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The effect of vacuum cleaners on the
concentration and particle size distribution of
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Background: Vacuum cleaners are essential for the removal of dust from the surface of carpets;
however, they may also contribute to airborne dust both by leakage through the cleaner and
disturbance of floor dust.

Methods: The present studies used established technigues for measuring airborne Fel d [ to
study the effects of vacuum cleaners on airborne cat allergen under laboratory conditions and in
houses with cats. Nine different models were loaded with dust containing 50 mg Fel d I and run
for 15 minutes in a laboratory room (volume~18 m’). Leakage was expressed as the airborne
concentration of allergen in nanograms per cubic meter.

Results: Cleaners incorporating a double-thickness dust bag either did not leak, that is, less
than 0.4 ng Fel d I/m' or had minor leakage~5 ng/m’. Vacuum cleaners with single-thickness
paper bags leaked more, that is, 15 to = 90 ng/m’ with the exception of the cleaner with an
efficient owter bag. Detailed studies on a vacuum cleaner that leaked showed that placing dust
in the bag, replacing the dust bag with a double-thickness bag, and placing an electrostatic
filter over the exhaust reduced levels from greater than 90 ng/m' to less than 2 ngim'.

Two water-filter vacuum cleaners each emitted cat allergen (up to = 100 ng/m') with a mean
of ~90% on particles less than 2.5 wm diamerer. This emission could be almost completely
controlled by taping electrostatic filter paper over the air outlet.

Conclusions: [n houses with cats, different models of vacuum cleaners could either reduce or
increase total airborne allergen, and could also selectively increase certain particle sizes. These

results suggest that cat allergen is a good model for studving the effectiveness of vacuum
cleaners recommended to allergic patients. (J ALLERGY CLIN IMMuNoL 199391 :829-37.)
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Surveys carried out in the United States have shown
that at least 2% of the population are allergic to pro-
teins derived from the domestic cat (Felis domesti-
cus), and that approximately one third of these indi-
viduals live in a house with a cat.'* Characteristically
individuals allergic to cat report rapid onset of symp-
toms of rhinitis, conjunctivitis, or asthma on exposure
to a cat or on entering a house with a cat. However,
among individuals who live in a house with a cat the
temporal relationship between exposure and symp-
toms may be less obvious. It has also been reported
that IgE antibodies to cat allergen are significantly
associated with emergency room visits for asthma.’
Until recently it was thought that the major cat allergen
(Fel d 1) was a glycoprotein of salivary origin.*” How-
ever, current data suggest that the antigen is produced
by sebaceous glands and to a lesser extent by basal
epithelial cells, and that it is present in high concen-
tration on the surface of the epidermis and fur.®”

We and others have reported that cat allergen is
present airborne in all houses with a cat even in un-
disturbed conditions. Furthermore, in most houses a
significant proportion of airborne cat allergen can be
detected in association with small particles.""* This
is in contrast to the major dust mite allergen Der p 1,
which cannot be detected airborne in undisturbed con-
ditions, falls rapidly after disturbance, and exists ex-
clusively, or at least predominantly, on particles larger
than 10 pm diameter.'>"*'” The concentration of cat
allergen in house dust can be very high (up to
3 mg/gm) although it is unusual to find levels of mite
allergen greater than 200 pg/gm of dust. Itis probable
that the quantity of airborne cat allergen depends on
both the cat itself and on the presence of allergen in
upholstered furnishings, carpets, and draperies, which
act as a reservoir.'"'*" Furthermore, recent studies
show that cat allergen is widely distributed on wall
surfaces.? These factors explain why cat allergen may
persist in a house for up to 6 months after removal of
the cat.? However, reductions in airborne cat allergen,
even in the presence of the cat, can be achieved by
reducing furnishings, washing the cat, vacuum clean-
ing, and air filtration."

Earlier studies have shown that disturbance caused
by a fan or room air cleaner and decreased air ex-
change rates could increase airborne cat allergen
levels." Preliminary studies also indicated that vac-
uum cleaners could influence both the quantity and
particle size distribution of airborne Fel d 1. We report
here the effect of several types of vacuum cleaners on
airborne cat allergen both under laboratory conditions
and in houses with cats. The results demonstrate that
some vacuum cleaners leak particles of a variety of
sizes or actually generate small droplets associated
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with allergen. In addition, the findings suggest that
leakage through the cleaner is a major component of
the increase in allergen during cleaning, and that in
some cases the cleaners can be simply modified to
reduce the allergen leakage.

