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Abstract House dust has been identified as a major
exposure medium for lead (Pb) in children. High
levels of Pb in soil and house dust have been recorded
at the Bunker Hill Superfund Site (BHSS) in northern
Idaho, an historic mining and seiting district, Soil
and dust remediation at the site was required;
however, regional background soil and dust Pb levels
had not been well characterized. The objective of this
survey was to determine background house dust Pb
levels and to’ compare those levels with concentra-
tions, and dust and Pb loading rates measured at the
BHSS. Seit and house dust samples were collected in
five towns demographically similar to the BHSS but
unaffected by the mining industry. The background
concentrations and loading rates were significantly
lower than those observed at the site, House age was a
significant factor affecting background soil and house
dust Pb concentrations and loading rates.
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1 Introduction

The most common cause of excess Pb exposure to
children is through everyday hand-to-mouth transfer
of Pb contaminated dust (HUD, 1995; Lanphear et al.,
1998). House dust is an important exposure medium
to marly environmental potlutants deposited on indoor
surfaces from outdoor and internal sources (Adgate,
Weisel, Wang, Rhoads, & Lioy, 1995; Butte &
Heinzow, 2002; Colt, Zahm, Camann, & Hartge,
1998; Lanphear et al., 1998; Lewis, Fortune, Willis,
Camann, & Antley, 1999; Lioy, Freeman, & Millette,
2002; Sayre & Katzel, 1979; Stem, Fagliano, Savrin,

Freeman, & Lioy, 1998). Of special concern are -

young children who craw! and play on carpeted
surfaces, where environmental contaminants are de-
posited, Children are most susceptible to Pb poison-
ing due to their developing blood-to-brain barriers,
higher absorption rates, and frequent hand-to-mouth
activity (ATSDR, 1997; CDC, 1991). According to
the CDC (1997), Pb poisoning is the most preventable
childhood health problem today in the United States,

Seientists have generally agreed that exterdior sources,
such as soil and street dust, contribute to Pb in regidential
dust via transfer of the exterior media into the house
(Adgate et al., 1995; Butte & Heinzow, 2002; Lanphear
et al, 1998; Lioy ct al., 2002; Sayre & Katzel, 1979).
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Figure I Northern [daho

and the Burker Hill Super-

fund Site. \
4

Interior Pb-based paint also contributes to house dust
due to chalking and chipping of the paint (HUD, 1995;
Marcus & Elias, 1994). Methods used to zppottion
house dust to exterior or interior Pb-containing sources
have recemtly been applicd. Adgate et al. (1998)
confirmed findings fiom other studies that outdeor Pb-
containing media (i.e., soils and street dust} are large
sources of Pb in house dust Using a chemical mass
batance mcthod, their findings suggest that soil and

@ Springer

State of Idaho

0 )
M&fm
1:1:200,000

street dust contribute approximately two-thirds of Pb
tnass in house dust, while Pb-based paints contribute
approximately one-third, Using scanning electron mi-
croscopy, results from a study by Hunt, Johnson, Watt,
and Thomton (1992), suggested thar paim, streer duse,
and garden soil ure the major yources of Pb in house
dust. Studies in Christchurch, New Zealand, atributed
Pb in house dust to paints (45%), soll (3-3%), strect
dust (15-20%), and scttled acrosols (15-25%) (Fer

i
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gusson & Schroeder, 1985). The Cincinnatt Ph Study
showed that 52% of the variation in surface house dust
Pb concentrations was due to interdor Pb in paint and
exterior surface dust Pb (Bomschein et al., 1986).
Results from structural equation modeling applied to a
ten-year database of the Bupker Hill Superfund Site
(BHSS) show that about 20% of the variation in dust Pb
concentration is explained by yard soil, city soil, and
neighborhood soil (within approximately a 60-m
(200 1) radius of the house) (TerraGraphics, 2060). A

linear regression model of the data used in the Coeur

d’Alenc River Basin risk assessment showed that yard
soll, interior. paint condition, and community soil
concentrations are responsible for nearly 50% of the

variation in floor mat dust Pb concentrations (Terra-

~Graphics; 2001). '

Many difficulties have arisen while investigating
‘the Pb component in household dust. One reason is
that house dust, a heterogeneous mixture of sources,
is nsuvally not uniformly dispersed (Hunt et al., 1992).
Bero, von Braun, von Lindern, Hammel, and Korus
(1997) showed that carpet type and soil particle
components affected the Pb distribution and dust
removal efficiencies on carpeted surfaces. Exposure
to Pb-contaminated house dust is of special concern in
areas where mining, smelting, or recycling of Pb has
occwred due to excess Pb mass found in these areas
(Landrigan & Baker, 1981; Murgueytio, Evans, &
Roberts, 1998; Roberts et al, 1974; Yankel, von
Lindern, & Waltey, 1977),

1.1 Bunker hill mining district

The BHSS encompasses the former Bunker Hill
Company Pb/zinc mining and smelting complex
and the approximate surrounding 34 square-kilometer
(21 square-mile} area. Located in Shoshone County
in northern Ydaho, the BHSS contains the towns of
Kellogg, Smeiterville, Pinehurst, Wardner, and_Page
whose combined pepulations total over 7,000 (Figure 1).
Approximately 4.5 square-kilometers {1,100 acres} of
the sitc lic in the floodplzin of the South Fork of the
Coeur d’Alene River (TerraGraphics, 1999). The
RHSS was placed on the National Prorities List on
September 8, 1983,

Over a century of mining wastes and 75 years of
smelter emissions left the BHSS contaminated with
metals and metalloids. Contaminants of concern
include antimony, arsenic, cadmium, copper, Pb,

mercury, and zine, Pb is of primary coneern at the site
and serves as an indicator of metal exposure (PHD,
1986, TerraGraphics, 2000 von Lindern, Spalinger,
Bero, Petrosyan, & von Braun, 2003). During 1973~
1974, the smclter operated withoul pioper air pollu-
tion control equipment following~4 fire in the main
baghouse. Resulting smelter emissions caused high
air Pb levels and deposition of fine Pb particulates
into area soils and dusts. Pb poisoning occurred at
unprecedented levels in the eatly 1970s due to air,
soil, and dust exposures (TerraGraphics, 1997; Yankel
et al, 1977). In those years, the blood Pb levels of
children living within approximately a 1.5-km (I mile) .

