APPENDIX A

GLOSSARY FOR SECTION 2.1



Sources: The Concise Columbia Encyclopedia. 1995. Columbia University Press; Solomon et al.
1993. Biology, Third Edition. Harcourt Brace Publishing

astrocyte - a sar-shaped cdll, especidly aneuroglia cdl of nervoustissue,
axon - thelong, tubular extension of the neuron that conducts nerve impulses awvay from the cell body.

blood-brain barrier - system of capillaries that regulates the movement of chemical substances, ions,
and fluidsin and out of the brain.

central nervous system - the portion of the vertebrate nervous system congsting of the brain and
spinal cord.

cerebellum - the trilobed structure of the brain, lying posterior to the pons and medulla oblongata and
inferior to the occipita lobes of the cerebral hemispheres, that is responsible for the regulation and
coordination of complex voluntary muscular movement as well as the maintenance of posture and
balance.

cerebral cortex - the extensve outer layer of gray matter of the cerebrd hemispheres, largely
respongible for higher brain functions, including sensation, voluntary muscle movement, thought,
reasoning, and memory.

cerebrum - the large, rounded Structure of the brain occupying most of the crania cavity, divided into
two cerebral hemispheresthat are joined at the bottom by the corpus calosum. It controls and
integrates motor, sensory, and higher menta functions, such as thought, reason, emation, and memory.
cognitive development - various menta tasks and processes (e.g. recelving, processing, storing, and
retrieving information) that mediate between stimulus and response and determine problem-solving
ability.

demyelination - to destroy or remove the mydlin sheath of (a nerve fiber), as through disease.

dendrite - a branched protoplasmic extension of anerve cdl that conducts impulses from adjacent
cdlsinward toward the cell body.

EEG (electroencephaogram) - agraphic record of the eectrical activity of the brain as recorded by an
electroencephaograph. Also cdled encephalogram.

ECoG (electrocorticogram) - agraphic record of the eectrica activity of the brain; used to caculate
parameters of activity, such as wave amplitude and frequency.
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encephalitis - inflammation of the brain.
encephalopathy - any of various diseases of the brain.

enzyme - any of numerous proteins or conjugated proteins produced by living organisms and
functioning as biochemica cadyds.

gavage - introducing materid directly into the somach using atube.
genotoxic - causng chromosomal/genetic aberrations.

glial cells (neuroglia) - the delicate network of branched cells and fibers that supports the tissue
(neurons) of the centrd nervous system.

gray matter - brownish-gray nerve tissue, especidly of the brain and spind cord, composed of nerve
cdl bodies and their dendrites and some supportive tissue.

heme (hematin) - ferrous component of hemoglobin, as wel as afunctiond group in other
hemoproteins involved in various functions throughout the bodly.

hematological - science encompassng the medica study of the blood and blood-producing organs.
hepatic - of, relating to, or resembling the liver.

hippocampus - aridge in the floor of each laterd ventricle of the brain that conssts mainly of gray
matter and has a central rolein memory processes.

histopathology - the study of the microscopic anatomica changes in diseased tissue.

hormone - a chemica messenger, usualy a peptide or steroid, produced by one tissue and conveyed
by the bloodstream to another to effect physiologica activity, such as growth or metabolism.

limbic system - a group of interconnected deep brain structures, common to al mammals, and
involved in olfaction, emotion, motivation, behavior, and various autonomic functions.

microtubules - any of the proteinaceous cylindrical hollow structures that are distributed throughout

the cytoplasm of eukaryotic cdls, providing structurd support and asssting in cellular locomotion and
transport.
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mitochondrion (plurd mitochondria) - a spherica or ongated organelle in the cytoplasm of nearly al
eukaryotic cdls, containing genetic materid and many enzymes important for cell metabolism, including
those responsible for the conversion of food to usable energy.

morphology - the form and structure of an organism or one of its parts, without consideration of
function.

mutagenic - inducing or increasing the frequency of mutation in an organism.

myelin sheath - the insulating envelope of myein that surrounds the core of a nerve fiber or axon and
facilitates the transmisson of nerve impulses. In the peripherd nervous system, the sheeth is formed
from the cell membrane of the Schwann cdl and, in the central nervous system, from oligodendrocytes.
Also cdled medullary sheath.

necrosis - death of cdls or tissues through injury or disease, especidly in alocdized area of the body.
nerve - many neurons bound together by connective tissue.

neuroglia - see glial cells.

neuron - cdll specidized for the conduction of eectrochemica nerve impulses that congtitute the brain,
spind column, and nerves, consisting of anucleated cdll body with one or more dendrites and asingle
axon. Also cdled nerve cell.

neurotransmitter - achemica substance that transmits information (nerve impulses) acrossthe
junction (synapse) that separates one nerve cdl (neuron) from another nerve cell or amuscle. There
are more than 300 known neurotransmitters, including dopamine and glutamine.

parasympathetic nervous system - the part of the autonomic nervous system originating in the brain
stem and the lower part of the spind cord that, in generd, inhibits or opposes the physiological effects
of the sympathetic nervous system, asin tending to stimulate digestive secretions, dow the heart,
congtrict the pupils, and dilate blood vessdls.

peripheral nervous system - the part of the vertebrate nervous system congtituting the nerves outside
the centrd nervous system and including the cranid nerves, the spind nerves, and the sympathetic and
parasympathetic nervous systems.

perseveration - uncontrolled, incessantly repetitive behavior, occurring even when it directly resultsin
rewards being withheld.

renal - of, relating to, or in the region of the kidneys.
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somatosensory - of or relaing to the perception of sensory stimuli from the skin and interna organs.
sympathetic nervous system - the part of the autonomic nervous system originaing in the thoracic
and lumbar regions of the spina cord that in generd inhibits or opposes the physiologicdl effects of the
parasympathetic nervous system, asin tending to reduce digestive secretions, Speeding up the heart,
and contracting blood vessdls.

synapse - the junction across which a nerve impul se passes from an axon termina to aneuron, a
muscle cell, or agland cell.

teratogenic - of, relating to, or causng maformations of an embryo or afetus.

tubulin - aglobular protein that isthe basic Structurd congtituent of microtubules.
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APPENDIX B

CALCULATING AVERAGE 1Q DECREMENT
ASSUMING A NON-ZERO THRESHOLD ON THE
IQ/BLOOD-LEAD CONCENTRATION RELATIONSHIP



This gppendix is an update to Appendix E1 of the 8403 risk andyss report, which provided
details on how the hedlth effect and blood-lead concentration endpoints are cal culated given that blood-
lead concentration is lognormally distributed with a geometric mean and geometric standard deviation
specified by GM and GSD, respectively. In estimating average |Q decrement due to lead exposure
and the percentages of children whose |Q decrement as aresult of lead exposure was a or above 1, 2,
or 3 points, the 8403 risk analysis (as detailed in Appendix E1) assumed an average |Q decrement of
0.257 points for every 1.0 pg/dL increase in blood-lead concentration, and that no blood-lead
threshold existed in this relationship (i.e., no non-zero blood-lead concentration existed below which
the predicted 1Q decrement was zero). To evaluate how the assumption of no threshold affects the
estimates of these |Q decrement parameters, the sengitivity analyses presented within Chapters 5 and 6
of this document includes anayses that estimate these parameters under pecified assumptionson a
non-zero threshold (Sections 5.1.4 and 6.2.2). This appendix shows how these estimates were
caculated in these sengtivity analyses (i.e., given anon-zero threshold). (Note that the assumption of a
threshold does not affect how the probability of having a blood-lead concentration at or above a
specified vaue or the probability of observing an 1Q less than 70 due to lead exposure are calculated.)

P{IQ decrement $ x] for x=1, 2, 3
Let Y denote the 1Q decrement associated with a blood-lead concentration specified by PbB.
Assume that the non-zero blood-lead threshold in the blood-lead/1Q relationship is denoted by T. Then

Y 0.257*(PbB - T) whenPoB $ T
0 when PbB < T.

Thus, for any positive vaue x, the probability of observing an 1Q decrement (Y) & or above x is
determined by the following:

PIY $ x] = P[0.257*(PoB-T) $ x] = P[PbB $ (x/0.257 + T)] = P{In(PbB) $ In(x/0.257 + T)]

where In(.) denotes the naturd logarithm transformation. Then, since PoB is assumed to have a

lognormd didtribution,
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(In(O;57+T)- In(GM))
P[IQ decrement?® x]=1- F : In(GSD)

where O(z) is the probability of observing avaue less than z under the standard normal ditribution.

Average | Q decrement

Under the same notation asin the previous paragraph, let f(x) denote the probability densty
function (PDF) of PoB (i.e,, the PDF of alognorma didtribution), let F(x) denote the cumulative density
function (CDF) of PoB (i.e., F(x) = P[PbB # x]), and let g(y) denote the PDF of Y. Then

9v) (U0.257)*(y/0.257 +T)  wheny >0

) wheny =0

Then, the average 1Q decrement, denoted by E[Y], is given by

¥ ¥ ¥

E[Y]= Qyxf(y/0.257 + T)x(1/ 0.257)dy = [0.2570x X (x)dx]- [0.257xT Of (x)dx]
(6} T T

This eguates to the following:
Avg. 1Q decrement = E[Y] =

0.257xGM xexp(@) >‘[l- = (ln(T) - In(GM) - |n(GSD)2)]

In(GSD)
In(T) - In(GM)
In(GSD) )]

- 0.257>{1- F

Note that when T=0, average |Q decrement = 0.257* GM* exp(In(GSD)?/2), which is equation (4)
specified within Appendix E1 of the 8403 risk analyss report.

B-2



The standard deviation of the digtribution of 1Q decrement (Y) equas

S.D.(IQ decrement) = 4 E(Y2) - [E(Y)]?

Thevaue of E[Y] is given above, and the value of E(Y?) can be found to equal

E[Y?] = o.2572x{ exp(2(In(GM) + In(GSD)2)) {1- F ('”(lTrZ ('(;gg);'v') : 2In(GSD))]
- 2T xexp(In(GM) + In(GSD)ZIZ)[l- F 'n(Tli] &GIESSD) - In(GSD))]

+T2>{1- F In(ITr)]('Glgg);M))]}
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APPENDIX C

METHOD TO IMPUTING HOUSEHOLD AVERAGE
ENVIRONMENTAL-LEAD LEVELS FOR HOUSING UNITS IN THE
NATIONAL SURVEY OF LEAD AND ALLERGENS IN HOUSING (NSLAH)



Method to Imputing Household Average Environmental-lead Levels for
Housing Units in the National Survey of Lead and Allergens in Housing (NSLAH)

Occasiondly, some of the 706 housing unitsincluded in the interim NSLAH database had no
data available to caculate one or more of the following five environmenta-lead parameters:

arearweighted household average floor dust-lead loading

area-weighted household average window silI dust-leed loading

household average soil-lead concentration at dripline/entryway

household average soil-lead concentration at mid-yard

yard-wide average soil-lead concentration (taken to be the average of the previous two
measures, or only one of these two measures if no data exist for the other).

In order to apply the risk analysisto the NSLAH data (specificaly, the modding andyss), it was
necessary to estimate these parameters in Stuations where their values could not be caculated for a
given housing unit due to alack of available data (i.e., no floor dust-lead loading data, no window sill
dust-lead loading data, or no soil-lead concentration data). Otherwise, those housing units having
missing data, and the portion of the national housing stock represented by their sampling weights, could
not be represented in therisk andyss. The method of assigning estimated data values to housing units
having missng datais cdled imputation.

The imputation method gpplied to the interim NSLAH data was the same method used in the
8403 risk andysis to impute environmenta-leaed levels for HUD Nationa Survey units. This method
was documented in Section 3.3.1.1 and Appendix C of the 8403 risk analysisreport. This method
involved the fallowing:

1 Each NSLAH housing unit was placed into one of 15 categories defined by the
combination of five housing age categories (pre-1940, 1940-1959, 1960-1977, post-
1977, unknown) and three categories determined by whether or not |ead-based paint
(LBP, defined as paint with an x-ray fluorescence measurement of a least 1.0 mg/cny)
was observed in the unit (yes, no, unknown).

2. Within the eight categories in which both the housing age group and the presence of
LBP were known, the weighted averages of the fird four environmental-leed
parameters above were cdculated across the housing units having nonmissing data
(where the weights corresponded to the interim NSLAH sampling weights). Then,
within a given category, if ahousing unit had missng data for one of these four
parameters, the weighted average for that parameter was assigned to the unit.

3. For the category in which both the housing age group and the presence of LBP were
unknown, housing units having missing datafor a given parameter among the firg four
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parameters above were assigned the weighted average for that parameter calculated
across dl unitsin the interim NSLAH database having nonmissing data for that
parameter.

4, For the four categories in which the housing age group was pecified but the presence
of LBP was unknown, housing units having missng data for a given parameter anong
the fird four parameters above were assigned the weighted average for that parameter
cdculated across units within the same housing age group (without regard to the
presence of LBP) that had nonmissing data for that parameter.

5. For the two categories in which the presence of LBP was known but the housing age
group was not specified, housing units having missing data for a given parameter among
the fird four parameters above were assigned the weighted average for that parameter
caculated across units having the same indicator of LBP (without regard to housing age
group) that had nonmissing data for that parameter.

6. If ahousing unit had a missing vaue for yard-wide average soil-lead concentration (i.e,
no soil-lead concentration data for any soil samples), the parameter’ simputed value
assigned to this unit was the arithmetic average of the unit’simputed values for average
dripline/entryway soil-lead concentration and average mid-yard soil-lead concentration.
(Notethat if soil-lead data existed for one location but not for the other, the unit’s yard-
wide average equaled the average for only the location having soil-lead data.)

Table C-1 presents the weighted averages that were assigned to units having missing data as part of this
imputation scheme, according to category. Note that only those weighted averages that were assigned
to at least one housing unit with missing dataare displayed in thistable. The numbersin parentheses
correspond to the numbers of housing unitsin the category to which the given weighted average was
assigned. Only 11 of the 15 housing unit categories are included in Table C-1, as no imputations were
necessary in the other four categories.

Asindicated in Table C-1, the above imputation procedure was applied twice to the NSLAH
data: once when making no adjustments to not-detected vaues, and once after replacing not-detected
vaues with one-hdf of the detection limit. Both of these scenarios were considered in the data
summaries and risk andysis. 1n both cases, the imputed va ues were the same in a mgority of
gtuations, and those differences which did occur between the two cases were minor.
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Table C-1.

