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Variation of biocontaminant levels within and between homes — the
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Few epidemiological studies report on reliability of exposure measurements even though this significantly influences the results of correlation and
regression analysis often used in these studies. Poor reliability of exposure measurement reduces the ability to detect a true association between a certain
component and health outcome variables. The aim of this study was to determine the ratio of the within-home and between-home components of variance
of a number of biocontaminants measured in house dust in the framework of an international study conducted in the Netherlands, Germany and Sweden
(the AIRALLERG study). To this end, duplicate dust samples were collected from children’s beds and from living room floors in over 100 homes.
Samples were taken at the same point in time. Variables considered were the dust mass collected in mg/m? and the concentrations of the house dust mite
allergens Der p 1 and Der f 1, cat allergen Fel d 1, endotoxin, (1 — 3)-f-p-glucan and extracellular polysaccharides, all per gram of dust and per square
meter of sampling surface. An analysis of variance showed that the within-home variance was small compared to the between-home variance for most
variables (mostly less than half) with the exception of glucan on mattresses, when expressed in ug/g. Investigation of variation over time is needed for a
more complete assessment of the use of these variables in epidemiological analyses of exposure—response relationships.
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Introduction

Many epidemiological studies have related levels of biocon-
taminants in house dust to allergy and asthma outcomes
(Braun-Fahrlander et al., 2002; Bottcher et al., 2003; Takaro
et al., 2004). Often these studies made only a brief comment
on the reliability of the techniques and assays used to assess
exposure to these contaminants. For epidemiological pur-
poses, what matters is whether the true between-person
variation is sufficiently captured by the exposure assessment
method, or whether this variation is obscured by within-
person variability due to errors in sampling and analyses. The
error of the analytic method is often small compared to the
variability of the exposure measurement in time and space. In
correlation and regression analysis commonly used in
epidemiological studies, the ratio of the within- (or error)
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and between-subject components of variance determines the
extent to which correlation and regression coefficients may be
biased. Having a large error variance reduces the ability to
detect a significant association between exposure and disease
as reviewed by Armstrong (1998).

The aim of this study was to determine the ratio of the
within-home and between-home components of variance of a
number of biocontaminants measured at one point in time in
house dust in the framework of an international study
conducted in the Netherlands, Germany and Sweden (the
AIRALLERG study). We performed an analysis of variance
on a large number of duplicate house dust samples. Variables
considered were dust mass collected per square meter of
sampling surface, and the concentration of the house dust
mite allergens Der p I and Der f 1, cat allergen Fel d 1,
endotoxin, (1 — 3)-f-p-glucan and extracellular polysacchar-
ides, all per (milli)gram of dust and per square meter.

Methods

The AIRALLERG study was conducted in the framework of
four ongoing birth cohort studies of similar design: PIAMA
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in the Netherlands (Brunekreef et al., 2002), BAMSE in
Sweden (Wickman et al., 2002) and GINI (von Berg et al.,
2003) and LISA (Heinrich et al., 2002) in Germany. The
AIRALLERG study was designed to obtain environmental
samples, including dust samples from mattresses and living
room floors, in the homes of 180 sensitized and 180 non-
sensitized children in each country. In a subsample of 114
homes, duplicate samples were taken from mattress and/or
floor to investigate the reliability of the sampling and analysis
methods.

Mattress duplicates were taken from 61 homes and floor
duplicates from 58 homes; duplicate dust samples were
obtained.

Dust sampling

The dust sampling on living room floor and the child’s
mattress was performed during mid-January to mid-April
(the cool season) of 2002 and mid-October to mid-May of
2002 to 2003 using previously developed procedures (Schram
et al., 2005). In short, dust samples were collected with
vacuum cleaners equipped with ALK sampling nozzles
(Allergologisk Laboratorium, Kgbenhavn, Horsholm, Den-
mark) containing pre-weighed glass fiber filters (70 mm glass
fiber filter; Schleicher & Schuell; ref. no. 370104). Duplicate
samples from the living room floor were taken from two
connecting surfaces of either 1 m? for 2min of wall-to-wall
carpets or rugs of at least 4m?, or from 2 m? of smooth floor
(when no carpets or rugs were present) at a rate of 2 min/m?>.
Duplicate samples from the child’s mattress were taken by
vacuuming half of the top surface of the mattress for 2 min
for each duplicate. The surface area of the mattress was also
measured. After sampling, the filters with the sampled dust
were carefully removed from the ALK filter holder. Greiner
50ml tubes with the filter and dust were stored at —20°C
until post-sampling weighing and extraction.