-radius of the smelter averaged nearly 70 ug/dl ‘ :
- {compared to the CDC action level at that time of ...
40 pg/dl). Those same children breathed an average air

Pb concentration of approximately 17 pg/m®; played
on yard soil with Pb concentrations of 7,460 mgkg;
and lived with house dust Pb concentrations of nearly
12,000 mg/kg (IDHW, 1976; TerraGraphics, 1997,

In 1983, when Bunker Hill became a Superfund site,
children residing in the BHSS communities had
average blood Pb levels of 16 pg/dl. These same
children had environmental exposures averaging near-
Iy 2,800 mg/kg Pb in their yard soils and 2,700 mg/kg
Pb in their house dust. When the smelter elosed in
1981, emissions ceased and BHSS air Pb levels fell
below the national ambient air quality standard
(NAAQS) of 1.5 pg/m’. By 1983, air Pb levels
averaged 0.18 pg/m® (TerraGraphics, 1997, 1999).

The blood Pb action level, set by the Centers for
Disease Control (CDC), was decreasing (from 30 pg/di
in 1975, to 25 pg/dl in 1985, and to 10 pg/dl in 1991)
as remedial progress at thig BHSS was being made
{CDC, 1991). Although 10 ug/dl is the current CDC’s
action level, significant discussion of lowering this
level is ongoing as researcll suggests there is no
margin of safety (Lanpheer, Dietrich, Auinger, &
Cox, 2000). The Remedial Action Objectives (RAO)
at the site, with respect to Pb absorptidn, and sotl and
dust Pb levels, were based on the Remedial Investi-
gation/Feasibility Study (RIFS) and established in the
Record of Decisten (ROD) for the populated zreas
(USEPA, [991). The RAOs aimed at reducing Pb
poisoning in the community are as follows (USEPA,
199ty

+ Less than 5% of children with blood Pb levels of
210 pefdi
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"+ No individual child exceeding 15 pg/di (nominally

less than 1% of the population)

The RAQs for residential soils 'and dusts in the
BHSS are as follows (WSEPA, 1991):

* . Remediate all residential yards, commercial proper-
ties, and rights-of-way {ROWSs) that have Pb con-
cenfrations >1,000 mgkg '

* Achieve a geometric mean yard soil concentration
<350 mg/kg for each community on the - BHSS

+ Control fugitive dust and stabilize and cover
contaminated soils throughout the BHSS

*  Achigve mean mnterfor house dust Pb concentrations
of 500 mg/kg or less for each community, with no

..individual house dust Pb level exceeding 15,000 meg/kg

Ultimately, the success of soil remediation will
depend on achieving blood Pb RAOs and reducing
house dust Pb concentrations to levels below the
RAQ. Significant decreases in exposure have been
observed in yard soils and house dusts at the BHSS
due to residential yard and public. and commercial soii
clean-ups, The site-wide geometric mean blood Pb
level of 2.6 pghidl in 2002, reflects the decreased
exposure {TerraGraphics, 2004).

Attempts to remediate the interior of res:dcnttal
houses in the BHSS were deemed. unsuccessful in
1990. Six houses were chosen for remediation of
carpets, rugs, and upholstered furniture. Carpets
contained most of the Pb 1mass. However, vacuuming
and shampooing indicated that substantial removal of
Pb from carpets was not achieved (CHEM Hill,
1991).

Soil remediation efforts are near completion in
Kellogg, Wardner, Page and Pinchurst. Remediation
of all residential yards and commercial/right-of-way
properties was completed in Smeiterville in 1997. In
1998, Smeitervilie achieved the soil RAQ, avetaging
[48 mg/kg (geometric mean) with no houges exceeg-
ing 1,000 mg/kg. However, dust Pb concentrations
averaged 570 mg/kg (geometric mean), with 10% of
the houses exceeding 1,000 mg/kg (TerraGraphics,
1999). In 1999, the Smelterville house dust geometric
mean was still 595 mg/kg, with 30% of the homes
exceeding 1,000 me/kg (TerraGraphics, 2000).

"It was not known it dust Pb concentrations at the
BHSS could be reduced to those outlined in the
RAOs. In Smelterville, where soil remediation was
complete and soil RAOs were met, dust Pb concen-
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trations remained in excess of 500 mg/kg. Lessons
learned from Smelterville are important for the other
BHSS communities- where soil remediation contin-
ues. Because regional background dust Pb levels

wete not well known for northern Idaho, the purpose B

of this survey was 10 collect ™dust” samples from
houses outside the BHSS, unaffected by the mmmg

industry,

The specific objectives of this survey were:

I. To determine background Pb concentrations in
house dust and residential soils for northern Idaho.

2. To evaluate underlying factors contribuling to house
dust Pb concentrations,

3. To compare the background house dust P coneens. ...

“Fiions 16 those found at the BHSS. -

2 Methods and Materials
2.1 Survey population and survey area

Demographic data from the 1990 U.S. Census were

obtained by cily and census block groups for northern .

Tdaho towns within and outside the BHSS, Factors
compared to the towns in the BHSS included total
population, percentage of people having a high
school degree, per capita income, percentage of
people below poverty level, percentage of houses
built from 1980-1990, percentage of houses built
from 1960-1979, and percéntage of houses built
before 1960. .