Imputed Environmental-Lead Measurements, by Housing Age Category and Presence of Lead-Based Paint

(LBP)', and Numbers of Units in the Interim NSLAH to Which Imputed Measurements Were Assigned

Household Average
Environmental-Lead

Imputed Measurement?
(Number of Interim NSLAH units in which imputed measurements were assigned)

Pre-1940 Units

1940-1959 Units

1960-1977 Units

Post-1977 Units

Units with Housing

L Age Unspecified
LBP LBP Not LBP LBP Not LBP LBP Not LBP LBP Not LBP LBP LBP Not
Present Present Present Present Present Present Present Present Presence Present Present
Unknown
No Adjustment Made to Not-Detected Values
Floor Dust-Lead Loading 35.30 -- 4.94 - -- 1.24 - 1.18 1.20 21.20 --
(ug/ft?) (1) (2) (3) (1) (1) (1)
Window Sill Dust-Lead 449.06 15.45 144.42 94.66 -- 28.95 28.81 13.99 15.62 285.64 32.73
Loading (ug/ft?) (3) (1) (4) (4) (12) (1) (12) (1) (1) (2)
Yard-Wide Average Soil-Lead 710.77 176.71 276.07 242.58 161.91 52.33 -- 24.85 27.78 392.05 63.84
Concentration® (ug/g) (7) (3) (4) (3) (3) (5) (7) (1) (5) (4)
Soil-Lead Concentration at 1094.6 223.48 399.75 344.61 245.35 64.45 -- 27.15 31.88 591.39 80.84
Dripline/Entryway (ug/g) (8) (5) (6) (3) (3) (8) (8) (1) (5) (4)
Soil-Lead Concentration at 326.95 129.93 152.39 140.55 78.47 40.20 -- 22.56 23.68 192.71 46.84
Mid-Yard (ug/g) (8) (3) (7) (3) (4) (8) (11) (1) (5) (5)
Not-Detected Values Replaced by LOD/2 (i.e., one-half of the detection limit)
Floor Dust-Lead Loading 35.47 -- 5.19 -- -- 1.72 -- 1.71 1.71 21.45 --
(ug/ft?) (1) (2) (3) (1) (1) (1
Window Sill Dust-Lead 449.10 15.81 144.76 94.88 -- 29.28 28.90 14.43 16.02 285.81 33.09
Loading (ug/ft?) (3) (1) (4) (4) (12) (1) (12) (1) (1) (2)
Yard-Wide Average Soil-Lead 710.82 176.62 276.10 242.76 162.07 52.86 - 25.73 28.57 392.156 64.43
Concentration (ug/g) (7) (3) (4) (3) (3) (5) (7) (1) (5) (4)
Soil-Lead Concentration at 1094.6 223.48 399.76 344.66 245.47 64.85 -- 27.86 32.52 591.46 81.30
Dripline/Entryway (ug/g) (8) (5) (6) (3) (3) (8) (8) (1) (5) (4)
Soil-Lead Concentration at 327.01 129.75 152.45 140.86 78.67 40.87 -- 23.60 24.63 192.84 47.56
Mid-Yard (ug/g) (8) (3) (7) (3) (4) (8) (11) (1) (5) (5)

" Units with lead-based paint have a maximum observed XRF reading of at least 1.0 mg/cm? on interior or exterior painted surfaces.
2 See text for details on method of determining imputed measurements.
® Imputed only when unit has no soil-lead data for either dripline/entryway or mid-yard.
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APPENDIX D1

SUMMARIES OF INTERIM DUST-LEAD LOADING DATA
FROM THE NATIONAL SURVEY OF LEAD AND ALLERGENS IN HOUSING,
(NSLAH), WHERE IMPUTED DATA ARE EXCLUDED



Summaries of Interim Dust-Lead Loading Data
from the National Survey of Lead and Allergens in Housing (NSLAH),
Where Imputed Data Are Excluded

This gppendix presents descriptive dtatistics of average household dust-lead |oadings for floors
and window dlls from the 8403 risk analysis and from the interim NSLAH dust-lead loading data
where imputed data values cal culated based on the methods presented in Appendix C are omitted.
These summaries complement the summary tables and boxplots presented in Tables 3-4 through 3-11b
and Figures 3-1 through 3-6 in the main body of this report, which included imputed household
averages for housing units having no dust-lead loading data

The gatigics on the interim NSLAH data are provided in this gppendix under five different
gpproaches to handling sample results that fal below the instrument’ s detection limit. As noted in Table
3-1, theinterim NSLAH database reported dust-lead amounts as they were measured by the andytica
ingruments, regardless of whether these amounts were below the insrument’ s detection limit. While
using these actud reported lead amounts rather than a censored result based on the detection limit can
lead to more accurate portrayals of the actua lead amounts in the samples, some of these reported
amounts are zero or below. This can cause problemsin therisk andyss, as the empiricd model takes
natura logarithms of the household averages, and logarithms can only be taken on positive values.
Therefore, the descriptive atistics of the interim NSLAH data are presented in this appendix under
five gpproaches to handling not-detected values associated with individua sample analyses:

No adjustment (i.e., using data as reported in the database)

Replacing the value with zero

Replacing the vaue with the detection limit (LOD) divided by two

Replacing the vaue with the detection limit divided by the square root of two
Replacing the vaue with the detection limit

Replacement with zero introduces the greatest amount of negative bias (i.e., underestimetion), while
replacement with the detection limit introduces the greatest amount of positive bias. The detection limit
divided by the square root of two is an efficient estimator of the true amount when the data are
lognormally digtributed, while the detection limit divided by two is recommended when the digtribution
ishighly skewed. Results are presented under these different approaches to illustrate the impact that
any one approach has on the characterized digtribution.

The following tables gppearing in this gppendix are associated with the specified tablesin
Chapter 3 of the report:

° TablesD1-1 and D1-22 nationa estimates complementing Tables 3-4 and 3-5
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° TablesD1-3and D1-4 edtimates by housing age category, complementing Tables 3-
6 and 3-7

° TablesD1-5and D1-6: estimates by Census region, complementing Tables 3-8 and
3-9

° Tables D1-7athrough D1-8b: estimates by combinations of Census region and
housing age category, complementing Tables 3-10a through 3-11b.

The following boxplots gppearing in this gpopendix are associated with the specified boxplots in Chapter
3 of the report:

° FiguresD1-1 and D1-2 nationd estimates complementing Figures 3-1 and 3-2

° FiguresD1-3and D1-4: edtimates by housing age category, complementing Figures
3-3and 3-4

° FiguresD1-5and D1-6. edtimates by Census region, complementing Figures 3-5 and
3-6.

While Tables D1-1 through D1-4 and Figures D1-1 through D1-2 contain interim NSLAH data
summaries under al five approaches to handling not-detected va ues, the remaining tables and figuresin
this appendix present interim NSLAH data summaries only for the two gpproaches (no adjustment;
replace by one-hdf of the level of detection) most likely to be used in the supplementa risk andysis and
congdered in the interim NSLAH data summaries presented in Chapter 3.
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Table D1-1. Descriptive Statistics of Area-Weighted Average Floor Wipe Dust-Lead
Loadings for Households, As Reported in the §403 Risk Analysis Versus
the Interim NSLAH Data (imputed data omitted for the NSLAH)

How Not- Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)’
Detected
and #
Study | Negative |Surveyed | Arith- Geo- el 25t 75t )
. . . . metric .. . Maximu
Data were |Units with| metic metric Std Minimum | Percen- | Median | Percen-
Handled Positive | Mean Mean? P tile tile m
Dev.
Averages
8403 Risk Analysis 284 16.5 6.27 3.49 0.508 2.65 5.32 12.2 375
(HUD Natl. Survey)
No 624 10.4 1.21 4.56 -1.23 0.300 1.03 2.30 5940
adjustment
Replaced 417 10.1 1.95 3.89 0.00 0.00 0.500 2.00 5940
by O
Interim Replaced 697 10.8 1.80 2.76 0.750 0.950 1.31 2.46 5950
NSLAH | by LOD/2
Replaced 697 11.1 2.21 2.50 1.06 1.25 1.68 2.84 5950
by LOD/%2
Replaced 697 11.4 2.73 2.29 1.50 1.60 2.10 3.20 5950
by LOD

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with floor dust-lead data
are used to calculate the remaining statistics).
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Table D1-2. Descriptive Statistics of Area-Weighted Average Window Sill Wipe Dust-
Lead Loadings for Households, As Reported in the §403 Risk Analysis
Versus the Interim NSLAH Data (imputed data omitted for the NSLAH)

Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)’

How Not-
Detected
and #
Study | Negative |Surveyed | Arith- Geo- rr?:t?'lc 25t 750 |
Data were |Units with| metic metric Std Minimum | Percen- | Median | Percen-
Handled Positive | Mean Mean? P tile tile m
Dev.
Averages
8403 Risk Analysis 284 550 23.0 15.8 0.0118 4.35 19.5 198 43700
(HUD Natl. Survey)
No 649 140 13.6 8.05 -9.43 2.71 11.0 50.3 11100
adjustment
Replaced 563 139 20.2 6.72 0.00 1.94 10.8 50.1 11100
by O
Interim Replaced 665 140 14.9 6.71 0.445 3.09 11.1 50.1 11100
NSLAH | by LOD/2
Replaced 665 141 16.2 6.22 0.629 3.75 11.6 50.3 11100
by LOD/%2
Replaced 665 141 17.6 5.77 0.889 4.39 12.1 50.3 11100
by LOD

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with window sill dust-

lead data are used to calculate the remaining statistics).
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Figure D1-1. Boxplots of Area-Weighted Average Floor Wipe Dust-Lead Loadings (ug/ft?) As Observed in the §403 Risk
Analysis (Using HUD National Survey Data) and in the NSLAH (under 5 approaches to handling not-detected
values) (imputed data omitted for the NSLAH)

(Note: Dust-lead loadings from the HUD National Survey have been converted to wipe-equivalents in the 8403 risk analysis using the methods documented
in the 8403 risk analysis report. See text for definitions of labels along the horizontal axis.)
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Figure D1-2. Boxplots of Area-Weighted Average Window Sill Wipe Dust-Lead Loadings (ug/ft?) As Observed in the §403
Risk Analysis (Using HUD National Survey Data) and in the NSLAH (under 5 approaches to handling not-
detected values) (imputed data omitted for the NSLAH)

(Note: Dust-lead loadings from the HUD National Survey have been converted to wipe-equivalents in the 8403 risk analysis using the methods documented
in the 8403 risk analysis report. See text for definitions of labels along the horizontal axis.)



Table D1-3. Descriptive Statistics of Area-Weighted Average Floor Wipe Dust-Lead

Loadings for Households, Presented by Housing Age Category, As

Reported in the 8403 Risk Analysis Versus the Interim NSLAH Data
(imputed data omitted for the NSLAH)

How Not- Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)’
Detected
Study and #Units | pith- | Geo- | G 25t 75t
Negative with . . metric .. . .
s metic metric Minimum | Percen- | Median | Percen- | Maximum
Data were | Positive Mean Mean? Std. tile tile
Handled |Averages Dev.?
Units Built Prior to 1940
8403 Risk Analysis 77 47.9 22.6 3.63 0.991 8.84 17.7 79.7 375
(HUD Natl. Survey)
No 110 36.9 3.66 4.49 -0.600 1.30 2.42 9.25 5940
adjustment
Replaced by 97 36.6 4.12 4.64 0.00 0.750 2.20 9.25 5940
0
Interim | Replaced by 113 37.0 3.92 3.94 0.750 1.45 2.71 9.25 5950
NSLAH LOD/2
Replaced by 113 37.2 4.36 3.62 1.06 1.68 3.05 9.27 5950
LOD/%2
Replaced by 113 37.5 4.89 3.34 1.50 2.00 3.40 9.38 5950
LOD
Units Built from 1940 - 1959
8403 Risk Analysis 87 18.1 8.74 3.34 0.508 4.07 7.81 22.4 171
(HUD Natl. Survey)
No 132 4.10 1.88 3.58 -0.720 0.719 1.77 3.66 71.0
adjustment
Replaced by 96 3.75 2.38 3.33 0.00 0.00 1.40 3.40 71.0
0
Interim ] Replaced by 143 4.37 2.29 2.64 0.750 1.05 1.98 3.55 71.0
NSLAH LOD/2
Replaced by 143 4.63 2.70 2.37 1.06 1.37 2.22 3.92 71.0
LOD/%2
Replaced by 143 4.99 3.22 2.15 1.50 1.77 2.52 4.83 71.0
LOD
Units Built from 1960-1977 (1960 - 1979 for the §403 risk analysis)
8403 Risk Analysis 120 6.74 4.14 2.45 0.657 2.25 3.62 7.59 106
(HUD Natl. Survey)
No 173 1.51 0.905 3.52 -0.733 0.206 0.880 1.70 28.5
adjustment
Replaced by 107 1.20 1.32 2.69 0.00 0.00 0.400 1.38 28.6
0
Interim | Replaced by 198 1.96 1.45 1.94 0.750 0.900 1.20 1.94 28.8
NSLAH LOD/2
Replaced by 198 2.28 1.83 1.76 1.06 1.24 1.53 2.19 28.8
LOD/%2
Replaced by 198 2.73 2.32 1.63 1.50 1.60 1.98 2.76 28.9
LOD
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Table D1-3.

(cont.)

How Not- Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)’
Detected
Study and #Units | it | Geor | 8% 25t 75
Negative with . . metric .. . .
s metic metric Minimum | Percen- | Median | Percen- | Maximum
Data were | Positive Mean Mean? Std. tile tile
Handled |Averages Dev.?
Units Built After 1977 (after 1979 for the §403 risk analysis)
8403 Risk Analysis 28 4.16 3.14 2.06 1.06 1.76 2.84 5.66 12.9
(HUD Natl. Survey)
No 149 1.20 0.542 3.35 -1.05 0.146 0.400 1.07 265
adjustment
Replaced by 72 0.949 0.959 2.53 0.00 0.00 0.00 0.500 265
0
Interim | Replaced by 178 1.71 1.14 1.72 0.750 0.750 1.00 1.35 265
NSLAH LOD/2
Replaced by 178 2.03 1.49 1.59 1.06 1.06 1.34 1.72 265
LOD/%2
Replaced by 178 2.47 1.96 1.50 1.50 1.50 1.70 2.25 265
LOD
NSLAH Units with Unspecified Year-Built Indicator
No 60 31.9 1.30 6.49 -1.23 0.300 1.24 2.50 1040
adjustment
Replaced by 45 31.7 2.17 5.44 0.00 0.00 0.660 2.20 1040
0
Interim | Replaced by 65 32.3 2.11 3.82 0.750 1.00 1.40 2.53 1040
NSLAH LOD/2
Replaced by 65 32.6 2.53 3.51 1.06 1.38 1.84 2.75 1040
LOD/%2
Replaced by 65 32.9 3.08 3.24 1.50 1.70 2.22 3.10 1040
LOD

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with floor dust-lead data
are used to calculate the remaining statistics).
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Table D1-4. Descriptive Statistics of Area-Weighted Average_Window Sill Wipe Dust-
Lead Loadings for Households, Presented by Housing Age Category, As
Reported in the 8403 Risk Analysis Versus the Interim NSLAH Data
(imputed data omitted for the NSLAH)

How Not- Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)’
Detected
and # Units . Geo- 0 T
Study Negative with A"t:.‘_ Geto: metric | . . P25 Medi P75 Maxi
Data were | positive azal: mzarrl‘czz Std. inimum e:icl::n- edian etritl:sn- aximum
Handled | Averages Dev.?
Units Built Prior to 1940
8403 Risk Analysis 77 2060 168 16.7 0.0155 35.6 198 1220 43700
(HUD Natl. Survey)
No 109 400 72.9 6.62 -0.152 21.1 78.2 284 11100
adjustment
Replaced by 107 400 76.3 6.35 0.00 21.1 78.2 284 11100
0
Interim ] Replaced by 110 400 72.2 6.47 1.03 21.1 78.2 284 11100
NSLAH LOD/2
Replaced by 110 400 73.3 6.30 1.46 21.1 78.2 284 11100
LOD/%2
Replaced by 110 400 74.7 6.12 2.06 21.1 78.2 284 11100
LOD
Units Built from 1940 - 1959
8403 Risk Analysis 87 285 22.0 10.7 0.0118 6.47 19.1 107 16100
(HUD Natl. Survey)
No 136 130 22.7 6.91 -1.73 6.35 21.0 69.1 3630
adjustment
Replaced by 122 129 30.3 5.90 0.00 5.563 19.5 68.4 3630
0
Interim ] Replaced by 137 130 24.2 6.04 0.923 6.10 21.5 69.6 3630
NSLAH LOD/2
Replaced by 137 130 25.7 5.64 1.31 6.48 21.7 70.1 3630
LOD/%2
Replaced by 137 131 27.5 5.27 1.66 7.56 21.9 70.9 3630
LOD
Units Built from 1960-1977 (1960 - 1979 for the 8403 risk analysis)
8403 Risk Analysis 120 184 16.2 14.6 0.0164 2.05 16.6 217 5790
(HUD Natl. Survey)
No 183 37.3 9.78 4.89 -2.32 2.82 8.03 25.4 1390
adjustment
Replaced by 163 36.3 12.1 4.47 0.00 2.07 6.95 21.5 1390
0
Interim ] Replaced by 189 37.6 10.4 4.31 1.02 3.06 7.86 26.4 1390
NSLAH LOD/2
Replaced by 189 38.1 11.2 4.05 1.36 3.60 8.29 26.5 1390
LOD/%2
Replaced by 189 38.8 12.3 3.82 1.47 4.20 8.83 27.5 1390
LOD
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Table D1-4.