MATERIAL AND METHODS
Air sampling

Air sampling was carried out with use of methods pre-
viously described.""*'** In brief, a cascade impactor (Ca-
sella Mark 11, Casella Lovidon Ltd., Bedford, U.K.) was
loaded with four glass disks coated with 1 mm of 5%
agarose-sorbitol gel (5 gm agarose [MCB AX0517-3]. 50
gm D-sorbito! [Sigma Chemical Co.. St. Louis, Mo. 51876]
in 100 ml borate-buffered saline) and a glass fiber final filter
type AP20 (Millipore. Bedford, Mass.). Total airborne par-
ticles were collected by a glass fiber filter run in parallel
with the impactor.

Air was sampled at flow rates of 1.1 m*/hour (18 L/ min)
monitored by a flowmeter (Wright Respirometer, Ferraris
Development and Engineering Co. Ltd., Edmonton, Lon-
don, U.K.). On completion of sampling, the agarose-sor-
bitol gels and glass fiber filters were cluted in 0.5 ml and
1.0 ml, respectively, of 1% bovine serum albumin phos-
phate-buffered saline (BSA PBS)-Tween 20 overnight at
4° C, Results for all experiments combined values obtained
for the fourth stage of the impactor with those of the final
filter and expressed them as particles equal to or smaller
than 2.5 pm."

Two-site monoclonal antibody (mAb)
enzyme-linked immunosorbent assay
(ELISA) for the quantification of Fe/ d |

Cat allergen content of the gels and glass fiber filters was
assayed by a two-site ELISA with (mAbs) specific for two
nonoverlapping epitopes on Fel d 1 (Fd1A and Fd1B).*"*
Immulon-2 flat-bottom ELISA plates (Dynatech, Chantilly,
Va.) were coated with 10 pg/well 6F9 anti-Fd1B mAbs in
0.05 mol/L carbonate-bicarbonate buffer (pH 9.6) and in-
cubated overnight at 4° C. Plates were washed twice with
PBS-Tween and blocked for 1 hour with 1% BSA PBS-
Tween 20. After a further two washes, 100 pl aliquots of
cat allergen standard (OBRR, FDA-Cat E3, 10.5 U/ml)
were diluted in the range of 84 ng/ml to 0.04 ng/ml
(1 mU = 4 ng) to establish a control curve. Eluates from
the cascade impactor and parallel filter were added to the
wells in 100 pl aliquots. The plate was incubated for 1 hour
at room temperature. Plates were then washed five times
and incubated for 1 hour at room temperature with 100
wl/well of biotinylated 3E4 anti-Fd1 A mAbs. Streptavidin
peroxidase (0.25 pg/mi) (Sigma) was added to the plate at
100 pl/well after a further five washes, and the plate was
incubated at room temperature for 30 minutes. Plates were
washed a final five times and developed with 100 pl 0.01
mol/L.  2,2"-azino-his  (3-ethylbenzthiazoline-6-sulfonic
acid) (Sigma A1888) in 0.07 mol/L citrate phosphate buffer
pH 4.2 containing 0.03% H.0O: added immediately before
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TABLE I. Comparison of leakage of Fe/ d | {(ng/m?) from two canister vacuum cleaners with
different additional filtration systems in a laboratory room*

Modification to filtration system

Background Baselinet ES only Foam only No filter
i ii i ii i i i i
Type A canister vacuum:}
Dust collected <0.2 <0.2 <0.2 0.3 0.3 04 09 0.9 0.7
(nd) {nd) = (nd) —_ (nd) — (nd) —
Type B canister vacuum:§
Dust collected <0.2 73.1 154.7 93.2 147.0 NA 51.2 112.0
(nd) (9.3%) —_ (11.6%) — (8.4%) —
Dust placed =0.2 21.9 22.5 10.8 14.7 NA 17.6 28.0
(nd) (2.3%) — (10.2%) — (23.0%) —
nd, None d I: NA, not licabl

*Vacuum cleaner used to pick up 15 gm house dust containing 50 mg Fel o 1 (collected) or 15 gm dust placed inside dust bag. In each
case, the vacuum cleaner was run inside a laboratory room for the first 15 minutes of a 30-minute sampling period. Values are the mean
of airborne cat allergen (i) on the cascade impactor stages, and (ii) on a parallel filter. Values in parentheses indicate the percentage of

airborne cat allergen on particle sizes =2.5 wm diameter,

FVacuum cleancr run with the original filtration system incorporated by the manufacturer.

