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Abstract &rouse 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 noehern 
Idaho, a n  historic mining and smelting 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 t o  compare those levels with conccntn- 
tions, and dust and Pb loading rates nicasured at the 
BHSS. Soil 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 thosc obscwed 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 conunon cause of excess Pb exposure to 
children is through everyday hand-to-mouth m s f e r  
of Pb contaminated dust (HUD, 1995: Lanpliear et a]., 
1998). House dust is an impo~tant exposure medium 
to many environmental pollutants deposited on indoor 
surfaces from outdoor and intcmal sources (Adgate, 
Weisel, Wang, Rhoads, & Lioy, 1995; Butte & 
Heinzow, 2002; Colt, Zahm, Camann, & Hartge, 
1998; Lanphcar et al., 1998; Lewis, Fortunc, Willis, 
Can?ann, & Antley, 1999;zoy, Freeman, & Millem, 
2002; Sayre & Katzel, 1979: Stem, Fagliano, Savrin, 
Freeman, & Lioy, 1998). Of special concem are 
young children who crawl and play on carpeted 
surfaces, where environmental contaminants are de- 
posited. Children are most susceptible to Pb pooison- 
ing due to their developing blood-to-brain barriers, 
higher absorption rates, and frequent hand-to-mouth 
activity (ATSDR, 1997; CVC, 1991). According to 
the CDC (1997). Ph poisoning is the most preventable 
childliood health problem today in thc Unitcd States. 

Scientists have generally ayrccd that emtior suurces. 
such a soil and street dust, contribute to PI, in rwidenrial 
dust via transfer of thc extcrior tncdia into the housc 
(Adgatc et al.. 1995; Butte & Hcinww, 2002; Lanphear 
el a]., 1998: Lioy ct a]., 2002; Sayrc & Katzcl, 1979). 



Interior Pb-based paint also contributes to house dust 
due to chalking and chipping of the paint (KUD, 1995; 
Marcus & Elias. 1994). Methods used to apportion 
Ihouse dust to exterior or interior Pb-containing sources 
llave recently been applied. Adgate et al. (1998) 
confinned findings +om other sntdics hat  outdoor Pb- 
containing media (i.e.. soils and street dust) are large 
sources of Pb in lmuse dust. Using a chcmical nlass 
balance nicthod, thcir findings suggest that soil and 

street dust cotmibute approximately two-thirds of Pb 
tnas  in house dust, while Pb-based paints contribute 
approxilnately one-third. fJsing scanning elechon mi- 
croscopy, results t o m  a study by Hunt, Johnson; Wan, 
and Thomton (1907), suggest& that paint, sticer dtsl, 
and gnrdc~~ soil ;ire thc timjor sources of Pb in liousc 
dust. Studies in Christchurch, New Zealand, amibuted 
Pb in lhousc dust to paints (45%), soil (3-5%), street 
dust (15-20%). and scnled acrosols (15-25%) (Fcr- 

Springer 
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gusson & Schroeder, 1985). The Cincimati Pb Study 
showed that 52% of the variation in surface house dust 
Pb concentrations was due to interior Pb in paint and 
exterior surface dust Pb (Bornschein et al., 1986). 
Results fiom structural equation modeling applied to a 
ten-year database of the Bunker Hill Superhnd Site 
(BHSS) show that about 20% ofthe variation in dust Pb 
concentmion is explained by yard soil, city soil, and 
neighborhood soil (within approximately a 60-m 
(200 t?) radius of the house) (TemGraphics, 2000). A 
linear regression model of the data used in the Coeur 
d'Alene River Basin risk assessment showed that yard 
soil, interior paint condition, and community soil 
concenhntions are responsible for nearly 50% of the 
variation in floor mat dust Pb concenmtions Terra- 
Graphics, 200 

Many difficulties have arisen while investigating 
the Pb component in household dust. One reason is 
that house dust, a heterogeneous mixture of sourccs, 
is usually not uniformly dispersed (Huntet al., 1992). 
Bero, von Braun, von Lindem, Hammel, and Korus 
(1997) showed that carpet type and soil paltick 
components affected the Pb distribution and dust 
removal efficiencies on carpeted surfaces. Exposure 
to Pbkontaminated house dust is of special concern in 
areas where mining, smelting, or recycling of Pb has 
occwed due to excess Pb mass found in these areas 
(Landrigan & Baker, 1981; Murgueytio, Evans, & 
Roberts, 1998; Roberts et a]., 1974;' Yankel, von 
Lindem, & Walter, 1977). 

1.1 Bunker hill mining district 

The BHSS encompasses the former Bunker Hill 
Company Pblzinc mining and smelting complex 
and the approximate surrounding 34 square-kilometer 
(21 square-mile) area. Located in Shoshone County 
in nonhern Idaho, the BHSS contains the towns of 
Kellogg, Smeiterville, Pinehurst, Wardner, andpage 
whose combined populations total over7.000 (Figure I). 
Approximalely 4.5 square-kilometers (1,100 acres) of 
the sitc lie in the floodplain of the South Fork of the 
Coeur d'Alene River (TerraGraphics, 1999). Thc 
BHSS was placed on the National Prioriiin List on 
Scptembel- 8, 1983. 