Extractions of house dust samples

As we were interested in analyzing the dust samples for
several different components, we used a sequential extraction
method (Douwes et al., 1995). In short, the hydrophilic
endotoxin and EPS were extracted using pyrogen free water
containing 0.05% tween. After the extraction procedure,
10% of the extraction fluid was removed and stored for
analysis. That amount was replenished with 10 times
phosphate-buffered saline (PBS) for the extraction of
proteins like allergens. After the extraction procedure 10%
was removed and stored for analysis. That amount was
replenished again with 1 time PBS and then heated to 120°C
in order to extract sugar macromolecules like (1— 3)-f-p-
glucan. All samples were stored at —20°C until analysis.

Assays
The biocontaminants were analyzed using established
techniques. Endotoxin, (1—3)-f-p-glucan and EPS in
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house dust samples were analyzed using techniques reported
by Schram et al. (2005). Bacterial endotoxin was measured
with the kinetic Limulus Amebocyte Lysate test (Cambrex
Bio Whittaker, kit no. 2L.1040, Lysate lot no. K0765).
A control standard line of LPS (Cambrex Bio Whittaker
LPS standard lot no. 2L0090) and one control LPS (Sigma
LPS; E-coli 055:B05, lot no. 316523/1895) were used.
Samples were measured in a 1 in 500 dilution. The
concentration of endotoxin in sample was expressed as
endotoxin units (EU) per gram of dust or EU per square
meter. The detection limit of the assay in this study was
0.05 EU/ml. The inhibition Enzyme Immuno Assays (EIA)
for mould (1 - 3)-f-p-glucan (Douwes et al., 1996) and the
sandwich EIA for extracellular polysaccharides (Douwes
et al., 1999) were developed at IRAS. In short, glucans are
measured when diluted purified rabbit anti-Laminarin
antibodies with known titer are incubated in Laminarin-
coated microwells in the presence of (diluted) test samples or
buffer, after which the binding of anti-Laminarin antibodies
to the coating is quantified by incubation of peroxidase-
labeled anti-IgG antibody (SwaR-Po DAKO P0339)
and then developed with a substrate. The detection limit
of the assay in this study was 3.3 ug/ml. EPS from two
species of mould that predominate in many indoor environ-
ments in western Europe (Penicillium and Aspergillus)
was measured by using EPS-specific antibodies as coating
and conjugate in a sandwich EIA. The detection limit of the
assay in this study was 0.8 EPSU/ml. The procedure for
analyzing allergens in house dust samples has been reported
before (van Strien et al., 2002). Sandwich EIA that are
commercially available were used to measure the two
major house dust mite allergens and the major cat allergen
(Indoor Biotechnologies; Der p 1 kit SH8/4C1 batch 2510,
Der f I kit 6A8/4C1 batch 2501, Fel d 1 kit 6F9/3E4
batch 2622). The detection limits of the assays in this study
were 4.7 ng/ml for Der pl, 3.0 ng/ml for Der f1 and 1.1 ng/ml
for Fel dl.

Statistical analysis

The concentrations of the biocontaminants had a right-
skewed distribution and therefore were log transformed
before analysis of variance with SAS PROC VARCOMP.
Dust mass per square meter, and biocontaminants per gram
and per square meter were analyzed. Separate calculations
were performed by sample location, either mattress or living
room floor. Non-detectable samples were given a value of 2/3
of the smallest detectable value. The analyses were conducted
for the full data set, and then for the data set limited to the
duplicate samples that were both found to be above the
detection limit for that particular biocontaminant as a
sensitivity analysis. As samples were collected in three
different countries, all analyses were adjusted for country.
Although samples were collected only in the heating season,
we performed an additional adjustment for season, defined as
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fall (October—December), winter (January—March) and
spring (April-May). As these adjustments for country lead
to a somewhat attenuated variation between homes, the net
effect is that the ratios of within-home to between-home
variance are somewhat increased.

All results were expressed as variance ratios, that is, the
ratio of within-home to between-home variance.

Results

Duplicate samples were taken from mattresses in 61 homes
(17 in Sweden, 23 in Germany and 21 in The Netherlands)

and from living room floors in 58 homes (18 in Sweden, 22 in
Germany and 18 in The Netherlands). Table 1 gives a
description of the levels that were found and, Figure 1
provides Box plots of the distributions separately for samples
collected from child mattresses and living room floors. Most
Swedish samples did not contain detectable mite allergen
levels. In Germany and The Netherlands, about 40% of
floor samples did not contain detectable mite allergen levels.
The large majority of samples did contain detectable levels of
endotoxin, glucan, EPS and cat allergen. In Sweden, all floor
samples were collected from rugs, which explains the higher
dust mass levels compared to the other two countries, as well
as the smaller geometric standard deviation.

