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Optimized Portable Cordless Vacuum Method
for Sampling Dry, Hard Surfaces for Dusts

Soo Young Kim, Shane Que Hee, and John Froines

Department of Environmental Health Sciences and UCLA Center for Occupational and Environmental
Health, University of California at Los Angeles, Los Angeles, California

Surface sampling in industrial/environmental hygiene is
a growing field that needs validated standardized methods.
There are few standard methods, one being the American
Society for Testing and Materials (ASTM) method involving
a portable, cordless air sampling pump. In the present work,
the ASTM technique was modified to increase efficiency and
versatility. A soil sample was first dried and sieved. Known
weights of different sieved sizes (125 m-180 pm, 90 Lim-
125 pm, and 63 m-90L:m) were then sampled at an average
flow rate of 4.0 + 0.2 L/min from a template of inner dimen-
sions 10 cm by 10 cm on two different surfaces (rough and
smooth). Five consecutive sampling passes were performed.
For the smooth surface, the first pass efficiency for the largest
particles were 45% = 45% (CV =100%), and 75% = 20%
(CV = 27%) for the smallest particles. After three passes,
the efficiency independent of particle size exceeded 83 per-
cent with a CV better than 11 percent. After five passes,
the efficiency exceeded at least 85 percent with about the
same precision as for three passes. The rough surface al-
lowed higher efficiencies for the first two sampling passes.
Three to five passes are recommended to achieve acceptable
efficiencies for the surface loose dust/soil range 100 11g/cm?
to 1,500 Lig/cm?.

Keywords Lead, Surface Sampling, Dust, Dust Organics, Dust

Metals, Surface Soil

Interest in surface dust sampling has been stimulated by re-
search in evaluating metal,"' 2> organic chemical,?*>*) organic
dust (biological),m’ﬁ) and radioactive(®-35:53-56) exposures,
but especially to children.1-3:5-7:9-20,23-27,31,34,39,42-49) Among
the metals, lead has been of prime interest, especially lead
paint exposures to children,!35-7:9-20.23-25 Jead abatement
cleanups,'" 117 and potential nonferrous foundry exposures
to workers from dusts on surfaces.’ Among the organics, ex-
posure to skin and surface pesticide residues after spraying is

well studied.27-30.32.33.35.37-39) Bop the biological vectors, stud-
ies on exposures to surface allergens®>*®) and microorga-
nisms#0-41:%9-52) are currently popular. Some studies on nonspe-
cific dusts have also appeared,>°" mostly relating to
sampling®-37-5%D or risk assessment.>18:39:56.60.61) A] of the
hazardous agents may be resuspended into the air by people,
vehicles, pets, cleaning, equipment, abatement activities, venti-
lation, and wind to create inhalation threats.(11:14,17.41-56)

Out of all of these studies, very few investigators have pro-
vided efficiency data for sampling surface dusts. The Occupa-
tional Safety and Health Administration (OSHA) wipe technique
efficiency for foundry dusts on work surfaces was reported in
1984 to vary between 43 to 90 percent, depending on pressure
exerted, whether wet or dry (wet wiping was more efficient),
and number of wipes (two wipes were more efficient than one).

A cordless vacuum method was reported by the present author
in 1985% for sampling bioavailable contaminated dust from dry,
hard surfaces using personal sampling pumps commonly used
in industrial hygiene for air sampling. In addition, hand-wiping
and hand-rinsing techniques were evaluated. The efficiency of
the cordless method for five passes for known amounts of de-
posited surface dust of about 50 mg varied between 29 percent
to 81 percent (arithmetic mean + standard deviation 57 + 14%,
coefficient of variation CV = 25%, number n = 12) at a flow
rate of 2.5 L/min using a stainless steel sampling probe for sev-
eral different surfaces.”® In contrast, for one sampling pass, the
respective efficiencies were 21 percent to 59 percent (43 * 14,
CV =33%, n = 12). The corrresponding one-pass recoveries in
terms of mass recovered after five passes were 44 percent to 93
percent (74 = 14, CV = 19%, n = 12). A similar Tygon sampling
probe at 2.0 L/min showed® a one-pass recovery between 42
percent to 89 percent (63 £ 11, CV = 17%, n = 7). The surface
sampling efficiency for the Tygon probe was 70.0 = 7.1 percent
for particles <177 um of an actual leaded house dust com-
prising about 81-82 percent of the leaded fraction and of dust
weight. The collection efficiency decreased above this diameter;
the overall efficiency for the whole dust was about 62 percent,
this not being statistically different from the absolute efficiency
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for the stainless steel sampler of 57 = 14 percent. For a 20 L/min
vacuum, the first pass recovery was 76 + 12 percent, CV = 16%,
n = 7 relative tothe 63 £ 11, CV = 17%, n = 7 for the 2 L/min
technique, not statistically different at p < 0.05 relative to im-
precision (F-test) or recovery (Student t test). Thus, surface vac-
uum techniques, although they were not very efficient, were at
least relatively precise (<20% CV).