Star plots were used to._contrast these variables

~between towns and census block groups using the

Statistical Analysis Systern (SAS) (version 6.12). The
plots illustrate multivariate observations with a star-
shaped figwe. Each ray of the star represents a different

- variable, while the ray length is proportional to the size

of that variable (Friendly, 1999; Johnson, 1998). The
star plots were examined first by town, and then by
census biock groups. Towns and census block groups
similar to the BHSS towns of Smeltervilie, Kellogg,
and Pinehurst were selected as sampling locations,
Areas in larger towns, demogeaphically opposite of the
BHSS towas, were also chosen 1o identify underlying
factors contributing to house dust Pb levels,

Table 1 summarizes the socio-economic character-
istics used from the 1990 (LS. Census (U.S. Census

OMAHA109678
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Table I 1990 census data for northern 1daho towns chosen as background and BHSS towns (LS census bureau CD and r}xaps‘ 1997

Area® Total Percent having Per-capita Percentage Percentage  Percentage Percentage
popuiation a high school income below of homes of homes of homes
' degree povety - built before  built from built from
1960 19601979 1980-199(
Background Towns
Bovill® 238 76 9,141 % 75 16 8
Coeur d'Alene” 24,566 81 {2,107 14 41 42 17
Moscow® 18,519 92 10,204 23 41 44 15
“Past Falls® 7349 T 78 10,135 I 15 56 20
Potlatch® 831 73 9,724 - 14 78 15 7
BHSS Towns ‘
Kellopg 2,591 69 9407 23 76 22 3
Pinchurst [,722 10 9,858 15 42 33 6
29 8 22 L

Smelterville © 442 a3 8618

" {ata shown by 1own and notccmasblocks
®Town chosen as demographically similar to the BHSS towns.

“Town or area of fown chosen as demographically opposite to BHSS towns.

Bureau, 1997). In general, characteristics of the BHSS
towns (Smelterville, Pinehurst, Kellogg, etc) are
small, rural populations (<3,000 people), with 60% to
70% having at least 2 high school degree, low per-
capita iricome (<$9,900), higher poverty rats, and
older houses, mostly built before the 1980s. Bovill,
Cocur d’Alene, Moscow, Post Falis, and Potlatch were
the five background towns selected fiom the star plots

- (Figure 1). Bovill and Potlatch were selected because
characteristics were similar to Smelterville and Pine-
hurst, respectively. Coeur d’Alene and Moscow were
chosen because they contained census blocks with both
similarities and differences to the BHSS (separate
census block data are not shown in Table I). In order
to evaluate underlying characteristics (e.g., house age,
paint condition) that may contribute to dust Pb
‘concentrations, -Post Falls was selected because of its
dissimilarities. Post Falls has a fow percentage of the
population below poverty and higher per-capita income
than the BHSS towns and contains a smaller propor-,
tion of houses built before 1960.

Because housing age and type, and other socio-
cconomic characteristics arc often similar within a
neighborhood, 50 houses were chosen randomtly from
different acighborhoods throughout each town 1o
avoid data clustering. House locations are not
provided o ensure homeowner confidentiality. Par-
ticipation was entirely voluntary,

2.2 Environmental sampling methods

Three types of environmental samples were collected
during the months of March-May, 1999:

* A vacuum cleaner dust sample to quantify Pb
concentrations in house dust; '

» A floor mat to determine Pb concentration and
loading rate into the home during daily activities;
and

* A composite yard soil sampi¢ to determine possible
outdoor sources of Pb.

The sampling methods and procedures followed for
this survey are those used ai the BHSS in monitoring
activities (TerraGraphics, 1999). Once a block or part
of town was selected for sampling, door-to-door
soliciting began. If the resident/renter refused to
participate, solicitation continued at the next house. If
a resident/renter agreed to participate, {(s}he would sign
a consent form. The vacuum bag was collected and the
floor mat was placed with directions. The resident/
remter completed a questionnaire while yard soil
samples were collected. Once sampling was finished,
the entire pracedure was repeated in 4 new block of the
town. Sampling was not performed if the participant's
vacuum cleaner was used anywhere outside of the house
(as explained in the vacuum sampling procedure befow),
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Pb analysis was performed by Maxim Technologies,
Ine., Montana, in accordance with USEPA “Coniract
Labordtory Program Statement of Work for Inorganics
Analysis” ILM04.0, method number 200.7 (USEPA,
1995¢). All samples were sieved to the minus 80
staridard mesh fraction {178 1m) for direct comparison
1o samples coflected at the BHSS (TerraGraphics, 1999).
‘Aconfidence level ofalpha equat t0 0,05 was used forall
statistical tests. Quality assurance / quality control (QA/

QC) samples, such as field duplicates and field splits,

were collected, and the laboratory performed QA/QC
. such as method blanks, matrix spikes/matrix spike
duplicates and laboratory control samples.

. 2.2.1 Yacuum dust samples.......... ..

House dust collection methods have not been stan-
dardized, with the exception of the HUD dustwipe
methodology used for dust sampling and post abate-
ment cledrance for Pb-based paint (Adgate et al., 1995;
USEPA, 1995a, 2001). Vacwum bag samples havebeen
collected from homeowners” personal vacuums at the

Bunker Hill site since the carly 1970s and represent a

substantial portion of the BHSS database. Vacuum bag
. samples wete collected for historical comparisons.

The vacuum dust sample provides 2 general .

represéntation of Ph exposure to individuals inside
the house, Therefore, verification that the homeown-
er's personal vacunm had not been used anywhere
outside the house since the vacumm bag was last
changed was the first criterion to be met before the
vacuum bag was collected. If the critericn was met, the
vacuum cleaner was taken outside and either the entire
bag was collected or the contents were emptied into 2
sample container for analysis, regardless of whether
the home was carpeted or contained hard floors.

