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Quality control samples

To compare the magnitude of variability observed in the 4 types of quality control samples we
calculated the relative percent difference (RPD) between matched samples. For duplicate
samples, we simply report the average of each RPD for each duplicate pair and each PAH (i.e.,
for each of 12 PAHSs, the average of 56 RPDs calculated for 56 duplicate sample pairs). For the
40 inter-batch quality control replicates and 17 NIST SRM 2585 replicates, in order to calculate
an average RPD value, we used a random sampling routine with replacement (i.e., for each PAH,
we randomly selected 2 inter-batch quality control replicates, calculated an RPD between the 2
concentrations, replaced the 2 replicates in the sampling pool, repeated the sampling 10,000
times, and averaged the RPDs over all the iterations).

Questions used to create variables for mixed-effects models

e Smoking:
o “During the time you have lived in this home, have you or anyone else regularly,
that is once a week or more, smoked cigarettes, pipes or cigars inside this home?”
o “During the time you have lived in this home, have you or anyone who lives in
this home regularly smoked cigarettes, pipes or cigars outside of this home (car,
work, yard, deck)?”
o Response of “N0” is the reference category.
e Heating used at home:
o “Inthe last 12 months did you use electric heat to heat your home?”
o “Inthe last 12 months did you use kerosene heat to heat your home?”
o “Inthe last 12 months did you use a radiator or steam heat to heat your home?”
o “In the last 12 months did you use gas heat (including a gas fireplace) to heat
your home?”
“In the last 12 months did you use a wood-burning stove to heat your home?”
“In the last 12 months did you use a wood-burning fireplace to heat your home?”
o Responses of “electric heat” only or “electric heat” plus one other heating source
are included in the reference category.
e Shoe removal:
o “Inthe last 12 months, did all of the people who lived in this home usually take off
their shoes when entering the home?”
o Response of “N0” is the reference category.
e Residence construction date:
o “In what year was your home built?”
o Modeled as a continuous variable.
¢ Residence type:
o “Is this residence best described as a single family residence?”

o O



“Is this residence best described as a duplex/townhouse?”
“Is this residence best described as an apartment/condominium?”’
“Is this residence best described as a mobile home?”
Responses of “single family residence”, “duplex/townhouse”, or “mobile home”
were included in the reference category.
e Residence square footage:
o “About how many square feet is your residence (include all heated areas in the
home or apartment that are suitable for year-round use)?”
o Response of >1750 sfis the reference category.
e Carpet coverage:
o “Approximately what percentage of your home has carpet?”
o Response of >25% is the reference category.

o O O O

Random-effects Model 2
In Model 1 we assume equal within-household variability in case and control homes; however to
test this assumption we apportion the observed variance in PAH concentrations into three

components describing between-household variability, within-household variability in case
households, and within-household variability in control households,

Yij = ln(Xij) =y +b; + Ecaseseij + Econtei,j [2]
fori=1,2,...,293 households; j = sampling round 1 or 2, where:

Xij= the residential-dust PAH concentration for the i™ household on the j™ repeated

measurement;

bi=  uvi-uy, and represents the random deviation of the i household's true mean (logged)
residential-dust PAH concentration, uyi, from zy;

ej= Yij- uvi, and represents the random deviation of the observed (logged) residential-dust

PAH concentration, Yj;, from uy; for the i case household,

e’ij = Yij - uvi, and represents the random deviation of the observed (logged) residential-dust
PAH concentration, Yj;, from uy; for the i"" control household,

Ecases = 1 for case households, 0 for control households,

Econt= 1 for control households, 0 for case households.

Mixed-effects models

We used mixed-effects models to identify sources of variability for each hierarchical level. In
addition to the Model 1 random effects, we included two fixed effects for neighborhood-level
covariates in Model 3; namely, the rank order of estimated ambient concentrations of PAH
attributable to emissions from area sources (Cpan1) and the rank order of estimated ambient
concentrations of PAH attributable to emissions from mobile sources (Cpan2) for the census
tracts in the study,



Ynijk = Uy + 11Cpan1 + 12Cpapzt by + bp; + bpij + epj [3]
where:

CpaH1 = the rank order of estimated ambient concentrations of PAH attributable to
emissions from area sources for the census tracts in the study population based on
the EPA National-Scale Air Toxics Assessment;

CpaH2 = the rank order of estimated ambient concentrations of PAH attributable to
emissions from mobile sources for the census tracts in the study population based
on the EPA National-Scale Air Toxics Assessment;

rrandr, = regression coefficients for the neighborhood-level covariates.