The sampling techniques with several different handwipes
varied in efficiency and precision also.) Efficiencies for five
handwipings to recover 50 mg varied between 16 percent to 132
percent (79 = 35%, CV = 44%, n = 11) for adults and chil-
dren, with the range for one wiping being from 1.3 to 87 percent
(mean 41 £ 26, CV = 61%, n = 11). The handwiping tech-
nique was not as precise as the surface vacuum technique, but
was as efficient at p < 0.05. Hand rinsings also varied between
10 percent to 74 percent for five rinsings relative to 10 percent
to 45 percent for one rinsing. A combination wipe/rinse method
gave an efficiency of about 84 percent. These results explained
why epidemiological studies up to that time did not show cor-
relations between hand lead and blood lead for imprecise, in-
efficient handwiping/handrinsing techniques, but did between
surface dust lead and blood lead for precise but moderately in-
efficient vacuum techniques. The sensitivity and precision of
sampling and analytical techniques for lead were less important
for when lead dust or soil levels were high and a large sample
was taken for analysis (for example, > 100 mg), as for epidemi-
ological studies on populations living around lead smelters,"' >
on smelter or brass foundry workers, or on children that ate pica.
Eveniflead concentration was high, a low dust loading on hands
usually caused sensitivity and precision problems.

The Environmental Protection Agency (EPA) in 1986 pub-
lished a model that involved a reference child being exposed by
mouthing activity to average daily doses of dust of 50 mg of
average lead concentration 0.3 mg/g within households, 40 mg
from street dust of average lead concentration 0.090 mg/g, and
10 mg of average lead concentration 0.150 mg/g at schools.(®

If the hand lead sampling technique was also imprecise and
dust loading on hands was low, statistical comparisons of ex-
posed and “unexposed” populations often led to statistically
nonsignificant results in studies before 1985.©% The availability
of the dust deposit for human exposure was also postulated as an
important variable,® surface carpet dust being more important
in exposing children than deep carpet dust, so that recovery of
all dust from carpets was not so important to ascertain average
lead exposure concentration and for the available dust exposure
to children. The method was potentially usable for other dusts
containing nonvolatile pollutants.

The method was the basis for ASTM Method PS 46-96 of
1996 designed for use in lead abatement activities.'®) In a 1985
report,® the estimated contribution of surface dust lead using
the 1985 surface sampling technique®’ to In blood lead of 57
children of age 18 months in the Cincinnati Prospective Lead
Project by structural equations analysis had a regression weight
of 0.15, about the same contribution as hand lead, and with 3.33
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times more contribution of surface dust lead to hand lead than
to blood lead. The regression weights varied with child age, a
surrogate for time of exposure and crawling.