. 2.2.2 Floor mat dust samples

The floor mat dust collection method was developed
for the BHSS and the Coeur d’Alenc River Basin
Environmental Health Exposure Assessment in 1996
by the U.S. Environmental Protection Agency
(USEPA}, Panhandle Health District (PHD), the Kaho
State Department of Health and Division of Environ-
mental Quality, and the Agency for Toxic Substances
and Disease Registry (ATSDR) (TerraGraphics, 1999,
TerraGraphics and PHD, 1996). The floor mat dust
collection method measures Pb concentration and Pb
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loading rates {massfarea/time). Dust mats are manu-
factured by Arko™: the ‘Floor Sentry’ model is the

same model used throughout the BHSS. The mat arca

is 0.318 square meters {17 by 29 in.). These mats
consist of short fiber carpeting with a vinyl backing.

The carpeted floor miat was phaced at all partici-
pating houses to quantify Pb councentration, Pb
loading rate, and dust loading rate. Each mat was
placed inside the entry of primary use. Directions on
handling the mat {i.e., no vacuuming, sweeping, or
moving it around) while placed were provided orally

with a written instruction sheet.

The mats were collected from the residence approx-
imately 2 months after placernent and handled in a

All mats were placed into a ciean paper envelope and
kept flat, fiber side up. They were sealed in boxes at all
times prior to sample processing. ‘

The mats were vacutumed for dust collection at a
University of Idaho dust-free laboratory. This labora-
1ory was previousty used 10 evaluate vacuuming
techniques and carpet types for detecting Pb contam-
mation (Bero, 1994; Bero et al, 1997). Mats were

vacuumed by direct contact with the nozzle, from

right to left over the entire mat and its vinyl edges,
and repeated from top to bottom. Any areas on the
mat with remaining visible dust were vacuumed again
in the same manner. The mat was then turned over
(fiber side down) on the envelope; the back of the mat
was struck with a series of blows with a wooden rod
{this causes a substantial portion of the remaining soil
to fall onto the surface of the envelope). Firally, the
surface of the envelope was vacuumed o remove any
vigible dirt or dust that fell. £om the mat during the
procedure, The recovered dust mass was recorded for
cach mat vacuumed, The recovered dust mass divided
by the arez of the mat and the number of days the mat
remained at the home provides the dust loading rate,
which is then multiplied by lead concentiation of the
dust to.provide the lead loading rate.

2.2.3 Soil samples

Yard soil sample collection consisted of one core sub-
sample for approximately every [50 square meters
(500 sqquare feet) of yard. The sample was collected as
close to the middle of each approximate measured 150
square weter section as possible. The core samples
were obtained from the 0-2.54 cm (or  O-1 in.) iayer

~fnanner-so-that-sample-vohume was not comproruised -

OMAHA109680



Environ Mosit Assess (2007) 130:57-72

63

Table I Dust and soil lead concentration summary statistics for background towns

No, of samples Arith. mean Std. dev. Min Max Geo mean Geo std, dev.
Soil {(mg/ke) ' ‘
Bovill 10 144 139 39 5258 12 2.0
Coeur 4'Alene 10 59 55 RL? 180~ 38~ - 28
Moscow 10 43 42 BL" 1390 24 3.5
Post Falls 10 0 75 BL? 260 45 28
Potlatch 10 8 77 20 270 58 23
All towns 50 79 88 BL* 525 48 - 29
Yacuum dust (mg/ks)
Bovill 9 - 145 8 38 337 123 1.9
Cocur d'Alene 0 237 236 58 676 152 2.7
Moscow o {20 258 BL? 830 83 40 .
Post falls 10 72 216 .26 748 102 2.8
Potlatch - 1o o7 oo las 48 433 56 220
ALt g T S o0 s P
Floor mat dust (mg/kg)
Bovill 8 112 153 22 483 69 25
Coeur d'Alene 10 261 379 BLY 1,280 130 3.3
Moscow 19 157 280 21 924 68 33
Post falls 9 135 88 51 308 112 1.9
Potlatch 10 131 78 32 292 109 2.0
Al towns a7 162 229 BLY 1,280 g5 2.6
Dust loading rate (mg m™* day™) ‘
Bovill 8 1,373 993 306 3,403 1,076 2.2
Coenr d'Alene 10 704 1,154 12 3,840 265 4.9
Mascow , 10 410 364 15 1,315 315 e
Post fulls 9 403 343 96 1,173 301 2.2
Potlatch 10 1,239 2470 53 £,001 26 5.1
All towns. 47 812 1,347 12 8,001 34 35
Lead loading rate {mg m™ day™!) ‘ : : _
Bovill ' 8 0.157 0.257 0.019 0.781 0.074 3.220
Coeur ¢ Alene 10 0,303 0.583 0.000 1.523 0.058 0.096
Moscow 10 0.141 0.378 0.003 1.215 0.022 5.334
Post falls 9 0.064 9,083 0610 0.221 0.034 3.076
Potlatch 10 0125 0.211 0.004 0.651  _0.036 5.395
All towns . 47 0.160 0.348 0.000. 1523 20040 4759

BL=Below Practical Quaniitation Limits (PQL) (lead concentrations, if present, were not guantifiable; Ealf the PQL is used for all

means siud statistics),
“PQL is <10 my/ke.
P PQL is <50 my/ke.

-
of s0il and combined into a single composite sampie
for the house. Sod and vegetation, if present, were
removed from the top cemtimeter(s) of the sample,
Samples taken under or adjacent to trees, shrubs,
structures, driveways, and sidewalks were avoided.