Over a century of mininy wastcs and 75 yews of 
smelter emissions leR the BHSS conraniinated with 
metals and mctdloids. contaminants of concern 
include antimony. arsenic, cadmium, copper, Pb, 

mercury, and zinc. Pb is of primary concern at thesite 
and serves as an indicator of metal exposure (PHD, 
19Xb: TenaGraphics, 2000; von Lindem. Spalinger, 
Bero, Petrosyan, & von Braun, 2003). During 1973- 
1974, the smclter operated without proper air pollu- 
tion control equipment followmgd- 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 early 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 (1 mile) 
radius of the smelter averaged nearly 70 &dl 
(compared to the CD.C action level at that time of 
40 &dl). Those same children breathed an average air 
Pb concentration of approximately 17 &n3; played 
on yard soil with Pb concentrations of 7,400 mgkg; 
and lived with house dust Pb concentrations of nearly 
12,000 m& (IDHW, 1976; TerraGraphics, 1997). 

In 1983, when BunkerHill became aSuperfimdsite, 
children residing in the BHSS con~munities had 
average blood Pb levels of 16 @/dl. Thesc same 
children had environmentnl exposures averaging near- 
ly 2,800 mgkg Pb in their yardsoils and 2,700 m a g  
Pb in their house dust When the smelter closed in 
1981, emissions ceased and BHSS air Pb levels fell 
below the national ambient air quality standard 
(NAAQS) of 1.5 &m3. By 1983, air Pb levels 
averaged 0.18 @n3 (TemGraphics, 1997, 1999). 

The blood Pb action level, set by the Centers for 
Disease Control (CDC), was decreasing ( h m  30 pg/dl 
in 1975, to 25 pgidl in 1985, and to I0 &dl in 1991) 
as remedial progress at BHSS was being made 
(CDC, 1991). Although 10 pgldl is the current CDC's 
action level, significant discussion of lowering this 
level is ongoing as research suggests there is no 
margin of safety Panphear, Dietrich, Auinger, & 
Cox, 2000). The Remedial Action Objectives (RAO) 
at the site, with rcspect to Pb absorptidn, and soil and 
dust Pb Icvels. wcre based on the Remedial Invcsti- 
gation/Feasibility Study (RVFS) and established in the 
Record of Decision (ROD) for the populated areas 
(USEPA, 1991). The RAOs aimed at reducing Pb 
poisoning in rhe community are as follows (USEPP.. 
1991): 

Less than 5% of children with blood Pb levels of 
210 )~$/di 
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No individual child exceeding 15 pgldi (nominally 
less than I% of the population) 

The RAOs for residential soils and dustsin the 
BHSS are a s  follows (USEPA, 1991): 

Remediate all residential yards, commercial proper- 
tie, and rights-of-way (ROWS) that have Pb con- 
centrations > 1,000 mgikg 
Achieve a geometric mean yard soil concentration 
<350 mg&g for each community on the-RHSS 
Control fugitive dust and stabilize and cover 
contanlinated soils throughout the BHSS 
Achieve mean interior house dust Pb concentrations 
of 500 mngikg or less for each community, with no 
individual house dust Pb lcvel exceeding 1,0001ng/kg 

Ultimately, the success of soil remediation will 
depend on achieving blood Pb RAOs and reducing 
house dust Pb conc&trations to levels below the 
RAO. Significant decreases in exposure have been 
observed in yard soils and house dusts at the BHSS 
d ie  to residential yard and public and commercial soil 
clean-ups. The site-wide geometric mean blood Pb 
level of 2.6 pgldl in 2002, reflects the decreased 
exposure (TenaGraphics; 2004). 

Attempts to remediate the interior of residential 
houses in the BHSS were deemed'unsucces&l in 
1990.Six houses were chosen f o r  remediation of 
carpets, rugs, and upholstered furniture. Carpets 
contained most of the Pb mass. However, vacuuming 
and shampooing indicated that substantial removal of 
Pb &om carpets was not achieved (CH2M Hill, 
1991). 

Soil remediation efforts are ncar completion in 
Ketlogg, Wardner. Page and Pinehurst. Remediation 
of all residential yards and co~merciaUright-of-way 
properties was completed in Smclterville in 1997. In 
1998, Smelte~ville achieved the soil RAO, averaging 
148 mgkg (geometric mean) with no houses exceed- 
ing 1,000 mgkg. However, dust Ph concentrations 
averaged 570 mgkg (geo~netric mcan), with 10% of 
the houses exceeding 1,000 mglkg (TemGrdphics, 
1999). In 1999. the Srnelterville house dust geometric 
mean was still 595 n~ejkg, with 30% of the homes 
cxcccding 1,000 ingikg (TcrraGraphics, 2000). 

11 was not known it' dust Pb conccntmtioiis at thc 
BNSS could be rcduced Lo thosc outlined in the 
RAOs. 111 Smeltemiile, where soil remediation %as 
complete and soil R40s  were met, dust Pb concen- 

hations rcmaincd in excess of 500 mgkg. Lessons 
learned &om Srnelterville are imponant for tile other 
BHSS communities where soil remediation contin- 
ues. Bccausc regional background dust Pb levels 
were not weil known for northern Idaho, the purpose . .- . -. 
of this survey was to-collect il~rst samples fiom 
houses outside the BHSS, unaffected by the mining 
industry. 

The specific objectives of this survey were: 

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

2 To evaluate underly~ng factors contribuling to house 
dust Pb concentrations. 

3. To compare the background house dust Pb concen- 
trations to those found at the BHSS. 

2 Methods and Materials 

2.1 Survey population and survey arra 

Demographic data froin the 1990 US.  Census were 
obtained by city and census block groups for northern 
Idaho 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 
fmm 1960-1979. and percentage of houses built 
before 1960. 