(cont.)

How Not- Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)’
Detected
and # Units . Geo- @ "
Study Negative with A"ﬂ_" Geo: e . 25 i 75 )
Data were e metic metric Minimum | Percen- | Median | Percen- | Maximum
Positive 2 Std. . -
Handled PGS Mean Mean Dev.2 tile tile
Units Built After 1977 (after 1979 for the 8403 risk analysis)
8403 Risk Analysis 28 83.0 8.17 9.94 0.0164 2.58 8.11 57.8 1590
(HUD Natl. Survey)
No 160 15.6 3.26 5.32 -9.43 0.916 2.80 8.17 426
adjustment
Replaced by 115 14.8 5.40 4.38 0.00 0.00 1.71 7.29 409
0
Interim ] Replaced by 166 16.0 4.25 3.80 0.445 1.69 3.33 8.50 427
NSLAH LOD/2
Replaced by 166 16.5 4.95 3.50 0.629 2.07 4.01 9.48 434
LOD/%2
Replaced by 166 17.3 5.83 3.25 0.889 2.61 4.80 10.0 445
LOD
NSLAH Units with Unspecified Year-Built Indicator
No 61 379 38.5 7.55 -0.629 14.3 36.4 116 9030
adjustment
Replaced by 56 379 54.2 5.45 0.00 14.3 36.4 116 9030
0
Interim | Replaced by 63 379 38.9 6.91 0.720 17.7 36.4 116 9030
NSLAH LOD/2
Replaced by 63 379 40.4 6.53 1.02 18.8 36.4 116 9030
LOD/%2
Replaced by 63 380 42.1 6.19 1.44 18.8 36.4 116 9030
LOD

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with window sill dust-

lead data are used to calculate the remaining statistics).
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Figure D1-3. Boxplots of Area-Weighted Average Floor Wipe Dust-Lead Loadings (pg/ft?), by Housing Age Category, As
Observed in the §403 Risk Analysis (Using HUD National Survey Data) and in the NSLAH (under 2
approaches to handling not-detected values) (imputed data omitted for the NSLAH)

(Note: Dust-lead loadings from the HUD National Survey have been converted to wipe-equivalents in the 8403 risk analysis using the methods documented
in the 8403 risk analysis report. See text for definitions of labels along the horizontal axis.)



Table D1-5. Descriptive Statistics of Area-Weighted Average Floor Wipe Dust-Lead
Loadings for Households, Presented by Census Region, As Reported in
the 8403 Risk Analysis Versus the Interim NSLAH Data (imputed data
omitted for the NSLAH)

How Not- Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)’
Detected
and # G
Study | Negative |surveyed | Arith- Geo- m:t‘:;c 25t 750 |
Data were |Units with metic metric Std Minimum | Percen- Median Percen- m u
Handled Positive | Mean Mean? Y tile tile
Dev.
Averages
Northeast
§403 Risk Analysis 53 35.6 14.9 3.95 0.632 4.79 11.0 76.3 375
(HUD Natl. Survey)
No 103 10.0 2.28 4.42 | -0.620 | 0.800 1.90 6.00 617
Interim | adjustment
NSLAH |Replaced by 109 10.3 2.90 3.15 0.750 1.20 2.13 6.00 617
LOD/2
Midwest
§403 Risk Analysis 73 14.7 6.32 3.26 0.508 2.83 6.32 11.0 173
(HUD Natl. Survey)
No 135 14.6 1.31 5.74 | -0.733 | 0.283 1.16 2.48 1040
Interim | adjustment
NSLAH |Replaced by 149 14.9 2.00 3.34 0.750 | o0.760 1.29 3.15 1040
LOD/2
South
§403 Risk Analysis 134 13.3 5.01 3.28 0.735 2.00 3.89 10.0 236
(HUD Natl. Survey)
No 230 2.58 0.962 3.92 -1.05 0.253 | 0.900 1.76 265
Interim | adjustment
NSLAH |Replaced by | 260 3.00 1.53 2.22 0.750 | 0.970 1.20 1.89 265
LOD/2
West
§403 Risk Analysis 52 9.81 4.97 2.75 1.06 2.65 4.01 8.43 197
(HUD Natl. Survey)
No 156 19.0 0.927 3.68 -1.23 0.250 | 0.760 1.62 5940
Interim | adjustment
NSLAH |Replaced by 179 19.5 1.44 2.31 0.750 | o0.780 1.20 1.88 5950
LOD/2

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with floor dust-lead data

are used to calculate the remaining statistics).
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Table D1-6. Descriptive Statistics of Area-Weighted Average Window Sill Wipe Dust-
Lead Loadings for Households, Presented by Census Region, As

Reported in the 8403 Risk Analysis Versus the Interim NSLAH Data

(imputed data omitted for the NSLAH)

Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)"

How Not-
Detected
and # G
Study | Negative |Surveyed | Arith- | Geo- m:t‘:;c 25t 750 |
Data were [Units with | metic metric Std Minimum | Percen- | Median | Percen- m “
Handled Positive | Mean Mean? Y tile tile
Dev.
Averages
Northeast
8403 Risk Analysis 53 1440 92.2 16.1 0.0155 15.3 173 335 14600
(HUD Natl. Survey)
No 106 170 21.0 7.93 -1.89 5.94 14.6 89.5 5530
Interim | adjustment
NSLAH |Replaced by 108 170 22.1 6.99 0.578 5.94 14.8 90.0 5530
LOD/2
Midwest
8403 Risk Analysis 73 564 48.5 13.2 0.0706 7.76 83.0 309 43700
(HUD Natl. Survey)
No 143 216 19.9 7.13 -2.32 4.00 16.0 54.9 9630
Interim | adjustment
NSLAH [Replaced by 148 216 20.5 6.37 1.12 4.67 15.7 56.1 9630
LOD/2
South
8403 Risk Analysis 134 432 19.6 12.4 0.118 4.60 15.0 127 28400
(HUD Natl. Survey)
No 231 121 12.4 8.68 -9.43 2.33 10.2 53.8 11100
Interim | adjustment
NSLAH |Replaced by 237 121 14.2 6.77 0.646 2.88 10.3 53.8 11100
LOD/2
West
8403 Risk Analysis 52 62.2 4.45 12.7 0.0118 1.68 5.40 28.0 1400
(HUD Natl. Survey)
No 169 55.3 6.96 6.80 -0.115 1.74 6.08 25.6 3630
Interim | adjustment
NSLAH |Replaced by 172 55.3 7.93 5.68 0.445 2.18 6.26 25.5 3630
LOD/2

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with window sill dust-
lead data are used to calculate the remaining statistics).
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Figure D1-5. Boxplots of Area-Weighted Average Floor Wipe Dust-Lead Loadings (pg/ft’), by Census Region, Observed in
the §403 Risk Analysis (Using HUD National Survey Data) and in the NSLAH (under 2 approaches to handling
not-detected values) (imputed data omitted for the NSLAH)

(Note: Dust-lead loadings from the HUD National Survey have been converted to wipe-equivalents in the 8403 risk analysis using the methods documented
in the 8403 risk analysis report. See text for definitions of labels along the horizontal axis.)
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Figure D1-6. Boxplots of Area-Weighted Average Window Sill Wipe Dust-Lead Loadings (ug/ft?), by Census Region, As
Observed in the §403 Risk Analysis (Using HUD National Survey Data) and in the NSLAH (under 2
approaches to handling not-detected values) (imputed data omitted for the NSLAH)

(Note: Dust-lead loadings from the HUD National Survey have been converted to wipe-equivalents in the 8403 risk analysis using the methods documented
in the 8403 risk analysis report. See text for definitions of labels along the horizontal axis.)



Table D1-7a. Descriptive Statistics of Area-Weighted Average Floor Wipe Dust-Lead
Loadings for Households, Presented by Housing Age and Census Region,
As Reported in the 8403 Risk Analysis Versus the Interim NSLAH Data
Where No Adjustments Were Made to Not-Detected Results (imputed

data omitted for the NSLAH)

Census Study Housing Age Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)
Region Category #
Surveyed Arithmetic | Geometric | Geometric Median
Units Mean Mean Std. Dev.

Northeast | 8403 Risk Anal. Prior to 1940 26 63.5 36.5 3.39 76.3
Interim NSLAH 41 23.7 5.02 4.31 4.20

5403 Risk Anal. 1940 - 1959 17 13.2 8.84 2.54 7.81

Interim NSLAH 21 3.75 2.37 3.36 2.38

5403 Risk Anal. 1960 -1977 10 7.00 4.73 2.23 4.76

Interim NSLAH | 1960-79 for 5403) 19 3.34 1.72 3.76 1.46

Interim NSLAH After 1977 15 1.12 0.714 2.78 0.867

Midwest | 8403 Risk Anal. Prior to 1940 19 31.3 14.7 3.01 8.94
Interim NSLAH 32 7.78 2.42 4.26 1.97

5403 Risk Anal. 1940 - 1959 21 15.8 6.69 3.95 5.79

Interim NSLAH 35 5.48 2.05 4.16 1.59

5403 Risk Anal. 1960 -1977 29 6.33 4.58 2.35 4.44

Interim NSLAH |(1960-79 for 8403) | 5, 1.52 0.737 4.77 1.12

5403 Risk Anal. After 1977 4 3.32 2.77 1.83 2.80

Interim NSLAH | (1979 for §403) 25 0.913 0.545 3.86 0.320

South | §403 Risk Anal. Prior to 1940 19 50.7 20.8 4.01 19.0
Interim NSLAH 26 11.0 3.66 3.93 2.74

5403 Risk Anal. 1940 - 1959 33 25.4 10.3 3.91 10.0

Interim NSLAH 42 3.66 1.63 3.40 1.77

5403 Risk Anal. 1960 -1977 64 8.06 4.13 2.74 3.39

Interim NSLAH | (196079 for 8403) ¢4 1.16 0.814 3.09 0.880

5403 Risk Anal. After 1977 18 4.19 3.16 2.05 2.84

Interim NSLAH | (1979 for 8403) 70 1.04 0.543 3.13 0.480

West | 5403 Risk Anal. Prior to 1940 13 34.9 16.2 3.51 17.2
Interim NSLAH 11 264 3.84 6.17 2.30

5403 Risk Anal. 1940 - 1959 16 14.6 9.04 2.46 7.47

Interim NSLAH 34 2.73 1.59 2.91 1.24

5403 Risk Anal. 1960 -1977 17 4.50 3.53 2.03 3.35

Interim NSLAH | (1960-79 for 8403) [ 5 1.16 0.937 2.46 0.880

5403 Risk Anal. After 1977 6 4.60 3.36 2.21 3.00

Interim NSLAH | (1979 for 8403) 39 1.75 0.454 3.67 0.270
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Table D1-7b. Descriptive Statistics of Area-Weighted Average Floor Wipe Dust-
Lead Loadings for Households, Presented by Housing Age and
Census Region, As Reported in the 8403 Risk Analysis Versus the
Interim NSLAH Data Where Not-Detected Results Were Replaced
by LOD/2 (imputed data omitted for the NSLAH)
Census Study Housing Age Area-Weighted Average Floor Dust-Lead Loading (ug/ft?)
Region Category #
Surveyed Arithmetic | Geometric | Geometric Median
Units Mean Mean Std. Dev.
Northeast | 8403 Risk Anal. Prior to 1940 26 63.5 36.5 3.39 76.3
Interim NSLAH 41 23.8 5.47 3.91 4.35
§403 Risk Anal. 1940 - 1959 17 13.2 8.84 2.54 7.81
Interim NSLAH 23 4.03 2.86 2.23 2.40
§403 Risk Anal. 1960 -1977 10 7.00 4.73 2.23 4.76
Interim NSLAH | (1960-79 for 5403) [ 54 3.58 2.16 2.60 1.68
Interim NSLAH After 1977 16 1.68 1.43 1.72 1.29
Midwest | §403 Risk Anal. Prior to 1940 19 31.3 14.7 3.01 8.94
Interim NSLAH 35 8.09 2.70 3.23 2.19
§403 Risk Anal. 1940 - 1959 21 15.8 6.69 3.95 5.79
Interim NSLAH 36 5.80 2.57 3.20 1.53
§403 Risk Anal. 1960 -1977 29 6.33 4.58 2.35 4.44
Interim NSLAH | (1960-79 for 8403) | 55 2.00 1.50 2.03 1.20
§403 Risk Anal. After 1977 4 3.32 2.77 1.83 2.80
Interim NSLAH | (1979 for §403) 30 1.31 1.09 1.67 0.938
South §403 Risk Anal. Prior to 1940 19 50.7 20.8 4.01 19.0
Interim NSLAH 26 11.1 3.87 3.76 2.70
§403 Risk Anal. 1940 - 1959 33 25.4 10.3 3.91 10.0
Interim NSLAH 48 3.94 1.99 2.35 1.54
§403 Risk Anal. 1960 -1977 64 8.06 4.13 2.74 3.39
Interim NSLAH | (1960-79 for 8403) /=54 1.67 1.30 1.74 1.16
§403 Risk Anal. After 1977 18 4.19 3.16 2.05 2.84
Interim NSLAH | (1979 for 8403) 82 1.54 1.13 1.57 1.06
West §403 Risk Anal. Prior to 1940 13 34.9 16.2 3.51 17.2
Interim NSLAH 1 264 4.03 5.91 2.19
§403 Risk Anal. 1940 - 1959 16 14.6 9.04 2.46 7.47
Interim NSLAH 36 2.94 1.88 2.32 1.38
§403 Risk Anal. 1960 -1977 17 4.50 3.53 2.03 3.35
Interim NSLAH | (1960-79 for 5403) [ ¢4 1.62 1.39 1.66 1.26
§403 Risk Anal. After 1977 6 4.60 3.36 2.21 3.00
Interim NSLAH | (1979 for 8403) 50 2.34 1.07 1.95 0.900
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Table D1-8a. Descriptive Statistics of Area-Weighted Average Window Sill Wipe Dust-
Lead Loadings for Households, Presented by Housing Age and Census
Region, As Reported in the 8403 Risk Analysis Versus the Interim NSLAH
Data Where No Adjustments Were Made to Not-Detected Results

(imputed data omitted for the NSLAH)

Census Study Housing Age Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)
Region Category #
Surveyed Arithmetic | Geometric | Geometric Median
Units Mean Mean Std. Dev.
Northeast | §403 Risk Anal. | Prior to 1940 26 2700 265 15.8 176
Interim NSLAH 39 395 95.9 6.37 91.7
5403 Risk Anal. 1940 - 1959 17 98.5 32.6 5.55 50.7
Interim NSLAH 23 62.7 20.1 4.31 18.5
5403 Risk Anal. 1960 -1977 10 499 38.9 20.8 217
Interim NSLAH | (1980-79 for 8403) I 5 13.9 7.88 2.67 6.49
Interim NSLAH After 1977 16 18.3 3.28 5.69 2.06
Midwest | 8403 Risk Anal. |  Prior to 1940 19 1660 435 5.79 542
Interim NSLAH 35 355 64.3 6.13 60.1
5403 Risk Anal. 1940 - 1959 21 98.2 17.7 11.6 17.4
Interim NSLAH 34 103 18.9 6.38 16.0
5403 Risk Anal. 1960 -1977 29 223 20.9 11.6 48.3
Interim NSLAH | (1960-79 for 5403) 33 27.9 9.94 4.75 9.54
5403 Risk Anal. After 1977 4 62.5 27.5 6.78 83.0
Interim NSLAH | (1979 for §403) 30 21.0 6.57 3.64 5.86
South | 8403 Risk Anal. | Prior to 1940 19 2450 64.0 23.1 24.4
Interim NSLAH 25 606 105 5.95 115
5403 Risk Anal. 1940 - 1959 33 657 38.9 9.93 26.2
Interim NSLAH 43 164 27.1 9.13 27.3
5403 Risk Anal. 1960 -1977 64 149 24.0 12.6 32.0
Interim NSLAH | (1960-79 for 8403) 753 59.1 12.9 5.98 10.3
5403 Risk Anal. After 1977 18 112 9.09 8.60 7.58
Interim NSLAH | (1979 for 8403) 68 18.4 3.37 6.20 3.62
West | 8403 Risk Anal. |  Prior to 1940 13 125 11.5 14.7 7.05
Interim NSLAH 10 49.5 14.2 5.44 17.1
5403 Risk Anal. 1940 - 1959 16 107 7.35 13.2 6.96
Interim NSLAH 36 188 26.3 7.34 33.4
5403 Risk Anal. 1960 -1977 17 58.7 3.83 11.5 4.35
Interim NSLAH | (1960-79 for 8403) I 55 25.7 7.00 4.25 4.74
5403 Risk Anal. After 1977 6 9.66 2.65 11.6 5.94
Interim NSLAH | (1979 for 8403) 46 5.21 1.79 3.92 1.39
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Table D1-8b. Descriptive Statistics of Area-Weighted Average Window Sill Wipe
Dust-Lead Loadings for Households, Presented by Housing Age
and Census Region, As Reported in the 8403 Risk Analysis Versus
the Interim NSLAH Data Where Not-Detected Results Were
Replaced by LOD/2 (imputed data omitted for the NSLAH)