Likewise, in addition to the Model 1 random effects, we included seven fixed effects for
residential covariates in Model 4; namely regular smoking inside or outside of the residence
(Csmk), residence construction date (Ccon), residence is apartment or condominium (Cag) , regular
shoe removal by residents in home (Csno), less than 25% of residence is carpeted (Ccrp),
residence square footage is less than 1750 sf (Csg), and residence has at least two forms of
combustion-based heating including gas or kerosene heat, fireplace, wood-burning stove, or
steam radiator (Cyyy),

Yhijk = Uy + 13Csmi + 1uCeon + 7sCapt + 76Csno + 17Ccrp + 13Csp + 19Cyy + by + bp; +

bpij + enijr  [4]
where:

Csmk = 1 if residents reported regular smoking at their residence (inside or outside), O if not;

Ccon = Construction date of the residence as reported by residents;

Capt = 1ifresidents reported living in an apartment or condominium, 0 if not;

Csho = 1 if residents reported regular shoe removal upon entering their home, 0 if not;

Ccrp = 1if residents reported having less than 25% of their home carpeted, 0 if not;

Cse = 1 if residential square footage was reported as less than 1750 sf, O if not;

Cut = 1 if residents reported using at least two forms of combustion-based heating (i.e., gas
heating, fireplace, wood-burning stove, steam radiator, or kerosene heat), 0 if not (e.g.,
electric heat only);

rs, r4, I's, I, I'7, ', Fg = regression coefficients for the residential covariates.

Similarly, in addition to the Model 1 random effects, we included two fixed effects for temporal
covariates in Model 5; namely the date of dust collection (Cpc) and the sequence of the
laboratory analysis (Cas),

Yhijk = Uy +110Cpc + T11Cas + by + bpi + bpij + epiji [5]
where:
Coc = Date of dust collection;
Cas= Laboratory analysis sequence;
ro, M1 = regression coefficients for the temporal covariates.



The fully saturated Model 6 contained the random effects from Model 1 as well as neighborhood,
residential and temporal covariates from Models 3-5,

Yhijk = My + 11Cpan1 + 72Cpanz + 13Csmi + 12Coon + 15Capt + 76Cspo + 17Ccrp + 13Csp
+75Cht + 1{oCpc + 111Cap + by + bpi + bpij + epiji [6]
where:

ri’,r2’,r3’,ry’, rs’, re’, 7', rg’, ro’, g, r11 = regression coefficients for the saturated model.

We fit each of the above mixed-effects models (Models 3-6) for 451 observations with covariate
data (i.e., 405 samples collected from 204 homes during repeat sampling rounds and 46 duplicate
samples) and excluded the 139 observations without covariate data (i.e., 40 inter-batch quality
control replicates and 89 samples with 10 duplicates collected during Round 1). For comparison,
we re-ran the random-effects model (Model 1) using this set of 451 observations.

In addition to the Model 6 random and fixed effects, Model 7 includes a unique fixed effect for
the time trend in PAH for each region,

Yhijk = My + 71 Cpamr + 72" Cpanz + 13" Csmp + 73 Coon + 75 Cape + 76 Cspo + 17’ Corp + 15 Cor
+75'Che + 111Cap + 112CmpaCr + 113CnpCrr + 714Csjy Cry + 115Csy Cpy +
716CsCr1 + 117CccCrp + by + bpi + bp;j + epiji [7]
where:

Cni= Cpc|j=2 — Cpcl|j=1 and represents the time interval between sampling rounds;

Cwmea =1 if the residence is in the metropolitan San Francisco Bay area region and 0 if not;
Cng = 1 if the residence is in the northern San Francisco Bay area region and 0 if not;
Csyv = 1 if the residence is in San Joaquin Valley region and 0 if not;

Csv = 1 1if the residence is in the Sacramento Valley region and 0 if not;

Cs= 1if the residence is in the Sierra Mountains region and 0O if not;

Ccc = 1if the residence is in the California central coast region and O if not;

re” 127, 13, g, rs”, re”, 17”7, rg”, ro”, I11”, I2, I'13, Y14, V15, 16, V17 = regression coefficients for
Model 7.