$ES = Miele Super Air Clean electrostatic filter.
§ES = Vacu-filt electrostatic filter.

use. Plates were read at 405 nm with use of a Titertek Plus
Mark 11 plate reader ( Flow Labs, MacLean, Va). Values for
samples were interpolated from the linear part of the control
curve and expressed as ng Fel d 1/m” air sampled, correcting
for the volume of air sampled and the total sampling time.
The detection limit for a 30-minute sampling period was
0.2 ng/m’.

Vacuum cleaners

Four major groups of vacuum cleaners were tested. The
first group was the canister vacuums comprising the Miele
Model $274i (denoted type A in the text) (Miele Appliances
Inc., Somerset, N.J.), the Kenmore 4.3 (type B) (Scars,
Roebuck & Co., Chicago, 111), and the Electrolux L.E. (type
C) (Electrolux, Marietta, Ga.). All canister cleaners con-
tained an enclosed dust bag. Water-filter vacuum cleaners
included the Rainbow Model D3C (type D) (Rexaire Inc.,
Cadillac, Mich.) and the Thermax Extractionaire (type E)
(Thermax Floor Care Products, Division of Parise and Sons
Inc., Reno, Nev.). Two different type E vacuum cleaners
were tested, an older model that incorporated a transparent
reservoir tank made from poly 1.4 cyclohexylene dimethy-
lene terephthalate glycol (PCTG) plastic and a newer model
that incorporated an opaque acrylonitrile butadiene styrene
(ABS) plastic reservoir tank. The water-filter vacuum clean-
ers contained water reservoirs to trap dust in place of a dust
bag. Also included in our studies was the high-efficiency
particulate air (HEPA) filter vacuum cleaner (type F) (Nilfisk
GS90, Nilfisk of America Inc., Malvern, Pa.). This was a
variation of the canister variety but with a HEPA filter lo-
cated at the exhaust. The final group of vacuum cleaners
tested was the conventional upright comprising the Kirby
Legend 11 Model 2HD (type G) (The Kirby Co., Cleveland,

Ohio). the Hoover Concept One Model U3101 (type H)
(Hoover Co., N. Canton, Ohio), and the Eureka Model 1903
(type J) (The Eurcka Co., Bloomington, 111.). All upright
cleaners had an external dust bag contained within an outer
fabric bag.

All vacuum cleaners tested were new except for types D
and H, which were 2 years old. Vacuum cleaners containing
single-thickness dust bags included types B, G, H, and J.
Those with double-thickness bags were types A and C. The
double-thickness bag used to modify other vacuum cleaners
in our study was from the type A vacuum cleaner.

Vacuum cleaners are designed so that air flows through
the receptacle and hose into the dust bag or water reservoir
and then through any additional filters before leaving the
machine at the exhaust. Different vacuum cleaners incor-
porated different types of exhaust filters. Vacuum cleaners
types A, B, and E contained foam exhaust filters. In addition,
type A contained a secondary electrostatic filter similar to
that in the type C machine. None of the uprights contained
an exhaust filter. Vacuum cleaners were modified during our
research by means of Vacu-filt electrostatic filter (Allergy
Control Products, Ridgefield. Conn.) unless specified other-
wise. A HEPA-filter room air cleaner was used to clear
airborne allergen from the laboratory room between runs
(Enviracaire, ~Model EV-1,  Enviracaire  Corp.,
Hagerstown, Md.).

