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Background and Justification for a Vacuum Sampling 
Protocol for Allergens in Household Dust 

 
1.0 Background 
 
HUD is preparing a standardized protocol for sampling household dust for allergen analyses 
that can be used as a guide by all Healthy Homes Initiative grantees.  Because dust sampling 
for allergen analyses is not yet governed by rule-making like that for dust sampling for lead 
analyses, specific requirements for allergen dust sampling and analyses do not exist.  This 
document provides some important information to be considered in establishing a sampling 
protocol.  The protocol options discussed in the sections that follow are based on approaches 
used in a number of large-scale studies that have used vacuum sampling to assess exposure to 
allergens.  A description of these studies, along with a brief overview of the various sampling 
protocols used, is provided in Appendix A. 
 
Due to differences in program design, HUD realizes that one allergen dust sampling protocol 
may not serve all grant programs equally well, and that some flexibility in protocol design should 
be allowed to help grantees tailor the protocol to best fit their program objectives and resources.  
This document is meant to provide guidance recommendations for each of the possible sections 
to aid in establishing a sampling protocol that is supported by evidence from published 
literature.  The HUD Healthy Homes Initiative Background Paper on Asthma (HUD, 2001) also 
can be used as a helpful resource. 
 
Currently, dust samples are analyzed to determine allergen levels primarily using enzyme-linked 
immunosorbent assays (ELISAs).  Briefly, this analytical technique requires that a sufficient 
quantity of dust (typically at least 100 mg) be extracted in a buffer.  The resulting extract then is 
added to a plate that has been coated with an antibody that is specific for the allergen of 
interest.  This antibody binds with the allergen in the extract, and the addition of another 
substrate to the plate causes a color change based on the abundance of the allergen.  By 
quantifying the color change, a determination of the amount of allergen in the original sample 
can be made. 
 
The National Institutes of Health does not currently define acceptable levels of allergens in dust; 
however, some data do exist as to levels that are associated with sensitization and exacerbation 
of diseases such as asthma (Sporik et al.; 1990, Rosenstreich et al., 1997; Huss et al., 2000; 
Phipatanakul et al., 2000a & 2000b).  For example, Platts-Mills et al. (1995) found that the 
sensitization and exacerbation levels for dust mite allergens are 2 µg/g and 10 µg/g, 
respectively, and Eggleston and Arruda (2001) determined that the corresponding levels for 
cockroach allergen are 2 U/g and 8 U/g. 
 
While this document provides the background and recommendations needed to help select the 
right sections for an allergen dust sampling protocol, the actual protocol language is presented 
in a separate document.  Together, these two documents should allow grantees to design a 
protocol supported by past studies and recent findings in literature. 
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2.0 Training of Sampling Technicians 
 
Those individuals who will serve as the on-site sampling technicians in each of the selected 
household units should be trained on how to use the final sampling protocol and all sampling 
materials.  In addition, each technician should gain some practice in the field by performing 
some trial runs before actual sampling begins on the enrolled housing units. 
 
3.0 Vacuum Sampling and Dust Collection Device 
 
The suggested dust sampling method for allergens is vacuum sampling.  A variety of other 
methods have been explored for sampling allergens (Lewis et al., 1998; Renstrom, 2002; Tovey 
et al., 2003; Lau et al., 2001; Parvaneh et al., 2000; Polzius et al., 2002; Yasueda et al., 2003).  
However, reservoir dust samples from carpet, bedding, and upholstered furniture have been 
shown to provide the best measure of allergen exposure for all the various types of allergens, 
and vacuum sampling is the best method for assessing reservoir dust levels (Platts-Mills et al., 
1992; Platts-Mills et al., 1997; Tovey et al., 2003; Renstrom, 2002; Dreborg, 1998; Custovic et 
al., 1998; EPA, 1996). 
 