2.3 Questionnaire

In addition to collecting environmental samples, the
head of the houschold at each participating residence

was asked to complete & guestionnaire. The same

questionnaire was used for the BHSS and the Coeur
d'Alenc River Basin Environmental Exposure As-
sessment (TerraGraphics, 2000). The factors used for
the background analysis include the number of
people residing i the home, age of the housc,
interior remeodeling of the house, and interior and
exterior paint conditions. Interior and exterior paint
conditions are subjective factors as they were based
on the sampier’s observations, Three codes were

€) Springer
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used: 1=good condition, 2=same chxppmg, and 3=
chipping and chatking of the paint.

3 Results
3.1 Dust and soil lead concentrations/loading rates

Vacuum, floor mat, and seil Pb concentrations, and the
dust and Pb loading rates for the 50 houses sampled in
the five towns are summarized in Table 11, Soil data
were collected from alt 50 houses; vacuum bags were
collected at 49 of the 50 houses. At one house, the

vacuumn sample was not collected because after the
__resident agreed to participate and soil sampling began, - —

it was discovered that the vacuum cleaner was
unavailable, Forty-seven of the 50 (94%) mats placed
were collected; three of the participants had discarded
the mat. All QA/QC analysis by the laboratory fell
within quality control measurements. The overall soil
Pb peometric mean concentration was 48 mg/kg; the

overall vacuum dust Pb geometric mean conceniration’

was 120 mg/kg; and the overall floor mat Pb geometric
mean conceniration was 95 mgkg. The floor mats

provide additional information on the rate at’ which .
dust and Pb enters the-home. Mats collected dust for an:

average of 61 days, and collected approximately 16 g
of dust. The overa“ﬂ geometric mean dust loading rate
was 374 mg m™ day whxie the overall Pb loading
rate was 0.040 mg m™ day geometric mean.

To explore the relationship between dust and cutdoor
yard soil Pb concentrations, comrelations were performed
on the log-transformed variables, Log-transformations
were used to correct for non-normal distributions. The
correlation berween vacuum and soil Pb concentration
was 042, while the correlation between floor mat and
soil P'b was (1.53. Both correlations are significant (all P-
values <0.003). Vacwum bag and floor mat Pb
concentrations were also significantly conelated (5=
0.63, P<0.0001).

3.2 Factors affecting background house dust

‘House age categorics were used in the apalysis and
chosen based upon Guidelines for the Evaluation and
Control of Lead-Based Paint Hazards in Housing
{HUD, 1995). No clear cut-off date exists for Pb in
paint. Use of Pb in residential paint wag phased out
beginning in the 1960s. 1t was first regulated in 1972
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to 0.5% Pb dry weight, and banned in 1978 to 0.06%
Ph dry weight or less (HUD, 1995). To preserve
quality in the cutoff date for house age, yot maintain
sufficient observations between old and new houses,
two house age categories were used to analyze the
data — houses built priot to l%f)"and‘houses built in
1960 or after.

Variables analyzed were observational in nature;

‘therefore, unbalanced analysis of variance (ANOVA)

was performed on the natural log of the five variables
(soil, vacuum, and floor mat Pb concentrations, and
dust and Pb loading rates). Log-transformations were
applied to the data to correct for non-normal residuals
and homogeneity of variance. A paired t-test showed

a significant difference (P=0.03) in Pb-conicentratigng ~

between the two methods of collecting house dust
{vacuum bag versus floor mat). Therefore, the two
fead dust concentrations were evaluated separately in
the following analyses.

For the background towns, ANOVA was used to
determine if Pb concentrations varied demographical-
Iy and among different house ages. When two factors
arc analyzed in ANOVA, a significant interaction
between the two factors means that the effect of one

factor is not independent of the'presence of 3

particular level of the other factor, causing difficulty
in igolating the effects of the two factors, Therefore,
the significance of the interaction term is provided
throughout the results in order to point out which
factors are more difficult 1o interpret. No significant
interaction occurred between fowns and house age
(P=0.4}, and no significant differences were observed
between towns (P=0.1) except for soil Pb concen-
trations (P=0.03). A multiple’Comparison test (using
Tukey’s methed) showed Bovill with significantly

-higher soil Pb concentrations than Moscow, Post

Falls, Coeur d'Alene, and Potlaich, Four of the five
variables (floor mat, vacuum, and soil Pb concen-
trations, and Pb loading rates) showed & significant
difference between the two housc age categorics
(all P.values <0.0007). No significant difference
existed between house age categories for dust loading
rate (P=0.06).

Older houses showed higher Pb concentrations and
loading rates,. but also contained maore variability
{Table U, For f{urther statistical analyses, all towns
were collapsed into one data set, keeping house age
categories separate. In the soil Pb concentration
comparison of the background data to the BHSS data,
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Table 11 Summary statistics by house age

No. of samples Arith. mean Std. dev. Geo. mean Geo, std. dev.
Soil lead concentration {me/kg)
Houses buil: <i960 29 F12.9 [0L3 85.1 . 2.1
Houses buift 1960 21 331 29.7 - 223 - 2.6
Vacuum lead conceatration {mg/kg)
Houses bulr <1960 28 263.1 219.1 192.9 S22
Houses built 1960 21 85.4 61.9 63.5 24
Fioor mat lead concentration (mg/keg) )
Houses built <1960 27 2298 2815 1433 2.6
Houses built 21960 20 : 70.0 56.4 54.6 2.0
" Dust foading rate {mg m™? day™") :

Houses buiit <1960 27 £,151.2 16651 5594 3.6
Houses buili 21960 20 353.0 4644 217.1 2.8

- Houses built <1960~~~ ap T R 5080 Ve
Houses built 21960 20 0.018 0.014 0.015 2.156

soil data for Bovill were removed based on Bovill’s
significantly different Pb concentration. Because
Bovill was covered in approximately in 1-1.5 m {(4—
5 fi) of snow when soil sampling occurred, it was
difficult to collect samples fom the middle of the
. yard. Therefore, samples were sometimes collected
nearer 10 the sidewatk or house. This may have biased
the soil samples collected from Bovill, which is why
those data were removed from the soil comparison
analysis. ‘

The number of people residing in the home
significantly affected Pb loading rate only (P=
(.007). No significant interactions were observed
between house age and the number of people residing
in the home (all P-values »0.07). When more than
four people reside in a house, Pb loading rate

increases almost four times over that when less than-

four live in the house. In houses built prior to 1960,

Ph loading rate is 0.2 mg m ™ day™' when four or less

people reside in the house; it increases to 0.7 mg m™>
day™" when more than four people reside im the
house.

