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Influence of Flooring Type on Allergen
Levels and Airborne Particles:
Impact of Room Disturbance

and Cleaning Activities

The authors describe and share the results of a series of experiments designed
to measure the impact of activity and cleaning on indoor air quality (JAQ) in

carpeted and hard flooring environments.

by Angela Southey, Vivienne Mahon, Maire Fox, and Bruce Mitchell

» in the home has histor-
Ca r p et I ﬂ g ically been associated
with indoor exposure to allergens; therefore, carpet
removal in favor of hard flooring is frequently
recommended to asthma and allergy sufferers as
part of broader home-allergen avoidance measures.
To examine this association, allergen containing
test dust was aerosolized into an environmental
test chamber containing hard or carpeted flooring.
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Monitoring the effect of walking and
ball bouncing on the floor revealed that
airborne particle counts were lower,
and airborne and surface allergen levels
no greater, in the presence of carpeting
compared to the levels associated with
hard flooring. Allergen predominantly
accumulated in the carpet base (where
the tufts of fiber intersect with the
backing) after the room disturbances.
Introduction of increasing amounts of
test dust resulted in increasing aller-
gen levels on carpeted surfaces, but not
with increased levels of airborne aller-
gen. Cleaning reduced allergen levels
on the carpet surface and in the base;
however, this was not reflected in a sig-
nificant reduction in airborne allergen
levels. Three used carpets from U.S.
homes were also examined. Their aller-
gen content varied, but cleaning gener-
ally reduced allergen levels and led to a
significant reduction in airborne parti-
cle counts. The association of carpeting
with increased allergen exposure is not
necessarily valid.

Practical implications

The systematic testing of flooring
described here challenges the com-
monly held viewpoint that hard floors
are preferable to carpets for asthma
and allergy sufferers. In contrast to
widespread beliefs, the evidence shows
that carpets can be associated with
reduced exposures to airborne par-
ticles and that airborne allergen levels
in the presence of carpets are similar
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to those found with hard floors. Rather
than recommending one flooring type
over another, guidance on a thorough
and effective cleaning program may
be more beneficial to home occupants
with asthma and allergies.

Introduction

Historically, there has been a belief
that carpeting in the home is associ-
ated with increased allergen exposure.
Thus, over the last 30 years, the medical
advice has been to remove carpets from
the homes of asthmatics/allergy suffer-
ers in favor of hard/smooth flooring **
*. Yet the available data on flooring and
allergen exposures do not necessarily
support this advice.

Numerous studies have found that
carpet acts as a bio-contaminant res-
ervoir, with higher concentrations of
dust® 4, bacteria’, fungi*, house dust
mites®> 2, and allergen (house dust
mite®® 25 4 1216 a4l 8,12, dog‘“, and
cockroach® '2) being found in car-
peted floors than in uncarpeted floors.
The greater bio-contaminant levels in
carpets appear to be a reason to advo-
cate hard flooring. Support is provided
by studies that found an association
between carpet use and an increased
risk of asthma” %, a greater risk of
wheeze®, or studies that described a
reduction in asthma/allergy symptoms
after carpets were removed from the
home (unfortunately, this was done
in conjunction with other interven-
tions, so the effect of carpet removal
alone is unknown)*% 2211 However,
other studies found no link between
the presence of carpet in the home and
asthma'®3*» 17 2 or between carpeted
classrooms and asthma severity*'. One
major long-term study determined that
the presence or absence of carpeting in
the home had no effect on an environ-
mental intervention strategy designed
to improve asthma-related outcomes in
inner city children .

It is important to emphasize that
asthma and allergy sufferers are
predominantly affected by bio-
contaminants present in their breath-
ing zone rather than what is present on
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orwithin theflooring surface. Therefore,
the focus shifts from the fact that carpet
is a greater bio-contaminant reservoir
to whether airborne levels of bio-con-
taminants are greater in the presence of
carpeting or hard flooring. Lower air-
borne concentrations of dust'?, bacte-
ria®, allergen (house dust mite '?, cat'?,
dog®) and fungi'* have been detected
in rooms containing carpeting in com-
parison to hard flooring. During vari-
ous room-disturbance activities, the
airborne concentration of particles® *?
and microbes® has been found to be
greater above hard flooring than above
carpeting, with some exceptions® 32,
Interestingly, there are even differences
within carpet types; walking on cut-

is that the allergen is less available for
resuspension into the breathing zone;
the downside is it may also be less likely
to be removed during cleaning*.