Census Study Housing Age Area-Weighted Average Window Sill Dust-Lead Loading (ug/ft?)
Region Category #
SrEes Arithmetic | Geometric | Geometric Median
Units Mean Mean Std. Dev.
Northeast | 8403 Risk Anal. Prior to 1940 26 2700 265 15.8 176
Interim NSLAH 40 395 86.8 6.95 91.7
§403 Risk Anal. 1940 - 1959 17 98.5 32.6 5.55 50.7
Interim NSLAH 23 62.7 19.6 4.49 18.9
§403 Risk Anal. 1960 -1977 10 499 38.9 20.8 217
Interim NSLAH |(1960-79 for 5403) [ 54 14.7 8.39 2.55 7.37
Interim NSLAH After 1977 16 18.6 4.80 3.80 3.73
Midwest | §403 Risk Anal. Prior to 1940 19 1660 435 5.79 542
Interim NSLAH 35 355 67.3 5.61 60.1
§403 Risk Anal. 1940 - 1959 21 98.2 17.7 11.6 17.4
Interim NSLAH 35 104 19.9 5.51 15.7
§403 Risk Anal. 1960 -1977 29 223 20.9 11.6 48.3
Interim NSLAH | (1960-79 for 8403) I 55 28.4 10.3 3.81 9.54
§403 Risk Anal. After 1977 4 62.5 27.5 6.78 83.0
Interim NSLAH | (1979 for 8403) 30 21.4 7.01 3.54 6.20
South §403 Risk Anal. Prior to 1940 19 2450 64.0 23.1 24.4
Interim NSLAH 25 606 105 5.94 115
§403 Risk Anal. 1940 - 1959 33 657 38.9 9.93 26.2
Interim NSLAH 43 165 31.8 7.16 27.3
§403 Risk Anal. 1960 -1977 64 149 24.0 12.6 32.0
Interim NSLAH | (1960-79 for §403) 74 59.4 13.9 5.32 12.6
§403 Risk Anal. After 1977 18 112 9.09 8.60 7.58
Interim NSLAH | (1979 for 8403) 72 19.0 4.63 3.93 3.62
West §403 Risk Anal. Prior to 1940 13 125 11.5 14.7 7.05
Interim NSLAH 10 49.8 15.9 4.41 17.2
§403 Risk Anal. 1940 - 1959 16 107 7.35 13.2 6.96
Interim NSLAH 36 188 27.9 6.61 33.3
§403 Risk Anal. 1960 -1977 17 58.7 3.83 11.5 4.35
Interim NSLAH | (1960-79 for 8403) 5 25.5 7.39 3.92 6.26
§403 Risk Anal. After 1977 6 9.66 2.65 11.6 5.94
Interim NSLAH | (1979 for 8403) 48 5.32 2.35 3.01 1.68
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APPENDIX D2

SUMMARIES OF INTERIM YARD-WIDE AVERAGE SOIL-LEAD
CONCENTRATION DATA FROM THE NATIONAL SURVEY OF
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WHERE IMPUTED DATA ARE EXCLUDED



Summaries of Interim Yard-Wide Average Soil-Lead Concentration Data
from the National Survey of Lead and Allergens in Housing (NSLAH),
Where Imputed Data Are Excluded

This gppendix presents descriptive gatistics of yard-wide average soil-lead concentration from
the 8403 risk andlyss and from the interim NSLAH dust-lead loading data where imputed data values
caculated based on the methods presented in Appendix C are omitted. These summaries complement
the summary tables and boxplots presented in Tables 3-18 through 3-21b and Figures 3-12 through 3-
14 in the main body of this report, which included imputed household averages for housing units having
no soil-lead concentration data from anywhere in the yard.

Asin Appendix D1, the gatistics on the interim NSLAH data are provided in this appendix
under the following five different approaches to handling sample results thet fal below the ingrument’s
detection limit.

No adjustment (i.e., using data as reported in the database)

Replacing the vdue with zero

Replacing the va ue with the detection limit (LOD) divided by two

Replacing the vaue with the detection limit divided by the square root of two
Replacing the vaue with the detection limit

(See Appendix D1 for details) Results are presented under these different approachesto illustrate the
impact that any one approach has on the characterized distribution.

The following tables gppearing in this gppendix are associated with the specified tablesin
Chapter 3 of the report:

TableD2-1: nationd estimates complementing Table 3-18

Table D2-2 edimates by housing age category, complementing Table 3-19

Table D2-3: edtimates by Census region, complementing Table 3-20

Tables D2-4a and D2-4b: estimates by combinations of Census region and housing
age category, complementing Tables 3-21aand 3-21b.

The following boxplots appearing in this gppendix are associated with the specified boxplotsin Chapter
3 of the report:

° Figure D2-1: nationd estimates complementing Figure 3-12
° Figure D2-2 edtimates by housing age category, complementing Figure 3-13
° Figure D2-3. egtimates by Census region, complementing Figure 3-14.

While Tables D2-1 and D2-2 and Figure D2-1 contain interim NSLAH data summaries under al five
approaches to handling not-detected values, the remaining tables and figures in this gppendix present
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interim NSLAH data summaries only for the two approaches (no adjustment; replace by one-haf of the
level of detection) most likely to be used in the supplementd risk andlysis and consdered in the interim
NSLAH data summaries presented in Chapter 3.

Table D2-1. Descriptive Statistics of Yard-Wide Average Soil-Lead Concentrations for
Households, As Reported in the 8403 Risk Analysis Versus the Interim
NSLAH Data (imputed data omitted for the NSLAH)

How Not- Yard-Wide Average Soil-Lead Concentration (zg/g)’
Detected
and # G
Study | Negative |Surveyed | Arith- Geo- | et(:| 25t 750 |
Data were |Units with | metic metric etric Minimum | Percen- | Median | Percen- a u
o > Std. . . m
Handled Positive Mean Mean 2 tile tile
Dev.
Averages
8403 Risk Analysis 284 235 61.9 4.46 4.63 21.3 49.2 142 7030
(HUD Natl. Survey)
No 647 198 50.5 5.13 0.00 16.1 40.6 145 9270
adjustment
Replaced 608 197 58.2 4.72 0.00 14.3 39.2 145 9270
by O
Interim | Replaced 664 198 50.1 4.74 4.62 15.6 40.6 145 9270
NSLAH | by LOD/2
Replaced 664 199 52.7 4.45 6.53 16.4 40.6 145 9270
by LOD/%2
Replaced 664 199 55.8 4.17 9.23 17.0 40.6 145 9270
by LOD

T All statistics are calculated by weighting each household by its sampling weight.

2 Only household averages greater than zero are used to calculate this value (data for all units with soil-lead data are
used to calculate the remaining statistics).

Note: The yard-wide average for a household is the average of the following two statistics: 1) the average of the mid-
yard sample results, and 2) the average of results for the dripline and entryway samples.
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Table D2-2. Descriptive Statistics of Yard-Wide Average Soil-Lead Concentration for
Households, Presented by Housing Age Category, As Reported in the
8403 Risk Analysis Versus the Interim NSLAH Data (imputed data
omitted for the NSLAH)
How Not- Yard-Wide Average Soil-Lead Concentration (ug/g)’
Detected
and # Units . Geo-
Study Negative . Arith- Geo- i 25" 75%
Data were e metic metric Minimum | Percen- | Median | Percen- | Maximum
Positive Mean Mean? Std. tile tile
Handled | pyerages Dev.?
Units Built Prior to 1940
§403 Risk Analysis 77 761 463 3.09 17.4 259 569 1030 4620
(HUD Natl. Survey)
No 104 651 284 3.66 12.8 132 279 571 9270
adjustment
Replaced by 104 651 283 3.71 8.33 132 277 571 9270
0
Interim | Replaced by 104 651 284 3.67 10.8 132 279 571 9270
NSLAH LOD/2
Replaced by 104 651 284 3.66 11.9 132 280 571 9270
LOD/%2
Replaced by 104 651 285 3.65 13.3 132 281 571 9270
LOD
Units Built from 1940 - 1959
8403 Risk Analysis 87 287 92.6 3.15 5.40 44.3 77.3 162 7030
(HUD Natl. Survey)
No 138 264 107 3.49 1.65 43.1 91.9 223 4340
adjustment
Replaced by 137 264 109 3.36 0.00 43.1 91.9 223 4340
0
Interim ] Replaced by 138 264 108 3.39 4.62 43.1 91.9 223 4340
NSLAH LOD/2
Replaced by 138 264 109 3.35 6.53 43.1 91.9 223 4340
LOD/%2
Replaced by 138 264 109 3.31 9.23 43.1 91.9 223 4340
LOD
Units Built from 1960-1977 (1960 - 1979 for the 8403 risk analysis)
8403 Risk Analysis 120 55.0 32.8 2.56 4.63 19.7 29.7 61.6 996
(HUD Natl. Survey)
No 190 76.7 31.1 3.69 0.00 13.7 27.7 59.3 1120
adjustment
Replaced by 182 76.0 33.9 3.45 0.00 12.1 27.2 59.3 1120
0
Interim ] Replaced by 193 77.2 32.6 3.27 4.83 14.7 28.3 59.3 1120
NSLAH LOD/2
Replaced by 193 77.7 34.2 3.08 6.83 15.3 28.4 59.3 1120
LOD/%2
Replaced by 193 78.4 36.2 2.91 9.66 16.3 28.6 59.3 1120
LOD
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Table D2-2.

(cont.)

How Not- Yard-Wide Average Soil-Lead Concentration (ug/g)’
Detected
and # Units Geo-
Study Negative with Arith- Geo- metric 25 75"
Data were | positive metic metric Std. Minimum Per_cen- Median Per.cen- Maximum
Handled | Averages Mean Mean? Dev.? tile tile
Units Built After 1977 (after 1979 for the 8403 risk analysis)
8403 Risk Analysis 28 31.3 22.4 2.31 5.35 13.6 21.2 45.0 97.4
(HUD Natl. Survey)
No 160 27.6 15.2 3.29 0.00 5.67 14.3 32.9 474
adjustment
Replaced by 131 26.1 18.6 2.98 0.00 1.89 12.0 32.9 472
0
Interim ] Replaced by 172 28.3 15.7 2.71 4.65 6.24 14.5 32.9 475
NSLAH LOD/2
Replaced by 172 29.3 17.7 2.43 6.57 7.87 15.2 32.9 476
LOD/%2
Replaced by 172 30.6 20.2 2.18 9.30 10.3 16.0 32.9 477
LOD
NSLAH Units with Unspecified Year-Built Indicator
No 55 169 66.6 4.26 0.00 19.4 49.6 158 2290
adjustment
Replaced by 54 168 70.3 3.99 0.00 17.9 49.6 158 2290
0
Interim | Replaced by 57 169 62.7 4.21 4.74 19.4 49.6 158 2290
NSLAH LOD/2
Replaced by 57 169 64.8 4.02 6.70 19.4 49.6 158 2290
LOD/%2
Replaced by 57 170 67.2 3.84 9.47 19.4 49.6 158 2290
LOD

T All statistics are calculated by weighting each household by its sampling weight.
2 Only household averages greater than zero are used to calculate this value (data for all units with soil-lead data are
used to calculate the remaining statistics).
Note: The yard-wide average for a household is the average of the following two statistics: 1) the average of the mid-

yard sample results, and 2) the average of results for the dripline and entryway samples.
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Table D2-3. Descriptive Statistics of Yard-Wide Average Soil-Lead Concentration for
Households, Presented by Census Region, As Reported in the 8403 Risk
Analysis Versus the Interim NSLAH Data (imputed data omitted for the

NSLAH)
How Not- Yard-Wide Average Soil-Lead Concentration (ug/g)’
Detected
and # G
Study Negative | Surveyed | Arith- Geo- eo- 25th 75% .
. . . . metric .. . Maximu
Data were |Units with | metic metric Minimum | Percen- | Median | Percen-
L > Std. . . m
Handled Positive Mean Mean Dev.2 tile tile
Averages ’
Northeast
§403 Risk Analysis 53 437 206 3.58 14.8 60.1 279 569 4320
(HUD Natl. Survey)
No 95 435 160 4.29 3.92 56.1 176 396 3460
Interim | adjustment
NSLAH |Replaced by 95 435 161 4.20 6.24 56.1 176 396 3460
LOD/2
Midwest
8403 Risk Analysis 73 404 81.4 6.33 4.63 19.7 51.6 264 2750
(HUD Natl. Survey)
No 143 221 63.6 5.05 0.00 20.8 59.5 206 7070
Interim | adjustment
NSLAH |Replaced by 144 221 63.8 4.77 4.90 20.6 59.5 206 7070
LOD/2
South
8403 Risk Analysis 134 125 44.5 2.94 5.22 22.6 40.8 79.3 7030
(HUD Natl. Survey)
No 250 161 36.4 4.60 0.00 11.5 27.2 78.6 9270
Interim | adjustment
NSLAH |Replaced by | 257 161 35.5 4.36 4.65 12.6 27.2 78.6 9270
LOD/2
West
8403 Risk Analysis 52 112 34.4 3.92 4.79 14.2 27.2 61.6 2020
(HUD Natl. Survey)
No 159 61.7 28.0 4.35 0.00 10.4 29.4 70.0 776
Interim | adjustment
NSLAH |Replaced by 168 62.5 29.3 3.48 4.62 11.2 29.4 70.0 776
LOD/2

T All statistics are calculated by weighting each household by its sampling weight.

2 Only household averages greater than zero are used to calculate this value (data for all units with soil-lead data are
used to calculate the remaining statistics).