No significant differences were observed between
poor and good inside paint conditions (all P-valucs
>(.1). Poor conditions were condition codes 2 and 3,
while goed condition was based on code 1. No
significant interactions occurred {all P-values >0.1},
Differences between house age categories became less
distinct in dust and Pb [oading rates. However, only
one house built in or after 1960 was observed as
having poor paint conditions.

No significant differences in dust and Pb loading’
rates exist between poor and good outside paint

" conditions (all P-values >0.06). House age differences

were not significant (P>0.1) except for Pb loading
(P=0.03). However, like inside paint condition, only
one observation for a house built in or afier 1960 was
observed as having poor paint conditions.

Whether or mot a house had been remodeled
showed a significant difference for dust loading rate
onty {P=0.01). No significant interactions were '
observed (Fz0.08). Remodeled houses show lower
dust loading rates than houses that have not been’

“remodeled. Although not statistically different (P=

0.06}, older houses (built before 1960) exhibited 1.5~

2,5 times higher vacuum and floor mat Pb concen- -
trations for remodeléd houses than for houses that had
not been remodeled. Geometric mean mat and vacuum
Pb concenirations for older homes that were not
remodeled were 78 and 153 mg/kg, respectively, These
concentrations increase to 194 and 224 mg/kg, respec-
tively when older homes have recently béen remodeled.

3.3 Bunker hill towns versus backgmlund towns

The BHSS data used in the comparison analyses to
background data are shown in Table IV. The total
number of abservations in the 1998 Bunker Hill data
decreased because only houses with questionnaire
data were used. The geometric mean soil Pb concen-
tration was 245 mg/kg. The geometric mean vacuum
dust lead concentration for Kellogg, Pinehurst, and

_@ Springer
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Table IV Summary statistics of 1998 Bunier hill dsta used for comparison analysis

Sinelterville was 468 mg/kg. The geometric mean
floor ‘mat Pb concentration was 1,026 mg/kg. Dust
and Pb loading rates at the site averaged 291 and
0.298 mg m™ day™', respectively.

Unlike the background data, no significant differ-
ences exist in the Bunker Hill data between house age
categories for any of the five variables (P=0.2), There
werg also no significant interactions between town
and house age (P=0.07). Floor mat and vacuum Pb
concentrations and dust joading rate exhibited signjf-
icant differences between towns (P<0.04). Multipie
comparisons showed Pinchurst was significantly
different from Kellogg and Smelterville. Soil Pb
concentrations and Pb loading rates showed no
difference -between towns (P>0.05). Smelterville,
Kellogg and Pinehurst were each compared to the
background survey, although Pb loading rate showed
no significant difference between the BHSS towns,

Dust Pb concentrations in Smelterville were 3-14
times higher than background concentrations (P<

o) Springer

0.02) with both vacuum and floor mat methods

(Figure 2a~b). Vacuum Pb concentration (Figure 2a)
did not show a significant interaction between town
and house age; however, floor mat Pb concentrations
did (£=0.04). All subsequent Teferences to significant
or non-significant interaction refer to the two factors
of house age and town. Figure 2b shows that newer
houses in background towns (55 mg/kg) exhibit
approximately 30% of concentrations in older houses
{143 mg/kg), while Smelterville concentrations in
aewer houses (755 mg/kg) are about 60% of these in
older houses (1,028 mg/kg). Figure 2¢ shows signif-
icantly higher Pb loading rates in Smelterville than in
background towns, Pb loading rate also showed a
significant interaction (P=0.0002). However, Pb
loading rates in Smelerville are significantly higher
in newer houses (0.4 mg m™" day™') as opposed to old
homes (0.32 mg m™ day™'): an opposite trend is seen
in the background data. Dust oading rates were not
significantly different between house age and town,

No. of samples Ave Std. dev. Min Max Geo mean Geo std, dev,
Soil {mg/ks) .
Kellogg 158 840 1,389 100 7,910 165 4.2
Pinchurst 22 493 369 37 1,850 - 383 = 22
Smelterville 40 2i3 334 160 2,060 140 ‘ LI
All towns 220 691 1,216 37 7910 245 3.7
Vacuum dust {mg/kg)
Kellogg 15 786 494 180 2,060 657 1.9
Pinehurst 15 523 504 71 2,060 354 26
Smelterville 3 430 269 120 600 345 2.5
All towns 33 634 493 71 2,000 468 2.3
_ Floor mat dust (mg/kg)
Kellogg 161 1,846 3,221 130 29,000 1,184 22
Pinchurs 28 1 744 160 400 S99 20 .
Al rowas 230 1,553 2,751 130 29,000 1,026 22
Dust loading rate (mg m™ day ™)
Kellogg 161 ) 440 677 34 4,629 249 272
Pinehurst 27 9261 1,014 41 - 4,037 573 3.00
Smelterville 41 562 688 68 3,522 345 2,58
All towns 229 523 742 34 4,629 291 282
Lead loading rate (g m% day™) ‘ :