The other studies that reported efficiencies of sampling sur-
face dusts were: 41 percent-48 percent for sampling bacteria
on human skin in 1990(40); 84-90 percent for the herbicide
glyphosate on monkey skin in 19914%; 50-55 percent for wet
wipe sampling of surface dusts of 71 metals in 1992%; 24 per-
cent for a wipe method on carpet, and > 100 percent on linoleum
and wood for lead dust in 1997"1%); 95 percent for a high vacuum
method for carpet and 54 percent-61 percent for linoleum and
wood in 1997"%); and for the ASTM PS 46-96 method of un-
specified number of sampling passes, 31 percent for carpet and
47-67 percent for linoleum and wood in 1997 (1%

The collection efficiencies of the vacuum sampling technique
for dusts depend on several factors: particle size, dust loading,
surface type, capture velocities, and ergonomic characteristics of
the optimized sampling technique. The present study examines
these variables in more depth to increase the cumulative absolute
efficiency of the cordless vacuum method for hard surfaces for
loose dusts.

MATERIALS AND METHODS

The protocols and apparatus of the ASTM method'® were
used as reference. This included calibration of air sampling
pumps, testing for leaks, and the sampling templates used. The
apparatus is the Tygon tube sampler variant®® discussed above.
All glassware was cleaned and made metal-free by scrubbing
manually with brush and detergent, rinsing in distilled water,
soaking overnight in 10 percent (v/v) nitric acid, rinsing copi-
ously with distilled water, drying in a dustless oven, and then
storing in transparent plastic bags contained in drawers.

Selection and Preparation of Soil for Sample Collection

A large proportion of household dust is soil brought in on
shoes or feet or from windborne material, 1313 Therefore, dust
collection methods should be able to cope with soil particles that
are part of house dusts. In the workplace, deposited lead metal
fume dust is often associated with soil particles from coring
materials and sands, in addition to when soil floors are present
in unpaved workshops. In the Los Angeles area, the semidesert
climatic conditions cause facile home infiltration of desert soils,
especially during when hot dusty desert winds blow from the
east, termed the “Santa Ana” condition. In areas with more rain,
as investigated before by the present investigator in the Cincin-
nati area® and by the many other investigators on the east coast
of the United States, the extensive long-distance wind transport
of soil is negligible unless dust bowl conditions develop. An-
other major source of dust in urban Los Angeles homes is the
fallout from automobile exhaust and its multiple suspensions
and dispersions by traffic, but a reference sample of that dust
was not available for this study.
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A 1-kg sample of surface soil was taken from the U.S. desert
section of the UCLA Botanical Gardens in a clean, wide-mouth
Pyrex jar equipped with a Teflon-lined screw cap. The soil was
collected with a trowel from several inches below the surface
pebbles. The sample in the laboratory was broken up, and then
dried in a dustless oven at 130°C to constant weight in an acid-
clean pyrex tray. The dust was then sieved completely (min-
isieve, Fisher Scientific, Tustin, CA) through a 710 pum sieve (25
mesh), and then subsieved into < 63 pm (230 mesh), 63-90 um
(230-170 mesh), 90-125 um (170-120 mesh), and 125-180 um
(120-80 mesh). The particle size < 149 um (< 100 mesh) sim-
ulates clean room dust.®® Each sieved fraction was stored indi-
vidually in aclosed, clean, wide-mouth bottle with a Teflon-lined
screw cap.

Sampling Apparatus

A 10-cm-square template was used to define the sampling area
(wipe sample test kit, SKC West, Fullerton, CA). A three-piece
polystyrene matched weight filter cassette with 0.8 pm 37-mm
diameter mixed cellulose ester filters (SKC West) was weighed
before and after sampling. The sampling probe was of 5-cm-long
Tygon tubing with an inner diameter of 6.0 + 0.5 mm. One end of
the probe was cut ata 45 degree angle.(s) The other end was con-
nected to the sampling cassette. The cassette exit was connected
by 6.35 mm i.d. Tygon tubing to a portable battery-operated vac-
uum pump (SKC Aircheck Sampler Model 224-PCXR4). Cal-
ibration with a M-5 MiniBuck calibrator (Buck Scientific, East
Norwalk, CT) occurred with the sampling assembly in-line.

The inner surface margin of the sampling template was taped
down with masking tape with about a tape margin of 1-2 mm
covering the inner surface to be sampled. Two types of sur-
faces were used, rough and smooth, both made of polyethylene
(dissecting board, Fisher Scientific). A hand-held inclinome-
ter (Lev-O-Gage, Edmund Scientific, Barrington, NJ) was uti-
lized to measure the angles of the probe at optimal sampling
conditions. A calibrated model 1440-4 model 5415 II hot-wire
anemometer (Kurz, Monterey, CA) measured face velocity. Sur-
face hardness was assessed with a portable tensiometer (type D
Durometer Model 307L, Davis Instruments, Baltimore, MD).