Design of experiments

Laboratory room. Vacuum cleaners were tested in an
18 m* (approximately 10 x 7 x 10 feet) airtight laboratory
room with no windows, a single door, and a vinyl floor.
Air vents were blocked to eliminate air exchange. Airborne
cat allergen was sampled with a cascade impactor and a
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TABLE Il. Total airborne Fel/ d | (ng/m?) leaked from different vacuum cleaners run in an airtight
laboratory room*
Canister Water-filter
Type At Type B Type C Type Dt Type Et
Total Fel d I in ng/m*
Cascade impactor (i) <0.2 73.1 4.4 86.0 25.0
Parallel filter (ii) <0.2 154.7 8.0 144.7 26.4
% on particles <2.5 pm nd 9.3 11.4 97.0 82.0
Total Fel d I in ng/m”* with ES filter:
Cascade impactor (i) <().2 93.2 — 5.1 2.6
Parallel filter (ii) <0.2 147.0 — 4.4 2.1
% on particles <2.5 pm nd 11.6 - 63.0 65.0
Flow rates (cfm)§ 86 5] 78 55 54
Suction pressure
(inches H.O) 75 66 70 60 69

nd, None detected.

*Vacuum cleaners filled with 15 gm house dust containing 40 to 50 mg Fel d | and run inside laboratory room for 15 minutes. Air sampled
for 30 minutes (15 minutes during running of machine and |5 minutes after).

TMarketing strategies for these cleaners recommend them for use by allergic patients.

$No suitable attachment was available to measure flow rate and suction pressure on upright type H vacuum cleaner.

§Measured by anemometer.

parallel filter placed inside the laboratory room at a height
of 24 inches from the floor. The cascade impactor and par-
allel filter were connected to a vacuum pump that remained
outside the room. Background air sampling was carried out
for 30 minutes both without the vacuum cleaner present and
also during operation of the cleaner but with no dust in the
bag or water reservoir. These background values were equal
to or less than 0.2 ng/m’ airborne Fel d 1 in cach case.
Vacuum cleaners were initially placed outside the room,
switched on for 10 seconds or less and used to collect sieved
dust containing 40 to 50 mg Fel d 1. The vacuum cleaner
was then switched off and placed inside the room at a dis-
tance of 6 feet from the cascade impactor and parallel filter.
The vacuum cleaner was switched on again for 15 minutes.
Air was sampled for a total of 30 minutes, 15 minutes during
operation of the machine and 15 minutes after. On com-
pletion of studies on individual vacuum cleaners the labo-
ratory room floor was vacuumed. In addition, the walls and
floor were washed thoroughly with warm water to remove
any allergen present on surfaces, and the room was also
ventilated.

The dust sample used in the present studies was obtained
from a house with two indoor cats by collection in a vacuum
cleaner bag. Sieved dust from this bag contained a high
concentration of Fel d I, ~3 mg/gm dust. The dust was
freshly sieved through a mesh size of 0.03 em, and 15 to
20 gm of fine dust was used as the source of cat allergen
in each experiment.

Houses with cats. Houses with cats were sampled with
use of the cascade impactor and parallel filter. Rooms were
selected in which the cats spent the most time but were
studied when the cat had been absent for at least 1 hour.
An area of rug or carpet in each house was vacuumed for

15 minutes with a new dust bag in the cleaner or, in the
case of the water-filter vacuum cleaner, clean tap water in
the reservoir. Air was initially sampled for 30 minutes before
vacuuming to obtain a baseline airborne cat allergen level.
Sampling was then carried out for 15 minutes during vac-
uuming and 15 minutes after switching off the machine (total
sampling time of 30 minutes). Dust from the vacuum cleaner
bag was weighed and extracted in borate-buffered saline,
pH 8, overnight at 4° C and assayed for Fel d 1. An aliquot
of the content of the water-filter vacuum cleaner reservoir
was assayed directly.

