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Abstract

Background: Most studies of indoor allergens have focused on the home environ-
ment. However, schools may be an important site of allergen exposure for children
with asthma. We compared school allergen exposure to home exposure in a cohort
of children with asthma. Correlations between settled dust and airborne allergen
levels in classrooms were examined.

Methods: Settled dust and airborne samples from 12 inner-city schools were
analyzed for indoor allergens using multiplex array technology (MARIA). School
samples were linked to students with asthma enrolled in the School Inner-City
Asthma Study (SICAS). Settled dust samples from students’ bedrooms were ana-
lyzed similarly.

Results: From schools, 229 settled dust and 197 airborne samples were obtained.
From homes, 118 settled dust samples were obtained. Linear mixed regression
models of log-transformed variables showed significantly higher settled dust levels
of mouse, cat and dog allergens in schools than homes (545% higher for Mus m 1,
estimated absolute difference 0.55 pg/g, p < 0.0001; 198% higher for Fel d 1, esti-
mated absolute difference 0.13 pg/g, p = 0.0033; and 144% higher for Can f 1, esti-
mated absolute difference 0.05 pg/g, p = 0.0008). Airborne and settled dust Mus m
1 levels in classrooms were moderately correlated (r = 0.48; p < 0.0001). There
were undetectable to very low levels of cockroach and dust mite allergens in both
homes and schools.

Conclusion: Mouse allergen levels in schools were substantial. In general, cat and
dog allergen levels were low, but detectable, and were higher in schools. Aerosoliza-
tion of mouse allergen in classrooms may be a significant exposure for students.
Further studies are needed to evaluate the effect of indoor allergen exposure in
schools on asthma morbidity in students with asthma.

Overall asthma prevalence in the United States has increased
by 12.3% from 2001 to 2009 among all age groups. The
prevalence among those <18 yr is 9.6% and is the highest
among poor children (13.5%) and among non-Hispanic black
children (17.0%) (1). Childhood asthma morbidity dispropor-
tionately affects minorities and low-income groups living in
urban neighborhoods (1, 2). Most studies evaluating modifi-
able exposures, such as indoor allergens, have focused on the
home environment (3). The role of inner-city indoor allergen
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exposures in asthma development and morbidity is not well
established. However, school environments may also be
important, because children spend a large proportion of their
day in school.

There are no published US studies thus far comparing
indoor airborne and settled dust allergen levels in homes vs.
schools of asthmatic children. This study sought to assess the
levels of indoor allergens in 12 urban elementary schools and
compare them with the levels of home indoor allergens for a
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subset of students with asthma. The primary objective of this
study was to investigate the relationship between settled dust
and airborne allergen exposure in schools and in homes of
children with asthma.

Methods

As part of the School Inner-City Asthma Study (SICAS), 12
public elementary schools were selected from an inner-city,
metropolitan area in the northeastern United States from
2008 to 2010. Screening survey questionnaires were distrib-
uted to all the students attending these elementary schools to
determine eligible asthmatics (4). Children with asthma
attending these schools were recruited into SICAS based on
established inclusion and exclusion criteria that were modeled
from other studies (5, 6).

School/classroom settled and airborne dust samples were
collected twice during the academic school year. The first
school sample was obtained during the fall/winter season,
and a second school sample was obtained during the spring/
summer season. One home settled dust sample was also col-
lected. All samples were linked to the enrolled students and
analyzed for indoor allergens. The study was approved by
the Institutional Review Board of Children’s Hospital Boston
and the Brigham and Women’s Hospital. Written informed
consent was obtained.