Table 1. Number of samples below the detection limit, geometric mean and geometric standard deviation of the concentrations of the different

components per gram of dust or per square meter

Component Country / Mattress Floor

N n (%) <LOD GM GSD N n (%) <LOD GM GSD

Dust Ge m? 46 1(2) 290 2.8 42 0 (0) 194 4.1
(mg) NL m? ) 0 (0) 370 2.1 36 0 (0) 151 5.5
Sw m? 34 0 (0) 249 1.8 36 0 (0) 568 1.5

Endotoxin Ge g 46 2(4) 9820 2.9 44 1(2) 18,934 34
(EU) m? 46 2 (4) 3061 4.0 42 12 3539 5.7
NL g 42 0 (0) 11,635 2.3 36 0 (0) 18,152 2.1

m? 42 0 (0) 4301 2.7 36 0 (0) 2749 8.4

Sw g 34 0 (0) 6918 1.8 36 0 (0) 12,197 2.1

m? 34 0 (0) 1725 2.5 36 0 (0) 6925 24

Glucan Ge g 46 0 (0) 1839 1.7 44 0 (0) 2420 1.5
(ug) m? 46 0 (0) 554 2.7 42 0 (0) 472 4.9
NL g 42 0 (0) 1416 1.7 36 0 (0) 2255 1.7

m? 42 0 (0) 523 2.5 36 0 (0) 342 7.6

Sw g 34 0 (0) 2337 1.6 36 0 (0) 2812 1.7

m? 34 0 (0) 583 2.0 36 0 (0) 1596 2.2

EPS Sw g 34 2 (6) 12,597 4.3 36 0 (0) 60,860 2.2
(EPSU) m? 34 2 (6) 3050 6.0 36 0 (0) 34,554 2.7
Ge g 46 2(4) 27,073 4.1 44 5(11) 25,841 8.8

m? 46 2(4) 8283 7.2 42 4 (10) 7354 14.1

NL g 42 0 (0) 26,561 2.7 34 8 (24) 9651 16.7

m? 42 0 (0) 9819 4.0 34 8 (24) 2295 42.8

Feld 1 Ge g 46 3(7) 695 8.3 44 49 726 253
(ng) m? 46 3(7) 190 11.4 42 3(7) 162 36.1
NL g 42 0 (0) 1886 9.7 36 3(8) 2271 25.1

m? 42 0 (0) 697 11.5 36 3 (8) 371 54.5

Sw g 32 1(3) 3590 18.6 34 0 (0) 701 3.0

m? 32 1(3) 894 21.6 34 0 (0) 386 33

Der p 1 Ge g 46 21 (46) 155 11.6 44 27 (61) 84 8.5
(ng) m? 46 21 (46) 49 14.0 44 27 (61) 20 7.1
NL g 42 3(7) 956 43 36 19 (53) 113 9.3

m? 42 3(7) 379 5.9 36 19 (53) 35 12.7

Sw g 34 27 (79) 31 3.2 34 31 91) 21 1.8

m’ 34 27 (79) 9 3.0 34 31 (91) 7 23

Der f 1 Ge g 46 11 (24) 460 11.8 44 17 (39) 182 12.5
(ng) m? 46 11 (24) 148 14.7 44 17 (39) 42 13.1
NL g 42 5(12) 1106 10.5 36 14 (39) 160 10.2

m? ) 5(12) 380 13.7 36 14 (39) 53 13.0

Sw g 34 34 (100) 15 1.0 34 28 (82) 24 3.2

m? 34 34 (100) 3 1.0 34 28 (82) 6 43
136 Journal of Exposure Science and Envir tal Epidemiology (2007) 17(2)
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Figure 1. Distribution of biocontaminant levels in mattress dust (left) and living room floor dust samples (right).