Methods

Each dust of different size and of known weight was poured
slowly through the appropriate sieve which was moved six inches
above and all over the template sampling surface. The pump
flow rate (4.0 = 0.2 L/min) was checked before and after each
experiment. The pump was stabilized for five minutes before
calibrating and sampling.

The dust was collected by slowly sliding the probe along the
inner taped border of the template, and then in a concentric rect-
angular pattern inwards to the center. Every 30 seconds or about
50 percent of a single complete sampling pass and at the end, the
probe was inverted and tapped to loosen any dust sticking to the
inner tubing to facilitate dust collection on the filter. The probe
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was held in a manner to provide the most efficient sampling.
This included tilting, bending, and combinations. The index fin-
ger placed on the probe was used to manipulate probe position,
direction, and downward pressure.

Five separate sampling passes were done for each experi-
ment. The total weight of the dust sampled cumulatively after
each of one through five passes was measured by subtracting
the original weight of the cassette from the total weight. The
sampling efficiency was then calculated from the weight sam-
pled divided by that applied. The particle size ranges 63-90 um,
90-125 um, 125-180 pum, and mixed size dust (63—180 um of
equal proportion by weight of the three size fractions) were eval-
uated. Different dust weights were applied ranging from ~ 10 mg
to ~ 160 mg. Experiments were done in triplicate. The loading
capability of the filter to cause decrease in flow rate was also
determined. Probe weight changes were noted for each experi-
ment, as well as the weight of the probe-filter cassette assembly.

Optimal sampling angles of the probe indicated by the incli-
nometer were observed. Times for sampling, and the times to
achieve consistent results and constant CV were also determined.

The dependence of probe face velocity on area was assessed
by covering the open end of the probe with transparent tape
to allow the area not blocked to be determined by outline onto
graph paper. A supporting spatula ensured the tape did not bend
during the experiment.

Surface hardness measurements were done with the sampling
surfaces on a flat surface with measurements done 1 cm away
from the template edge and at least 6 mm apart. At least five
measurements were done.

RESULTS

Cumulative Efficiency of Surface Sampling for Various
Soil Size Ranges and Surface Type

The influence of particle size and type of surface on mean col-
lection efficiencies of applied weights of 125-160 mg is given
in Table I. At least three sampling passes were required for a
sampling efficiency exceeding 80 percent for both surfaces in-
dependent of particle size and surface type. The rough surface
promoted more efficient and precise sampling than the smooth
one for the first two sampling sweeps. The two smaller parti-
cle sizes were sampled more efficiently and precisely than the
larger size during the first two sweeps for both surfaces. How-
ever, both variables did not affect sampling efficiencies after the
second sweep, where sampling was both accurate and precise.
The actual efficiency for sampling a 1:1:1 mixture of the three
size fractions for about the same surface loading and sampling
flow rate was not significantly different at p< 0.05 from the
overall calculated average for five sampling passes.

The particles adsorbed by a new Tygon probe never exceeded
0.7 mg. This sets a conservative method collected mass detection
limit of about three mg using a S/N Student ¢ criterion of 4.6
at 4 degrees of freedom (v) at p< 0.01 (2.58 at v=100), and a
practical similar lower quantitation limit of about 12 mg using
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TABLE 1
Sampling mean cumulative efficiency dependence on particle size range and surface for triplicate experiments using
applied soil masses and a flow rate of 4.0 L/min