Star plots were used tozn t ra s t  these variables 
between towns and census block groups using the 
Statistical Analysis System @AS) (version 6.12). The 
plots illust~ntc multiva~iate observations with a star. 
sliaped figure. Each ray of the star represen&adifferent 
variable, while the ray length is proponional tothe size 
of that variable (Friendly, 1999; Johnson, 1998). The 
star plots were examined first by town, and then by 
ccnsus block groups. Towns and census block groups 
similar to the BHSS towns of Smeitervillc, Kellogg, 
and Pinel~urst wcrc selected aq sampling locations. 
Areas in larger towns, demographically oppositc of the 
RIISS towns, were also chosen lo identiQ underlying 
factors contributing to house dust Pb levels. 

Table I summarizes the sccio-economic character- 
istics used Fiom the 1990 U.S. Census (U.S. Census 
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Table 1 1990 cemusdara for nonhcrn Idaho towns chosen as background and BHSS towns (US census bureau CD and haps. 1997) 

Area' Total Percent having Perispita Percentage Percelltag , Percentage Percentage 
population a high school inconx below ' of homes of I m s  of homes 

degree pverry built before built From built fmm 
1960 1960-1979 198il-1990 - --- - - 

Buckground Touns 
Bov1llb 238 76 9,141 29 75 16 8 
Cocw d'Alzncc 24,566 8 I 12,107 I4 4 1 42 17 
Moscow' 18.519 92 10,204 23 41 44 15 
Post Fnllse 7,349 78 10.135 I I 15 56 29 
potlatchb 83 1 73 9,724 14 78 I5 7 
BHSS Toms 
Kellog(: 2,591 69 9,407 23 76 22 3 
Plneburst 1,722 70 9,858 15 42 53 6 
Smelterv~lle 442 63 8.618 29 78 22 0 

"Data show by town and not census blocks 
'Town chosen as demogiaph~caily sim?lar to the BHSS towns 
'Town or area of tom chosen as demographically oppos~te to BHSS towns 

Bureau, 1997). In general, characteristics of the BHSS 
towns (Smelterville, Pinehurst, Kellogg, btc.) are 
small, rural populations (<3,000 people), with 60% to 
70% having si least a high schwl degree, low per- 
capita income (49,900), higl~er poveny rates, and 
older houses; mostly built before the 1980s. Bovill, 
Coeur d'Alene. Moscow, Post Falls, and Potlatchwne 
the five background towns selected fi.om the star plots 
(Tigure I). Bovill and Potlatch were selected because 
chancteristics were similar. to Smeltenrille and Pine 
hmt ,  respectively. Coeur d'Alene and Mosww were 
chosen because they contained census blocks with both 
similaritic's 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 Fal!s was selected because of its 
dissimilarities. Post Falls has a low percentage ?f the 
population below poverty and higher per-capita income 
than h e  BHSS towns and contains a smaller propor- 
tion of houses built bcfore 1960. 

Because housing age and type, and other socio- 
economic charactciisiics arc ofiw similar within a 
neighborhood, 50 houses were choscn ~andomly tiom 
different incigliborhoods throughour cach town to 
avoid data clustering. Huuse locations are not' 
provided to ensure homeowner confidentiality. Par- 
ticipation was entirely voluntary. 

2.2 Environmental sampling mcthods 

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

A vacuum. cleaner dust sample to quantify Pb 
coticentrations in house dust; 
A floor mat to determine Pb concentration and 
toading rate into the home during daily activities; 
and 
A composite ycird soil sample to determine possible 
outdoor sources of Pb. - 

The sampling methods iKd procedures followed for 
this survey are those used at the BIiSS in monitoring 
activities (TerraGraphics, 1999). Once a block or pan 
of town was selected for sampling, door-to-door 
soliciting began. If the residentlrenter' refused to 
participate, solicitation continued at the next house. If 
a residentlrentcr agreed to participate, (s)he would sib% 
a consent fonn. The vacuum bag was collected and the 
floor mat was placcd with dircctions. The residenu 
rcntcr complctcd a questionnaire while yard soil 
samples werc collcctcd. Once sampling was finislizd, 
thc cnlirc pmccdurc was repchtcd in a new block of 111c 
town. Sampling was not performed if thc participant's 
vacuum cleatierwas usedanywhereoutsideofthehousc 
(asexplained in thevacuumsampling procedure below). 



Pbanalysis waq performed by Maxim Technologies, 
Inc., Montana, in accordance with USEPA 'Cont~act 
Laboratory Prograni Statement of Work for Inorganics 
Analysis" ILM04.0, method number 200.7 OJSEPA, 
1995~). All samples were s ievd to the minus 80 
standard mesh fmction (178 pn) for direct comparison 
to sa~nplescollected at tl~e%HSS(TenaGraphics, t 999). 
Awnfidence levelofalphaequal to0.05 wasused forall 
statistical tests. Quality assurance/quality control (QAI 
QC) samples, such as field duplicates and field splits, 
were collected, and the laboratory performed QAIQC 
such as method blanks, matrk spikeslmatrix spike 
duplicates and laboratory control samples. 

2.2.1 Vacuutn dust samples 
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House dust, collection methods have not been stan- 
dardized, with the exception of the IEJD duslwipe 
methodology used for dust sampling and post abate- 
ment clearance for Pb-based paint (Adgate et al., 1995; 
USEPA, 1995a, 2001). Vacuumbag samples havebeen 
collected From homeowners' personal vacuums at thc 
Bunker Hill site since the early 1970s and represent a 
substantial portion of the BHSS database. Vacuum bag 
samples were collected for historical comparisons. 