Table 2. Results of the analysis of variance

Variable Location Number of observations Number of homes Within-home variance Between-home variance A
Dust mass (mg/m?) Mattress 122 61 0.18 0.48 0.38
Floor 114 57 0.08 1.47 0.06
Endotoxin (EU/g) Mattress 122 61 0.16 0.61 0.27
Floor 116 58 0.32 0.60 0.53
Endotoxin (EU/m?) Mattress 122 61 0.24 1.02 0.23
Floor 114 57 0.21 2.30 0.09
p 1-3 Glucan (ug/g) Mattress 122 61 0.14 0.08 1.64
Floor 116 58 0.20 0.04 4.69
B 13 Glucan (ug/m?) Mattress 122 61 0.19 0.61 0.32
Floor 114 57 0.33 1.91 0.17
EPS (EPSU/g) Mattress 122 61 0.47 1.25 0.38
Floor 114 57 0.82 3.22 0.25
EPS (EPSU/m?) Mattress 122 61 0.68 2.30 0.30
Floor 112 56 0.44 6.37 0.07
Fel d I (ng/g) Mattress 120 60 1.69 4.06 0.42
Floor 114 57 1.88 5.96 0.32
Fel d 1 (ng/m?) Mattress 120 60 2.20 4.78 0.46
Floor 112 56 1.13 9.34 0.12
Der p 1 (ng/g) Mattress 122 61 0.61 2.86 0.21
Floor 114 57 1.35 2.09 0.64
Der p I (ng/m?) Mattress 122 61 0.56 3.59 0.15
Floor 114 57 0.80 3.01 0.26
Der f'1 (ng/g) Mattress 122 61 0.85 3.35 0.25
Floor 114 57 2.23 2.40 0.93
Der f 1 (ng/m?) Mattress 122 61 0.96 4.24 0.23
Floor 114 57 1.95 3.41 0.57

A =ratio of within- and between-home variances, adjusted for country and season. Based on natural-log-transformed data. All duplicates.

The variance ratios for dust mass were low (0.38 for
mattresses, 0.06 for floors) (see Table 2) even though the
coefficient of variation of the measurement itself was above
20% (data not shown).

Only two variance ratios were above 1, indicating a larger
within-home variance than between-home variance, and this
was for glucan, when expressed in ug/g. Most of the other
variance ratios were below 0.5, indicating that within-home
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variance was less than half of the between-home variance.
The results were slightly more favorable for biocontaminant
levels expressed per square meter than levels expressed per
gram of dust.

As a sensitivity analysis, we also calculated variance
ratios using only those duplicate samples that were both
above the detection limit (Table 3). The results indicate
that for Der f I allergen on living room floors, variance
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Table 3. Results of the analysis of variance

Variable Location Number of observations Number of homes Within-home variance Between-home variance A
Dust mass (mg/m?) Mattress 120 60 0.10 0.46 0.21
Floor 114 57 0.08 1.47 0.06
Endotoxin (EU/g) Mattress 120 60 0.16 0.39 0.42
Floor 114 57 0.22 0.55 0.41
Endotoxin (EU/m?) Mattress 120 60 0.24 0.74 0.33
Floor 112 56 0.21 2.19 0.10
p 1-3 Glucan (ug/g) Mattress 122 61 0.14 0.08 1.64
Floor 116 58 0.20 0.04 4.69
B 13 Glucan (ug/m?) Mattress 122 61 0.19 0.61 0.32
Floor 114 57 0.33 1.91 0.17
EPS (EPSU/g) Mattress 116 58 0.14 0.57 0.25
Floor 98 49 0.14 0.57 0.25
EPS (EPSU/m?) Mattress 116 58 0.28 1.29 0.22
Floor 98 49 0.17 2.04 0.08
Fel d I (ng/g) Mattress 112 56 0.34 4.43 0.08
Floor 100 50 0.49 6.17 0.08
Fel d I (ng/m?) Mattress 112 56 0.33 5.02 0.07
Floor 100 50 0.58 7.89 0.07
Der p 1 (ng/g) Mattress 62 31 0.22 1.84 0.12
Floor 26 13 0.37 1.76 0.21
Der p I (ng/m?) Mattress 62 31 0.19 2.74 0.07
Floor 26 13 0.46 2.34 0.20
Der f'1 (ng/g) Mattress 64 32 0.23 2.30 0.10
Floor 44 22 1.50 0.91 1.65
Der f I (ng/m?) Mattress 64 32 0.21 3.15 0.07
Floor 44 22 1.45 1.23 1.18

A=ratio of within- and between-home variances, adjusted for country and season. Based on natural-log-transformed data. Only homes with two samples

>LOD.

ratios increased. For all other variables, there was little
change.

Variance ratios were smaller when floor samples were taken
from carpeted than from smooth floors. This was especially
evident for the cat and mite allergens, and the differences
were less for endotoxin, glucan and EPS.