Studies that have looked at the performance of different vacuums in collecting allergen samples 
have found that most electric-powered canister vacuum cleaners are essentially equivalent in 
their measurement of indoor allergens (Mansour et al., 2001; Lewis et al., 1998).  The main 
selection criterion is to choose a vacuum that can accommodate the dust collection device that 
will be used.  Battery-powered or rechargeable hand-held vacuums are not recommended 
because they lack sufficient suction or consistency of suction to collect an adequate dust 
sample.  In addition to an appropriate dust collection device, the chosen vacuum cleaner also 
must have a tight-fitting crevice tool.  Additional crevice tools may needed because each sample 
collected in a home often needs to be collected with a clean crevice tool to avoid contamination 
of subsequent dust samples. 
 
The selection of dust collection devices has not been studied in great detail in the published 
literature.  A number of devices have been developed for use with vacuum sampling and have 
been used in some large-scale allergen and asthma studies.  Table 1 shows a summary of the 
vacuums and dust collection devices used.  Where known, the device material and qualities 
such as pore size and limitations are noted.  However, very little information is available on the 
specifics of the sampling devices.  Appropriate dust collection devices can be determined by 
looking at past studies such as these for guidance or by seeking advice from the laboratory that 
will be analyzing the resulting dust samples to determine what they recommend and are 
capable of processing.  Dust collection devices commonly used by current HHI grantees include 
the DACI sleeve (available from the Dermatology, Allergy and Clinical Immunology Reference 
Laboratory at the Johns Hopkins School of Medicine), Whatman thimble (available from various 
distributors), and Hysurf vacuum filter (available from DuPont).  Laboratories also may be able 
to supply the dust collection devices. 
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Table 1.  Summary of Vacuums and Dust Collection Devices Used in Previous Studies 
 

Study Vacuum Dust Collection Device 
National Survey of Lead 
and Allergens in Housing 
(NSLAH) – 1997-2001 

Eureka Mighty Mite 
Whatman extraction thimble 
 Made from pure cotton cellulose with single thickness 

walls, approximately 1mm thick chamber 
National Cooperative 
Inner-City Asthma Study 
(NCICAS) – 1991-1993 
 

Douglas Readivac 
(#6735) hand-held 
portable vacuum 
cleaner 

Vacuum filter 

Inner-City Asthma Study 
(ICAS) – 1996-2001 

Eureka Mighty Mite 
(Model 3682) 

Whatman extraction thimble 
 Made from pure cotton cellulose with single thickness 

walls, approximately 1mm thick chamber 
Inner-City Asthma 
Consortium (ICAC) – 
2002-2006 

Testing of Oreck 
currently in process 

Thimble 

International Study of 
Asthma and Allergies in 
Childhood (ISAAC) – 
Phase 1: 1991-1997 
Phase 2: 1998-2002 
Phase 3: 2001-present 

Vacuum with 
∃800W engine with 
protective device to 
protect from over-
heating 

ALK (Allergologisk Laboratorium København) filter 
suitable for dust collection 

 Filter retains 74% of particles 0.3-0.5 µm, 81% of 
particles 0.5-1.0 µm, & ~100% of all larger particles 

 
4.0 Room Selection 
 
After a housing unit has been selected and a vacuum and accompanying dust collection device 
chosen, the sampling begins with the selection of rooms, followed by vacuum sampling of a 
specific surface area of chosen components in each selected room for a designated amount of 
time.  All pertinent information needs to be recorded in the sample log.  Table 2 summarizes the 
rooms and components that are recommended for sampling in each housing unit, depending on 
the types of allergens of interest and purpose of sampling.  The rooms in which environmental 
allergen samples may be collected include the kitchen, common living area (e.g., living room, 
family room, etc.), bedroom, and basement.  Room equivalents that are not traditional rooms, 
such as hallways, stairways, and unfinished attics, have not been traditionally sampled on a 
routine basis.  The rooms listed in Table 2 have been selected as ideal locations for dust 
sampling in past studies because specific allergens of interest have been shown to exist in each 
of these rooms. 
 
