5.0 CORRELATIONS

Section 4 sunmarized the relationship between |lead | evels
and various abatenent, sanpling and other factors by sanple type.
Here we di scuss correlations of |lead | evels between the various
sanpl e types after correction for the estimated effects of the
factors discussed in Section 4. Thus, these correl ati ons should
be interpreted as rel ationshi ps between different sanple types
above and beyond that which are explained by things |ike
abat enent, age of house, cleanliness neasures, and other factors
i ncluded in the nodels.

This anal ysis involves exam ning correlation matrices and
scatterplot matrices. The primary data used to exam ne these
rel ati onships are the esti mated random house (house) effects and
the estinmated random | ocati on-w t hi n-house effects. Both of
these random effects are estimated after controlling for the
estimated fixed effects in the nodel for each sanple type.

5.1 BETWEEN-HOUSE CORRELATIONS
The correlation matri x of random house-to-house differences

in lead loading is presented in Table 5-1. To locate a
correlation of interest, |locate the row corresponding to the
first sanple type and the colum corresponding to the second
sanple type. Correlation information for the two sanple types is
presented in the correspondi ng box. Wthin each box, three

val ues are presented:

. Top value: Correlation coefficient between the
| ogarithnms of the geonetric house neans,

. Middle value: Degrees of freedomused in calculating
the correlation coefficient, and
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Bottom value: QObserved significance |evel of the test
of the hypothesis of no correlation (correlation
coefficient equal to zero).
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Table 5-1. Correlations”™ Among Sample Types for Between-
House Random Effects: Lead Loading

Ent r yway
Fl oor Exteri or
Air Duct | Wndow Channel | Wndow St ool (W pe) (Dust)
Ai r Duct . 16 .13 . 25 .41
33 37 21 36
.37 .43 . 26 .01
W ndow . 56 -.08 .12
Channel 41 25 40
.00 . 68 .43
W ndow St ool -.03 .09
27 45
. 87 .55
Fl oor (W pe) .44
27
.02
Ent r yway
Exteri or
(Dust)

* Top nunber is estimated correlation; mddle nunber is degrees of freedom and bottom
nunber is significance |evel.
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Only the upper right-hand half of the matrix, above the shaded
diagonal, is filled in since the lower left-hand half of the
matri x woul d contain redundant information.

When controlling for the fixed effects, degrees of freedom
for the estimation of correlation are specified to estimate the
fixed effects. This was accounted for in the significance |evels
and the degrees of freedom displayed in the correlation tables.

The foll ow ng nethod was used to cal cul ate degrees of
freedomfor estimating the house-level correlation of two sanple
types, A and B

1. Let m, g denote the nunber of houses from which sanples
of both types were taken, and

2. Let f; denote the nunber of house-level fixed effects
in the nodel fit for sanple type i (i=A B)

3. dfag = Mg- max (fa fo) - 2.

I n nost cases there were at |east 30 degrees of freedom

Esti mates of correlations with floor w pe sanples had fewer
degrees of freedom because the sanples were only taken in the
abat ed houses.

Sone sanple types are not represented in the house-| evel
correlation analysis. This is because in sone cases the
restricted maxi mum |i kel i hood (REM.) estimates of the random
house-t o- house differences were negligible after controlling for
the fixed effects. This happened in the case of interior
entryway | ead | oadi ngs, vacuum fl oor |ead | oadi ngs and
concentrations, air duct concentrations, and interior entryway
dust | oadi ngs.

The | ead | oadi ng random house effect estinmates are presented
graphically in Figure 5-1. This figure is a scatterplot matrix,
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or a collection of bivariate plots organized into matrix form
As wth the correlation matrix, to locate a plot of interest,
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Figure 5-1. Scatterplot matrix of unit-level random

effects for different sample types: lead

loading (ug/ft?).
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identify the row associated with one sanple type and the col um
associated wth the other sanple type. The plot is presented in
the correspondi ng box. Wthin each box, the horizontal axis
represents increasing values of the columm variable on a

| ogarithmc scale. Simlarly, the vertical axis represents

i ncreasing values of the row variable on a logarithmc scale.
The abbrevi ations enpl oyed on the diagonal to identify the
different sanple types are defined in Table 1-4.

The ellipse plotted in each box of Figure 5-1 is the ellipse
that contains 95% of the probability associated with the
estimated bivariate normal distribution for the plotted data.
The narrower the ellipse, the stronger the correl ati on between
the two sanple types. |If the ellipse is oriented fromthe | ower
| eft-hand corner of the box to the upper right-hand corner of the
box, the sanple types are positively correlated. |If, on the
other hand, the ellipse is oriented fromthe upper |eft-hand
corner of the box to the |ower right-hand corner of the box, the
sanpl e types are negatively correl ated.