School and home settled dust samples were obtained by a
trained research personnel using an Oreck XL (model BB870-
AD, Oreck Corporation, Nashville, TN, USA) handheld
vacuum with a special dust collector (DACI laboratory, Johns
Hopkins, Baltimore, MD) fitted into the inlet hose of the vac-
uum using a standardized protocol described in other published
studies (6). School dust samples were collected from the desks,
chairs, and classroom floors of enrolled students. School cafete-
rias and gymnasiums linked to participating school children
were also sampled. Vacuum sampling was performed for a total
of 6 min per sample, 3 min on the floor and 3 min on the sur-
faces of desks and chairs and processed in a standard fashion
(7). Bedroom dust samples were collected by subjects enrolled
in the study using a standardized protocol utilized in previous
studies (8). Surfaces of the mattress, bedding, and floor were
vacuumed for at least 5 min, with particular attention to under-
neath and around the bed. On the basis of prior home-based
studies, the bedroom was the home sampling location of choice
for the comparison in this school-focused study (9).

Classroom airborne dust samples were collected using a
charged plate air sampler and an established technique
described by Platts-Mills et al. (10, 11). The air sampler was
placed in a single classroom of each school for 1 wk at least
two feet away from any surface. Total quantities of airborne
concentrations were converted to airborne concentrations
in cubic meters using methods established by Platts-Mills
et al. (12).

All dust samples were analyzed using a multiplex array for
indoor allergens (MARIA) that measured nine allergens simul-
taneously: cockroach (Bla g 2), cat (Fel d 1), dog (Can f 1),
mouse (Mus m 1), dust mite (Der p 1, Der f 1, and group 2),
rat (Rat n 1), and Alternaria (Alt a 1) allergens. The lower
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limits of detection were 0.196 pg/g of dust for Bla g 2;
0.004 pg/g for Feld 1, Alta 1, and Rat n 1; 0.002 pg/g for Mus
m 1; and 0.012 pg/g for Der f 1, Der p 1, and Can f 1. No
significant levels of group 2, rat, or Alternaria allergens were
detected in the sample set, and results for these allergens are
not shown in the data presentation.

Statistical methods

Geometric means were calculated for dog, cat, and mouse
allergens in schools and homes. Allergen concentrations were
log-transformed, so the distributions were approximately
normal for further analyses; t-tests were used to compare
school vs. home for dog, cat, and mouse allergens. The Wil-
coxon rank sum test was used to compare school vs. home
for cockroach and dust mite allergens. Linear mixed regres-
sion models of log-transformed variables were performed to
account for correlation from repeated observations (subjects
with measurements at both home and school). Sensitivity
analyses were performed with the removal of cafeterias from
all schools and separately of School 5 and School 9 given the
extraordinarily high levels of mouse and dog and cat aller-
gens in these schools, respectively. Correlations between log-
transformed airborne allergen levels and log-transformed set-
tled dust allergen levels in classrooms were analyzed using
the Pearson correlation. Airborne and settled dust values
were matched by classroom and season of collection. Statisti-
cal analyses were completed using SAS 9.2 (SAS for Win-
dows; SAS Institute Inc, Cary, NC, USA).

Results

Table S1 summarizes the basic demographics of each of the
12 participating schools as reported by the schools. The 12
schools were located in the same northeastern inner-city and
were built between the years 1904 and 1975.

Two hundred and twenty-nine vacuum-collected settled
dust samples were obtained from schools: 195 from class-
rooms (85.2%), 22 from cafeterias (9.6%), and 12 from gym-
nasiums (5.2%). One hundred and eighteen home settled dust
samples were obtained. One hundred and ninety-seven air-
borne dust samples were obtained from schools: 181 from
classrooms (92%) and 16 from cafeterias (8%).

Table 1 shows geometric means and standard deviations
for indoor animal allergens in schools and homes, whereas
Table 2 shows geometric means, ranges, and 25th to 75th
percentiles for all detectable indoor allergens for both schools
and homes. There were higher levels of dog, cat, and mouse
settled dust allergen in schools as compared to homes,
although on average, for both schools and homes, the levels
of dog and cat allergens were ‘trace’ levels, not equivalent to
those found in households with these pets (geometric means:
Can f 1, 0.08 vs. 0.03 pg/g; Fel d 1, 0.19 vs. 0.06 pg/g; Mus
m 1, 0.65 vs. 0.10 pg/g) (see Fig. 1). Exceptions were School
S and School 9 (see Table 1). School 5 had high levels of
mouse allergen, and School 9, despite no report of cat or dog
in the school, had markedly high allergen levels that were
reproducible in a second season of testing; t-tests on logged
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Table 1 School and home settled dust and air levels of Can f 1, Fel d 1, and Mus m 1 allergens