Cumulative efficiency (SD) in % for sampling pass

Applied mass Diameter
Surface (SD) (mg) range (1 m) 1 2 3 4 5
Rough 151.1 (6.1) 63-90 88.1(8.1) 91.9(4.8) 93.2(3.7) 93.3(3.7) 93.8 (3.2)
144 (13) 90-125 89.8 (8.7) 947 (3.2) 96.2(2.1) 96.2(2.1) 96.4 (1.8)
149 (17) 125-180 68 (35) 81(28) 89 (16) 94.7 (6.3) 95.4 (5.0)
Mean (SD) 148.0 (3.6) 63-180 82(12) 89.2(7.2) 92.8(3.6) 94.7(1.5) 95.2 (1.3)
CV 2.4 14 8.1 39 1.6 1.4
123 (19) 63-1804 97.33 (0.65)
(1:1:1)
Smooth 134 (13) 63-90 75 (20) 82.4(8.7) 83.4(8.0) 84.2(7.6) 84.7 (7.3)
136.8 (9.8) 90-125 72 (22) 86.3(9.7) 87.3(9.3) 87.9(9.2) 88.4 (8.4)
128.7 (7.3) 125-180 45 (45) 68 (25) 85.8(9.4) 88.7(8.3) 90.6 (9.6)
Mean (SD) 133.2 (4.1) 63-1804 64 (17) 789(9.6) 85.5(2.0) 86.9((24) 87.9 (3.0)
CV 3.1 27 12 2.3 2.8 3.4

SD, standard deviation; CV, coefficient of variation.
AThe range.

TABLE 11
Influence of rough surface loading for specific particle size ranges on the five-pass
sampling efficiency at 4.0 L/min flow rate

Particle size range Loading Efficiency Mean SD CV
(um) (mg) (%) (%) (%) (%)
63-90 9.3 85.0
23.8 88.8
27.1 87.4
146.6 97.4
148.7 91.7
158.0 92.2
9.3-158 85-97.4 90.4 4.4 4.8
90-125 10.3 92.0
26.4 102.7
29.9 93.7
130 96.2
148.4 98.2
155.5 94.7
10.3-155.5  92.0-102.7 96.3 3.8 4.0
125-180 10.3 94.0
22.3 94.5
27.6 914
136.2 89.7
142.7 89.7
168.8 98.5
10.3-168.8 89.7-98.5 93.0 34 3.7
Grand ranges 9.3-168.8 85-103 90.4-96.3 3444 3.7-48
Overall grand means 93.2 4.4 4.7

SD, standard deviation; CV, coefficient of variation.
The overall mean, its standard deviation, and its CV are forn = 18.
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an equivalent S/N criterion of 10 at v = oo as recommended
by the U.S. Environmental Protection Agency (EPA).(%) Probe
masses < (0.1 mg were found in 27 out of 39 sampling runs when
the probe was presaturated with dust. The method detection limit
is then about 0.4 mg and the practical lower quantitation limit is
about 2 mg.

Influence of Surface Loading on Sampling Efficiency
Table II shows the effects of surface loading and particle size
on the five-pass sampling efficiency at the same flow rate for
the rough surface. As expected from Table I, there is no depen-
dence on particle size for the five-sweep technique, the mean
efficiencies for each size fraction not being statistically differ-
ent at p < 0.05. In addition, there is no significant difference at
p < 0.05 either, for surface loading in the range 9.3-169 mg.
The overall mean efficiency of 93.2 percent has an associated
range of 85-103 percent and a CV of 4.7 percent. The efficiency
near 10 mg loading (90.3 + 4.7) percent is still independent
of particle size investigated. In comparison, the sampling effi-
ciency above 100 mg loading independent of particle size was
(94.3 £ 3.5) percent, not statistically different at p < 0.05.

Other Characterizations
Table III gives the observed data for sampling time, pump-
related variables (flow rate and face velocity), probe angle during
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sampling, and hardness characterization of the two surfaces. The
average time for sampling decreased from > 60 s initially to 48 s
after about 20 sampling trials. The interrun CV also decreased
to 10 percent. The decrease in pump flow rate from initial to
final calibration for each set of five passes was not significantly
different at p < 0.05, even for high loadings.