It also makes sense that to get the best measure of exposure, allergen levels should be 
measured in areas where people spend most of their time while indoors.  Hamilton et al. (1992) 
reported that most individuals spend from 50 to 70 percent of their time indoors in the living 
room and bedrooms.  Other studies have looked at the distribution of various allergens 
throughout the household.  Dust mite allergens have been shown to accumulate in beds, 
upholstered furniture, and carpet materials (NAS, 2000; Platts-Mills et al., 1992; Dreborg, 1998).  
Cockroach allergens exist primarily in kitchens and bathrooms near water and food sources, but 
also have been frequently found in bedding (NAS, 2000; Rosenstreich et al., 1997).  Cat and 
dog allergens can remain airborne for extended periods of time, are found in settled dust, can 
be easily transported between locations within a house, and are even found in homes and 
buildings without pets (NAS, 2000).  Rat and mice allergens have been found in homes, 
especially in inner-city apartments, but little information is available on the distribution of these 
allergens in the home because they have not been studied as much as other allergens.  
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However, it is known that rodent allergens easily become airborne and may be dispersed easily 
in dust particles (NAS, 2000). 
 
Table 2.  Rooms and Components Recommended for Dust Sampling Within a Home 
 

Component 

Room 
Sofa (or chair) or 

Bedding Floor 
Kitchen  X 

Common Living Area X X 
Bedroom X X 

Basement (if present)  X 
 
Because of different objectives or resources, different grantees may choose to limit the number 
and types of rooms and components that are sampled.  The NCICAS and NSLAH sampled all 
the areas cited in Table 1 above, but the sampling was reduced to just the bedroom floor and 
bedding in each unit for the ICAS, and the next version of the NSLAH is limiting the sampling to 
the common living area floor only.  When reducing the number of rooms to be sampled from the 
total set recommended in Table 2, grantees might decide to restrict their sampling to those 
rooms in which the allergens of interest are most prevalent.  When doing this, grantees should 
be aware of a recent finding from the NSLAH that the single best predictor of overall allergen 
exposure is a dust sample from the common living area floor.  Allergen levels on the common 
living area floors have been shown to be highly correlated with other common measures of 
exposure, including bedding levels, levels from upholstered furniture, and other floor samples.  
This finding has led the planners of the next NSLAH to specify that only the common living area 
floor should be sampled when sampling for survey purposes (Friedman, 2004).  Therefore, HUD 
recommends that if a grantee decides to reduce the number of rooms to be sampled, the 
protocol should at least include a sample from the common living area floor. 
 
5.0 Components Sampled for Dust 
 
Within a housing unit, dust should be sampled from floors, sofas (or chairs), and bedding when 
characterizing allergen levels.  Numerous studies have noted the importance of measuring the 
reservoir dust samples in carpets, bedding, upholstered furniture, and mattresses (Platts-Mills et 
al., 1992; Platts-Mills et al., 1997; Munir, 1995; NAS, 2000; Dreborg, 1998; Arbes et al., 2003; 
Chen et al., 2002).  It is for these reasons that the components indicated in Table 1 are 
recommended for sampling. 
 
The issue of how the floor type may impact dust sampling is less clear.  Studies have looked at 
the impact of carpet characteristics on vacuum dust sampling (Wang et al., 1995).  Because the 
possible variations in housing floor type are so great, the standard protocol is to sample the 
floor, regardless of what type it is, and record the type in the sample log for use in later 
interpretation of the results.  If a rug is present in the designated sample area, then it should be 
sampled because it is a greater reservoir for dust than a smooth surface is.  In the interest of 
consistency in sampling and maintenance of the established sampling protocol, hard floors 
should be sampled in the same manner as carpets or rugs.  The location of the sample also is 
important.  Floor samples taken from the center of the room in front of a sofa or chair have been 
found to be representative of the whole living room floor (Loan et al., 2003). 
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6.0 Number of Dust Samples Collected per Household Unit 
 
There are two options for the number of samples to be collected. 
 

1. Single dust samples collected from all locations  This method requires using a new dust 
collection device for each component.  Single-component sampling allows for statistical 
estimation of variance between rooms within a home and between room types across all 
homes.  This type of sampling is best used for risk assessment of exposure within 
homes. 