. Kellogg 161 1.260 5.442 ¢.020 51.250 0.294 31888
Pinthurst 27 0.707 1.030 0.020 3.590 0.297 3858
Smelterville 4} 0,484 0.524 0.040 2720 0.317 2.514
All towns o228 1.056 4,589 0.020 51250 9,298 1.614

:
i
1
i
1
4
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but there was a significant interaction (P=0.002)
{Figurc 2d). Background towns have higher dust
Joading rates than Smeltervitie for older homes, while
Smelterville’s ioading rates increase for newer homes
but decrease for the background towns. Soil Pb
concentrations also had a significant interaction (P=
0.0001). However, a significant difference between
Smelterville’s soil concentrations and background
towns was observed (P=0.0001). While yard soil
concentrations of newer homes in background towns
are lower than those of older homes, soil concen-
trations increase for newer homes in Smelterville
(Figure 2e).

Floor mat and vacuum Pb concentrations and Ph

loading rates are significantly higher in Kellogg than. .

~in background towns (P<0.0001) (Figure 2a-b).
However, significant interactions exist (P<0.02).
Kellogg dust Pb means are significantly higher than
background, with no significant differences between

ages of Kellogg homes (Figure 22-b). Figure 2¢

shows Kellogg also has significantly higher Pb
loading rites than background levels. No significant
difference between background and Kellogg levels is
observed for dust loading mite (P=0.2). Dust loading
rate also shows a significant interaction (P=0.002)
because background levels in older houses are higher
than in Kellogg and decrease to levels below those in
newer houses in Kellogg (Figure 2d). The same trend
observed in the vacuum and floor mat data is also
noticeable in the soil Pb concentrations. A significant
interaction ocourred (P==0.005), but.yard soil Pb
concentrations. are significantly higher in Kellogg
compared to background towns (P=0.0001) and ne
difference is observed between house ages in Kellogg
data (Figure Ze).

Significant differences were observed between
Pinehurst dust Pb concentrations and background
concentrations (P<0.0001) (Figure 2a-b). Floor mat
Pb was the only variable to have a signifjcant
inferaction (£=0.03). However, Figure 2b shows that,
while background concentrations decrease with house
age, Pinehurst concentrations increase slightly with
house age. Figure 2¢ shows significant differences in
Pb loading rate between Pinehurst and background
towns (P<0.0004). Dust leading rates seen in
Figure 2d are not significantiv different beoween
Pinchurst and background towns (£>0.12). Figure 2¢
illustrates the significant differences observed in soii
Pb concentrations berween the two sites (P=0.0001).

4 Discussion
4.1 Dust and soil lead concentrations/loading rates

The northern Idaho background house dust concen-
trations arc very stmilar -to-thwse reported in a
Washington State Department of Health (WSDH)
survey that targeted hormes built before 1960, house-
holds with children less than 3 years old, and
households with incomes. below the poverty level

" (WSDH, 1997). The WSOH focused its survey on

larger cities throughout Washington and used different
sampling methods than those used at Bunker Hill,
Although house dust samples were collected. by a

different method-{wipe); the geometric mean Ph-conz-
centration in Spokane, Washington was 201 mg/kg.

Outdoor soil is a known source of house dust, The
scatter plots and correlations obsetved between yard
soil and house dust Pb concentrations suggest a
positive lincar trend when log transformed. Soil Pb
concentrations had a stronger relationship with floor

“mat concentrations than with vacuum Pb concentra-

tions. This would be expected because of the namre of
the sampling methods. Floor mats measure mote of
what is entering the home from the main entrance, than
do vacuums, which represent a composite, or average,
Pb concentration throughout the home. The vacuum
method is largely uncontroiled with respect to personal
use patterns, but has been used at Bunker Hill since the

early 1970s. Therefore; it might be expected that the

figor mat Pb concentrations are more highly correlated
with outdoor soil concentrations.

Vacuum bag Pb concentrations tend to be higher
than floor mat Pb concenffations in the background
survey, The opposite trend is seen in Bunker Hill dats;
floor mat Pb concentrations tend to be higher than
vacuum bag Pb concentrations. This result supports
the idea that outside sources more significantly affect
the floor mat in Bunker Hill than do interior Pb-based
paint sources. Higher outdeor Pb concentrations are
being brought indoors at Bunker Hill, where more
outdoor Pb contamination exists, than interior 'b-
based paint sources typical of older housing through-
out northem I[daho.

4.2 Factors affecting background house dust

House ape was the most significant questionnaire
factor analyzed, influencing not only dust Pb concen-

@ Springer
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trations but also dust and Pb loading rates in fowns
where residual anthropogenic sources of Pb (ie,
paint, solder, gasoline, etc) exist. Background” dust
and soil concentrations reveal significantly higher Pb
concentrations in homes built before 1960. Although

the number of people residing in the home exhibited a -

significant effect only in Pb loading rate, higher dust
Pb averages were seen in older homes when more
than four people reside in the home. A less distinct
difference occuwrred in newer homes, most likely due
to less Pb mass in and around the home from residual
sources. o

" Houses huite 21960

Inside and outside paint conditions were insignif-
icant factors. However, the ANOVASs represent two
cases where unbalanced data create difficulty in
interpretation. In both cases, only one new home
had either poor inside or outside paint condition and
conclusions should not be drawn from these results.
No quantitative analysis was performed to determine
Pb paint concentrations and conditions in the houses
sampled. A standard qualitative method was employed
where visul paint chips and ¢halk on a finger would
result in that house being categorized with bad paint
conditions. Subjectfivity is inherent using this method

&) Springer
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and may be affecting these factors. Paint Pb icvels in
combination with paint conditions would be a better
measure of a Pb paint hazard.