Tabl e 5-2 contains house-to-house correl ation estimtes for
| ead concentrations; Table 5-3 provides the sane for dust
| oading. Figure 5-2 is the analog to Figure 5-1 for |ead
concentrations; Figure 5-3 provides the sanme information about
dust | oadi ngs.

There were several indications of a positive house-|evel
correlation between different sanple types. No significant
negati ve correlations were observed. Thus, unexpl ai ned (not
accounted for by the nodels) differences between | ead and dust
levels in different houses appear to be simlar for certain pairs
of sanple types.

The strongest correlation in | ead | oadi ngs was observed
bet ween w ndow channel s and w ndow stools. The estinmated
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correlation was 0.56 with 41 degrees of freedom

This was highly

significant. Examning Figures 5-2 and 5-3 reveals that this
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Table 5-2. Correlations”™ Among Sample Types for Between-
House Random Effects: Lead Concentration
Vacuum Soi |
W ndow W ndow Ent r yway Ent r yway
Channel St ool Interior Ext eri or Ent ryway | Foundati on Boundary
W ndow . 40 .27 . 26 .23 .07 .15
Channel 41 40 40 41 24 39
.01 . 08 . 10 .13 .72 .35
W ndow .07 -.06 .18 .12 .38
St ool 44 45 46 29 44
.63 .70 .22 .53 .01
Ent r yway . 25 .29 . 26 .22
Interior 43 44 28 43
. 09 . 05 .16 15
Ent r yway .18 .32 -.12
Exterior 45 28 43
.22 . 08 .44
Ent r yway .29 . 56
29 44
.11 .00
Foundati on .09
29
. 93
Boundary
Top nunber is estimated correl ation; mddle nunber is degrees of freedom and bottom nunber is

signi ficance |evel.
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Table 5-3. Correlations”™ Among Sample Types for Between-House
Random Effects: Dust Loading

Ent r yway
Fl oor Ext eri or
Ai r Duct W ndow Channel | W ndow St ool (Vacuum (Dust)
Al r Duct -.32 .03 .12 . 33
33 37 37 36
. 06 . 88 . 45 .04
W ndow .34 .17 .01
Channel 41 38 40
.02 . 28 . 96
W ndow .27 . 15
St ool 43 45
. 07 . 30
Fl oor .33
(Vacuum 42
.03
Ent r yway
Exteri or
(Dust)

* Top nunber is estimated correlation; mddle nunber is degrees of freedom and
bott om nunber is significance |evel.
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Figure 5-3.

Scatterplot matrix of unit-level random
effects for different sample types: dust

loading (ug/9).-
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relationship is due to positive correlations in both | ead
concentrations and dust | oadi ng.

Significant correlation was observed for |ead | oadings
between air duct and exterior entryway | ead |oadings. The house-
to- house variation in air duct |ead concentrations was negligible
(refer to Table 4-5). However, there was significant correlation
observed in dust |oadings for these two sanple types. That is,
at houses where nuch dust was found at the exterior entryways,
there was al so nmuch dust found in the air ducts. Exterior
entryway dust |ead | oading was al so significantly correlated with
floor |lead |l oading collected with w pes.

There were al so significant correl ations observed in soi
| ead concentrations at different property |ocations (Table 5-2).
Entryway soil |ead concentrations were significantly correl ated
wi th boundary concentrations (.56, p < .005). The correlation
bet ween boundary and foundation | ead concentrati ons was not
significant. There were two indications of correlation between
interior and exterior |ead concentrations. Interior entryway
dust | ead concentrations were significantly correlated with
entryway soil |ead concentrations (.29, p=.05. Lead
concentrations were also correlated for boundary soil and w ndow
stool dust (.38, p=.01).

There was significant correl ation observed (Table 5-3)
bet ween dust | oading on (interior) vacuumfloors and exterior
entryways (.33, p = .03). That is, houses with nore dust outside
the entryways tended to have nore dust on the floors inside.
There was al so significant correl ati on between dust |oadings in
air ducts and dust |oadings at the exterior entryways (.33,
p=.04), and between w ndow stools and wi ndow channels (. 34,
p=. 02).

5.2 WITHIN-HOUSE CORRELATIONS
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Wher eas the previous section di scussed house-to-house
variations in |lead and dust levels, this section discusses
W t hi n- house correl ati ons anong sanple types. Thus, the purpose
of this analysis is to determne if there is significant co-
variation in | ead |l evel s as one noves fromroomto roomor side
to side at a house.

For interior dust sanples (except floor sanples), there was
typically only one sanple taken per room For these sanple
types, it was inpossible to estimate random room effects apart
fromwithin-roomvariation. Residuals fromthe fit of the full
nodel were used in the correlation cal culations. Therefore, for
these sanple types, the correlations presented in this section
are really those of roomto-roomplus wthin-roomvariation anong
the different dust sanple types. For sone pairs of sanple types
(e.g., entryway interior and floor vacuun), there were
insufficient data to estimate the room |l evel correlations after
fitting the full nodel. 1In these instances, the relevant entry
in Tables 5-4, 5-5, and 5-6 is blank.