 
2. Bulk dust sampling from multiple components (floors, bedding, upholstery, etc.) and/or 

rooms (common living area, bedroom, kitchen, etc.)  Bulk dust sampling of all 
components and rooms in a house in one single sample provides an overall measure of 
the allergens within a home.  Bulk dust sampling also could be done for multiple 
components within a room, such as collecting the sample for the bedding and the 
bedroom floor in one sampling device.  This type of bulk sample would then give an 
overall allergen measure for the bedroom which could then be compared to that of a 
similar sample taken from the common living area or kitchen, but would not provide a 
measure of risk of allergen exposure for the bedding versus the bedroom floor. 

 
The number of samples collected may be guided by cost restrictions, other resource limitations, 
or by the desired interpretation of the results.  Grantees need to consider the desired end result 
when choosing among sampling options.  It also is suggested that, for the sake of comparison 
across studies, similar samples be taken (Hamilton et al., 1992; Martyny et al., 1999).  This 
means that if grantees want to compare results from their program with those from another 
program or a published study, ideally the sampling should be performed similarly. 
 
7.0 Size of the Selected Sample Area 
 
The size of the floor area vacuumed has varied somewhat in previous studies.  For instance, 
two square meters were vacuumed in the NSLAH and ICAS, while one square meter was 
vacuumed in the NCICAS.  There also is some evidence that multiple, smaller, disjoint areas 
from the floor in a room might provide a better representation of the household average than 
one single sample from the same floor (Mitakakis et al., 2002).  However, multiple samples 
increase both the sampling time and cost for analyses, which places a drain on resources that is 
not necessarily warranted by the slight increase in representativeness of the sample.  Any 
reasonably sized sample area can be specified in a sampling protocol, but in order to 
standardize the dust sampling performed between sampling sites and among sampling 
technicians, each grantee needs to specify the precise area to be measured and recorded so 
that all technicians are sampling consistently within the program.  Based on past studies (e.g., 
Mitakakis et al., 2002; Hamilton et al., 1992), it is suggested that the minimum area sampled 
should be one square meter. 
 
For sofas and bedding, as for carpet/floor samples, no studies have been performed that point 
toward an ideal sample area.  Therefore, in order to ease comparability with previous studies 
and with other grant programs, the best bet is to vacuum similar-sized areas (minimum 2 m2) as 
done in these previous studies.    
 
Results from laboratory allergen analyses should be reported in two different ways:  as a 
concentration expressed as the amount of allergen per mass of dust (e.g., µg/g), and as a 
loading expressed as the amount of allergen per sampled area (e.g., µg/m2).  Because there is 
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variability in how the concentration or loading of allergens is reported, it is important to record as 
much information as possible in the sample log so that results can be reported either way.  
Recording of the exact area sampled on the sample log is necessary to allow the results to be 
reported as an allergen loading.  The mass of the sampled dust is needed to calculate the 
concentration of allergen and should be reported by the laboratory analyzing the dust samples. 
 
8.0 Duration of Each Sample 
 
Duration of time to collect a vacuum sample has not been studied greatly or reported in 
published literature.  Because most vacuum cleaners are able to collect a sufficient amount of 
dust within a few minutes, specifying a sampling time is done more to ensure that consistency in 
sampling is maintained across different sample sites and among different sampling technicians 
than it is to assure the collection of a particular amount of dust.  A grantee program should 
establish a specific time to ensure a standardized sampling method is being employed.  
Appendix A shows the duration of vacuum sample collection in each of the large-scale allergen 
studies.  Using these studies as a guide, the minimum suggested sample time is 5 minutes for 
each component. 
 
9.0 Record Keeping 
 
All dust sampling information should be recorded in sample logs, including the surface type for 
floor samples; the total surface area sampled; the type of material for the sofa (or chair) (e.g., 
whether the furniture is upholstered in fabric, leather, or some other material); the various 
bedding layers (not counting the pillow or mattress as a layer); the temperature and humidity in 
each room; evidence of smoking; and the presence of air conditioning devices, food debris, 
moisture, cockroaches, rodents, and pets. 
 