Note: The yard-wide average for a household is the average of the following two statistics: 1) the average of the mid-
yard sample results, and 2) the average of results for the dripline and entryway samples.
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Table D2-4a. Descriptive Statistics of Yard-Wide Average Soil-Lead Concentrations for
Households, Presented by Housing Age and Census Region, As Reported
in the 8403 Risk Analysis Versus the Interim NSLAH Data Where No
Adjustments Were Made to Not-Detected Results (imputed data omitted
for the NSLAH)

Census Study Housing Age Yard-Wide Average Soil-Lead Concentration® (ug/g)
Al Citelny # Surveyed | Arithmetic | Geometric | Geometric Median
Units Mean Mean® Std. Dev.3
Northeast | §403 Risk Anal. Prior to 1940 26 542 491 1.57 444
Interim NSLAH 35 903 471 3.49 461
§403 Risk Anal. 1940 - 1959 17 573 136 4.40 60.1
Interim NSLAH 20 292 193 2.31 194
§403 Risk Anal. 1960 -1977 10 79.1 60.7 2.15 69.7
Interim NSLAH | (1980-79 for §403) 19 138 66.3 3.07 50.9
Interim NSLAH After 1977 15 62.6 42.9 2.76 43.1
Midwest 8403 Risk Anal. Prior to 1940 19 1310 941 2.68 1390
Interim NSLAH 35 505 225 3.39 273
§403 Risk Anal. 1940 - 1959 21 127 92.6 2.41 123
Interim NSLAH 35 233 102 3.18 75.7
§403 Risk Anal. 1960 -1977 29 42.7 27.1 2.32 23.4
Interim NSLAH | (1960-79 for §403) 35 95.5 37.8 3.42 32.0
§403 Risk Anal. After 1977 4 13.0 11.5 1.66 12.4
Interim NSLAH | (1979 for §403) 28 34.3 12.8 3.97 9.36
South §403 Risk Anal. Prior to 1940 19 417 174 3.68 159
Interim NSLAH 24 694 270 3.84 186
§403 Risk Anal. 1940 - 1959 33 327 83.1 3.27 81.0
Interim NSLAH 47 366 95.2 4.43 64.5
§403 Risk Anal. 1960 -1977 64 54.6 36.5 2.30 34.7
Interim NSLAH | (1960-79 for §403) 78 68.9 26.8 3.61 26.1
§403 Risk Anal. After 1977 18 38.5 29.7 2.11 25.0
Interim NSLAH | (1979 for 5403) 79 22.2 15.6 2.47 15.0
West §403 Risk Anal. Prior to 1940 13 594 295 3.76 394
Interim NSLAH 10 153 119 2.27 158
§403 Risk Anal. 1940 - 1959 16 96.8 72.1 2.19 60.4
Interim NSLAH 36 136 81.6 3.08 89.5
§403 Risk Anal. 1960 -1977 17 56.2 23.8 3.02 20.0
Interim NSLAH | (1980-79 for §403) 58 44.6 23.4 3.77 26.3
§403 Risk Anal. After 1977 6 21.7 15.0 2.34 13.6
Interim NSLAH | (1979 for §403) 38 16.1 9.01 3.73 5.88

T All statistics are calculated by weighting each household by its sampling weight.
3 Only household averages greater than zero are used to calculate this value (data for all units with soil-lead data are
used to calculate the remaining statistics).
Note: The yard-wide average for a household is the average of the following two statistics: 1) the average of the mid-
yard sample results, and 2) the average of results for the dripline and entryway samples.
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Table D2-4b. Descriptive Statistics of Yard-Wide Average Soil-Lead Concentrations
for Households, Presented by Housing Age and Census Region, As
Reported in the 8403 Risk Analysis Versus the Interim NSLAH Data
Where Not-Detected Results Were Replaced by LOD/2 (imputed data
omitted for the NSLAH)
Census Study Housing Age Yard-Wide Average Soil-Lead Concentration’ (zg/g)
Al ettty # Surveyed | Arithmetic | Geometric | Geometric Median
Units Mean Mean Std. Dev.
Northeast | §403 Risk Anal. Prior to 1940 26 542 491 1.57 444
Interim NSLAH 35 903 469 3.53 461
§403 Risk Anal. 1940 - 1959 17 573 136 4.40 60.1
Interim NSLAH 20 292 193 2.31 194
§403 Risk Anal. 1960 -1977 10 79.1 60.7 2.15 69.7
Interim NSLAH (193-0739) for 19 138 66.1 3.08 50.9
Interim NSLAH After 1977 15 62.8 45.1 2.45 43.1
Midwest 8403 Risk Anal. Prior to 1940 19 1310 941 2.68 1390
Interim NSLAH 35 505 225 3.38 273
§403 Risk Anal. 1940 - 1959 21 127 92.6 2.41 123
Interim NSLAH 35 233 103 3.15 75.7
§403 Risk Anal. 1960 -1977 29 42.7 27.1 2.32 23.4
Interim NSLAH (19§2_0739) for 35 95.8 38.5 3.34 32.0
§403 Risk Anal. After 1977 4 13.0 11.5 1.66 12.4
Interim NSLAH | (1979 for 8403) 29 34.9 13.8 3.09 9.67
South 8403 Risk Anal. Prior to 1940 19 417 174 3.68 159
Interim NSLAH 24 694 270 3.84 186
§403 Risk Anal. 1940 - 1959 33 327 83.1 3.27 81.0
Interim NSLAH 47 366 96.3 4.37 64.5
§403 Risk Anal. 1960 -1977 64 54.6 36.5 2.30 34.7
Interim NSLAH ”ggigf) for 80 69.5 27.7 3.25 26.1
§403 Risk Anal. After 1977 18 38.5 29.7 2.11 25.0
Interim NSLAH | (1979 for 8403) 82 22.7 15.3 2.30 14.7
West 8403 Risk Anal. Prior to 1940 13 594 295 3.76 394
Interim NSLAH 10 154 120 2.25 158
§403 Risk Anal. 1940 - 1959 16 96.8 72.1 2.19 60.4
Interim NSLAH 36 136 84.5 2.76 89.5
§403 Risk Anal. 1960 -1977 17 56.2 23.8 3.02 20.0
Interim NSLAH ”9§2;)739) for 59 45.2 26.4 2.85 26.3
§403 Risk Anal. After 1977 6 21.7 15.0 2.34 13.6
Interim NSLAH | (1979 for 8403) 46 17.9 10.8 2.44 7.68

T All statistics are calculated by weighting each household by its sampling weight.
Note: The yard-wide average for a household is the average of the following two statistics: 1) the average of the mid-
yard sample results, and 2) the average of results for the dripline and entryway samples.
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APPENDIX E

METHOD TO ESTIMATING TOTAL SOIL-LEAD CONCENTRATION
FROM ANALYTICAL RESULTS FOR FINE AND COARSE SOIL FRACTIONS



Method to Estimating Total Soil-Lead Concentration
from Analytical Results for the Fine and Coarse Soil Fractions

In an effort to reflect bioavalable lead in soil, the Rochester Lead-in-Dust study partitioned
their collected soil samplesinto fine- and coarse-Seved fractions. The soil-lead concentration of the
complete sample (i.e, total soil) was not measured. The absence of such ameasure limits the ability to
compare the soil results from the Rochester study with those of other studies. The recent Milwaukee
study, however, aso fractioned their soil samples but made provisions to smultaneoudy measure tota
s0il-lead. This gppendix describes an effort to use the results of the Milwaukee study to estimate the
soil-lead concentration of tota soil for samples collected in the Rochester study.

The Milwaukee study data available for this analysis represented 66 paired samples collected at
the child’s play area and the resdence’ s drip line. The same Seve-fraction used in the Rochester was
employed in Milwaukee. For each collected sample, the lead concentration of fine-sieved, coarse-
seved and total soil was measured. The mass of each soil fraction was not reported.

Figures E-1 and E-2 compare the Milwaukee and Rochester study data. In particular, these
figures plot the coarse versus the fine soil-lead concentrations for the play areaand drip line
measurements, repectively. Didtinct plotting symbols delineate samples from the two studies. These
plots show that the data range and scatter about the trend line are considerably greater in the Rochester
Sudy than in the Milwaukee study.

A likelihood ratio test was used to assess whether linear models for the two studies were
datigticaly different. Resultsfor play area samplesin the two studies (Figure E-1) do evidence
datigticaly (p<.01) distinct linear relationships between fine- and coarse-seved soil-lead
concentrations. Results for drip line samplesin the two studies (Figure E-2) were not Satigticaly
digtinct at the 0.05 level. These andyses suggest there are some differences in the fine- versus coarse-
seved soil-lead concentration relationships measured in these studies. These differences should be
acknowledged when congdering the merits of the Rochester tota soil estimation procedure outlined
below.

To esimate the soil-lead concentration of totd soil, it is useful to consider how tota soil-lead
concentration may be caculated from fine- and coarse-sieve soil-lead concentrations and masses.
Specificaly, let x /y, and x /y.. represent the micrograms of lead (x) per gram of sail (y) for fine- and
coarse-seved fractions, respectively, of asoil sample. The samplée stotal soil-lead concentration, then,
can be written as follows:
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Thus, asample stotal soil-lead concentration can be written as a function of the sample sfine-seved
s0il mass fraction and the sampl€ s fine- and coarse-sieved soil-lead concentrations. Since the Seved
s0il mass fractions were not reported in the Milwaukee study, some assumptions regarding these
fractions were required. For the sake of smplicity, the fine-seved soil mass fraction was assumed
congtant. The tota soil-lead concentration, then, is aweighted combination of the fine- and coarse-
seved soil-lead concentrations,

X, t X, Xy
L @b xLt (1- b )
yf+yC yf yc

Such asmple modd is critical since the fine- and coarse-sieved soil-lead concentrations were the only
soil results reported in the Milwaukee study (i.€., no mass fraction data are available).

The mode equation specified above was fit to both the play area and drip line dataiin the
Milwaukee study using the NLIN procedure in the SAS® System. This module was used because it
permitted the necessary link between the coefficients on fine- and coarse-seved soil-lead
concentration. The estimated vaue for $ was gpproximately 0.25 when fitting the aforementioned
relaionship to the play area samples adone, the drip line samples aone, and to both sets of samples
together. Thet is, the Milwaukee data suggested the following:

Total soil-lead concentration = 0.25i(Fine) + 0.75i(Coarse).

Figure E-3 presents the results of fitting the above modd to the Milwaukee data. The plot is of
the predicted tota soil-lead concentration versus the observed tota soil-lead concentrations. Digtinct
plotting symbols represent the different sampling locations (drip line or play areq). As expected, thefit
is more than reasonable for both locations.
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APPENDIX F

COMPARISON AND CONTRAST OF RISK ESTIMATES FROM
THE HUD MODEL AND THE ROCHESTER MULTIMEDIA MODEL
DEVELOPED IN THE 8403 RISK ANALYSIS



Comparison and Contrast of Risk Estimates from the HUD Model
and the Multimedia Models Developed in the 8403 Risk Analysis

To determine how blood-lead concentration as predicted by the HUD mode differs from that
predicted by the Rochester multimedia model, the HUD modd results presented in Tables4 and 5 of
Lanphesar et d., 1998, were compared to results under the Rochester multimedia mode given the same
sets of input vaues considered in these two tables. HUD model results presented in this gppendix were
taken from these two tables. However, when interpreting how these results compare across the two
modds in this exercise, one should recdl that the HUD modd assumes that input environmenta-lead
levelsare“trug’ levels. Thisisthe result of measurement error adjustments made to this model, which
were not made to the Rochester multimediamodd. Thus, estimates under the Rochester multimedia
model assume that environmental-lead levelsinput to the model are measurements thet result from arisk
assessment.

Tables4 and 5 of Lanphear et d., 1998, reflected HUD modd fitsfor all combinations of the
following:

° Floor (wipe) dust-lead loadings of 1, 5, 10, 15, 20, 25, 40, 50, 55, 70, and 100 pg/ft?
° Soil-lead concentrations of 10, 72, 100, 400, 500, 1000, 1500, 2000, and 4000 ppm.

These same input values were dso consdered in thisexercise. Thislist includes the proposed 8403
hazard standard for soil (2000 ppm) and national median levels (according to Lanphear et d., 1998)
for floor dust-lead loading (5 pg/ft?) and soil-lead concentration (72 ppm). In addition, for the
Rochester multimedia model, a floor dust-lead loading of 50 ug/ft? (i.e., the proposed 8403 hazard
standard for floor-dust) and a soil-lead concentration of 400 ppm (i.e., the proposed 8403 soil-lead
level of concern) were added to the list of input vaues.

As the Rochester multimediamode requires window sill (wipe) dust-lead loading asinput, a
vaue of 27.5 pg/ft?> was used. This value represents the national median dust-lead loading for window
dlls, as estimated within the 8403 risk anadlysis usng HUD Nationd Survey data, with sampling weights
updated to reflect the 1997 housing stock (the 8403 risk andlysis report) and Blue Nozzle vacuum
dust-lead loadings converted to wipe-equivaents using conversion equations found in USEPA, 1997.

According to Lanphear et d., 1998, dl HUD mode fits assumed that maximum interior paint-
lead concentration was set at 1.6 mg/cn? and water-lead concentration at 1 ppb; these values
represented nationd median levels. The age of child was specified as 16 months (the mean age across
al of the pooled data on which the modd was developed), and vaues of categorica variables were
taken to be the average across the population represented by the pooled data. The HUD modd fits
assumed no exposure to damaged paint, and exterior-lead exposures were estimated from dripline soil
samples.
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F.1 COMPARING THE ESTIMATED GEOMETRIC MEAN
BLOOD-LEAD CONCENTRATIONS

Tables F-1 and F-2 present geometric mean blood-lead concentrations (ug/dL) under each
combination of the floor dust-lead loading and soil-lead concentration vaues mentioned above, as
predicted by the HUD modd and the Rochester Multimedia mode, respectively.

Table F-1. Geometric Mean Blood-Lead Concentrations (yg/dL), as Predicted by the
HUD Model for Specified Values of Environmental-Lead Levels'

Interior
Floor Soil-Lead Concentration at the Foundation Perimeter (ppm)
Dust-Lead
Loading
(ug/ft?)? 10 723 100 500 1000 1500 2000 4000
1 2.3 2.8 2.9 3.5 3.8 4.0 4.1 4.4
53 3.2 4.0 4.1 4.9 5.3 5.5 5.7 6.1
10 3.7 4.6 4.7 5.6 6.1 6.3 6.5 7.1
15 4.0 5.0 5.1 6.1 6.6 6.9 7.4 7.7
20 4.2 5.3 5.4 6.5 7.0 7.3 7.6 8.1
25 4.4 5.5 5.7 6.8 7.3 7.7 7.9 8.5
40 4.9 6.1 6.3 7.5 8.1 8.4 8.7 9.4
55 5.2 6.5 6.7 8.0 8.6 9.0 9.3 10.0
70 5.5 6.8 7.0 8.4 9.1 9.5 9.8 10.5
100 5.9 7.3 7.6 9.0 9.7 10.2 10.5 11.3

" Taken from Table 4 of Lanphear et al., 1998. Table entries represent blood-lead concentrations for a 16-
month old child (i.e., the mean age in HUD's pooled analysis). Water-lead concentration is assumed to be 1.0
ppb, an estimate of the national median as determined in Lanphear et al., 1998, from the pooled data and other
sources. Maximum XRF paint-lead measurement is assumed to be 1.6 mg/cm?, which is the median level based
on data from the HUD National Survey. No exposure to damaged paint was assumed. The effects for other
categorical model predictors (i.e., study, race, SES, mouthing behavior) were set to the arithmetic mean effect
across the population represented by the study data.

2 Assumes wipe dust collection techniques.

3 Estimated median level based on data from the HUD National Survey, as determined in Lanphear et al., 1998.
The median wipe dust-lead loading was determined by converting Blue Nozzle vacuum loadings from the HUD
National Survey to wipe-equivalent loadings using a conversion equation published in Farfel et al., 1994.
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Table F-2. Geometric Mean Blood-Lead Concentrations (yg/dL), as Predicted by the
Rochester Multimedia Model for Specified Values of Environmental-Lead

Levels’
Interior
Floor Soil-Lead Concentration at the Drip Line (ppm)
Dust-Lead
Loading
(ug/ft?)? 10 723 100 400 500 1000 1500 2000 4000
1 2.74 3.43 3.56 4.18 4.28 4.63 4.85 5.02 5.43
53 3.05 3.82 3.96 4.64 4.76 5.15 5.40 5.58 6.04
10 3.19 4.00 4.15 4.86 4.99 5.40 5.65 5.84 6.32
15 3.28 4.11 4.26 4.99 5.12 5.54 5.80 6.00 6.49
20 3.34 4.18 4.34 5.09 5.22 5.65 5.92 6.11 6.61
25 3.39 4.25 4.41 5.16 5.30 5.73 6.00 6.20 6.71
40 3.50 4.38 4.55 5.33 5.46 5.91 6.19 6.40 6.92
50 3.55 4.45 4.61 5.40 5.54 6.00 6.28 6.49 7.03
55 3.57 4.47 4.64 5.44 5.58 6.04 6.32 6.53 7.07
70 3.63 4.55 4.72 5.53 5.67 6.13 6.43 6.64 7.19
100 3.72 4.65 4.83 5.66 5.80 6.28 6.58 6.80 7.36

" Window sill (wipe) dust-lead loading is assumed to be 27.5 ug/ft?, the median area-weighted household
average determined from HUD National Survey data (after converting Blue Nozzle dust-lead loadings to wipe-
equivalent loadings and after updating the sample weights to reflect the 1997 housing stock, using methods
developed for the 8403 risk analysis). The reported geometric means in this table equal (0.91*A + 0.09*B),
where A is the predicted geometric mean assuming PbP =0 (i.e., no deteriorated lead-based paint or paint pica
tendencies in the child -- see Section 3.2), and B is the predicted geometric mean assuming PbP=1.5.