RESULTS

Dust obtained from houses with cats was used to
test the filtration efficiency of vacuum cleaners in a
laboratory room. All results obtained were the mean
of two experiments. The detailed results for two can-
ister cleaners are shown in Table 1. The type A cleaner
showed minimal leakage of cat allergen, and the leak-
age was only marginally increased when the additional
filters were removed (Table I). By contrast, type B
showed extensive leakage of cat allergen associated
with a range of sizes of particles even when an elec-
trostatic filter was placed in the dust compartment
covering the site of the exhaust. In this case it appeared
that leakage was occurring around the site of the con-
nection between the hose and dust bag. To test if this
was the case, dust was placed in the bag rather than
collected. Under these circumstances leakage was less
but was still~22 ng/m* and even with an electrostatic
filter was only reduced by 50% (Table I). Placing a
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HEPA-filter Conventional upright
Type Ft Type Gt Type Ht Type J
<0.4 0.3 9.5 27.6
<0.4 <0.2 8.3 35.8
nd nd 27.4 <1.0
101 77 — 39
76 32 —_ 20

section of double-thickness dust bag over the exhaust
on the type B machine caused a further reduction in
leakage to 5.5 ng/m’ (data not shown). When the
single-layer dust bag was replaced with a double-
thickness dust bag and combined with an electrostatic
filter, allergen levels were reduced to less than
2 ng/m’ (data not shown). These results strongly sug-
gest that the vacuum cleaner dust bag is the critical
factor in limiting emissions and that the additional
filters have little role. The dust bag for canister type
A was double-thickness, and examination of a full bag
revealed fine particulate material between the inner
and outer layers. When the type A cleaner was op-
crated with a dust bag that had been used repeatedly
and contained more than 200 mg Fel d |, the resultant
airborne allergen level in the room was still only 2.1
ng/m’. A series of nine vacuum cleaners were tested
under similar conditions (Table II). The water-filter
cleaners, type D and type E (both older and newer
models) generated airborne Fel d [ predominantly as-
sociated with fine particles. However, this release of
particles was in large part controlled by applying elec-
trostatic filter material to the exhaust route. The elec-
trostatic filter was taped around the motor housing
unit of the type D vacuum cleaner and placed under
the reservoir tank in the type £ machine. Data ob-
tained from studies carried out on a newer type D
vacuum cleaner correlated well with those described
in this study. The canister cleaners varied widely in
their leakage. This variation seemed to be primarily
a function of the quality of the paper dust bag. Elec-
trostatic filters alone had very little effect in control-
ling leakage from the canister cleaners (Table I). The
upright cleaners showed variable leakage. The model
that leaked only minimally (type G) had a high-quality
outer bag, which clearly played a major role, be-
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cause running the cleaner with its inner bag ex-
posed gave rise to airborne Fel o 1 levels of 17
ng/m’.

Testing three models that leaked showed that for
two of the vacuum cleaner models with paper dust
bags the emission of allergen decreased markedly with
time; however, the type D water-filter cleaner released
small particles consistently once there was cat allergen
in the reservoir (Table I11). This was also the case for
the other water-filter vacuum cleaner (data not
shown). More extensive studies carried out on the
newer type E water-filter vacuum cleaner showed that
this did not leak at a consistent rate. Leakage varied
on consecutive runs from 3.7 ng/m’ to greater than
40 ng/m"* Fel d 1 (data not shown). High levels cor-
responded with the presence of water underneath the
reservoir tank at the site of the exhaust. This suggests
that spillage of water from the reservoir tank down
the exhaust tube can occur occasionally, leading to
leakage of cat allergen. This leakage could not be
restricted by the use of a secondary filtration system
manufactured by the vacuum cleaner company be-
cause the filter became saturated when spillage of
water occurred. For the six vacuum cleaners that
showed significant leakage, the particle size distri-
bution of allergen leaked is shown in Fig. 1. The
results confirmed that the water-filter cleaners released
allergen associated with small particles, whereas for
all the other cleaners the particles emitted were of a
range of sizes. To test the nature of the small particles
emitted by the water-filter vacuum cleaners, house
dust containing 40 mg Fel d 1 was extracted in 600
ml tap water, centrifuged at 15,000 rpm, and filtered
through a 0.2 pm Nalgene filter ( Fisher Scientific Co.,
Pittsburgh, Pa.). More than 99% of airborne allergen
(60.5 ng/m") detected after running the vacuum
cleaner (type D) with the filtered extract in the res-
ervoir was associated with particle sizes less than 2.5
pm. These results strongly support the view that the
particles emitted are indeed soluble allergen dissolved
in water droplets. The leakage of airborne allergen on
predominantly large particles seen with the type B
canister cleaner (Fig. 1) was surprising because par-
ticles this size are not a major part of airborne Fel d
Iin undisturbed or disturbed conditions in houses with
cats.