The vacuum dust sample provides a general 
representation of Pb exposure to individuals inside 
the house. Therefore, verification that the homeown- 
er's personal vacuum had not been used anywhere 
outside the house since the vacuum bag was last 
changed was the first criterion to be met before the 
vacuum bag was collected. If the criterion was met, the 
vacuum cleaner was taken outside and either the entire 
bag was collected or the contents were emptied into a 
sample container for analysis, regardless of whether 
the home was carpcted or contained hard floors. 

2.2.2 Floor mat dtist samplcs . 
The floor mat dusl collection method was devclopcd 
for the BHSS and the Coeur d'Alcne River Basin 
Environmental Health Exposure ~ssessment in 1996 
by ihe US.  Environmental Protection Agency 
(USEPA), Panhandle Health District (PHD), the Idaho 
State Departmcnt of Health and Division of Environ- 
mental Quality, and the Agency for Toxic Substances 
and Disease Registry (ATSDR) (TerraGrapliics, I9W; 
TerraGraphics and PHD, 1996). The floor mat dust 
collection method measures Pb concentration and Pb 

loading ratcs (mass/area/tin~e). Dust mats are manu- 
factured by ArkoTM: the 'Floor Sentry' model is the 
same model used throughout the BHSS. Thc 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 mat was p t a c d  at all partici- 
pating houses to quantify Pb concentration, 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) ~ ,h i l e  placed were provided orally 
with a written instruction sheet. 

The mats were collected from the residence approx- 
imately 2 months aRer placement and handled in i 
manner so that sample volume was not compromised. 
All mats were placed into a clean paper envelope and 
kept flat, fiber side up. They were sealed in boxes at all 
times prior to sample processing. 

The mats were vacuumed for dust collection at a 
University of Idaho d ~ s t - ~ e e  laboratory. This labora- 
tory was previously used to evaluate vacuuming 
techniques and carpet types for detecting Pb contam- 
ination mero, 1994; Bero et al., 1997). Mats were 
vacuumed by direct contact with the nozzle, 'from 
right to lee over the entire mat and its vinyl edges, 
and repeated from top to bottom. Any m a s  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 tire surface of the envelope). Finally, the 
surface of the envelope wav vacuumed to remove any 
visible dirt or dust that fell ffznnl the mat during the 
procedure. The recovered dust mass wns recorded for 
each mat vacuunled. The recovcred dust mass divided 
by tlic a m  of the mat and the nunibcr of days the mat 
remained at the home provides the dust loading rate, 
which is thcn nn~ltiplied by lead concentlation of the 
dust to.providc thc lcad loading rate. 

2.2.3 Soil samples 

Yard soil sample collection consisted of one core sub- 
saniple for approximately every 150 square meters 
(500 square Feet) of yard. The sample was collected as 
close to the middle of each approximate measured I50 
square !meter section as possible. The core samples 
were obtained from the 0-2.54 cm (or 0-1 in.) layer 
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Table I1 Dust and soil lead concentration summary statistics for background tourns 

No. of samples Arith. nmn Std. dev. Min Max Geo mean Geo std. dev. 

Sod (mflikg) 
Bovill 10 
Coeui d'Alcne 10 
Moscow 10 
Post Falls 10 
Potlatch 10 
All towns 50 
Vacuum dust (mgikikg) 
Bovill 9 
Coeur d'Alene 10 
Moscow I0 
Post fa119 10 
PollaQh 10 
All towns 49 
Floor mat dust (n~gntg) 
Bovdl 8 
Coeur d'Alenc 10 
Moscow 10 
Post falls 9 
Potlatch 10 
All towns 47 
Durt load~ng rarc (mg rn-' day-') 
Bovrll 8 
Coeur d'Alene 10 
Moscow I0 
Post falls 9 
Potlstch 10 
Ail towns 47 
Lead loadtng rate (mg m" day-') 
Bovtil 8 
Coeur d'Alenc I0 
Moscow 10 
Post falls 9 
Potlatch 10 
All towns 47 

I44 
59 
43 
70 
81 
79 

145 
237 
LRO 
172 
197 
187 

112 
26 1 
157 
135 
131 
162 

1,373 
704 
410 
403 
1,239 
812 

0.157 
0.303 
0.141 
0 064 
0.125 
0 160 

139 39 
55 BL' 
42 BLa 
75 BL' 
77 20 
88 BL* 

BL=Below i'racticnl Quanlitation Limits (PQL) (lead wncennations, if present, were not quantifiable; half the PQL Is used for all 
means and statistics). 
'PQL is 4 0  m@g. 

PQL is <50 m@g. 

of soil and combined into a single composite sample 
for the house. Sod and vegetation, if present, were 
removed from the top centimeter(s) o f  the sample. 
Samples taken undcr or adjacent to trees, shrubs, 
smicturcs, driveways. and sidewalks were avoided. 

2.3 Questionnaire 

In addition to collecting environmental samples, the 
head o f  the hoitschold at each pai-ticipating residence 

was asked to complete a questionmire. The  same 
questionnaire was used for the BHSS and the Coeur 
d'Alene River Basin Environmental Exposure As- 
scsstncnt (TerraGraphics, 2000). The factors used for 
thc background analysis include thc number of 
people residing in tlic home, nge of thc house. 
ini'rior remodeling o f  the house. and interior and 
exterior paint conditions. Interior and exterior paint 
conditions are subjective factors as they were bascd 
on the sampler's observations. Three codes were 
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used: ]=good condition, 2=somc chipping, and 3 =  
chipping and chalking of the paint. 