2 Assumes wipe dust collection techniques.

3 Estimated median level based on data from the HUD National Survey, as determined in Lanphear et al., 1998.
The median wipe dust-lead loading was determined by converting Blue Nozzle vacuum loadings from the HUD
National Survey to wipe-equivalent loadings using a conversion equation published in Farfel et al., 1994.

At median environmenta-lead levels, the HUD mode and Rochester Multimedia mode
edimates are very smilar. The HUD modd estimate of 4.0 pg/dL is only 4.7% above the Rochester
Multimedia mode estimate of 3.82 pg/dL. At the proposed 8403 standards for floor-dust and soil (50
ugfft? and 2000 ppm, respectively), the HUD model predicts a geometric mean blood-lead
concentration of approximately 9.1 pg/dL, which is 40% above the Rochester Multimedia model
esimate (6.49 pg/dL).

To more easily observe how modd estimates change as dust-lead and soil-lead levels vary,

Figures F-1a and F-1b portray the information in Tables F-1 and F-2 graphically. For each modd, the
two figures demonstrate how predicted geometric mean blood-lead concentration
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increases as either floor dust-lead loading (Figure F-1a) or soil-lead concentration (Figure F-1b)
increases. While results for the empirica modd (Section 4.2.5 of the 8403 risk analysis report) are
included in these figures, they should not be considered in the interpretation of results across modds. In
both figures, environmenta-lead levels in media other than that specified on the horizontd axis are set at
estimated nationa median levels, asindicated in the footnotes of Tables F-1 and F-2.

Figure F-1a shows that HUD modd estimates become consderably higher than those for the
Rochester multimedia model when floor dust-lead loadings increase. Asfloor dust-lead loading
increases from 1 to 100 pg/ft? and other environmental media are at their estimated national median
levels (e.g., soil-lead concentration = 72 ppm), predicted blood-lead concentrations under the HUD
modd increase three-fold. In contrast, estimates under the Rochester multimediamode increase by
35%. In the settings represented within Figure 3-1a, the HUD modd estimates are Smilar to or lower
than those for the Rochester multimedia mode only at very low floor dust-lead loadings (i.e., less than
10 pgfft?). However, inferences at such low loadings must be done with extreme caution.

Figure 3-1b shows a different relationship than that seen in Figure 3-1a. In thisplot, soil-lead
concentration increases from 10 to 4000 ppm, but floor dust-lead loading isfixed a 5 pg/ft>.  Inthis
Setting, estimates between the HUD modd and the Rochester multimedia model are nearly the same
across the range of soil-lead concentrations. However, inferences at such alow floor dust-lead loading
must be made with caution in these models.

The extent of difference in the predicted geometric mean blood-lead concentration between the
HUD and Rochester multimediamodel estimates gets larger as the assumed dust-lead loading increases
and as soil-lead concentration decreases. Among the different combinations of dust-lead and soil-lead
levels utilized in the modd fits, the HUD mode estimate differs greetly at the largest dust-lead loading
(100 pgfft?) and the lowest soil-lead concentration (10 ppm), where this estimate (5.9 pg/dL) is a59%
increase over the Rochester multimedia modd estimate (3.72 pg/dL).

F.2 Comparisons of the Estimated Percentage of Children With Blood-Lead
Concentrations At or Above 10 pg/dL

When an estimated geometric mean (GM) from the previous sub-section is combined with an
assumed geometric standard deviation (GSD) on the distribution of blood-lead concentration, and if this
digtribution is assumed to be lognormd, then the probability of observing blood-lead concentrations at
or above 10 pg/dL (the lowest blood-lead concentration considered elevated by the Centers for
Disease Control and Prevention) is caculated as

P[PbB $ 10] * 1 & -@(ln(10) & |n(GM))
In(GSD)
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where O(z) is the probability of observing avalue less than z under the standard normal distribution.
This sub-section presents estimates of this probability (expressed in percentage terms) under the
estimated geometric means in Tables F-1 and F-2 and under three different assumptions on the
geometric sandard deviation (GSD):

° GSD=1.6, used to represent within-house variability in the 8403 risk andysis
° GSD=1.72, assumed in Lanphear et al., 1998
° GSD=1.75, caculated from data in the Rochester Lead-in-Dust study

Tables F-3 and F-4 present the estimated percentages under the HUD model and the Rochester
Multimediamodd, respectively.

When GSD=1.72 and a estimated median environmenta-lead levels, Tables F-3 and F-4
indicate that the estimated percentages are smilar between the HUD modd (4.56%) and the Rochester
multimediamode (3.79%). While the smilarity was expected given the Smilar geometric means
observed in the previous sub-section, the HUD modd estimate is approximately 20% higher than the
Rochester multimedia model estimate, which is a higher rate of increase than the 4% increase observed
in the estimated geometric mean. Furthermore, these estimates can change considerably with the GSD.
For example, under GSD=1.6, the estimates are 45-55% lower (2.56% under the HUD model, 2.03%
under the Rochester multimedia modd) than their respective vaues under GSD=1.72.

Figures F-2a and F-2b portray how the estimated percentages of blood-lead concentrations at
or above 10 pg/dL increase as dust-lead and soil-lead levels, respectively, areincreased. These
estimates coincide with the geometric mean estimates plotted in Figures F-1laand F-1b and are
caculated under the same underlying assumptions (i.e., national median levels are assumed for media
not specified on the horizontal axis). Each figure contains three plots, one for each assumed GSD
value.

Figure 3-2a shows that at an assumed soil-lead concentration of 72 ppm, the HUD model
estimates become markedly increased as floor dust-lead loading increases to 100 pg/ft2. At 100 pg/ft?,
the HUD modd estimates from 25% to 29% of children have blood-lead concentrations a or above 10
pg/dL (under GSD vaues from 1.6 to 1.75), while these estimates range from 5% to 9% under the
Rochester multimedia modd.

In contrast, Figure 3-2b shows that at an assumed floor dust-lead loading of 5 pg/ft?, the HUD
model and Rochester multimediamode provides nearly identical estimates of the probability a or
above 10 pg/dL, across the entire range of soil-lead concentration (10-4000 ppm). Thisisdueto the
smilar geometric mean estimates observed in Figure 3-1b. At thisfloor dust-lead loading and a
GSD=1.72, the estimated probabilities range from approximately 1.5% to 18% under both models as
the soil-lead concentration increases.
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Table F-3. Percentage of Children with Blood-Lead Concentration At or Above 10
ug/dL, as Predicted by the HUD Model for Specified Values of
Environmental-Lead Levels and Under Different Estimates for GSD'

Interior
Floor Soil-Lead Concentration at the Yard Perimeter (ppm)
Dust-Lead
Loading

(ug/ft?)? 10 723 100 500 1000 1500 2000 4000

GSD = 1.6
1 0.09 0.34 0.42 1.28 1.98 2.56 2.89 4.03
5 0.77 2.56 2.89 6.45 8.84 10.2 11.6 14.6
10 1.72 4.92 5.41 10.9 14.6 16.3 18.0 23.3
15 2.56 7.01 7.60 14.6 18.8 21.5 26.1 28.9
20 3.25 8.84 9.49 18.0 22.4 25.2 28.0 32.7
25 4.03 10.2 11.6 20.6 25.2 28.9 30.8 36.5
40 6.45 14.6 16.3 27.0 32.7 35.5 38.4 44.8
55 8.21 18.0 19.7 31.7 37.4 41.1 43.9 50.0
70 10.2 20.6 22.4 35.5 42.0 45.7 48.3 54.1
100 13.1 25.2 28.0 41.1 47.4 51.7 54.1 60.3

GSD = 1.72
1 0.34 0.95 1.12 2.64 3.72 4.56 5.01 6.50
5 1.78 4.56 5.01 9.42 12.1 13.5 15.0 18.1
10 3.34 7.61 8.19 14.3 18.1 19.7 21.4 26.4
15 4.56 10.1 10.7 18.1 22.2 24.7 28.9 31.5
20 5.48 12.1 12.8 21.4 25.5 28.1 30.6 34.9
25 6.50 13.5 15.0 23.9 28.1 31.5 33.2 38.2
40 9.42 18.1 19.7 29.8 34.9 37.4 39.9 45.5
55 11.4 21.4 23.0 34.0 39.0 42.3 44.7 50.0
70 13.5 23.9 25.5 37.4 43.1 46.2 48.5 53.6
100 16.5 28.1 30.6 42.3 47.8 51.5 53.6 58.9

GSD = 1.75
1 0.43 1.15 1.35 3.03 4.19 5.08 5.56 7.12
5 2.09 5.08 5.56 10.1 12.8 14.3 15.8 18.9
10 3.78 8.26 8.86 15.0 18.9 20.5 22.1 27.0
15 5.08 10.8 11.4 18.9 22.9 25.4 29.5 32.0
20 6.06 12.8 13.5 22.1 26.2 28.7 31.2 35.3
25 7.12 14.3 15.8 24.5 28.7 32.0 33.7 38.6
40 10.1 18.9 20.5 30.4 35.3 37.8 40.2 45.6
55 12.1 22.1 23.7 34.5 39.4 42.5 44.8 50.0
70 14.3 24.5 26.2 37.8 43.3 46.3 48.6 53.5
100 17.3 28.7 31.2 42.5 47.8 51.4 53.5 58.6

"Footnotes are indicated within Table F-1.
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Table F-4.

Percentage of Children with Blood-Lead Concentration At or Above 10
ug/dL, as Predicted by the Rochester Multimedia Model for Specified
Values of Environmental-Lead Levels and Under Different Estimates for
GSD'

Interior Floor
Dust-Lead Soil-Lead Concentration at the Drip Line (ppm)
Loading

(ng/ft?)? 10 723 100 400 500 1000 1500 2000 4000

GSD =1.6
1 0.30 1.15 1.41 3.16 3.56 5.09 6.20 7.10 9.68
5 0.57 2.03 2.45 5.13 5.72 7.92 9.48 10.71 14.14
10 0.76 2.55 3.06 6.24 6.93 9.46 11.23 12.62 16.44
15 0.88 2.91 3.48 6.97 7.72 10.46 12.35 13.83 17.89
20 0.98 3.19 3.80 7.53 8.32 11.21 13.20 14.75 18.96
25 1.07 3.42 4.07 7.98 8.81 11.82 13.88 15.48 19.82
40 1.27 3.95 4.68 9.01 9.92 13.17 15.39 17.10 21.71
50 1.38 4.23 5.00 9.53 10.47 13.86 16.15 17.91 22.64
55 1.42 4.35 5.13 9.75 10.72 14.15 16.48 18.26 23.05
70 1.55 4.67 5.50 10.35 11.36 14.93 17.33 19.18 24.09
100 1.76 5.18 6.08 11.28 12.35 16.12 18.64 20.57 25.68

GSD = 1.72
1 0.85 2.44 2.86 5.36 5.89 7.81 9.13 10.16 13.00
5 1.43 3.79 4.40 7.86 8.57 11.08 12.78 14.09 17.60
10 1.76 4.54 5.24 9.17 9.97 12.76 14.63 16.06 19.87
15 1.99 5.03 5.79 10.01 10.86 13.82 15.79 17.29 21.27
20 2.16 5.41 6.21 10.64 11.52 14.61 16.65 18.20 22.30
25 2.31 5.71 6.55 11.14 12.06 15.24 17.33 18.93 23.12
40 2.64 6.40 7.31 12.27 13.25 16.63 18.84 20.52 24.90
50 2.81 6.75 7.69 12.83 13.84 17.31 19.58 21.30 25.77
55 2.88 6.90 7.86 13.07 14.10 17.61 19.90 21.63 26.14
70 3.08 7.30 8.30 13.71 14.76 18.38 20.73 22.50 27.11
100 3.40 7.92 8.99 14.68 15.79 19.56 22.00 23.83 28.56

GSD = 1.75
1 1.04 2.81 3.26 5.93 6.48 8.47 9.83 10.88 13.75
5 1.69 4.27 4.91 8.52 9.25 11.81 13.53 14.84 18.35
10 2.06 5.06 5.80 9.87 10.68 13.51 15.39 16.82 20.60
15 2.31 5.58 6.38 10.72 11.58 14.58 16.55 18.05 21.99
20 2.51 5.98 6.81 11.36 12.26 15.37 17.41 18.95 23.01
25 2.66 6.29 7.17 11.88 12.80 16.00 18.09 19.67 23.82
40 3.02 7.01 7.95 13.01 14.00 17.38 19.59 21.25 25.57
50 3.21 7.37 8.35 13.58 14.59 18.07 20.32 22.02 26.42
55 3.29 7.53 8.562 13.82 14.85 18.36 20.64 22.35 26.79
70 3.51 7.94 8.98 14.46 156.52 19.13 21.46 23.21 27.74
100 3.84 8.58 9.68 15.44 16.55 20.30 22.71 24.51 29.16

" Footnotes are indicated within Table F-2.
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Across Tables F-3 and F-4, the largest deviation in the estimated percentage of children with
blood-lead concentration at or above 10 pg/dL between the HUD model and the Rochester multimedia
mode exigs at the lowest soil-lead concentration (10 ppm) and the highest floor dust-leed
concentration (100 pg/ft?). Here, the HUD model estimate (16.5%) is nearly five times that under the
Rochester multimedia model (3.4%) when GSD=1.72.

Table F-5 presents the predicted geometric mean blood-lead concentration and percentage of
children with blood-lead concentration at or above 10 pg/dL, a the proposed 8403 hazard standards
for floors and soil (50 pg/ft? and 2000 ppm, respectively). For the Rochester multimedia mode, the
window silI dust-lead loading is assumed to be 27.5 pg/ft? (the estimated national median). At these
levels, the GSD assumption has less of an impact on the predicted percentages than was seen at
national median levels. However, the HUD modd predicts consderably higher percentages than the
other.

Table F-5. Predicted Geometric Mean Blood-Lead Concentration and Percentage of
Children with Blood-Lead Concentration At or Above 10 uyg/dL, at the
Proposed 8403 Hazard Standards for Floors and Soil (50 pyg/ft? and 2000
ppm, Respectively) and at a Window Sill Dust-Lead Loading of 27.5
mg/ft? (An Estimated Median Level for the Nation)

Predicted Percentage of Children With
Blood-Lead Concentrations At or Above 10
Predicted Geometric pg/dL
Mean Blood-Lead
Model Concentration (ug/dL) GSD=1.6 GSD=1.72 GSD=1.75
HUD Model* 9.1 42% 43% 44%
Rochester Multimedia Model 6.49 17.9% 21.3% 22.0%

*  Values are interpolated from results presented in Lanphear et al., 1998. This model does not use
window sill dust-lead loading at an input value.
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APPENDIX G

PERFORMANCE CHARACTERISTICS ANALYSIS
CITED IN THE 8403 PROPOSED RULE



S Battelle

- - - Pulting lechnology v Weork

pate  September 3, 1997
To Todd Holderman
From Ronad Menton and Warren Strauss

subject Requested Analyses for WA 3-28 EPA Contract No. 68-
D5-0008

Attached are two tables describing the results of andyses performed to identify example options for
combined multi-media stlandards which achieve negative predictive vaues of 99, 95 and 90 percent for
detecting a childhood blood-lead concentration of 10 pg/dL. The negative predictive vaue is defined in
this analyss as the probability of aresident child in the Rochester Lead-in-Dust study having a blood-
lead concentration below 10 pg/dL, given that lead-levelsin resdentia environmenta media are below
the combined standard. The example standards provided in this memorandum are based on an
empirica sengtivity/specificity analyss performed on asubset of 77 homes/children from the Rochester
Lead-in-Dust Study. These 77 homes included measurements of children’s blood-lead concentration,
soil-lead concentration, uncarpeted floor and window sl dust-leed loading and the percentage of
interior and exterior painted surfaces with deteriorated lead-based paint. For each home, soil-lead
concentrations measured for the drip-line and play-area sampling locations were averaged to produce a
yard-wide average soil-lead concentration. The sengitivity/specificity andyses focussed on dl possible
combinations of the following potentia standards for environmentd leed:

Environmental Media Potential Standards Considered in Analysis
Uncarpeted Floor Dust-Lead Loading 50, 75, 100, 125, 150, 175, 200 and 400 pg/ft?
Window Sill Dust-Lead Loading 800, 500, 300 and 100 ug/ft?