Airborne cat allergen (Fe/ d 1) before and
during vacuum cleaning in houses with cats

The HEPA-filter vacuum cleaner and the water-filter
cleaner type D were tested in three houses to assess
the effects on airborne Fel d I (Table 1V). In each
house the water-filter cleaner caused an increase in
airborne allergen, whereas the HEPA-filter cleaner
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TABLE Ill. Variability of leakage of Fe/ d | over time when running different vacuum cleaners in an

airtight laboratory room

Type B (canister)

Type D (water-filter) Type J (upright)

Fel d | (ng/m?)

Fel d | (ng/m?) Fel d | ing/m?)

Particle size Collect & Run Collect Run Collect Run
(pm) run® onlyt & run* onlyt & run* onlyt
2-20 62.7 6.3 1.8 0.8 27.0 1.6

1-5 3.6 0.4 0.7 0.3 0.6 0.3
<2.5 6.8 1.3 B35 85.3 <0.2 <0.2
Total 73.1 8.0 86.0 86.4 27.6 1.9
Parallel filter 154.7 15.2 144.7 88.1 35.8 3.5

*Vacuum cleaner filled with 15 gm house dust containing—50 mg Fel d 1 and run inside airtight room for 15 minutes; air sampled for 30
minutes (15 minutes during running of machine and 15 minutes after).
+Vacuum cleaner filled with 15 gm house dust and run outside room for 15 minutes. Vacuum cleaner then brought into room and run for

15 mi ; air

pled for 30 minutes (15

caused a modest decrease on three occasions out of
four. It is more striking that there was a sharp relative
increase in the proportion of Fel d I associated with
small particles when the water-filter cleaner was used.
The mean level of small particles after running the
water-filter cleaner was 63% of 22.9 ng/m’ (=14
ng/m’) compared with 20% of 14.8 ng/m’ when using
the HEPA-filter cleaner (=3 ng/m?).

An upright cleaner (type H) was tested in five
houses. The particle size before testing was variable
with predominantly medium size particles in four
houses and 55% small particles in the fifth house. For
the four houses with medium size particles, there was
an increase in all particle sizes during cleaning (Fig.
2a). However, there was a slight increase in the per-
centage of allergen carried on large particles (Fig. 2,
b). In the house with a significant concentration of
allergen on small particles there was a more marked
shift to large particles (data not shown).

DISCUSSION

These experiments investigated the performance of
domestic vacuum cleaners under laboratory conditions
and also their effect on airborne allergen in houses
with cats. Water-filter vacuum cleaners produced a
significant increase in airborne Fel d I associated with
small particles (<2.5 pm). These cleaners generated
an aerosol of small particle cat allergen shown to be
in the form of water droplets, the concentration of
which depends on the amount of Fel d I in the res-
ervoir, the length of running time, and the volume of
the room. It would therefore seem reasonable to pre-
sume that this type of vacuum cleaner may also aero-

during running of machine and 15 minutes after).

solize other soluble indoor allergens. However, at-
tempts to detect airborne dust mite allergen (Der p 1
and Der f 1) emitted from water-filter vacuum cleaners
loaded with dust have so far been unsuccessful, prob-
ably because of the lower levels of mite allergen in
house dust compared with cat allergen levels.

In the present experiments both the cleaners with
double-thickness bags and the HEPA-filter vacuum
cleaner were very effective at retaining allergen. This
was in contrast to certain models of conventional up-
right and canister vacuum cleaners. Particle size dis-
tribution of leaked Fel d I differed between the three
major groups of vacuum cleaners. The canister vac-
uum cleaners tested caused an increase in airborne
levels of cat allergen present mainly on particles in
the size range of 6 to 20 pm. While running upright
vacuum cleaners under laboratory conditions the
greatest proportion of airborne Fel d 1 was associated
with particle sizes of 2 to 15 pm. Thus leakage of Fel
d I from dust bag vacuum cleaners (upright or canister)
was linked predominantly to larger sized particles.

