
interaction between temperature and relative humidity was included in the model, as relative humidity
is dependent on temperature. Regression analysis (Equation 6) showed that floor dust endotoxin loads
were fairly insensitive to the average relative humidity during the last 24 hours (Figure 2). For both
floor dust and airborne endotoxins, increased RH led to lower concentrations, but only weakly in the
case of floor dust. An increase in temperature led to a decrease in airborne endotoxin concentrations,
but an increase in the endotoxin load in floor dust. The 95% credible interval for the airborne
interaction term contained zero, indicating that most of the variation could be accounted for by
temperature and RH separately (see Table S1 in Supporting Information). For floor dust endotoxins,
the 95% credible interval for the interaction term was strictly positive and greater in magnitude than
the humidity alone, indicating that the effect of RH was only particularly important in modifying the
effect of temperature. Statistical results indicated that at a higher RH, the effect of temperature was
more pronounced than at lower temperatures.

Although some studies reported that season or seasonality has effect on the indoor

concentration®® °

, or loads of endotoxin® there are also studies in which the association was not
found™ 3 ®*. As well as the effect of seasonality on indoor endotoxin levels, the effect of individual
meteorology factors — temperature and humidity — on endotoxin levels in both indoor air and dust
were contradictory in earlier studies. For example, in the USA, Mazique et al.** found that, although
residential indoor airborne endotoxin concentrations tended to be higher during the fall and spring
seasons (spring: 0.19 EU/m?®; fall: 0.15 EU/m®; summer: 0.04 EU/m® winter: 0.07 EU/m®), home

temperature and humidity were not significantly associated with airborne endotoxin concentrations. In

I. 30 I 20

Europe, Bischof et a and Douwes et a reported that there was no effect of temperature and

relative humidity on endotoxin levels in floor dust. In several other studies, floor dust endotoxin
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measurements showed little variation over time, with no significant differences during different
seasons™ or over a six-month period®®. However, the effect of temperature, as well as humidity, on
indoor endotoxin levels (both concentrations and loads) have also been reported worldwide® 2" 4% 2
% In addition, it has been suggested that relative humidity may be an important factor controlling
endotoxin exposure indoors'™. However, there is still no clear explanation for the existing
associations. Despite this, it is commonly assumed that more humid climates will be associated with
higher endotoxin levels (because endotoxins arise from bacteria and bacteria thrive in water), while
elevated humidity in the absence of wet surfaces or stagnant water will not achieve water activity
levels to support the growth of bacteria (bacteria require water activities of > 0.9731).

A limitation of this study was that each school was only measured during one season.
Although we found that temperature and relative humidity were significantly associated with airborne
endotoxins and loads of endotoxin in settled dust, the concentrations were not fully explained by the
ambient temperature and relative humidity. School buildings were ventilated via opened windows and
doors (absence of a known continuous air exchange rate), and disturbance of the incoming air (e.g. air
drafts), for example, may have influenced endotoxin concentrations. When comparing seasonality
effects between studies, one should also take the geographical locations into account. For example, in
Brishane, the average annual temperature and humidity are higher than in colder areas® %, and the
temperature difference between seasons in Brisbane (mean 9 am temperature: summer 26.4 °C,
autumn 22.0 °C, winter 15.9 °C and spring 22.7 °C)®, as well as other subtropical areas, is very small
compared to many other parts of the word.

In addition, simultaneous effects of different local factors may affect the findings and more
studies during different seasons and geographical locations are needed to identify these effects. Based

on floor dust “stability” findings'® ®*

, the long term (over 6 months) average temperature and humidity
may be much more significant than the short term average, when studying their effects on floor dust

endotoxin levels in different climatic regions.

3.6. Benchmarked baseline concentrations of endotoxins in indoor air and endotoxin loads in
floor dust

Based on statistical analysis, the indoor air concentration of endotoxins and endotoxin loads
in settled floor dust were generally < 13 EU/m® and < 24 570 EU/m? (95" percentile), respectively.
Although these levels (<95th percentile) of endotoxins are based on a limited number of studied
schools, they can guide the future determination of criteria for assessing endotoxins in naturally
ventilated, school settings with carpeted classrooms. These levels can be applied for urban school
buildings in regions with similar climates, and also when sampling and analysis are carried out using
the same method as that used in the present study. Elevated levels may indicate abnormal sources of
endotoxins in the school environment, together with the need for further environmental investigations

and the implementation of corrective measures, if required. In the future, international harmonization
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of the methods for endotoxin exposure assessment, as well as further studies on the simultaneous
effect of different local factors, such as cleaning frequency and floor surface material, on endotoxin

levels in different climatic regions are needed.
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593

594 6. TABLES

595

596 Tablel

597  Basic statistics and percentiles for the modeled endotoxin concentrations in indoor air (n = 74) and

598  endotoxin loads in floor dust (n = 44) in 25 and 22 school environments, respectively.

Concentration in indoor air Load in floor dust
[EU/M?] [EU/M?]
Poisson rate parameter, 4, 1.48 7740
Data Geometric mean (GM) 1.227 7502
Data Arithmetic mean (AM) 2.725 9436
Data Standard deviation (STDEV) 3.215 6563
Percentiles
P <LOD 2460
P10 <LOD 3190
P2 <LOD 4420
Pao <LOD 5430
Pso 1 6520
Median (Ps) 1 7710
Pso 2 9180
P 3 10980
Pso 5 13620
Pao 8 18720
Pos 13 24570
599
600  LOD: Limit of detection
601
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7. FIGURE CAPTIONS

Figure 1. Predictive distributions from the Poisson and pseudo-Poisson hierarchical linear models of
concentration of endotoxins in indoor air and endotoxin load in floor dust. Observed concentrations
and loads are shown as open circles; the mean predicted values are shown as horizontal lines and the

95% credible intervals are shown as vertical lines.

Figure 2. 24hr average relative humidity and temperature for each of the observations, grouped by

season during which the measurement was taken.
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662  Table S1. Posterior means and 95% credible intervals for effects of standardized temperature and

663  relative humidity and their interaction. Italicized entries indicate a 95% CI which contains zero.

664
Indoor Air Floor Dust
2.5% Mean 97.5% 2.5% Mean 97.5%
Bo 0.632 0.797 0.961 9.189 9.192 9.197
Br -0.424 -0.272 -0.119 0.163 0.167 0.171
By -0.570 -0.429 -0.289 -0.015 -0.012 -0.008

Bru -0.166 0.045 0.243 0.038 0.042 0.045
665
666
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