This study aimed to compare the lev-
els of airborne particles and airborne
and surface allergen when room dis-
turbance activities were carried out
on hard and carpeted flooring, and to
investigate the impact of an intensive
cleaning procedure on these param-
eters as well as the allergen content
within the top, middle and base layers
of carpet. In addition to studying new
carpets to which allergen-containing
test dust had been artificially intro-
duced, examples of used carpets were
also investigated.
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“.. the evidence shows that carpets can
be associated with reduced exposures to
airborne particles and that airborne aller-
gen levels in the presence of carpets are
similar to those found with hard floors.”

pile carpet resulted in higher airborne
levels of fungi than were detected dur-
ing walking on loop-pile carpet? and
higher concentrations of airborne Der
p 1 dust mite allergen were found in
rooms containing wool carpets than in
rooms with synthetic carpets >, empha-
sizing that it is not correct to refer to
“carpet” as a whole when making aller-
gen-avoidance recommendations.

The greater allergen-retention capac-
ity of carpet in comparison to hard
flooring has led to the suggestion by
some that carpet acts as a trap to prevent
allergen and other bio-contaminants
from circulating in the air 2. This effect
could be reinforced by the location of
the allergen within the carpet. Analysis
has shown that while allergen levels at
different carpet depths can vary consid-
erably, allergen concentration is greatest
at the carpet base **. The upside of this
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Materials and methods

Test flooring Hardwood flooring and
six replicate samples of new residential
carpets were initially tested. Further
testing was then conducted on three
used (more than 12 months old) carpets
of similar or identical construction that
had been sourced from U.S. homes. To
maintain their integrity, the used car-
pets were cut and packaged separately
prior to being shipped upright to the
laboratory and re-laid in their original
conformation in the environmental test
chamber. All flooring was supplied by
Shaw Industries Inc., Dalton, GA.
Allergen test dust (ATD) House
dust collected from vacuum bags was
sieved and then ground to particles
sized less than 500 micrometers (<500
pm) using a laboratory grinding mill.
Spent house dust mite cultures and
in-house milled cat hair were added
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to this vacuum bag dust to produce
allergen test dust (ATD) containing the
major house dust mite (Dermatopha-
goides pteronyssinus) allergen, Der p 1,
at a concentration of 15 (plus-or-minus
five) micrograms per gram of dust
(15+5 pg/g) and the major domestic
cat (Felis domesticus) allergen, Fel d 1,
at a concentration of 30 (plus-or-minus
five) micrograms per gram of dust
(30+5 pg/g), respectively. The particle
size distribution of the ATD was com-
parable to house dust found in homes.
To contaminate new flooring, up to
four grams of ATD per square meter
of floor (4 g/m?) was aerosolized into
the environmental test chamber via an
entry port using an oil-free compressor
set at 55 (plus-or-minus five) pounds
per square inch (55+5 psi) and distrib-
uted using a mounted ceiling fan.
Environmental test chamber Test-
ing was conducted in an ASTM Stan-
dard compliant environmental test
chamber (Photo 1) of 28.5 cubic meter
(m) capacity, with dimensions of
3.45m x 3.30m x 2.50m (L x W x H).
Temperature and relative humidity
inside the test chamber were main-
tained at 21°C plus-or-minus () 3°C
(70° + 5°F) and 55 + 5 percent respec-
tively. Each floor type was laid in the
chamber so that it completely covered
the 11.4 square meter floor area. The
flooring was allowed to equilibrate for at
least 24 hours prior to commencement
of testing.