DUST pg/g Geometric Mean (GSD)

AIR ng/m® Geometric Mean (GSD)

School* N Can 1 Fel d 1 Mus m 1 N Canf1 Fel d 1 Mus m 1

1 44 0.05 (4.90) 0.10 (8.99) 0.76 (5.03) 40 1.00 (2.69) 2.34 (3.70) 1.50 (3.08)
2 23 0.03 (3.07) 0.11 (6.09) 0.47 (6.00) 17 0.67 (2.12) 1.72 (3.18) 1.57 (3.22)
3 35 0.07 (3.50) 0.13 (5.82) 1.84 (4.53) 36 1.50 (2.72) 2.35 (3.78) 2.68 (4.01)
4 16 0.09 (4.49) 0.13 (7.14) 0.14 (6.01) 13 0.71 (1.76) 0.92 (2.17) 0.64 (4.71)
5 14 0.03 (4.02) 0.08 (6.48) 33.77 (4.27) 10 2.85 (3.20) 7.43 (3.31) 39.91 (3.20)
6 28 0.09 (4.40) 0.20 (7.06) 0.15 (4.42) 24 0.67 (3.04) 0.47 (3.59) 0.39 (4.14)
7 9 0.04 (6.41) 0.03 (8.27) 2.94 (4.75) 9 4.91 (1.72) 3.30 (1.73) 4.09 (1.55)
8 4 0.03 (6.37) 0.08 (35.24) 8.23 (2.16) 2 0.87 (2.11) 2.09 (1.54) 6.03 (1.46)
9 16 20.76 (2.52) 203.64 (1.20) 0.03 (18.60) 13 1.32 (2.49) 2.75 (2.30) 1.09 (1.74)
10 18 0.10 (14.59) 0.38 (41.90) 0.54 (28.93) 14 1.83 (2.02) 2.33 (1.85) 4.43 (1.86)
11 4 0.05 (4.82) 0.10 (9.97) 0.38 (20.89) 4 0.92 (4.77) 6.43 (1.66) 4.26 (2.40)
12 18 0.03 (2.98) 0.03 (5.25) 0.70 (8.33) 15 1.11 (2.63) 0.90 (2.64) 1.34 (2.24)
OVERALLZ 229 0.08 (8.71) 0.19 (18.00) 0.65 (11.77) 197 1.17 (2.85) 1.82 (3.68) 1.80 (4.55)
HOME 118 0.03 (7.93) 0.06 (20.84) 0.10 (12.73)

*School samples collected from the classrooms, cafeterias, and gymnasiums linked to enrolled students with asthma. fHome samples col-
lected from the bedrooms of enrolled students with asthma. An extra home-settled dust sample was obtained by two students. {5 missing
classroom dust samples and 19 missing classroom airborne samples. GSD, geometric standard deviation.
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f=2]
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L2
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Fig 1 Settled dust geometric mean levels of Can f 1, Fel d 1, and
Mus m 1 in all samples (school vs. home). T-tests were performed
on logged values, *p = 0.0002, **p = 0.0013, ***p < 0.0001.

values showed significant differences between school and
home settled dust levels for Can f 1 (p = 0.0002), Fel d 1
(p = 0.0013), and Mus m 1 (p < 0.0001).

In general, dust mite levels were very low in both homes
and schools (see Tables 2 and supplemental Table S2). There
were higher levels of dust mite settled dust allergens in homes
as compared to schools (geometric means: Der f 1, 0.08 vs.
0.04 pg/g; Der p 1, 0.02 vs. 0.01 pg/g) but no difference
between school and home for cockroach settled dust allergen
(geometric mean, Bla g 2, 0.20 vs. 0.20 pg/g) (see supplemen-
tal Table S2). Wilcoxon rank sum tests on logged values
showed significant differences between school and home
settled dust Der f 1 (p = 0.0004) and Der p 1 (p = 0.0023)
but not for Bla g 2 (p = 0.16).