For floor and soil sanples, side-by-side sanples were taken
at several locations. Therefore, the nodel included a rooniside
| evel randomeffect termfor each |ocation sanpled. For these
sanpl e types, residuals fromthis nodel were averaged and added
to the estimates of the roonfside |evels randomeffect to
estimate w thin-house correl ations.

To cal cul ate degrees of freedomfor estimating the wthin-
house correlation of two sanple types, A and B, the follow ng
met hod was used:

1. Let h,g denote the nunber of houses from which sanples
of both types were taken, and

2. Let | ,5 denote the nunber of |ocations from which both
sanpl e types were taken, and
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3. Let f" denote the nunber of roomlevel fixed effects in
the nodel fit for sanple type (i=A B)

4. df A B = IA,B- hA,B- rTaX(fAr, fBr)'Z.

Tabl e 5-4 presents these correlations for |ead | oading;
Tabl e 5-5 presents the correlations for | ead concentrations; and
Tabl e 5-6 presents the correlations for dust |oading. The format
used in these tables is the sane as that of Tables 5-1, 5-2, and
5-3. Figure 5-4 displays scatterplot matrices of wthin-house
| evel differences in |ead |oadings; Figures 5-5 and 5-6 provide
the sane for |ead concentrati ons and dust | oadi ngs.

No significant correlations were found for |ead | oading.
The only significant w thin-house |evel correlation in |ead
concentration was between interior and exterior entryway dust
sanples (.37, p=.03). Lead concentration for these tw sanple
types were not at all correlated with | ead concentrations in
entryway soil sanples, despite the fact that these estinates are
based on many degrees of freedom There were no significant
correlations for dust | oading.
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Table 5-4. Correlations”™ Among Sample Types for Within-House
Random Effects: Lead Loading
Ent r yway
Air W ndow W ndow Fl oor Fl oor Ent r yway Exteri or
Duct Channel St ool (W pe) (Vacuum Interior (Dust)
Air Duct . 06 .17 .02
8 23 27
. 86 .42 . 90
W ndow .27 .12
Channel 21 20
.22 . 60
W ndow .17 .05
St ool 49 2
24 . 95
FI oor
(W pe)
Fl oor
(Vacuunm
Ent r yway .14
Interior 31
.44
Ent r yway
Exterior
(Dust)
* Top nunber is estimated correlation; mddle nunber is degrees of freedom

and bottom nunber

is significance |evel.
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Table 5-5. Correlations”™ Among Sample Types for Within-
House Random Effects: Lead Concentration
Ent r yway
Air W ndow W ndow Fl oor Ent r yway Exteri or Ent r yway* *
Duct Channel St ool (Vacuum Interior (Dust) (Soil)
Air Duct . 06 . 38 .09
4 23 27
.90 . 06 . 64
W ndow .34 .14
Channel 21 20
.11 .54
W ndow -.01 .05 .17
St ool 49 2 3
.94 . 95 .78
Fl oor
(Vacuum
Ent r yway .37 -.04
Interior 31 38
. 03 .81
Ent r yway -. 14
Exterior 41
(Dust) . 38
Ent r yway
(Soil)

* Top nunber is estimated correl ation; mddle nunber is degrees of freedom and bottom nunber is
signi ficance |evel

* % Foundati on and boundary soil sanples are not represented in this table because there is not a
clear link between interior dust sanples (e.g., the w ndow stool of an interior room and soi
sanpl es near the boundary or near the foundation, except at the entry. Even though a link can
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be made if the boundary or foundation soi

sanmpl e was collected on the sane side of the house

as an entry, there were too few cases to warrant this.
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Table 5-6. Correlations”™ Among Sample Types for Within-
House Random Effects: Dust Loading
Ent r yway
Air W ndow W ndow Fl oor Ent r yway Exteri or
Duct Channel St ool (Vacuum Interior (Dust)
Ai r Duct -.20 -.11 .11
8 23 27
. 57 64 . 55
W ndow .15 -.02
Channel 21 20
.48 . 93
W ndow . 26 . 156
St ool 49 2
. 07 . 84
Fl oor
(Vacuum
Ent r yway .04
Interior 31
. 85
Ent r yway
Exteri or
(Dust)

* Top nunber

is estimated correl ati on
signi ficance |evel

m ddl e nunmber

i s degrees of

freedom and bottom nunber

is
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Figure 5-4_. Scatterplot matrix of room-level random effects
for different sample types: lead loading

(Mg/ft?) .
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Scatterplot matrix of room-level random effects

for different sample types: lead concentration




a1

Figure 5-6.

Scatterplot matrix of room-level random effects
for different sample types: dust loading (png/Qg)-

146