Room disturbance Room distur-
bance activities consisted of a sequence
of events performed in the environ-
mental test chamber on the test floor-
ing. After entering the chamber, the

operator (clad in a Tyvek® suit and pro-
tective face mask) would sit on a chair
for five minutes (enter/sit). Next the
operator would pace back and forward
along the length of the chamber for five
minutes (walking). The operator would
then pace back and forward along the
length of the chamber while bouncing
a standard basketball for five minutes
(Photo 2: ball bouncing). Finally the
operator would exit the chamber.
Cleaning The first step of the inten-
sive cleaning procedure was a thorough
vacuuming of the entire test carpet
consisting of two passes (forward and
back) per square foot (Photo 3). Next
a cleaning agent was sprayed evenly
over the carpet surface until the carpet
was moist but not saturated. The clean-
ing agent was distributed throughout
the depth of the carpet pile by agita-
tion with a brush tool and then allowed
10 minutes of dwell time. Finally hot
water extraction was carried out with
an extraction machine operating as fol-
lows: two passes per square foot with
the hot water sprayer activated followed
by two passes per square foot with the
suction head activated to extract the
moisture from the carpet. The carpet
was then allowed to dry before pro-
ceeding to the next stage of testing.

PHOTO 2 PHOTO 3

Airborne particle counting Air-
borne particle counts were taken
every minute during the room distur-
bances using a calibrated MetOne™
laser diffraction particle counter. After
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each room disturbance, particles were
allowed to return to baseline lev-
els before the next room disturbance
commenced.

Allergen measurements Airborne
allergen was collected during the walk-
ing and ball bouncing room distur-
bance activities onto glass fiber filter
cassettes at 0.75 m and 1.5 m heights
using Side Kick pumps calibrated to
two liters per minute.

Surface samples were taken for 30
seconds from a floor area of 0.06 square
meters using Mitest™ filters attached
to a vacuum cleaner nozzle.

To analyze the allergen content in the
top, middle and base layers of carpet,
segments 0.06 square meters in size
were cut from the carpet. A replace-
ment segment of carpet was installed
on each occasion to replace the excised
segment and maintain the carpeted
surface on the test chamber floor. The
excised segment was labeled, wrapped
in plastic and stored upright at —20°C
(—4°F) until slicing into layers com-
menced. The segment was dissected
into three different layers using a carpet
shearing machine. The carpet shearer
blades were set to cut five millimeters
(mm) from the upper layer of each
carpet segment (top layer). This was
repeated to remove the next five mm of
the carpet segment (middle layer). The
final layer, consisting of the remain-
ing attached carpet fibers and backing,
was called the “base layer” The shearer
blades were cleaned with 70% isopropyl
alcohol before slicing each of the layers.
The carpet shavings from each layer
were harvested using Mitest™ filters.

Samples were analyzed for the major
cat allergen Fel d 1 and house dust mite
allergen Der p 1 using commercially
available two-site monoclonal anti-
body enzyme-linked immunosorbent
assay (ELISA) kits® 2. Surface allergen
levels are expressed as microgram of
allergen per square meter of floor (pg/
m?*) and the results for carpet layers are
expressed as picogram per cubic mil-
limeter of carpet (pg/mm?). Airborne
allergen samples were analyzed by an
augmented ELISA, which was a modifi-
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cation of the commercial ELISA meth- (a)
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cubic meter (ng/m?) of air sampled. & 200+
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significant as the room disturbance
activities became more vigorous, i.e.,
progressed from entering to walking to FIGURE 2. Airborne Fel d 1 cat allergen (a) and Der p 1 house dust mite allergen
ball bouncing Therefore, in the pres- (b) detected during room disturbance activities conducted on hard floors and

) > p o carpets in the presence of 4g ATD/m2.
ence of an equal level of soiling, activi-
ties such as walking and ball bouncing