Linear mixed regression models of log-transformed vari-
ables, accounting for correlation from repeated observations,
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Table 2 Allergen levels in schools and homes of students with
asthma

Allergen Levels, ng/g

Geometric ~ 25th to 75th
Allergen Location  Range Mean percentile
Can f 1 School* 0.01-99.42 0.08 0.01-0.26
Homet 0.01-74.48 0.03 0.01-0.03
Fel d 1 School 0.004-285.78 0.19 0.02-0.65
Home 0.004-392.34  0.06 0.004-0.20
Mus m 1 School 0.001-644.37 0.65 0.15-3.32
Home 0.002-82.56 0.10 0.02-0.54
Blag 2 School 0.20-0.29 0.20 0.20-0.20
Home 0.20-0.90 0.20 0.20-0.20
Der f 1 School 0.01-1.64 0.04 0.01-0.10
Home 0.01-11.77 0.08 0.01-0.24
Derp 1 School 0.01-0.78 0.01 0.01-0.01
Home 0.01-11.01 0.02 0.01-0.01

*School samples collected from the classrooms, cafeterias, and
gymnasiums linked to enrolled students with asthma. fHome sam-
ples collected from the bedrooms of enrolled students with
asthma.

showed significantly higher settled dust levels of allergens in
schools than in homes (545% higher for mouse (Mus m 1)
with an estimated absolute difference of 0.55 pg/g,
p < 0.0001; 198% higher for cat (Fel d 1) with an estimated
absolute difference of 0.13 pg/g, p = 0.0033; and 144%
higher for dog (Can f 1) with an estimated absolute differ-
ence of 0.05 pg/g, p = 0.0008). When cafeteria samples
(N = 22) were removed from analyses, the mixed model
analyses still showed significantly higher settled dust levels of
allergens in schools than in homes (485% higher for Mus m
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1 with an estimated absolute difference of 0.49 ng/g,
p < 0.0001; 284% higher for Fel d 1 with an estimated
absolute difference of 0.17 pg/g, p = 0.0003; and 180%
higher for Can f 1 with an estimated absolute difference of
0.06 pg/g, p = 0.0001).

Sensitivity analyses were performed without School 5 and
School 9, separately (see Table 1). For School 5, mixed mod-
els showed significantly higher school settled dust allergen
levels than home for Mus ml, Can f 1, and Fel d 1 (398%
higher for Mus ml with an estimated absolute difference of
0.40 pg/g, p < 0.0001; 158% higher for Can f 1 with an esti-
mated absolute difference of 0.05 pg/g, p = 0.0005; and
214% higher for Fel d 1 with an estimated absolute differ-
ence of 0.13 pg/g, p = 0.0026). For School 9, mixed models
showed significantly higher school settled dust allergen levels
than home for Mus m 1 and Can f 1 only (704% higher for
Mus m | with an estimated absolute difference of 0.70 pg/g,
p < 0.0001 and 65% higher for Can f 1 with an estimated
absolute difference of 0.02 pg/g, p = 0.03). There was no sig-
nificant difference between school and home for Fel d 1 set-
tled dust allergen (77% increase in Fel d 1 with an estimated
absolute difference of 0.05 pg/g, p = 0.08).

On a baseline survey questionnaire administered only to
asthmatic students enrolled in SICAS, 16% and 10% of 136
students answered YES to having a dog in the past
12 months or currently, respectively, and none of School 9
students (total N = 9) answered YES to either question;
24% and 21% of all students answered YES to having a cat
in the past 12 months or currently, respectively, and 11% of
School 9 students answered YES to both questions. On the
survey questionnaire, screening all students with and without
asthma, 24% of 2011 students (N = 485) answered YES to
having a cat or dog as a pet in their home; 42% of 43 stu-
dents attending School 9 answered YES to this question, sim-
ilar to School 5 (44% of 36 students) and School 7 (40% of
65 students). Thirty-two percent of 1926 students (N = 620)
answered YES to having seen mice or cockroaches in their
home in the past year.