The dependence of face velocity on open probe area shows
that the face velocity increases linearly from 40 mm? to 8 mm?
(Velocity = —7.06 area + 510 for r = —0.999 for velocity in
ft/min units and area in mm?2), but increases exponentially below
8 mm? due to turbulent flow. Difficulties in measurement were
apparent below and at | mm? because of anemometer probe size
relative to size of the sampling aperture. The face velocity at
1 mm? was 1083 ft/min (330 m/min), a high enough capture ve-
locity to lift loose surface dust or soil particles. It is about double
the velocity predicted from the linear regression equation.

The angle at which the probe had to be held relative to the sur-
face to be sampled depended on particle diameter deposited. The
large particle size required angles of 30-35 degrees, with bend-
ing of the probe from its inclination to increase capture velocity
inside the probe to remove any stuck particles. The smallest
particles needed steeper angles (30-45 degrees) for successful
sampling, resulting in more probe tilting. The intermediate par-
ticle size required both bending and tilting. Probe inversion with
tapping was also necessary from time to time to promote collec-
tion on the filter.

TABLE III
Variables (pass time, face velocity, flow rate stability, particle size dependence on probe angle for
efficient sampling, and surface hardness) measured to further characterize the optimized cordless
sampling method at flow rate 4.0 L/min

Variable Observations
Sampling time for one pass 47,52, 48,46 s with mean = SD of 48.3 +2.6 s
Face velocity at probe entrance ~ Area (mm?) Face velocity (ft/min) (SD for n = 3)
35 262(10)
20 369(10)
15 405(10)
8 452(10)
4 571(20)
3 869(20)
1 1083(30)
Decrease in flow rate from Load sampled (mg)A Relative flow decrease (%)
beginning to end of sampling 101.2 =37
129.1 —-0.67
138.3 —-0.48
Probe angle and particle size Particle size range (um) Probe angle (degrees from horizontal)
63-90 30-45
90-125 35-40
125-180 30-35
Surface hardness Surface type Hardness (load pound)
Smooth 7.08(0.46)
Rough 6.64(0.19)

The bracketed numbers are standard deviations (SD).
A125-180 pm diameter.
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There was no statistical difference at p < 0.05 in surface hard-
ness for the two polyethylene surfaces.

DISCUSSION

Several modifications of the ASTM method''® based on the
cordless vacuum technique®® resulted in enhanced reproducible
sampling efficiencies exceeding the NIOSH minimum of 75 per-
cent and imprecision less than 10 percent, and a greater under-
standing of the limitations of the method to sample loose surface
dusts/soils at coverages between 0.1 mg/cm? to 1.5 mg/cm?.

The method innovations included: tapping and inversion of
the probe, taping the inner margin of the sampling template,
saturation of the inner surface of the probe, sampling from the
inner walls of the template to the center, increasing the flow rate
to about 4.0 L/min, and weighing the entire sampling train.

Vigorous tapping of the probe in the inverted position at the
halfway mark of each sampling pass helped to give efficiencies
above 90 percent for rough surfaces and above 80 percent for
smooth surfaces, and also allowed more dust to be collected
on the filter for later analytical chemical analysis. Probe local
bending increased the local capture velocity inside the probe to
assist transfer to the filter, and to loosen wall material. Tilting
varied the face velocity at the sampling surface. The method
is ineffective without movement on very smooth surfaces. This
accounts for why rough surfaces are sampled more efficiently
than smooth, flat surfaces. Rough surfaces allow makeup air to
move surface particles whereas probe movement is necessary
for very smooth surfaces.

Another modification was taping the inside edge of the tem-
plate to the surface with no more than 1-2 mm of sampling sur-
face margin covered with tape. A 2-mm margin produces 4 per-
cent error, and a 1-mm margin causes 2 percent error. Taping
minimized sample loss from soil/dust being pushed underneath
the template inner edge, and prevented movement of the template
during sampling to ensure the sampled area remained constant
and did not change inadvertently. A sampling motion inwards
was inherently better than one from the center to the edge.