Finally, in the fully saturated Model 8 we included each of the fixed effects used in Model 6.
However, we apportioned the observed variance in PAH concentrations into four components
describing between-household variability (in all homes) and within-household variability in three
distinct groups of households based on the interval between repeat dust collections,

— nr nr nr nr nr nr nr
Yii=py + 11 Cpap1 + 72 Cpapz + 13 Csmp + 74 Ceon + 75 Cape + 76 Cspo + 77 Corp +

18 Csp + 719" Cye + 119 Cpc + 111 Cap + by + Espree’ij + Eyqe” ij + Epnge’”’i; [8]
where:
eij, ¢’ij, e ’ij = Yij - 1vi, and represents the random deviation of the observed (logged) residential-

dust PAH concentration, Yj;, from uyi
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Eshrt = 1 if the interval between sample collections was <4 years and 0 if not;
Emig = 1 if the interval between sample collections was 4-6 years and 0 if not;
Eing = 1 if the interval between sample collections was >6 years and 0 if not;

nr nr n n nr nr nr nr nr nr nr

sy e e g g g, {1 = regression coefficients for Model 8.



Supplemental Material, Table S1. Estimated variance components (95% confidence intervals) from Model 8. PAHSs are ordered by
molecular weight from lightest to heaviest.

Within-household
Variance, Short

Within-household

) Within-household
Variance,

Between-household

PAH Variance Sample Collection Intermediate Sample Varlance,' Long SamE'e
a - b Collection Interval
Interval Collection Interval
Phenanthrene 0.11 (0.02, 0.21) 0.39 (0.27, 0.50) 0.33(0.22, 0.45) 0.56 (0.34,0.78)
Anthracene 0.13 (0.05, 0.21) 0.38 (0.27, 0.49) 0.31(0.20, 0.42) 0.49 (0.29, 0.68)

Fluoranthene

Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene

0.19 (0.10, 0.27)
0.12 (0.06, 0.18)
0.24 (0.13, 0.36)
0.17 (0.10, 0.25)
0.26 (0.16, 0.36)
0.30 (0.19, 0.41)
0.30 (0.18, 0.42)
0.29 (0.19, 0.40)
0.24 (0.14, 0.33)
0.20 (0.12, 0.27)

0.26 (0.17, 0.35)
0.20 (0.14, 0.26)
0.46 (0.32, 0.60)
0.31 (0.21, 0.40)
0.31 (0.21, 0.41)
0.31 (0.21, 0.41)
0.39 (0.27, 0.52)
0.35 (0.24, 0.47)
0.33 (0.23, 0.43)
0.25 (0.17, 0.33)

0.35 (0.23, 0.47)
0.26 (0.18, 0.35)
0.42 (0.28, 0.56)
0.27 (0.18, 0.35)
0.36 (0.25, 0.47)
0.38 (0.26, 0.50)
0.46 (0.31, 0.60)
0.41 (0.28, 0.54)
0.42 (0.29, 0.55)
0.29 (0.20, 0.39)

0.44 (0.28, 0.60)
0.38 (0.25, 0.51)
0.69 (0.46, 0.91)
0.42 (0.28, 0.57)
0.42 (0.27, 0.58)
0.46 (0.28, 0.63)
0.56 (0.37, 0.76)
0.42 (0.27, 0.58)
0.46 (0.29, 0.63)
0.29 (0.19, 0.39)

* Repeat samples were collected <4 years apart
® Repeat samples were collected 4-6 years apart
¢ Repeat samples were collected >6 years apart