Sampling height

result in greater levels of airborne par-
ticles when there is a hard floor com-
pared to when the floor is carpeted.
1.0510°9 - The type of flooring did not have an
effect on airborne allergen during room
disturbances as there was no statisti-
cally significant difference between the
levels of either cat allergen or house
--- Carpets dust mite allergen in the presence of
hard floors compared to carpeted floors
(Figure 2). Air samples were taken at
heights of 0.75m and 1.5m above each
floor surface, but the difference in aller-
1.0>1005 . . . gen levels detected at the two heights
5 10 15 was not statistically significant.
Time {(minutes) The cat allergen and house dust mite
allergen levels present on the floor sur-

FIGURE 1. Total particle counts per cubic meter of air recorded during room disturbance activities face after the room disturbances were
conducted on hard floors and carpets in the presence of 4g ATD/m2 . . .
P P J also studied (Figure 3). Again there was
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FIGURE 3. Surface Der p 1house dust mite allergen and Fel d 1
cat allergen detected after room disturbance activities conducted
on hard floors and carpets in the presence of 4g ATD/m?2.

no statistical difference between the
level of either allergen present on hard
floors and carpeted floors.

Impact of increasing dust
levels on new carpets and
of cleaning on new and
used carpets

Following the individual installation
of six new carpets in the test chamber,
allergen test dust was introduced in
increments of 1g of ATD per square
meter of floor surface. Room distur-
bance activities were performed after
each addition of ATD. During each
of these room disturbances, particle
counts and airborne allergen levels
were monitored. After each room dis-
turbance, surface allergen levels were
determined. An intensive cleaning
procedure was performed on the new
carpets after the room disturbance in
the presence of a total of four grams of
ATD per square meter (4g ATD/m?)
had been carried oul. A final room dis-
turbance, including particle count and
allergen monitoring, was conducted
post cleaning. Separately, the three
used carpets from US. homes were
individually laid in the environmental
test chamber. There was no addition of
ATD to these used carpets. Room dis-
turbances were carried out on the used
carpets before and after the intensive
cleaning procedure.

Examination of the surface allergen
levels on the new carpets after each
room disturbance showed that there
was a significant increase in the amount
of allergen on the surface of the carpets

as the concentration of ATD in the
chamber increased (Figure 4). In addi-
tion, after cleaning there was a statisti-
cally significant reduction in amount of
house dust mite allergen detected on
the carpet surface.

Examination of the used carpets
showed that although the level of sur-
face allergen always decreased post
cleaning, it did not do so in a statisti-
cally significant manner. This was pos-
sibly due to the variation in the levels
of house dust mite allergen and cat
allergen present on the three carpets,
for example the range of cat allergen
detected on one carpet was 365-910
pg/m* while on the other two carpets
cat allergen levels did not exceed
10 ug/m*.

In contrast to the increasing levels of
surface allergen present on the new car-
pets after successive introductions of
ATD to the chamber, walking and ball
bouncing on these progressively soiled
carpets did not produce increasing lev-
els of airborne particles or (generally)
airborne allergen. Room disturbances
in the presence of 1, 2, 3 and 4g ATD/
m?® resulted in similar levels of airborne
particles each time (Figure 5a) and with
one exception similar levels of airborne
allergen (Figure 6). Thus the presence of
increasing amounts of dust on the car-
pet surface did not result in increased
levels of particles or, in general, allergen
being disturbed into the air.

Room disturbance activities carried
out after both the new, artificially soiled
carpets (Figure 5a) and the three used
carpets (Figure 5b) had been cleaned
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FIGURE 4. Surface Der p 1 house dust mite allergen and Fel d 1 cat allergen detected after
room disturbance (RD) activities conducted on carpets in the presence of the indicated
amount of ATD per square meter of floor and after the carpets had been cleaned (post clean).

produced significantly fewer particles
than were produced during the room
disturbances performed before clean-
ing, therefore the cleaning procedure
could be seen to have a positive impact
on the total numbers of airborne par-
ticles. The airborne particle counts
during the pre-cleaning room distur-
bances on the used carpets were an
order of magnitude less than the counts
observed in the presence of the new
carpets to which ATD had been added.