Preliminary presaturation of the probe to constant weight by
surface sampling of particles assured higher sampling efficien-
cies at low coverages below 10 mg to a practical lower limit of
about 2 mg. In its field use for areas of low dust coverage yield-
ing < 10 mg of total collected dust, it is therefore recommended
to presaturate the probe in the general area to be sampled using
a sensitive portable electronic or mechanical balance to indicate
probe presaturation and to provide the initial probe presampling
weight. The alternative is to sample multiple 100 cm? areas un-
til sufficient dust/soil is collected to make the mass held by the
probe to be small (< 10%) relative to the total mass collected
in the cassette and maximizing that collected on the filter for
subsequent analysis. Thus, the whole sampling train (probe plus
cassette) needs to be weighed rather than just the filter because
coverage values at low collection masses are affected, whereas
the xenobiotic concentration collected on the filter is not, if this
is already above the least quantifiable limit.

S. Y. KIM ET AL.

The technique must also be “in the fingers” and “in the wrist”
as shown by an acceptable CV in performance-based tests with
known amounts of applied dusts and soils in laboratory prac-
tice runs, before field sampling can be done. An initially un-
trained operator required about 20 cassettes with a five-pass
technique/cassette to lower the interrun CV to below 10 per-
cent, and to optimize sampling times.

The increased flow rate allowed higher capture velocities to
be generated on the surface, resulting also in higher collection
efficiencies for the key size fraction. The effects of particle size,
surface coverage, operator training, flow rate, and operator tech-
nique become less important if three to five sweeps are per-
formed rather than just one or two. Natural dusts will have a
spectrum of dust sizes. The sampling of mixtures of particle
sizes appears as efficient or more so, than predicted by the size
fraction studies of Tables I and II.

From previous work,” the technique at 2 L/min is inefficient
atremoval of all dust from deep pile carpet, greasy surfaces, and
for the larger particle sizes > 177 pm of loose dust on smooth sur-
faces. However, the most powerful vacuum cleaners and sham-
pooing do not remove all the dust from plush carpets,>'> and
even exhaustive scrubbing is often necessary to remove greasy
deposits. Deep carpet dust is unavailable for exposure unless
dispersed into the air by some agency, for example, carpet shak-
ing, frequent walking, or children playing boisterously on the
carpet. Dust on the surface of greasy deposits is also not readily
bioavailable. It is also expected that a technique that employs a
16 L/min sampler as utilized for the Baltimore repair and main-
tenance study'>1%23) should be more efficient at sampling larger
particles than one that utilizes 2 to 4 L/min, though this depends
on the aerodynamics at the sampled surface and exactly how the
technique is put into practice. Such details are hardly ever pro-
vided in published papers, thus making comparisons difficult.

The cordless vacuum sampling technique® was originally
developed to gauge the availability of surface dusts to the hands
of children relative to their hand-to-mouth or toy-to-mouth be-
havior. The reasoning was as follows: children at play are often
on all fours on a surface, whether hard or otherwise. The dust
(mostly <149 um®? on the surface, comprising about 76%
of the surface dust®) is partially retained on the hand. The
highest hand dust retention occurred® for deposited loose dust
sizes 149-246 um with about fourfold lower adherence for 44—
149 pm and 246-392 pum dusts, and 1.6 times lower adherence
for the <44 pm fraction. The efficiency was independent of par-
ticle size below 180 pm, which comprised about 81 percent of
the weight of reference house dust and about 82 percent of the
lead. This fraction included the most available, hand-retained
fraction of dust.”>)

The modified technique should be more efficient for larger
particle sizes also, but these are a minor fraction of house dust
and of complex retention characteristics.” The increase in flow
rate to 4 L/min and the other modifications have resulted in a
modified technique that is more efficient (the average efficiency
for the size fraction 63 um to 177 um was increased from
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70 = 13% to 93.2 + 4.4%). The modifications still retain the
cordless pump advantage, but take advantage of technological
advantages not available when the technique was first developed
in the early 1980s. How the more efficient technique will relate
to blood lead remains to be tested.