Average Soil-Lead Concentration 200, 300, 400, 500, 600, 700, 900, 1000, 1500 ug/g
Maximum of Percent of Interior/Exterior 5,10,20%

Painted Surfaces with Deteriorated LBP

Table 1 provides the maximum lead-levels identified in each of the above four environmental media,
which when combined, achieve a negative predictive vaue (NPV) of 99, 95 and 90 percent or above.
Note that combined standards that achieve aNPV of 99% aso achieve NPV’ s of 95% and 90%, and
that combined standards that achieve aNPV of 95% aso achieve aNPV of 90%.

Table 2 provides asummary of dl the potentid combinations of standards in the above four
environmenta media that achieved negative predictive values of 99, 95 and 90 percent or above. In
Table 2, the negative predictive vaue achieved corresponds to any combination of potentia standards
inarow. For example, al combinations of standards of 50 - 400 pg/ft? for dust on uncarpeted floors,
100 - 800 pg/ft? for dust on window sills, 200 - 900 pg/g for average soil and 5 - 20 percent of painted
surfaces having deteriorated |ead-based paint resulted in negative predictive vaues of 99 percent or
above.



September 3, 1997

Please note that the results provided in Tables 1 and 2 are based on an andysis of datafrom 77 homes,
and that since there were rdatively few homesthat had environmentd lead-levels below the
combination of standards under consderation, the denominator for the negative predictive vaue
edimates are smdl in most cases (i.e. less than 25).
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Table 1. Example Options For the Maximum Combined Multi-Media Standard which
Achieves a NPV of 99, 95 and 90% for Detecting a Blood-Lead Concentration
of 10 ng/dL, Based on Data from the Rochester Lead-in-Dust Study.
Uncarpeted Floor Average Soil-Lead Window Sill Dust- Maximum of Percent

Dust-Lead Standard Concentration Lead Standard of Interior/Exterior
NPV Components with
Achieved (ng/ft®) (ng/g) (ng/ft?) Deteriorated LBP
9% 400 900 800 20
50 1500 500 2
95% 400 1500 500 20
90% 400 1500 800 20

Table 2. Example Options For All Combinations of Multi-Media Standards which
Achieve a NPV of 99, 95 and 90% for Detecting a Blood-Lead Concentration
of 10 pg/dL, Based on Data from the Rochester Lead-in-Dust Study.
Uncarpeted Floor Average Soil-Lead Window Sill Dust- Maximum of Percent

Dust-Lead Standard Concentration Lead Standard of Interior/Exterior
NPV Components with
Achieved (ng/ft%) (ng/g) (ng/ft?) Deteriorated LBP
9% 400, 200, 175, 150, 125, | 900, 700, 600, 500, 400, | 800, 500, 300, 100 20,10,5
100, 75, 50 300, 200
50 1500, 1000 500, 300, 100 20,10,5
95% 400, 200, 175, 150, 125, | 1500 500 20
100, 75
90% 400, 200, 175, 150, 125, | 1500 800, 300, 100 20
100, 75
500, 300 10,5
1000 500, 300 20,10,5
100 20
50 1500, 1000 800 20,10,5

The options for combined multi-media standards in these tables are based on a sensitivity/specificity analysis of
empirical datafrom 77 homesin the Rochester Lead-in-Dust Study which included measurements of children’s
blood-lead concentration, drip-line and play-area soil-lead concentration, uncarpeted floor and window sill dust-lead
loading, and the percentage of interior and exterior painted surfaces with deteriorated | ead-based paint.
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APPENDIX H

REVIEW OF PUBLISHED INFORMATION ON POST-INTERVENTION
WIPE DUST-LEAD LOADINGS ON FLOORS AND WINDOW SILLS



H1.0 INTRODUCTION

One god of the 8403 risk andysis was to determine how the likelihood of children with blood-
lead concentrations exceeding certain thresholds (10 and 20 pg/dL) declines as aresult of reducing
environmental-lead levels when interventions are performed in response to 8403 rules. An empirica
moded was used in both a pre- and pogt-intervention setting to predict geometric mean blood-lead
concentration as a function of environmenta-lead levels, including average dust-lead loadings for floors
and window dlIs. 1t was assumed that pre-intervention average dust-lead loadings on floors and
window dlls were reduced when performing the following interventions:

» Dusg deaning (astriggered by exceeding ether the floor or window sl dust-lead standards)
» Interior paint abatement
* Soil remova

For each of these interventions, the assumed post-intervention wipe dust-lead loadings are as follows:

» Floors: 40 pgft? or the pre-intervention value, whichever is smaller
»  Window slls: 100 pg/ft? or the pre-intervention value, whichever is smdler.

Note that both assumptions are below their respective 8403 standards. Post-intervention dust-lead
loadings are assumed to hold for four years following a dust cleaning, 20 years following interior paint
abatement, and permanently following soil removdl.

Since the 8403 risk andysis was performed, additiona information has been identified which
could be used to refine the assumptions on post-intervention wipe dust-lead loadings. This gppendix
examines some of that information and summarizes exiging data from intervention sudiesto
characterize pre- and post-intervention wipe dust-lead loadings.

H2.0 REVIEW OF AVAILABLE INFORMATION

According to Section 6.1.1 of the 8403 risk analysis report, the post-intervention dust-lead
loadings of 40 pg/ft? for floors and 100 pg/ft? for window sills were selected based on data from EPA’s
Comprehensve Abatement Performance (CAP) study and the Batimore Experimenta Paint
Abatement sudy. Justification was as follows:

»  Geometric mean vacuum dust-lead |oadings from abated units in the CAP study were 29
ugfft? for floors (187 samples) and 92 pg/ft? for window sills (78 samples), where the
samples were collected approximately two years after paint intervention performed within
the HUD Lead-Based Paint Abatement Demonstration.
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»  Geometric mean wipe dust-lead loadingsin the Batimore Experimental Paint Abatement
study were 41 pg/ft? for floors and 103 pg/ft? for window slls, in 13 housing units
goproximately 18-42 months after complete paint intervention.

Intervention studies that contain information on pre- and post-intervention dust-leed loadings
(assuming either wipe dust collection methods or a method in which the reported |oadings can be
converted to wipe-equivaent loadings) and that can be used to eva uate the 8403 assumptions on post-
intervention dust-lead loadings are identified in Table H-1. These sudies wereincluded in USEPA,
19953, and USEPA, 1998, which contain summary information on studies avalladle in the scientific
literature whaose findings could be used to make conclusions on the effectiveness of lead hazard
intervention (defined as “any non-medicd activity that seeks to prevent a child from being exposed to
the lead in his or her surrounding environment”). A summary of key information on sudy design and
conclusonsfor the sudiesin Table H-1 isfound in Appendix H2.

When comparing dust-lead loading results across the studies in Table H-1, the following issues
should be considered:

Converting vacuum dudt-lead |oadings to wipe-equivaent loadings

Two of the studiesin Table H-1 used dust collection methods other than the wipe method. The
Bdtimore R&M study used the BRM vacuum method, while the CAP study used a cyclone vacuum
specificaly developed for the sudy. While pogt-intervention wipe dust-lead loadings are of interest
here, these two studies are included in Table H-1 as previous efforts dlow the vacuum dust-lead
loadings to be converted to wipe-equivaent loadings. These conversions were made prior to
displaying results from these two studiesin this gppendix.

The Bdtimore R&M study collected composite dust samples using the BRM vacuum method.
The converson of BRM dust-lead loadings to wipe-equivaent loadings for the Batimore R&M study
was developed within the 8403 risk andydis effort (USEPA, 1997a) and takes the following form:

Hoors: Wipe = (px8.34xBRM%3™) + ((1-p)x3.01xBRM®%)
Window sills:  Wipe = 14.8xBRM%4>3

where Wipe is the average wipe dust-lead loading, BRM is the average BRM dust-lead loading, and p
is the proportion of a composite floor-dust sample obtained from uncarpeted floors. These conversion
equations were determined based on side-by-side BRM/wipe dust-lead loading data from four studies.

Dust-lead loadings for samples collected by the CAP study’ s cyclone vacuum were converted

to wipe-equivaent loadings based on the conclusion made within the CAP study that vacuum dust-lead
loadings were, on average, 1.38 times larger than wipe dust-lead loadings
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Table H-1. Studies Containing Information on Pre-Intervention and Post-Intervention
Dust-Lead Loadings on Floors and Window Sills, Where Wipe Collection
Methods or a Method Whose Loadings Can Be Converted to Wipe-
Equivalents Were Used
Type of
Wipe
Study Type of Interventions Digestion
Study Duration Considered Method Reference(s)
Baltimore (MD) Dust 1981 Paint interventions Cold HCI |[Charney et al., 1983
Control Study Some units received periodic
dust control
Baltimore (MD) 1986-87 Paint interventions using Cold HCI |Farfel and Chisolm,
Experimental Paint (Study #1) |experimental procedures, with 1991
Abatement Studies extensive cleanup Farfel et al., 1994
12/91 -
01/92 (Study
#2)
Baltimore (MD) Follow- 01/91 - Paint interventions with Cold HCI |MDE, 1995
up Paint Abatement 06/92 extensive clean-up
Study
Baltimore (MD) Repair 1993-95 Various types of R&M paint BRM USEPA, 1996b
and Maintenance (R&M) interventions (including vacuum |USEPA, 1997b
Study cleanup, prevention of method was |USEPA, 1997c
recontamination, and education) used
Baltimore (MD) 1984-85 “Traditional” and “modified” Cold HCI [Farfel and Chisolm,
Traditional/Modified paint abatements, with some 1990
Paint Abatement Study cleanup.
Boston (MA) Interim 05/93 - Intervention groups received Cold HCI | Aschengrau et al.,
Dust Intervention Study 04/95 paint and/or dust intervention 1998
(low-tech). Comparison group Mackey et al., 1996
received an outreach visit.
Evaluation of the HUD 1994 - Wide range of interventions to Heated NCLSH and UC,
Lead-Based Paint Hazard present reduce/eliminate lead-based HNO4/H,0, 1997
Control Grant Program paint hazards. NCLSH and UC,
(HUD Grantees) (data 1998
collected through
August, 1997)
HUD Abatement 1989-90 Encapsulation/enclosure Heated HUD, 1991
Demonstration (HUD Demo) |Various paint removal methods HNO,/H,0, JUSEPA, 1996a
Program/EPA (CAP Study
Comprehensive 03/92 - cyclone was
Abatement Performance 04/92 used in the
(CAP) Study (CAP Study) CAP Study)
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Table H-1. (cont.)

Type of
Wipe
Study Type of Interventions Digestion
Study Duration Considered Method Reference(s)
Jersey City (NJ) 1992-94 Biweekly dust control Heated Adgate et al., 1995
Children’s Lead assistance and educational HNO4/H,0, |Lioy et al., 1997
Exposure and Reduction sessions
(CLEAR) Dust
Intervention Study
Paris Paint Abatement 01/90 - Paint interventions with dust Unspecified |Nedellec et al., 1995
Study 02/92 cleaning
Rochester (NY) 08/93 - Intervention group received Heated Lanphear et al.,
Educational Intervention 06/94 direction on performing periodic | HNO3/H,0, |1996
Study dust control. Control group
received educational materials
only.

(USEPA, 1996a), regardiess of lead level or sampling component. This conclusion was made by fitting
alog-linear regresson modd, using an errors-in-variables approach, on lead loading data for 33 pairs
of sde-by-sde vacuum/wipe dust samples collected within the CAP study. The model predicted
vacuum dust-lead loading as a function of wipe dust-lead loading. Therefore, the conversion of vacuum
dust-lead loading data from the CAP study (for both floors and window sills) involved dividing each
vacuum dust-lead loading by 1.38 to obtain awipe-equivdent loading. The estimated geometric mean
wipe dust-lead |oading equds the geometric mean vacuum dust-lead |oading, divided by 1.38.

Handling differencesin wipe digestion methods

The dudiesin Table H-1 are identified according to the type of wipe digestion method used in
the andytical process. Generdly, one of two categories of digestion methods was used by each study.
The “heated HNO,/H,0," method, which is the method recommended in EPA’s Nationd Lead
Laboratory Accreditation Program (NLLAP), dlows totd lead amountsin the sample to be
determined. The*cold HCI” method, documented in Vostd et d., 1974, and used at the Kennedy
Krieger Indtitute in Batimore, MD, generdly dlows only “bicavailable’ lead amounts to be measured in
the sample. Therefore, in order to make wipe dust-lead loadings comparable across al studiesin Table
H-1, it is necessary to adjust the “bioavailable’ lead loadings that are reported in the sudies that used
the “cold HCI” digestion method to reflect total lead amounts. Appendix A of USEPA, 19973,
provided a means by which this adjustment can be made:

T= Bl.1416
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where T isthe totd dust-lead loading, and B isthe “bicavailable’ dugt-lead loading. This adjustment
was developed by fitting alog-linear regresson mode (with no intercept term) on existing uncarpeted
floor dust-lead loading data that were collected in a pilot study that investigated how dust-lead loadings
changed across five different sampling and analysis methods. (See USEPA, 19974, for details.)

In this gppendix, summary datistics for sudies labeled in Table H-1 as utilizing the “ cold HCI”
wipe digestion method were caculated on dust-lead |oadings that were adjusted by the method in the
previous paragraph. Thisimplies taking geometric means ca culated on the study data to the 1.1416
power.

Conddering different intervention methods across sudies

As seen in the second column of Table H-1, the studies utilized different intervention
gpproaches. The HUD Grantees evaluation program is the most widely-encompassing of the studies,
containing dust-lead loading data a up to 12 months post-intervention for floors and window slisin
over 500 housing units as measured by 14 Grantees across the country. Therefore, the impact of
intervention activities on dust-lead loading will likely vary considerably across these sudies.
Furthermore, caution should be used in considering the results of certain studies, such as the educationa
intervention sudies, when the am is to evauate the effect of performing highly-intensve dust and paint
abatements on dust-lead loading.

H3.0 RESULTS

For eight sudiesin Table H-1 that measured and documented post-intervention dust-lead
loadings and which consdered paint and/or dust interventions (i.e., not just educationd interventions),
Tables H-2 and H-3 provide summaries of the measured dust-lead loadings from these studies, both
prior to intervention (if available) and at specified time points following the interventions, for floors and
window sills, respectively. Summaries are presented according to sudy group within each studly.
These tables contain geometric mean dust-lead loadings for al studies but the HUD Grantees
evauation, whaose references provided only median dust-lead loadings. Note that not al Sudiesin
these tables provided information on pre-intervention dust-lead loadings. Also, as discussed in the
previous chapter, the measured dust-lead loadings in the Baltimore R&M study and the CAP study
have been converted from vacuum to wipe-equivalent loadings, and dust-lead loadings in studies using
the "cold HCI" wipe digestion method have been adjusted to reflect tota lead loadings, prior to
preparing the summariesin Tables H-2 and H-3.

More detailed dust-lead loading summaries are provided in the tables in Appendix H3. These
tables include the information in Tables H-2 and H-3, dong with sample sizes associated with the
summaries, 95% confidence intervas for selected estimates, and reported differences in dust-lead
loadings from pre-intervention which were measured in the Paris Paint Abatement study and the
Rochester Educationd Intervention Study.
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Table H-2.