3 Results 

3.1 Dust and soil lead concentrationslloading rates 

Vacuum, floor mat, and soil Pb concentnttions, and the 
dust and Pb loading tates for the 50 houses sampled in 
the five towns are summarized in Table 11. Soil data 
were collected From all 50 houses; vacuum bags were 
collected at 49 of the 50 houses. At one house, the 
vacuum sample was not collected because after the 
resident agreed to participate and soil sampling began, 
it was discovered that the vacuutn cleaner wai 
unavailable. Forty-seven of the 50 (94%) mats placed 
were collected; three of the participants had discarded 
the mat. All QAIQC at~alysis by the laboratoty fell 
within quality control measurements. The overall soil 

. Pb geometric mean concentration was 48 m&g; the 
overall vacuum dust Pb geometric mean conccnbation' 
was 120 m&g; and the overall floor mat Pb geometric 
mean con&ntration was 95 m&g. The floor mats 
provide additional information on the rate a t  which 
dust and Pb enters thehon~e. Mats collected dust for an. 
average of61 days, and collected approximately 16 g 
of dusi The overall geometric mean dust loading rate 
was 374 mg m-' day-', while the ovenll Pb loading 
rate was 0.040 mg m-Z day-' geometric man.  

To explore the relationship between dust and outdoor 
yard soil Pb concentrations, correlations were performed 
on the, log-transfonned variables. Log-hansformations 
were used to conect for non-normal distributions. The 
correlation beh;een vacuum and soil Pb concenh-dtion 
was.0.42, while the correlation between floor mat and 
soil Pb was 0.53. Aotl~co~~elations are significant (all P- 
values c0.003). Vacuum bag and floor mat Pb 
concentrations were also significantly correlated (t= 
0.63, P<O.OOOl). 

3.2 Factors affecting background house dust 

House age categories were used in the analysis and 
chosen based upon G~~i r t e l i~ te s j~ r  flrr Evuluo~ion and 
C'OIIN.~ qf' [.en(/-llnscd Puinl Huznrdr i ~ :  Ilo~siiig 
(HUD, 1995). No clear cut-off date exists for Pb i n  
paint. Use of Pb in residential paint wns phased out 
beginning i n  the 1960s. I t  was first regulated it1 1972 

to 0.5% Pb dry weight, and banned in 1978 to 0.06% 
Pb dly weight or less (HUD, 1995). To pmserve 
quality in the cutoff date for house age, yct maintain 
sufficient observations between old and new houses, 
two house age categories were used to analyze .the 
data - houses built priorto 196banbiiouses 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 tive variables 
(soil, vdcuum, and floor mat Pb concentrations, and 
dust and Pb loading rates). Log-transformations were 
applied to the data to conect for non-normal residuals 
and homogeneity of variance. A paired t-test showed 
a significant difference (P-0.03) in Pb concentratiofis 
between the two methods of collecting house d&t 
(vacuum bag versus floor mat). Therefore, the two 
kad dust concentrations were evaluated separately in 
the following analyses. 

For the background towns, ANOVA was used to 
determine if Pb concentrations varied demographical- 
ly and among different house ages. When two factors 
are analyzed in ANOVA, a significant interaction 
behueen the two factors means that the effect of one 
factor is not independent of the' presence of a 
particular level of the other factor, causing difficulty 
in isolating the effects of the two factors. Tlierefore, 
the significance of ihe interaction term is provided 
ihroughout the results in order to point out which 
factors are more difficult to interpret. No significant 
interaction occurred between towns 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 multipGomparison test (using 
Tukey's method) showed~ov i l l  with significantly 
higher soil Pb concentrations than Moscow, Post 
Falls, Coeur d'Alene, and Potlatch. Four of the five 
variables (floor mat, vacuum, and soil Pb concen- 
trations, and Pb Loading rates) showed a significant 
differeticc between the Wo house age categories 
(all P-values c0.0007). No significant difference 
existed between house age categories for dust loading 
ratc (P=0.06). 

Older houses showed higher Pb concentrations and 
loading rates, but also contained more variability 
(Table ill). For iurihcr stetistical analyses, a11 towns 
were collapsed into one data set, keeping house age 
categories separate. [n the soil Pb concentration 
comparison of the background data to the BHSS data, 
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Table I11 Summary starisrics by house agc 

No. of sampler Aritlr. mean Std. dev. Geo. mean Geo. srd. dev. 

Soil lead conccntntion (mgkp) 
Houses built c1960 29 
Houses built >I960 21 
\kuum !cad eoiicciitmtiolu (~m$ry) 
Houses built <I960 28 
Houses built 21960 2 1 
Floor mat lead conccnrration (rngkg) 
Houses built <I960 27 
Houses built 21960 20 
Dust looding rate (nip nl" daym') 
Houscs built < I  960 27 
Houses built 51960 20 
Lead loadinl rate (me m" day") 
-Houses built TI960 27 
Houses built 51960 20 

soil data for Bovill were removed baed on Bovill's 
significantly different Pb concentration. Because 
Bovill was covered in approximately in 1-1.5 m (4- 
5 tl) of snow when soil sampling occurred, it was 
difficult to collect samples horn the middle of the 
yard. Therefore, samples were sometimes collected 
nearer to the sidewalk or house. This may have biased 
thesoil samples collected from Bovill, which is why 
those data were removed fiom the soil comparison 
analysis. 