Our results also demonstrated that some vacuum
cleaners that do leak could be modified to reduce
allergen leakage. The addition of a passive electro-
static filter to the exhaust of each of the water-filter
vacuum cleaners (type D and type E) effectively con-
trolled up to more than 90% of the allergen otherwise
released. Leakage from the type B canister vacuum
cleaner could be reduced through bypassing the con-
nection between hose and bag. It would seem that the
most important factors in eliminating leakage from
canister vacuum cleaners are a tight connection be-
tween hose and bag and a double-thickness dust bag.
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6-20 2-15 1-5 =25 6-20 2-15 1-5
Particle Size (um) Particle Size (um)
Btype B Otype C Btype D [Otype E Bitype H [JtypeJ
FIG. 1. Analysis of particle size of Fe/ d | leaking from vacuum cleaners when run in a laboratory
room. Data are shown for six cleaners which showed significant leakage, that is more than 5
ng/m?
TABLE IV. Airborne Fe/ d | (ng/m?) before and after vacuuming with a HEPA-filter vacuum cleaner
and a water-filter vacuum cleaner in three houses*
HEPA-filter vacuum cleaner Water-filter vacuum cleaner
Fel d | airborne (ng/m’) Fel d' | airborne (ng/m?)
Before %<25 After %<25 wmgFeldIlt Before %<25 After %<25 mg Fel d It
Home vac pm vac pm collected vac pm vac pm - collected
1 1.5 27% 1.8 39% 14.6 6.2 32% 8.7 1% 8.0
2 16.0 7% 13.6 11 61.4 23.3 4% 40.9 T8% 30.0
3A% 39.2 46% 345 6% 25.6 9.2 4B% 27.7 52% 11.2
Bk 13.1 41% 9.4 24% 1.9 5.5 2% 14.2 51% 5.2
Mean 17.5 30% 14.8 20% 25.9 1.1 29% 229 63% 13.6

*Before. 30 minutes air sampling of undisturbed room; After, 30 minutes air sampling during and after 15 minutes vacuuming,
FTotal Fel d 1 extracted from contents of vacuum cleaner bag or water reservoir.

£3A. cats’ room: 3B, living room.

An efficient filter at the outlet may play a secondary
role. The continued emission of allergen from the
water-filter vacuum cleaner suggests that this kind of
cleaner may cause increasing amounts of allergen to
be emitted as more dust accumulates in the reservoir.
In contrast. use of vacuum cleaners with single-thick-
ness dust bags may result in bursts of allergen emis-
sion because dust is collected with a significant de-
crease in Jeakage when the vacuum cleaner is running
but collecting no dust. The studies in houses with cats
showed that water-filter and conventional upright vac-
uum cleaners played a significant role in influencing

the gquantity and particle size distribution of airborne
cat allergen. It is assumed that airborne allergen in-
creased as a result of leakage through the cleaner.
disturbance of floor dust and also the resuspension of
cat allergen from other surfaces. In contrast. the
HEPA-filter vacuum cleaner did not alter the airborne
concentration of Fel d | during and immediately after
vacuuming. In this relatively small number of samples
no correlation was found between settled and airborne
Fel d 1 as previously described by Swanson et al.™ In
conclusion. our studies suggest that different vacuum
cleaners vary widely in their efficiency to retain al-
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FIG. 2. Total airborne Fel d | (ng/m?) (A) and percentage of allergen on each particle size (B)
before and after vacuuming with a conventional upright cleaner {type H) in four houses with
cats. Samples were carried out before @ (30 minutes before vacuum cleaning) and after 3
(sampling for 15 minutes during and for 15 minutes after vacuuming). Values are the mean of

four houses.

lergen. and that some vacuum cleaners can be mod-
ified to reduce allergen emission. It is clearly essential
that vacuum cleaners recommended for allergic pa-
tients should be tested using a relevant allergen. These
tests need to address both the ability to pick up allergen
and the effect on airborne allergen.”” Our results sug-
gest that cat allergen. because of its presence on a
large range of particle sizes. is an excellent model for
such testing.

The writers thank the following companies for providing
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The writers thank Madeleine Watkins for preparing the
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