10.0 Field Sample Handling and Shipping 
 
Dust samples should be labeled with unique identification numbers that incorporate the room 
number, sample number, and any other relevant identification number assigned to the housing 
unit.  Allergen dust samples, along with all data forms, should be shipped via an overnight 
carrier to the laboratory as soon as possible after the data collection visit and after all necessary 
in-field edit checks are completed.  Sampling technicians should keep the bagged allergen 
samples cool and refrigerated away from moisture sources that can adversely impact sample 
quality.  If samples are not to be immediately shipped to the laboratories for analysis, it is 
recommended that specimens be stored in the freezer (-20°C) and then shipped when 
convenient. 
 
11.0 Allergen Vacuum Dust Analyses   
 
Because there are few laboratories that are experienced in conducting the required allergen 
analyses and no accreditation programs for these types of analyses, grantees will need to 
identify and approve the laboratory that conducts the allergen analyses.  Laboratories 
accredited by the American Industrial Hygiene Association (AIHA) are desired because such 
accreditation assures that laboratories are in compliance with International Standard ISO/IEC 
17025, the general requirements for the competence of testing and calibration laboratories.  
Choosing a laboratory that participates in proficiency programs also is advantageous for 
ensuring quality control.  At a minimum, the laboratory should have some experience in 
measuring allergens using monoclonal antibody ELISA assays.  Assays for allergens should be 
performed according to previously published methods. 
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12.0 Quality Assurance 
 
There is no existing quality assurance system for allergens in dust that is similar to that for lead 
dust sampling.  HUD is currently working to implement a system for making spiked samples 
available to be submitted to testing laboratories with the collected dust allergen samples.  While 
no formal system exists, common quality assurance procedures such as internal audits of the 
chain of custody forms, laboratory charts, and training procedures should be implemented. 
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APPENDIX A 
 

Summary of Approaches Used in Large-Scale Studies to Collect Vacuum Dust Samples to Assess Allergen Levels 
Study Name 

and Date Description Vacuum 
Collection 

Device 
Rooms & Components 

Sampled 
Number of 
Samples Area and Duration of Sampling 

National 
Survey of Lead 
and Allergens 
in Housing 
(NSLAH) – 
1997- 2001 
 
 
(Clickner et al., 
2001; Vojta et 
al., 2002) 

Samples were collected from a 
nationally representative sample 
of 750 housing units; lead 
samples include dust wipes, 
vacuum samples (carpets), soil, 
and in-situ XRF testing.  NIEHS-
funded component involved 
vacuum dust sampling for 
allergen identification.  The 
survey included an occupant 
questionnaire to address 
personal and behavioral 
characteristics.  Will allow 
estimates of number of housing 
units that exceed specific lead 
dust, paint and soil thresholds, 
and for allergens, assess 
asthma and allergen prevalence 
in the home. 

Eureka Mighty 
Mite 

Thimble kitchen floor, bedroom 
floor, bedding, living room 
floor, living room couch or 
chair, and basement (if 
available) 

1 sample for 
each 
component 

2 m2 vacuumed for each floor and 
bedding dust sample.  Entire 
bedding down to mattress or cover 
was vacuumed on bedding (up to 
an area of 6’ x 3 ‘), and seat 
cushions, seat back & arms for 
sofas (or chairs).  Vacuuming 
conducted for 5 minutes for each 
allergen sample. 

National 
Cooperative 
Inner-City 
Asthma Study 
(NCICAS) – 
1991-1993 
 
(Mitchell et al., 
1997) 

NIAID established the NCICAS, 
which demonstrated the efficacy 
of a multifaceted asthma 
educational intervention in 
reducing asthma severity 
among inner-city children. 

Douglas 
Readivac 
(#6735) hand-
held portable 
vacuum 
cleaner 

Vacuum filter Three sites sampled: 
child’s bedroom floor; & 
bed, family or TV room 
floor and upholstered 
furniture; & the kitchen 
floor 

A separate 
vacuum filter 
used to 
sample each 
room 

In bedroom, 1 m2 of floor near and 
under bed vacuumed for 2 min.  
Any stuffed furniture in bedroom 
also vacuumed for 2 min.  Bedding 
removed and mattress surface 
was vacuumed for 2 min.  In TV 
room, a central site was selected 
and 1 m2 of floor area sampled for 
2 min using template.  Stuffed 
furniture in TV room vacuumed for 
additional 2 min using same 
vacuum & filter used on floor in 
that room. In kitchen, entire floor 
vacuumed for 4 min, particularly 
under counters and interior of 
under-sink cabinets. 
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Study Name 
and Date Description Vacuum 