For the new carpets, there were
reductions in airborne levels of both cat
allergen and house dust mite allergens
at both of the tested heights after car-
pet cleaning; however, these reductions
were not statistically significant (Fig-
ure 6). In general, the airborne allergen
levels in the presence of the used car-
pets decreased post-cleaning, but again
the decreases were not statistically sig-
nificant (results not shown).

Content of allergen in
upper, middle and base
layers of carpet

Sections of the new carpets were
removed after each room disturbance
in the presence of increasing amounts
of ATD and after cleaning. These carpet
sections were sliced into “top”, “middle”
and “base” layers and then analyzed for
their allergen content (Figure 7). The
greatest difference in allergen content
over the course of the successive room
disturbances was seen in the base layer.
After each room disturbance the pro-
portion of both cat allergen and house
dust mite allergen content in the base
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layer rapidly increased while the aller-
gen content in the upper layers remained
relatively stable. The only statistically
significant change brought about by
carpet cleaning was the decrease in
house dust mite allergen content in the
carpet base. Analysis of the layers of the
used carpets also revealed that allergen
tended to accumulate in the base layer
(results not shown).

DISCUSSION

Carpet is a popular floor covering in
homes, schools and workplaces due to
its appearance and texture, along with
other positive properties such as insu-
lation, noise reduction, and in more
recent years, relatively low emission of
volatile organic compounds in com-
parison to other building materials .
However, there is a widespread per-
ception that carpet is associated with
human exposure to dust and allergens;
therefore, asthma and allergy sufferers
are commonly advised to replace car-
peting with hard flooring. For example,
in a recent survey of over 200 allergists

on their attitudes concerning environ-
mental prevention measures in asthma
cases, the vast majority recommended
removing carpets from the bedroom*.
In this study we sought to investigate
the influence of carpet and hard floors
on airborne particle counts and surface
and airborne allergen levels to better
understand whether there is evidence
to advocate one flooring type over
another. Contact with the carpet sur-
face, for example, by crawling infants,
may lead to allergen exposure via skin
contact and ingestion *. However, for
the purposes of our investigation we
focused on potential allergen exposure
via breathing, i.e., the level of allergens
within and on the carpet and the extent
they become airborne.

There was no statistically significant
difference in the levels of airborne and
surface cat allergen and house dust
mite allergen associated with walk-
ing and bouncing a ball on hard floors
and carpets to which an equal quantity
of allergen test dust had been intro-
duced. The same room-disturbance

activities resulted in statistically sig-
nificant greater total airborne particle
counts in the presence of hard floors
compared to carpets. Thus, under our
experimental conditions, carpets were
associated with allergen exposure levels
similar to those found with hard floors,
and room disturbances on carpets pro-
duced lower concentrations of airborne
particles relative to those observed for
hard floors. These results are in agree-
ment with those of a study comparing
a predominantly carpeted school and
a predominantly tiled school™. That
small-scale study also found higher air-
borne levels of dust mass, mite allergen
and cat allergen in the tiled environ-
ment versus the carpeted environment,
but only the difference in dust mass was
statistically significant. It is possible
that statistically significant differences
in airborne allergen levels may become
evident in studies larger than six hard
floors/carpets and two schools.

QOur investigation into room distur-
bances on new carpets in the presence
of increasing amounts of allergen test
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FIGURE 5. Total particle counts per cubic meter of air recorded during room
disturbance activities conducted on (a) new carpets in the presence of the

indicated amount of ATD per square meter of floor and after the carpets had
been cleaned (post cleaning) and (b) used carpets before and after cleaning.
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FIGURE 6. Airborne Fel d 1 cat allergen (a) and Der p 1house dust mite
allergen (b) detected during room disturbance activities conducted on carpets
in the presence of the indicated amount of ATD per square metre of floor and
after the carpets had been cleaned (post clean)
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FIGURE 7. Fel d 1 cat allergen (a) and Der p 1 house dust mite allergen (b) content of top, middle and base layers of carpets after room disturbance activities
were conducted on carpets in the presence of the indicated amount of ATD per square metre of floor and after the carpets had been cleaned (post clean)