Remoadeled houses had lower dust loading rates
than houses that had not been remodeled. 1t is likely
that, as the inside of a house is being remodeled, more
awareness to Gust and debris results in more cleaning.
On the other hand, Pb concentrations and Pb loading
rates were all highest in older, remodeled homes.
Hotnes built in and after 1960, conversely, do not

show much of a difference in Pb concentrations and

Pb loading rates between remodeled houses and
houses that have not been remodeled. Higher dust
concentrations and Pb loading rates in remodeled

houses is an effect of old Pb-based paint, explaining
the differences observed in older homtes. The

ANOVAs performed on three factors — number of
people residing in the home, paint conditions, and

- . whether remodeling had oc<:_um—:'d - Were mote

exploratory than confirmatory analyses.

Blood Pb studies show increased blood Pb levels
in children residing in older houses, supporting the
significant  house age effects observed in the northemn
Idaho background survey. The National Health and
Nutrition, Examination Survey (NHANES 1I 1991-
1994) reports average blood Pb levels of children
between the ages of 1-5, by the year in which their
houses were built. The levels are 3 8 pg/dl for houses
built prior to 1946, 2.8 pg/dl for houses built between
1946 and 1973, and 2.0 pg/d] for houses built after
1973 (Pirkle et al., 1998).

Houses built prior to 1960 may contain Pb-based

paint (FIUD, 1995}, and may have had more fallout

from leaded gasoline, prior lo its phase out in the
1980s. These are afl anthropogenic (or residual)
sources of Pb to the home environment that are typical
of old residential arcas in the US. Pb-based paint was
phased out in the 1960s, first regulated in residential
paint in 1972, and banned in 1978 (HUD, 1995). For
these reasons, the older houses sampled in the back-
ground survey showed higher Pb concentrations and
loading rates than did newer houses. However, many
conditions and factors cause differences in Pb
concentrations and loading rates. Occupations and
personal hobbies may also contribute 10 Ph contam-
ination of a house. Workers may bring Pb particles
home on their boots and clothing, hobbles, such as
soldering stained glass, can cause releases of Pb
particles.

@ Springer

4.3 Bunker Hill towns versus background towns

House age did not show a significant effect in the
1998 Bunker HiY dats. This effect may be duc 1o a
more narrow variation in house age at Bunker Hill
compared to a wider variation #- hotise age in the
background survey. However, significant differences
for vacuum and floor mat Fb concentrations and dust
loading rates were observed among towns. Therefore,
each of the three Bunker Hill towns was analyzed
separately compared to the background data.
Vacoum and floor mat dust Pb concentrations and
Pb loading rates were all significantly higher In
Smelterville, Kellogg, and Pinchurst compared to the

house ape categories. Dust loading rate was not
significantly -different between the studies because
older background homes typically had higher dust
joading rates than older Bunker Hill homes, whereas
newer background homes had lower dust loading rates
than newer Bunker Hill homes. Although the dust mass
entering background towns was higher than those in
Bunker Hill towns, the Pb mass entering the homes in
the BHSS is significantly higher than background. The
timie of year at which the background and Bunker Hill
data were collected may be important, Background data
were collected in spring while Bunker Hill samples
have historically been collected in late summer and
carly fall. The difference in season could affect the dust
and lead loading rates because spring may be a wetter
season than summer. Sampling at the homes participat-
ing in this background survey continued in order fo
examine seasonal effects of P in house dugt (Petrosyan
et al, 2006). Another survey df seasonal effects of

" blood Pb levels in Boston showed floor dust Pb

variation throughout the year (USEPA, 1995b). How-

* wever, the sampling methods were different from the

techniques used for the northern Idaho background
survey and Pb levgls were reported as a mass (in
micrograms)} rather than as a concentration.

The greater Pb concentrations and quantities in
BHSS towns suggest that there is still a significamt
source of Pb contaminating house dust above back-
ground concentrations. In 2 town such as Smeiterville
where soil remediation is complete, higher Ph
concentrations and loading rates may be due to either
reservoirs of Pb inside the house (e.g., the attic or
deeply embedded in the carpet) or recontamination of
outside sources, such as right-of-way or gravel drive-

background towns.sampled. in. this. survey. for-bothe s

OMAHA109688



Environ Monit Assess (2007) 130:57-72

71

ways {TerraGraphics, 2000). Another possibility is a
time-lag factor. Soil remediation in Smeltervitle was
completed in 1997 but it may take more tine to
determine if dust Pb concentrations will fall below the
RAOs or if interior remediations will be necessary to
reduce dust Pb concentrations in homes where levels
remain high.

5 Conclusions and Recommendations

"The overall purpose of this survey was to determine
background house dust Pb levels for demographically
similar towns unaffected by the mining induostry in
_northem Idaho and to compare those levels with
concentrations and loading rates observed at the
BHSS. One of the objectives was io also evaluate
underlying factors contr:butmg to house dust Pb
concentrations. :

+  House age was determined to be the most significant '

factor affecting background Pb levels in house dust. In
the BHSS towns where past smelting and mining
operations created a source of Ph, the house age effect
was not as strong because Pb contarmnated all media
in and around these towns, ) :

+ The bhackground Pb levels measured in this survey
are significantly lower than the 1998 Pb levels
observed at the BHSS.

*  The RAOs established for the BHSS need to be
clarified and updated, The house dust sampling method
was not stated in the RAQ and it has been observed, not
only with BHSS data but also with background data,
that results differ with sampling methods,

*  Further laboratory analysis, such as fingerprinting or

" speciation, would help to determine the Sources of
housc dust in the background house samples versus
those in the BHSS samples. It would also further
characterize the house dust observed at the BHSS
today by differentiating between background concen-
trations and increased concentrations associated with
past mining and smelting activities.
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