The number of people residing in the home 
significantly affected Pb loading rate only (P= 
0.007). No significant interactions were observed 
between house agcand the number of people residing 
in the home (811 P-values 20.07). 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, 
Pb loading rate is 0.2 mg m-2 day-' when four or less. 
people reside in the house; it increases to 0.7 tng i" 
day-' whcn more than four people reside ip the 
house. 

No significant differences were observed bchvccn 
poor and good inside paint conditions (all P-valucs 
>0.1). Poor conditions were condition codes 2 and 3, 
while good condition was based on code I.  No 
significant interactions occurred (all P-values >O.I). 
Differences between house age categories became less 
distinct in dust and Pb loading rates. However, only 
one house buiit in or alier 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 differel~ces 
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 after 1960 was 
observed as having poor paint conditions. 

Whether or not a house had been remodeled 
showed a significant difference for dust loading rate 
only (P=O.Ol). No significant interactions &ere 
observed (P20.08). Remodeled houses show lower 
dust 'loading rates than houses that have not been' 
remodeled. Although not statistically different (P= 
0.06), older houses (buiit before 1960) exhibited 1.5- 
2.5 times higher vacuum and floor mat Pb concen- 
trations fof remodeled h o g s  than for houses th;u had 
not been remodeled. Geometric mean mat and vacuum 
Pb concentrations for older homes that were not 
remodeled were 78 and 153 mglkg, respectively. These 
concentrations increase to 194 and 224 mgkg. respec- 
tively whcn older homes havereccntly been remodeled. 

3.3 Bunker hill towns Venus background towns 

Tho BHSS data used in ihc conlparison analyses to 
background data are shown in Table I\', Thc total 
number of obsewations in the 1998 Bunker Hill dii!a. 
decreased bccause only houses with questionnaire 
data were used. The geotnctric mean soil Pb concen- 
tration was 245 imgkg. The geometric mean vacuum 
dust lead concentration for Kellogg. Pinehurst. and 
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Table IV Summary sratioties of 1998 Bunker hill data used for comparison analysis 

No. of ssmples Auc Srd. dev. Min Max Geo mean Geo std. dev. 

So11 (in&) 
Kellogg 158 
Pinehum 22 
Snieltervlllc 40 
All tows 220 
Vacuum dust (mgkg) 
Kcllogg 15 
Pinehunt 15 
Smelte~llc 3 
A11 towns 33 
Flwr mat dust (an&!) 
Kellogp 161 
Ptnehunt 28 
Smclterv~lle 41 
All towns 230 
Dust loading rate (mg m-' day.') 
Kellogg 161 440 
Pinehunt 27 961 
Smeltem.lle 4 1 562 
All towns 229 523 
Lad loading rate (mg ~n-' day ' )  
Kellogg 161 1.260 
Ptnehunt 27 0.707 
Smclte~lle 41 0.484 
All towns 229 1.056 

Smeltetville was 468 mgkg. The geomehic mean 
floor.mat Pb concentration was 1,026 mgkg. 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 ~ u n k e r ~ i l l  data bctweet~ house age 
categories for any of the five variables (P-0.2). There 
wcre also no significant intcractioiis between town 
and house agc (P=0.07). Floor mat and vacuum Pb 
concentrations and dust loading rate exhibited signjf- 
icant differences behvecn towns (Pc0.04). Multiplc 
comparisons showed Pinehurst was significantly 
different koni Kellogg and Srnelterville. Soil Pb 
concentrations and Pb loading rates showed no 
difference between towns (Pz0.05). Smelicrville. 
Kellogg and Pinehurst were each compared to the 
background survey, althougl~ Pb loilding rate showed 
no significant difference between the BHSS towns. 

Dust Pb concentrations in Srnelterville wcre 3-14 
tinies higher than backgnmd concentrations [Pc 

0.02) with both vacuum and floor inat methods 
(Figure 2a-b). Vacuum Pb conccntration (Figure 2a) 
did not show a significant interaction between town 
and house age; however, floor mat Pb concen&ations 
did (P=0.04). All subsequen~efercnces to significant 
or "on-significant interaction refer to the ' k o  factors 
of house age and town. Figure 2b shows that newer 
houscs in backgmund towns (55 mg/kg) exhibit 
approximately 30% of concentrations in older houses 
(143 mgikg), while Smeltervillc concentrations in 
newcr houses (755 m&g) arc about 60% of those in 
older houses (1,028 mgkg). Figure 2c shows signif- 
icantly higher Pb loading rates in Smeltemille than in  
backaround towns. Pb loadir~n rate also showed a - ! 
significant interaction (P=0.0002). However, Pb 
loading laces in Srnclterville are significantly higher 
in newer houses (0.4 mg m-' day-') as opposed to old 

! 
homes (0.32 mg rn-2 day-'): an opposite trend is seen 
in the background data. Dust loading rates were not 
significantly diffcrenr between house age and town, 
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but there was a significant interaction (P=0.002) 
(Figurc 2d). Background towns have higher dust 
loading ratw than Smelterville for older homes, while 
Smeltc~ville's loading rates incrcase for newer homes 
but dccreasc for the background towns. Soil Pb 
wncentlations also had a significant interaction (P= 
0.0001). However, a significant dityerence between 
Smelterville's soil concentrations and background 
towns was observed (P=0.0001). While yard soil 
concent~ations of newer homes in background towns 
are lower than those of older homes, soil concen- 
hdtions increase for newer homes in Smeltervilic 
(Figure 2e). 