The apparent inconsistencies'!? of the 1985 method® may
be related to availability of the dust being sampled rather than to-
tal dust, to defective or different comparison statistical designs,
to the number of dust samples taken (for example, 36/house
for 205 children in reference 12), inadequate or noncompara-
ble training in use of sampling techniques (all training must
be performance-based, in our opinion, as emphasized above),
and to the wide variabilities of field dust coverage, xenobiotic
concentration, and particle sizes, as also demonstrated by use
of lognormal statistics in reference 12 to describe surface sam-
pling parameters so that a random number selection design for
side-by-side sampling area and method may not be adequate.
This last factor is best controlled in laboratory studies. Never-
theless, the data on laboratory recovery of applied leaded dust on
linoleum and wood surfaces for the 16 L/min versus the 2 L/min
methods in reference 19 show no statistical differences in the
means at p < 0.05 with significant differences, as expected, for
carpet. These results were the same as for the studies with the
20 L/min and 2.0 L/min samplers reported in reference 5 using
applied weights of dusts and soils. In field studies, the only way
to account for side-by-side surface deposit variability and sur-
face variation is what was done in reference 5, that is, resample
the same surface already sampled by the rival technique. This
was not done in reference 12 or 19.

Another problem for study-to-study comparisons involving
blood lead and environmental parameters is that many studies
involve low blood leads (as for reference 12 children where only
six or 3% had blood leads >20 pg/dL with a population mean
of 7.7 £ 5.1 pug/dL) and so make interpretation of any correla-
tions difficult relative to others (as for the Cincinnati Prospective
Lead Study®-®7 where at least 27 children in 1985 had blood
leads >20 pg/dL with an arithmetic mean of 20 = 10 pug/dL
between 15-24 months of age for n = 57 for children having
blood lead >20 pg/dL at least once) or when blood leads are
close to background blood leads.

Blood lead values from different age groups often may be
compared, and it is known that the contributions of surface and
hand lead vary with house activity of the child. With regard
to the latter, the steep increase in blood lead for the Cincin-
nati Prospective Lead Study children occurred between 4 to 15
months of age, followed by a gradual decrease.®” The regres-
sion weight contributions to In blood lead for surface dust lead
stayed fairly constant (0.16-0.23) between 12 to 21 months, and
those for hand lead (0.09 to 0.16) between months 9 to 18. How-
ever, only hand lead at month 18 was a significant contributor
at p < 0.05. In reference 12, all the correlations of blood lead
with environmental sampling alternatives appear based on the
whole population of children between 12-30 months of age,
an averaging procedure that will miss some age-related corre-
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lations. Also, it should be kept in mind that correlations do not
necessarily signify cause and effect.

An activity analysis often shows that a child usually mouths
only selected parts of the hand or toy. Thus, not all the dust
that is on the hand will frequently be actually bioaccessible (in-
gested) to be bioavailable (absorbed). It is exceedingly dif-
ficult to simulate the bioavailability of pollutants coingested
with the dust. Sampling methods that remove all dust from a
surface! 12131819 provide maximum answers of pollution po-
tential and allow the best chance to detect xenobiotic concen-
trations, but correlations with blood lead may be misleading
because the available dust fraction adheres to the hand, and
then only part of the adhered dust may be ingested. A surface
sampling technique that mimics the characteristics of the avail-
able dust, the hand retention characteristics of the dust, and the
favored hand mouthing area of the child is clearly still desir-
able, just as air particulate samplers that mimic inhalability or
respirability of particulates are advantageous.® Most of the
existing alternative sampling techniques including the present
modified technique strive for efficiency rather than to mimic the
exposure situation of the child simply because adequate analyt-
ical sensitivity is still a major problem, though this is now less
of a factor with the advent of inductively coupled plasma/mass
spectrometry which, however, is expensive.

The application of the present technique to sample surface
dusts and soils containing metals, nonvolatile organics like many
pesticides, organic (biological) dusts, and radioactive compounds
reviewed in the introduction is obvious.

CONCLUSIONS

The cordless vacuum method for sampling surface dusts on
hard surfaces has been optimized relative to sampling efficiency,
number of sampling passes, manipulation of the sampling probe,
flow rate, and surface loading. The technique utilizes pumps that
are currently used for air sampling for particulates and for some
gases and vapors by industrial and environmental hygienists. At
least 20 cassettes with five sampling passes per cassette in the
laboratory are necessary to provide acceptable speed, precision,
and accuracy for training purposes before field sampling will be
adequate.
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