The geometric mean classroom mouse settled dust allergen
concentration was 0.64 ug/g, and the geometric mean air-
borne concentration was 1.80 ng/m®. Airborne and settled

Airborne vs. settled dust mouse allergen levels

Airborne Mus m 1 (log -10)

Settled dust Mus m 1 (log —10)

Fig 2 Scatter plot of levels of airborne Mus m 1 and settled dust
Mus m 1 (N = 180); r = 0.48, p < 0.0001.
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dust mouse allergen levels in classrooms were moderately cor-
related (r = 0.48; p < 0.0001; see Fig. 2). Settled dust and
airborne cat and dog allergen levels in classrooms were not
significantly correlated.

Discussion

Most indoor allergen exposure studies have focused on the
home environment because homes are often considered the
main exposure site. However, non-residential indoor environ-
ments such as schools and day care facilities are increasingly
becoming recognized as important sites of exposure as
children spend a large part of their childhood and adolescent
years in these environments (13). SICAS is the first inner-city
school-based study in the United States to compare indoor
allergen levels of school classrooms, gymnasiums, and
cafeterias connected to students with asthma with their home
allergen levels. Airborne and settled dust samples were
obtained from schools and homes for comparison.

In keeping with previous studies, mouse allergen settled
dust levels were significantly elevated in inner-city homes with
lower levels of cat and dog allergen levels (14, 15). Mouse
allergen (Mus m 1) plays an important role in asthma mor-
bidity (15). Mouse allergen sensitization in a New York City
birth cohort was significantly associated with asthma and
high levels of air pollution (16). It is quite prevalent in inner-
city homes with a log-fold higher concentration in inner-city
homes than in suburban homes (17). Matsui et al. (18)
reported more days of asthma symptoms and rescue medica-
tion use and a greater risk of asthma-related healthcare use
in inner-city Baltimore preschool children exposed to
>0.5 pg/g of Mus m 1 in bedroom settled dust. Our bed-
room settled dust levels were lower at a mean level of 0.1 pg/
g. However, our school Mus m 1 settled dust levels were sim-
ilar at a mean level of 0.65 pg/g.

The striking findings of this study are the higher levels of
mouse, cat, and dog allergens found in schools as compared
to homes, with Mus m 1 being the most elevated (see Fig. 1).
This is particularly an important finding for students with
asthma attending these inner-city schools. In contrast to pet
allergens, it is unlikely that mouse allergen is being brought
into schools on clothing. Furthermore, on the screening sur-
vey questionnaire, only 32% of all students answered YES to
having seen mice or cockroaches in their home in the past
year. The highest levels of mouse allergen are often found in
cafeterias, kitchens, or rooms where food is present. When
cafeteria samples were removed from analyses, mouse aller-
gen levels remained significantly higher in schools than in
homes. Despite the removal of School 5 from sensitivity anal-
yses, mouse allergen levels continued to be significantly
higher in schools than in homes. Thus, classrooms are an
important site of exposure.

The baseline survey questionnaire administered to students
with asthma enrolled in SICAS showed that very few
(<25%) were exposed to cat or dog at home currently or in
the past 12 months. Kitch et al. (19) showed that cat and
dog ownership is less common among those living in poverty
areas or in households with low family income. This suggests
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that inner-city students with asthma are exposed to animal
allergens in schools and not necessarily at home. Previous
school-based studies performed in Sweden have shown higher
levels of cat and dog allergens in schools and little to no dust
mite and cockroach allergens present (20, 21). In contrast, a
school-based study in Norway demonstrated that the dust
from schools contained no animal allergens (22). There were
no school pets or guide dogs among the 12 schools. The pri-
mary source of dog and cat allergens in schools is therefore
believed to be from the clothing of other students and staff
with pets (23). Threshold levels of cat, Fel d 1, and dog, Can
f 1, settled dust allergens have been reported for asthma
symptoms in sensitized individuals (8.0 and 10.0 pg/g, respec-
tively). Our overall school settled dust levels for cat and dog
allergens were very low compared to these numbers. School 9
was the only school with very high levels of both cat and dog
allergens in all settled dust samples obtained (see Table 1).
Further investigation of this school did not reveal any other
sources for these animal allergens.