Floor mat and vacuum Ph concentrations and Ph 
nificantlyhighei in Kellogg than 

s (P<0.0001) (Figure 2a-b). 
However, significant interactions exist (P<0.02). 
Kellogg dust Ph means are signifiwntly higher than 
background, with no significant differences between 
ages of Kellogg homes (Figurc 2a-b). Figure 2c 
shows Kellogg also has significantly higher Pb 
loading rates than background levcls. No significant 
difference between background and Kellogg levels is 
obsewed for dust loading rate (P=0.2). Dust loading 
rate also stiows 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 occurred (P=0.005), but yard soil Pb 
concentrations. are significantly higher in Kellogg 
compared to background towns (P=0.0001) and no 
difference is observed between house ages in Kellogg 
data (Figure 2e). 

Significant diffcrences werc obscrved bctween 
Pinehurst dust ~ h '  conccntrations and background 
concent~ations (P<0.0001) (Figure 2a-b). Floor mat 
Pb was .the only variable to have a signitcant 
intcraction (Pm0.03). However, Figure 2h shows that. 
while background concentrations decrcase with housc 
age, ~ i n e h u i t  concentrations increase slightly with 
house age. Figurc 2c shows significant dilkrences in 
Pb loading rate between Pinehurst and background 
towns (P<0.0004). Dust loading rales seen i n  
Figure 2d are not significantly different bc~wecn 
Pinehurst and background towns (P>0.12). Figure 2e 
illustrates the significant diffcrences obscivcd in soil 
Pb concentrations benvecn the two sites (P-0.0001). 

4 Discussion 

4.1 Dust and soil lead concentrations/loading rates 

The northem Idaho background house dust concen- 
wtions arc very similar -te-thuie rcponed in i 
Washington State Department of Health (WSDH) 
survey that targeted homes 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 Pb wn- 
centration in Spokane, Washington was 201 mgkg. 

Outdoor soil is a known source of house dust. The 
scatter plots and correlations observed hetwecn yard 
soil and house dust Pb concentrations suggest a 
positive linear 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 nature of 
the sampling methods. Floor niats measure more 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 uncontrolled with respect to personal 
usepattems, but has been usedat Bunker Hill since the 
early 1970s. Therefore; it might be expected that the 
floor mat Pb concentrations are more highly correlated 
with outdoor soil concentrations. 

Vacuum bag Pb concentrations tend to be higher 
than floor mat Ph concen@tions in the background 
survey. The opposite trend is seen in Bunker Hill data; 
floor mat Ph concentmions tend to be higher than 
vacuum bag Pb concentrations. This result suppo~c 
the idea that outside sources more significantly affect 
the floor mat in Bunker Hill than do interior Pb-based 
paint sourccs. Highcr outdoor Pb conccntrations are 
being brought indoors at Bunker Hill, where more 
outdoor Pb contamination exists, than interior Pb- 
based paint sources typical of older housing through- 
out northern Idaho. 

1.2  Factors nffccting background lhousc dust 

House age was the most signiticant questionnaire 
factor aaaly7.ed, influencing not only dust Pb conccn- 



Eigure 2 (a) Geomerric 
mean vacuum lead concen 

$@)Geometric mean floor 
mat la+ cancentrations for 
backgoupd and Bunker Hill 
towns by house age (95% 
confidence limits= I). 
(c) Geometric meac l a d  
loadmg rates for backgmu~id 
and Bunker Hill towns by 
house age (95% confidence 
limits = I). (d) Gmmetkic 
mean dust loading rates for 
background and Bunker Hill 
t o m s  by house age (95% 
confidmi& limik = I). - -.' 

(e) Geometric mean soil lead 
concentrarions for back- 
p u n d  and Bunker Hill 
towns by houy age (95% 
confidence limits = I). 
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Figure 2 (Continued) 

trations but also dust and Pb loading rates in towns 
where residual anthopagenic sources of Pb (i.e., 
paint, solder, gasoline, etc.) exist. Background-dust 
and soil concentrations reveal sipificantly higher Pb 
concentntions in homes built before 1960. Although 
the number of people residing in the home exhibitcd a 
significant effect only in Pb loading rate, higher dust 
Pb avenges were seen in older homes when more 
than foui people [s ide in the home. A less distinct 
diffxncc occu~red in newer homes, most likely due 
to less Pb n& in and around the home from residual 
sources. 

h i d e  and outside paint conditions were insignif- 
icant factors. However, the ANOVAs represent two 
cases where unbalanced data create dificulty in 
interpretation. In both cases, only one new home 
had either poor inside or outside paint condition and 
conclusions should no: be drawn from these results. 
No quantitative analysis was performed to determine 
Pb paint concentrations and conditions in tile houses 
sampled. A standard qualitative method was employed 
where visual pain: chips and chalk on a finger would 
result in that how? being categorized with bad paint 
conditions. Subjectivity is inherent using this method 
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and may be affecting thcsc factors. Paint Pb lcvcls in 
cornbination with paint conditions would be a better 
measure of a Pb paint hazard. 