dust revealed that although signifi-
cantly more allergen was detectable
on the carpet surface after successive
introductions of dust, this did not result
in significant increases in airborne
allergen levels or particle counts. A
potential explanation for this is the ver-
tical distribution of allergen within the
carpet pile. Earlier studies into allergen
levels in carpets have shown that house
dust mite allergen is predominantly
located at the carpet base where, it was
suggested, it is less likely to be read-
ily aerosolized* *. Our results are in
agreement with this and go on to show
that it is also the case for cat allergen
and that successive additions of dust
coupled with repeated disturbances on
the carpet surface leads to the increas-
ing accumulation of both allergens in
the carpet base.

To date, the effects of various carpet
cleaning techniques including vacuum-
ing®, steam cleaning® and hot water
washing extraction® have been stud-
ied both in isolation and in combina-
tion. In this study we investigated a
cleaning procedure that incorporated
a vacuuming step, followed by the
application and agitation of a cleaning
agent, and finally a hot water extraction
step. Significant reductions in airborne
particle counts and, for new carpets,
surface house dust mite allergen and
cat allergen levels were demonstrable
after this cleaning procedure. There-
fore, our environmental test chamber-
based study produced similar results

to the 2001 field study of Vojta et al.%,
who performed intensive vacuuming
in six homes and dry steam cleaning
plus intensive vacuuming in five homes
and found statistically significant
decreases in Der p 1 and Der f 1 levels
in the carpets after cleaning. Similarly,
another field study found a significant
reduction in Fel d 1 levels in dust sam-
ples from living room and bedroom
carpets after 12 months of using high-
efficiency vacuum cleaners in the homes
of 60 house dust mite allergic patients .
However, significant changes to Der p 1
levels over this 12-month period were
not observed.

The reduction in airborne house dust
mite allergen and cat allergen post
cleaning was not statistically signifi-
cant in our study. The greater variabil-
ity associated with airborne sampling
and the augmented ELISA required
to detect allergen in airborne samples
may have contributed to this and it is
possible that a larger study may be nec-
essary to determine significant changes
in airborne allergen levels. Addition-
ally, a statistically significant reduc-
tion in the allergen content of carpet
layers post cleaning was only observed
in the case of house dust mite allergen
in the base layer. This is similar to the
results of the 2007 study of Sercombe
et al*, who found that vacuuming led
to variable effects on dust mite allergen
levels in carpet layers, even including
an apparent increase in the house dust
mite allergen content in some cases.
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It has been suggested that fastidious,
rigorous and multi-step carpet cleaning
procedures may be necessary to reduce
bio-contaminant levels sufficiently. For
example, steam cleaning in conjunc-
tion with vacuuming led to a reduc-
tion in dust mite allergen that persisted
longer than the effect seen with vacu-
uming alone®. There is a question of
whether the level of cleaning required
is practical for everybody®. What is
clear is that regular maintenance is crit-
ical. One study examining the effects
of cleaning procedures on dust mite
and allergen levels in carpets found
that the effect of cleaning could still be
observed after one month, but not after
two'’. The type of carpet may play a
part. One research group proposes that
in terms of cat and dust mite allergen,
the characteristics of an easy-to-clean
carpet are “low pile density and height,
fluorocarbon coating of fibers, high
denier per filament, and a fiber shape
with a low surface area”*>?2. The degree
of wear also has an effect, with allergen
removal during cleaning becoming
less effective once the carpet becomes
worn®. A possible solution may be to
adopt a regular cleaning schedule that
is periodically supplemented by some
sort of thorough extraction cleaning *.

In conclusion, the results outlined
here do not support the common rec-
ommendations favoring hard flooring
rather than carpet that are currently
given to those with asthma and allergy
concerns. This study adds to a grow-
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ing body of research that suggests no
flooring type is definitively preferable
over another, Further large-scale stud-
ies are required to inform allergy and
asthma sufferers and the bodies that
advise them.

Note concerning all figures: Results
presented are the average of all occa-
sions that this procedure was carried out.
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