Levels of cockroach (Bla g 2) and dust mite (Der f 1, Der
p 1, and Group 2) were undetectable to very low in dust sam-
ples from both schools and homes, although mite allergen
levels were higher in homes than in schools. In contrast,
school-based studies performed in southeast Texas and Man-
chester, England, found detectable levels of cockroach aller-
gen in all schools (24, 25). The mean concentrations of Der f
1 and Der p 1 did not exceed 10 pg/g, and the mean concen-
tration of Bla g 2 did not exceed 8 U/g (equal to 0.32 pg/g)
levels, which have been associated with asthma symptoms
(Table S2) (26, 27). The relative absence of dust mites and
cockroach is likely due to the long, dry, and very cold win-
ters in the city in which our study took place. Both dust
mites and cockroach require high humidity and warmth to
survive. Other studies have also revealed low levels of dust
mite allergen in northeastern cities (27, 28). It has been
shown that dust mite exposure and sensitivity are highest in
the south and northwest. Additionally, none of the partici-
pating schools had wall-to-wall carpeting or upholstered fur-
nishings in classrooms, a usual reservoir for dust mites. The
finding of low cockroach levels, however, in our inner-city
school and home samples is curious. There have been a num-
ber of studies published to date showing a high prevalence of
cockroach allergen in urban schools and homes in cities such
as New Orleans, New York, Baltimore, and Boston (19, 29—
31). It may be that cockroach allergen levels vary by location
even within a city, by race/ethnicity, and by gradation in
poverty levels.

Classroom settled dust and airborne mouse allergen levels
were significantly correlated (see Fig. 2). To our knowledge,
this is the first published correlation between settled dust and
airborne mouse allergen levels in inner-city classrooms. This
is consistent with previous findings of mouse allergen in the
homes of inner-city children with asthma (17). The overall
airborne concentration of classroom Mus m 1, 1.8 ng/m?, is
comparable to the levels seen in a mouse research and pro-
duction facility (32). Interestingly, settled dust and airborne
concentrations of both dog and cat allergens were not corre-
lated (r = 0.08, p = 0.29 and r = 0.14, p = 0.07, respec-
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tively). Bollinger et al. (33) also showed no correlation
between airborne and settled dust cat allergen levels. This
suggests that settled dust levels of dog and cat allergens are
not predictive of airborne allergen levels and exposure. This
is especially interesting because dog, cat, and mouse allergens
are all found in the particle size fraction from 2 to 20 um
(34). This brings up the question of whether Mus m 1 aeroso-
lizes more easily than dog and cat allergens and, if so, what
the chemical and physical factors of Mus m 1 allergen are
that would allow for this in addition to surface characteris-
tics, such as carpeting vs. no carpeting.

The strength of our study includes the measurement of set-
tled dust concentrations of multiple indoor allergens in both
the home and school environments of inner-city students with
asthma as well as measurement of airborne levels in schools.
We were able to obtain multiple settled dust and airborne
samples from each school, including cafeterias and gyms,
during the academic school year. We did not collect airborne
dust samples from the homes of students with asthma and
therefore could not make correlations between settled dust
and airborne allergen concentrations in the homes or com-
pare airborne allergen levels between schools and homes.
Home settled dust samples were collected only once during
the year. We realize that it would be ideal to have multiple
home samples, matching the classroom samples. However,
the home sample served as a marker of baseline chronic
home-specific exposure after hours, primarily during sleep,
and has been considered the most relevant in other urban
inner-city studies, focused on the home (6, 35). The possibil-
ity of selection bias also exists because we only sampled the
homes of students with asthma enrolled in SICAS. We
acknowledge that there may be potential limitations in sub-
ject-collected settled dust bedroom samples. However, our
methods are modeled after rigorously established methods of
subject-collected standards that demonstrated excellent corre-
lations with staff-collected dust collections (8, 36).