Remodeled houses had lower dust loading rates 
than houses that had not been rcmodeled. It is likely 
that, as the inside of a house is being remodeled. more 
awmeness to dusi and debris results in more cleaning. 
On the othcr hand, Pb concentrations and Pb loading 
rates were all highest in older, remodeled homes. 
Homes built in and after 1960, conversely, do not 
show much of a difference in Pb concentrations and 
Ph loadimg rates between remodeled houses and 
houses that have not been remodeled. Higher dust 
conceitntions and Pb loading rates in remodeled 

paint, explaining 
er homes. The 

ANOVAs perfonned on three factors - number of 
people residing in the home, paint conditions, and 
whether remodeling had occurred - 'were morc 
exploratoty than confirmatoty &alyses. 

Blood Pb studies show increased blood Pb levels 
in children residing in older houses, supporting the 
significant.house age effects observed in thc noithem 
Idaho background survey. The National Ilealth and 
Nutrition,Examination Survey (NHANES 111 1991- 
1994) rcports 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 &dl for houses 
built prior to 1946,2.8 @dl for houses built between 
1946 and 1973, and 2.0 pgdl for houses built after 
1973 (Pirkle et al., 1998). 

Houses built prior to 1960 may contain Pb-based 
paint @IUD. 199.5). and may have had more fallout 
fiom leaded gasoline, p~ior to its phase out in thc 
1980s. These are all anthmpogenic (or residual) 
sources of Pb to thc honlc environment that arc typical 
of old residential arcs in the US. Pb-bascd paint wac 
phased out in the 1960% first regulated in residential 
paint in 1972, and banned in 1978 (HUD, 1995). F p  
these reasons, thc older houses samplcd in the back- 
ground survey showcd higher Pb concentntions and 
loading rates than did newer houses. However, many 
conditions and factors cause differenccs i n  Pb 
concentrations and loading rates. Occupations and 
personal hubbies may also contribute to Ph contam- 
ination of a house. Workers may bring Pb panicles 
hoke on their boots and clothing; hobbies, such as 
soldering stained glass, can cause releases of Pb 
na~ticles. 

4.3 Bunker Hill towns versus background towns 

House age did not show a significant effect in the 
1998 Bunker Hill data. This effect may be due to a 
more narrow variation in housc age at Bunker Hill 
compared to a wider vsiation- in- hcnise age in the 
background survey. However, significant differences 
for vacuum and floor mat Pb concentrations and dust 
loading nteswere observed among towns. Therefore, 
each of the three Bunker Hill towns was analyzed 
separately compared to the background data. 

Vacuum and floor mat dust Pb concentrations and 
Pb loading rates were all significantly higher in 
Smelterville, Kellogg, and Pinehum compared to the 
background towns sampled in this survey for both . . .  

house age categories. Dust loading rate was not 
significantly different between the studies because 
older backgmund homes typically had higher dust 
loading rates llmi older Bunker Hill homes, whereas 
newer background homes had lower dust loading rates 
than newer Bunker Iiill homes. Although the dust mass 
entering background towns was higher than those in 
Bunker Hill towns, the Pb inass entering the homes in 
the BHSS is significantly bigtier than background. The 
time of year at which the background and Bunker Hit1 
data werc collected may be important. Background data 
were collected in spring while Bunker Hill samples 
have historically been collected in late summer and 
early fall. The difference in season could affect the dust 
and l e d  loading ratcs because spring may be a wetter 
season than summer. Sampling at the homes participat- 
ing in this backgmund stwey continued in order to 
examine seasonal effects of Pb in house dust (Petrosyan 
et al., 2006). Another s u r v e p f  seasonal effects of 
blood Pb levels in Boston showed floor dust Pb 
vatiation throughout the ycar (USEPA, 199%). How- 
wer, th: sa~ipling methods were diffcrcnt from the 
techniques used for the northern Idaho background 
survey and Pb levels were rcpo~ted as a mass (in 
micrograms) rather than as a concenkation. 

The greater Pb concentrations and quantities in 
BHSS towns suggest that there is still a significant 
source of Pb contaminating house dust above back- 
ground concentrations. in a town such as Srneiterviile 
where soil remediation is complete, higher Ph 
concentrations and loading tales may be due to either 
reservoirs of Pb inside the house (e.g., the attic or 
deeply embedded in the calpet) or recontamination of 
outside sourccs. sucll as right-of-way or gravel drive- 
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ways (Te~~aGraphics.  2000). Another possibility is a 
time-lag factor. Soil rcnicdiation in Smclterville was 
completed in I997 but it may take more time to 
determine if dust Pb concentmtions will fall below the 
RAOs o r  if interior remediations will be  necessaty to 
reduce dust Pb concentrations in homes where levels 
remain high. 

5 Conclusions a n d  Recommendations 

The overall purpose o f  this survey was to determine 
background house dust Pb levels for detnographically 
similar towns unaffected by the mining industry in 
northem Idaho and to compare thase levels with 
concentrahons and loading rates observed at the 
BHSS. One o f  the objectives was to  also evaluate 
underlying factors contributing to  house dust P b  
concentrations. 
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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 Pb, the house age effect 
was not as strong because Pb contaminated ail media 
in and around these towns. 
The background Ph levels measured in this survey 
are significantly lower than the 1998 Pb levels 
observed at the BHSS. 
The RAOs e'stablished for the BHSS need to be 
clarifiedandupdated.Thebousedustsan~plingn~ethod 
wasnot stated in theRAOandithas beenobserved,not 
only with BHSS data but also with background data, 
that rcsults diffcr with sampling ~iietltods. 
Fudhcr 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 ctneen- 
trations and increased concentrations associated with 
p a t  mining and smelting activities. 
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