Discussion

We analyzed the within- and between-home components of
variance of biocontaminant levels in a large set of duplicate
house dust samples taken in three different countries. In
general, the within-home variance was small compared to the
between-home variance, despite some large coefficients of
variation of the laboratory analyses. For epidemiological
analyses of exposure—response relationships, the ratio of
within- and between-home components of variance is the
most important issue to consider. In other large-scale studies
of allergens, endotoxin, glucans and EPS in house dust, we
also found that the variation between homes was usually
much larger than the coefficient of variation of the laboratory
procedures (Van Strien et al., 2002; Schram et al., 2005).
Other researchers have also looked into the variability in
space. Loan et al. collected dust from 16 living room floors
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that were divided into sections of 1m? and analyzed each
section for dust weight and concentrations of Der p I and
Fel d 1. The authors found that the assumption that a sample
from a central area of the living room floor was representative
of the whole room was correct for Der p and Fel d 1 (Loan
et al., 2003). Simpson et al. however found considerably
larger variability for the living room and bedroom floors for
Der p 1 but this variability was less in the immediate area
around soft furnishings and beds than the rest of the room
(Simpson et al., 1998). Formal analyses of components of
variance were not presented by these authors. As we sampled
adjacent areas of the living room floor, it is possible that the
variance ratios we found were lower than we would have
found when sampling from more distant locations. We chose
to sample the best accessible locations, which are also the
locations children are most likely to spend time on. For
mattresses, we sampled two halves of the surface. Usually,
the whole surface is sampled in studies of this kind, so that
the variance ratios we found for mattresses are likely
somewhat higher than for samples taken from the complete
surface.

In this study, we were only able to analyze the variance of
duplicate samples taken at the same time in the home. Other
researchers have also looked into variations over time and
performed repeated sampling over 1 year (Chew et al., 1999;

tal Epidemiology (2007) 17(2)
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Heinrich et al., 2003) or over 6 years (Topp et al., 2003).
Chew et al. (1999) found much smaller within-home
standard deviations for Der p I, Der f 1 and Fel d 1 than
between-home standard deviations. Heinrich et al. (2003)
reported correlations between repeated floor dust samples of
0.75, 0.65 and 0.59 for cat allergen, mite allergen and
endotoxin, respectively, when expressed per gram of dust.
Correlations were 0.74, 0.65 and 0.67, respectively, when
contaminants were expressed per square meter. Over a 6-year
period, these investigators found that within-home variance
was still no larger than between-home variance (Topp et al.,
2003) for mite and cat allergen as well as endotoxin. Over a
period of 3-24 months, Hirsch et al. (1998) found that the
ratio of within- to between- home variance for Der p I and
Der f 1 varied from 0.15 to 0.55 for floors and mattress
samples, either expressed per gram of dust or per square
meter. This is comparable to the findings for our concurrent
duplicate samples.

Similar findings have been reported from a study
conducted in the US that investigated endotoxin in mattress
dust over a period of 13 months (Park et al., 2000). Very little
work has been carried out with EPS in general and only one
study looked into the within- and between-home variance of
EPS. Chew et al. (2001) found lower within-home variance
than between-home variance for EPS for samples taken every
6 weeks for a period of 9 months.

Taken together, the results of our study and those reported
by others suggest that the within-home variance of bio-
contaminants assayed in a single house dust sample is
usually, and often considerably, less than the between-home
variance.

The results for the glucans were poor when expressed per
gram of dust both on the child’s mattress and living room
floor. The within-home variance was close to or higher than
the between-home variance. Chew et al. (Chew et al., 2001)
found the same near-similar within-home and between-home
variances for the glucan in their bedroom floor samples. The
glucan concentrations in Chew’s study were expressed per
gram of dust. In this study, it was seen that when expressed
per square meter of mattress or floor the correlation
improved dramatically. Apparently, most of the between-
home variance in glucan levels per square meter is explained
by the between-home variance of the dust mass sampled per
square meter.

There is a substantial body of work concerned with the
effects of measurement error of a variety of environmental
and occupational exposures in studies, epidemiological or
otherwise including many ways of dealing with measurement
error in several kinds of statistical analysis, analyses of study
power and sample size and the consequences of ignoring
measurement error. This has been comprehensively reviewed
by Armstrong et al. (1992) and White et al. (1994). For
instance, a variance ratio of 1 would lead to a halving of the
regression coefficient in a regression analysis.
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Ideally, exposure assessment strategies should be designed
to increase feasibility and decrease participant burden and
overall cost. A decision must be made on how far the
investments into the precision need to go to optimize study
power. For this, a validity or reliability substudy needs to be
performed to see when the proportional increase in total
study cost per subject exceeds the proportional gain in
reliability (Armstrong, 1995, 1996).

In conclusion, our study showed that across a wide range
of circumstances, single measurements of a series of
biocontaminants in mattress and floor dust are sufficiently
precise to represent biocontaminant levels in these respective
dust reservoirs at one point in time. Further work is needed
to assess variation of biocontaminant levels over time in
homes.
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