Conclusion

In summary, we found higher levels of mouse, cat, and dog
settled dust allergen in schools vs. homes of students with
asthma, with mouse being the highest. Mouse allergen levels
in schools were substantial. In general, cat and dog allergens
levels were detectably low but still higher in schools.
Although very low, dust mite settled dust allergen levels were
higher in homes than in schools. Levels of cockroach settled
dust allergen were virtually undetectable in both schools and
homes. There was a significant correlation between class-
room-settled dust and airborne mouse allergen concentra-
tions, suggesting that settled dust mouse allergen aerosolizes
and may be a significant exposure for students. These are
very important findings and indicate that pest reduction and
allergen abatement strategies should also focus on the school
environment. Exposure and sensitization to indoor allergens
are strong risk factors for allergic respiratory diseases,
namely asthma (37, 38). Further studies are needed to evalu-
ate the role of school indoor allergen exposure and its effect
on asthma morbidity in students with asthma.
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TableEl. Description of Schools Visited

School 1D Y ear Built Total No. of No. of students

classrooms with home

sampled sampling
1 1972 21 26
2 1922 9 13
3 1959 17 22
4 1904 7 9
5 1925 5 5
6 1975 12 10
7 1932 4 3
8 1924 1 0
9 1905 7 7
10 1963 8 8
11 1972 2 3
12 1975 7 10
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TableE2. School and Home Settled Dust and Air Levelsof Blag 2, Der f 1and Der p 1
Allergen

DUST pg/g AIR ng/m®
Geometric Mean (GSD) Geometric Mean (GSD)
SCHOOL* N Blag Derfl Derpl N Blag Defl Depl
2 2
1 4 020 0.08 0.01 40 0.42 0.38 0.03
(1.00) (4.82) (1.95) (2.19) (2.32) (2.39)
2 23 020 0.05 0.01 17 0.39 0.30 0.02
(1.07) (2.93) (1.00) (1.79) (1.94) (1.77)
3 35 020 0.06 0.01 36 0.60 0.52 0.04
(1.04) (3.02) (1.19) (2.46) (2.72) (2.53)
4 16 0.20 0.07 0.01 13 0.19 0.16 0.01
(1.00) (2.84) (1.08) (L.71) (1.65) (L.7)
5 14 020 0.04 0.01 10 0.64 0.65 0.04
(1.11) (2.98) (1.00) (2.84) (2.87) (2.96)
6 28 0.20 0.02 0.01 24 0.14 0.01 0.01
(1.00) (2.59) (1.38) (2.44) (2.43) (2.44)
7 9 0.20 0.01 0.01 9 0.82 0.05 0.05
(1.00) (1.00) (1.00) (1.37) (1.37) (1.37)
8 4 0.20 0.01 0.01 2 0.34 0.02 0.03
(1.00) (1.00) (1.00) (2.42) (2.56) (3.10)
9 16 0.20 0.02 0.02 13 0.63 0.04 0.04
(1.00) (1.91) (1.69) (1.51) (1.47) (1.49)
10 18 0.20 0.02 0.01 14 0.76 0.05 0.05
(1.01) (2.26) (1.30) (1.52) (1.52) (1.68)
11 4 0.20 0.07 0.01 4 0.55 0.03 0.03
(1.00) (5.20) (1.00) (2.55) (2.55) (2.55)
12 18 0.20 0.01 0.01 15 0.39 0.02 0.02
(1.00) (1.70) (1.00) (2.05) (2.02) (2.02)
OVERALLSE 229 0.20 0.04 0.01 197 0.41 0.12 0.03
(1.04) (3.49) (1.45) (2.48) (5.32) (2.56)

HOME** 118 0.20 0.08 0.02
(1.18) (5.89) (3.12)

* School samples collected from the classrooms, cafeterias and gymnasiums linked to enrolled
students with asthma.

** Home sampl es collected from the bedrooms of enrolled students with asthma. An extrahome
settled dust sample was obtained by 2 students.

8 There are 5 missing classroom dust samples and 19 missing classroom airborne samples.

GSD, geometric standard deviation
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