Collection 
Device 

Rooms & Components 
Sampled 

Number of 
Samples Area and Duration of Sampling 

Inner-City 
Asthma Study 
(ICAS) – 1996 - 
2001 

Building on the success of 
NCICAS, in 1996 the NIAID and 
the National Institute of 
Environmental Health Sciences 
established the ICAS to 
evaluate the effectiveness of 
physician education and an 
extensive environmental 
intervention on asthma severity. 

Eureka Mighty 
Mite (Model 
3682) 

Whatman 
thimble 

One dust sample from 
floor in child’s primary 
sleeping area (bedroom) 
and a second from the 
child’s primary bed. 

Two dust 
samples 
collected in 
two separate 
thimbles 

2 m2 of floor alongside the child’s 
bed was sampled for a total of 5 
min (5 min overrides the area, so if 
2 m2 was not possible, whatever 
area was possible for 5 min was 
vacuumed and recorded).  0.25 m2 

of area should be under child’s 
bed & remaining 1.75 in front of 
child’s bed.  All bedding (blanket, 
cover, bottom sheet, mattress pad, 
mattress, pillows) vacuumed a 
total of 5 min divided as follows:  
blankets, sheets, mattress pads 
for 2 min, 1 min on pillow and 
pillow case, 2 min on 1 m2 of 
mattress surface (on top of plastic 
mattress covers but under cloth 
covers).  Vacuum 1 m2 at the head 
of the bed on side where child 
usually sleeps. 

Inner-City 
Asthma 
Consortium 
(ICAC) – 2002 
- 2006 

NIAID established the ICAC.  
The Consortium will support a 
network of basic scientists and 
clinical investigators to evaluate 
the safety and efficacy of 
promising immune-based 
therapies to reduce asthma 
severity and prevent disease 
onset in minority children 
residing in inner cities.  The 
Consortium will conduct 
research to delineate the 
mechanisms underlying 
immune-based therapies and 
develop and validate surrogate 
biomarkers to measure disease 
stage, progression, and 
therapeutic effect. 

Testing of 
Oreck currently 
in process 

Thimble  Protocol being developed Protocol
being 
developed 

Protocol being developed 
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Study Name 

and Date 
Description Vacuum Collection 

Device 
Rooms & Components 

Sampled 
Number of 
Samples 

Area and Duration of Sampling 

International 
Study of 
Asthma and 
Allergies in 
Childhood 
(ISAAC) – 
Phase 1: 1991-
1997 Phase 2: 
1998-2002 
Phase 3: 2001-
present 
 
(ISAAC, 2004) 

Founded to maximize the value 
of epidemiological research into 
asthma and allergic disease, by 
establishing a standardized 
methodology and facilitating 
international collaboration.  
ISAAC developed from a 
merging of two multinational 
collaborative projects, an 
initiative from Auckland, New 
Zealand, and an initiative from 
Bochum, Germany 

Vacuum with 
∃800W engine 
with protective 
device to 
protect  from 
over-heating 

ALK filter 
suitable for 
dust 
collection.  
Filter retains 
74% of 
particles 0.3-
0.5 µm, 81% 
of particles 
0.5-1.0 µm, & 
~100% of all 
larger 
particles 

Two sites sampled within 
the home, with carpets & 
upholstered surfaces 
noted as most important 
reservoirs.  Suggest 
sampling mattress or 
sleeping place and either 
carpets, upholstery or 
floor in living room.  
Vacuum sheets on bed 
or, if no sheets, then 
directly on 
mattress/sleeping 
surface. 

1 bulk 
sample per 
unit 

Soft surfaces (beds, carpets, 
upholstery) vacuumed for 2 min 
per m2 covering an area of at least 
2 m2 (4 m2 if possible).  Hard 
surfaces sampled for 1 min/m2, 
covering an area of at least 4 m2
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