Summaries of Pre- and Post-Intervention Floor Dust-Lead Loadings
from Studies Evaluating Paint and/or Dust Interventions

Pre-Intervention Floor

Post-Intervention
Floor Dust-Lead Loadings’

Study Dust-Lead Loadings’ Time Following Summary Value
Study Group (ug/ft?) Intervention (ug/ft?)
Study 1 Immediately 259
. 1261
Baltimore (6 homes) 6-9 Months 99
Experimental Paint -
Abatement Studies? Study 2 556 Immediately 20
(13 homes) 1.5 - 3.5 Years 69
Immediately 47
6-Month Follow-up
5-7 Months 22
Baltimore Follow-up Immediately 41
Paint Abatement 12-Month Follow-up
Study? 10-14 Months 20
Immediately 24
19-Month Follow-up
14-24 Months 36
Immediately 52.5
2 Months 40.2
6 Months 26.5
All Occupied Units 40.9 12 Months 27.1
18 Months 24.8
24 Months 241
48 Months 8.4
6 Months 41.1
12 Months 39.8
Previously-Abated Units 45.6
18 Months 37.3
Baltimore R&M 24 Months 33.0
Study® Immediately 52.5
2 Months 40.2
Units Slated for R&M 586 6 Months 36.3
Intervention ’ 12 Months 39.9
18 Months 33.3
24 Months 35.0
6 Months 8.1
12 Months 7.3
Modern Urban Units 10.0 18 Months 7.8
24 Months 7.1
48 Months 8.4
. Immediately 4033
Baltimore Traditional 549
Traditional/ 6 Months 714
Modified Paint - Immediately 1626
Abatement Study? Modified 642
6 Months 714
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Table H-2. (cont.)

Post-Intervention
Pre-Intervention Floor Floor Dust-Lead Loadings'
Study Dust-Lead Loadings' Time Following Summary Value
Study Group (ug/ft?) Intervention (ug/ft?)
Boston Interim Dust| Automatic Intervention 33.2 6 Months 23.9
Intervention Study? | Randomized Intervention 37.3 6 Months 31.4
Immediately 17
All Grantees 19 6 Months 14
12 Months 14
Immediately 18
Baltimore 41 6 Months 42
12 Months 41
Immediately 54
Boston 24 6 Months 16
12 Months 18
Immediately 20
Massachusetts 24 6 Months 11
12 Months 9
Immediately 15
HUD Grantees Milwaukee 14 6 Months 10
12 Months 10
Immediately 18
Minnesota 18 6 Months 18
12 Months 18
Immediately 7
Rhode Island 26 6 Months 6
12 Months 6
Immediately 17
Vermont 28 6 Months 21
12 Months 21
Immediately 8
Wisconsin 9 6 Months 6
12 Months 5
CAP Study* Abated Units 2 Years 21.0
Jersey City CLEARS Intervention Group 22 12 Months 15

" Values are geometric means except for the HUD Grantees studies, where values are medians.

2 Results are adjusted to reflect total dust-lead loadings by exponentiating the “bioavailable” dust-lead loadings as
reported in the study to the 1.1416 power.

3 Results for the Baltimore R&M Study are converted from BRM dust-lead loadings to wipe-equivalent loadings.

4 Results for the CAP study are converted from CAPS cyclone dust-lead loadings to wipe-equivalent loadings.
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Table H-3. Summaries of Pre- and Post-Intervention Window Sill Dust-Lead Loadings
from Studies Evaluating Paint and/or Dust Interventions
Post-Intervention
. s
Pre-Intervention Sill Sl uetiere) loruling
Study Dust-Lead Loadings’ Time Following Summary Value
Study Group (ug/ft?) Intervention (ug/ft?)
Immediatel 737
_ Study 1 15215 y
Baltimore (6 homes) 6-9 Months 958
Experimental Paint -
Abatement Studies? Study 2 2784 Immediately 19
(13 homes) 1.5 - 3.5 Years 199
Immediately 50
6-Month Follow-up
5-7 Months 71
Baltimore Follow-up Immediately 50
Paint Abatement 12-Month Follow-up
Study? 10-14 Months 41
Immediately 50
19-Month Follow-up
14-24 Months 147
Immediately 185.4
2 Months 241.4
6 Months 138.2
All Occupied Units 356.2 12 Months 136.2
18 Months 135.1
24 Months 117.5
48 Months 37.1
6 Months 107.4
12 Months 116.0
Previously-Abated Units 163.5
18 Months 89.1
Baltimore R&M 24 Months 97.6
Study® Immediately 185.4
2 Months 241.4
Units Slated for R&M 278.4 6 Months 247.0
Intervention ' 12 Months 237.6
18 Months 246.8
24 Months 204.9
6 Months 41.7
12 Months 40.0
Modern Urban Units 45.6 18 Months 40.5
24 Months 34.8
48 Months 37.1
. Immediately 11460
Baltimore Traditional 3708
Traditional/ 6 Months 4360
Modified Paint - Immediately 1496
Abatement Study? Modified 5209
6 Months 4662
Boston Interim Dust| Automatic Intervention 787 6 Months 210
Intervention Study” | Randomized Intervention 205 6 Months 110
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Table H-3. (cont.)

Post-Intervention
Pre-Intervention Sill Sill Dust-Lead Loadings"
Study Dust-Lead Loadings’ Time Following Summary Value
Study Group (ug/ft?) Intervention (ug/ft?)

Immediately 52

All Grantees 258 6 Months 97

12 Months 90

Immediately 49

Baltimore 1191 6 Months 87

12 Months 68

Immediately 53

Boston 174 6 Months 48

12 Months 49

Immediately 32

Massachusetts 328 6 Months 77

12 Months 50

Immediately 84

HUD Grantees Milwaukee 264 6 Months 231
12 Months 217

Immediately 66

Minnesota 266 6 Months 86

12 Months 77

Immediately 18

Rhode Island 314 6 Months 87

12 Months 85

Immediately 21

Vermont 147 6 Months 60

12 Months 40

Immediately 22

Wisconsin 150 6 Months 37

12 Months 51
CAP Study* Abated Units 2 Years 66.4
Jersey City CLEARS Intervention Group 75 12 Months 24

" Values are geometric means except for the HUD Grantees studies, where values are medians.

2 Results are adjusted to reflect total dust-lead loadings by exponentiating the “bioavailable” dust-lead loadings as
reported in the study to the 1.1416 power.

3 Results for the Baltimore R&M Study are converted from BRM dust-lead loadings to wipe-equivalent loadings.

4 Results for the CAP study are converted from CAPS cyclone dust-lead loadings to wipe-equivalent loadings.
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Hoor dust-lead loadings

Table H-2 contains pogt-intervention floor dust-lead loading summaries for 24 study groups,
including two control groups from the Batimore R&M study and atota of nine groups from the HUD
Grantees eva uation.

Eighteen study groupsin Table H-2 contain information on dust-lead |oading measurements
immediately after intervention. Of these 18 groups, 10 had geometric mean or median dust-lead
loadings ranging from 7-24 pg/ft? immediately after intervention. Eight of these 10 groups were from
the HUD Grantees eva uation, whose pre-intervention median dust-lead loadings were no higher than
41 pgfft2. Eight of the 18 groups had geometric mean or median dust-lead loadings above 40 pg/ft?
immediatdly after intervention.

Among the nine study groups in the HUD Grantees eva uation, saven groups had median dust-
lead loadings that remained constant or steadlily declined to below 20 pg/ft? for up to 12 months post-
intervention. The other two study groups had median loadings increase to gpproximately pre-
intervention levels over this 12-month period. In addition, the CAP study, the Batimore Follow-up
Paint Abatement study, the Baltimore R&M study, and Boston Interim Dust Intervention study, and the
CLEARS suggest that geometric mean dust-lead loadings of below 40 pg/ft? can be observed for up to
two years post-intervention. Only in study #1 of the Baltimore Experimenta Paint Abatement studies
and the Batimore Traditiona/Modified Paint Abatement study did geometric mean dust-lead loadings
exceed 40 pg/ft? a approximately six months post-intervention; however, pre-intervention levels were
higher than in the other studies.

Window sl dugt-lead |loadings

The same 24 study groups represented in Table H-2 also are included in Table H-3, where
post-intervention window sl dust-lead loading summearies are presented. Reaultsin Table H-3
indicate that pogt-intervention window sl dust-leed loadings are generdly higher (up to double the
value) than those for floors. The post-intervention geometric means (or medians) range from 18 pg/ft?
to over 11,000 pg/ft2.

Asin Table H-2, 18 study groups in Table H-3 contain information on dust-lead loading
measurements immediately after intervention.  In the nine study groups of the HUD Grantees
evauation, the three groups of the Batimore Follow-up Paint Abatement study, and study #2 of the
Bdtimore Experimenta Paint Abatement studies, geometric mean or median dugt-lead loadings
immediately after intervention were below 100 pg/ft? (range: 18-84 pg/ft?). In particular, study #2 of
the Batimore Experimental Paint Abatement studies saw a substantia decline in the geometric mean
from pre-intervention (2,784 pg/ft?) to immediatdly post-intervention (19 pg/ft?). The remaining five
study groups (study #1 of the Batimore Experimenta Paint Abatement studies, and study groups from
the Batimore R&M study and the Batimore Traditiona/Modified Paint Abatement study) had
geometric mean dust-lead loadings exceeding 180 pg/ft? immediately post-intervention, but these
groups had geometric mean pre-intervention dust-lead loadings above 300 pg/ft2.

H-10



Except for the Milwaukee grantee, the study groups within the HUD Grantees eva uation had
median window sill dust-lead loadings below 100 pg/ft? for up to 12 months post-intervention. Only
two grantees (Boston and Wisconsin) did not have a decline in median window sl dust-lead loadings
over the 12-month period.

In addition to the HUD Grantees evauation, geometric mean window Sl dust-lead loadings
remain below 100 pg/ft? for up to 12 months post-intervention in the Baltimore Follow-up Paint
Abatement study, the CAP study, and the CLEARS (Table H-3). However, in studies such asthe
Bdtimore R&M sudy, the Batimore Traditiona/Modified Paint Abatement study, the Batimore
Experimental Paint Abatement studies, and the Boston Interim Dust Intervention study, geometric mean
dust-lead loadings remain above 100 pg/ft2 over time. In addition, the 19-month follow-up study group
within the Batimore Follow-up Paint Abatement study and the Batimore Experimental Paint
Abatement studies suggest that geometric mean dust-lead loadings can dip below 100 pg/ft?
immediately after intervention, but then increase substantially after one year or o.

The summariesin Tables H-2 and H-3 are calculated across housing units in specified study
groups. With the lack of results for individua housing units and the absence of variahility estimates
associated with these summaries, these summaries do not necessarily indicate what may be occurring in
gpecific units (such as those housing units that seelittle, if any, change from pre- to podt-intervention).
Additiond information on results within housing units should aso be consdered if such information is
avaladle.
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Baltimore (MD) Dust Control Study

. Conducted in 1981 to assess whether lead-based paint abatement followed by periodic dust
control would be more effective in reducing blood-lead concentration than performing only
lead-based paint abatement.

. The study targeted housing units containing lead-based paint and children aged 15-72 months
of age with at least two confirmed blood-lead concentration measurements between 30-49

pg/dL.

. Two groups of housing units (a control group of 35 homes and an experimentd group of 14
homes) underwent lead-based paint abatement which entailed removing dl pedling lead-
containing interior and exterior paint from the residence. In addition, al child accessble
surfaces (below 1.2 m) which may be chewed on were covered or rendered lead-free. No
extengve clean-up procedures were required following the abatements.

. The experimenta group received periodic dust-control (twice-monthly visits by a dust-control
team) involving wet-mopping al rooms in the resdence where dust-leed loadings in an initid
survey exceeded 100 pg/ft2.

. In the experimental group, dust samples were collected from dl areas within the resdence

where the child spent time. The samples were collected with a cohol-trested wipeswithin a1l
ft? area of floor or from the entire window sill. The samples were collected a recruitment and
both before and after each dust-control measure was performed.

Baltimore (MD) Experimental Paint Abatement Studies

. Studies to demongtrate and eva uate experimental |ead-based paint abatement practices
developed in response to the inadequacies uncovered in the Batimore (MD)
Traditiona/Modified Paint Abatement Study.

. The experimentd practices called for floor-to-ceiling abatement of dl interior and exterior
surfaces where lead content of the paint exceeded 0.7 mg/cn? by XRF or 0.5% by weight by
wet chemica andysis. Severa methods were tested, including encapsulation, off-ste and on-
gte gripping, and replacement. The abatements took place ether in unoccupied dwellings or
the occupants were rel ocated during the abatement process. L ead-contaminated dust was
contained and minimized during the abatement, and extensive clean-up activities included
HEPA vacuuming and off-site waste digposdl. In addition, extensve worker training and
protection were provided.

. One study involving 6 housing units (poorly-maintained, had multiple lead-based paint hazards,
built in the 1920s) received abatements from 10/86-1/87 as part of apilot study examining the
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experimental procedures. Four units were vacant, and two contained |ead-poisoned children.
This study evauated short-term abatement efficacy (up to 9 months).

Dugt samples from the 6 housing units were collected immediately before abatement, during
abatement, after the find clean-up, and at 1, 3, and 6-9 months following abatement.

Another study which evauated longer-term abatement efficacy (1.5-3.5 years) involved 13
occupied housing units which received experimenta abatements from 1988-1991 by loca pilot
projects.

Dust samples from the 13 housing units were collected from 12/91 - 01/92 at the same
locations, where possible, that had been sampled pre- and immediately post-abatement.

Alcohol-treated wet wipes were used to collect dust samples.

Baltimore (MD) Follow-up Paint Abatement Study

Paint interventions (encapsulation, off-site and on-site stripping, and replacement) were
performed (from floor to celling) on dl interior and exterior surfaces where lead content of paint
exceeded 0.7 mg/cn? by XRF or 0.5% by weight by wet chemical andysis. Abatements took
place in unoccupied dwellings or after occupants were relocated.

L ead-contaminated dust was contained and minimized during the abatement.

Extensve clean-up activities (including HEPA vacuuming and off-dte wasgte disposal) followed
the abatement to ensure clearance. Clearance leves for floors, window slls, and window wels
were set at 200 pg/ft?, 500 pg/ft?, and 800 pg/ft?, respectively.

Wipe dust-lead | oading samples were taken upon clearance and at approximately 6, 12, and 19
months post-intervention from floors, window slls, and window wells in rooms where the child

spent time.

By 19 months pogt-intervention, only 5% of the homes were above clearance for floors, while
42% and 47% of the homes were above clearance levels for window slls and window wells,

respectively.

Baltimore (MD) Repair & Maintenance (R&M) Study

Study begun in 1993 to measure the short-term (2 to 6 months) and long-term (12 to 24
months) changes in dust-lead loadings and concentrations and in children’s blood lead
concentrations associated with conducting R& M interventions, and to make comparisons  with
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houses that had undergone previous comprehensive abatement, as well as agroup of modern
urban houses.

Three types of dwellings were recruited in this study: 16 dwellings that were previoudy abated
(in 1988-1992), 75 dwellings dated to receive R&M interventions, and 16 modern urban
dwellings (assumed to be free of lead-based paint).

The 75 R&M dwellings were older (mosily pre-1940), low-income dwellings which were
divided into three equd groups according to the intervention performed in this sudy; the R&M-
| group had low-leve interventions (wet scraping, limited repainting, wet cleaning with TSP,
HEPA vacuuming, placing an entryway mat, exterior surface stabilization, cleaning supplies and
education to resdents), the R& M-I1 group had intermediate-level interventions (R& M-
interventions plus treatments to floors, windows, and doors to reduce abrasion), and the R&M-
[11 group had high-leve interventions (R& M-11 interventions plus trim replacement and
encapaulation). The remaining dwellings acted as control dwellings.

The BRM vacuum method was used to collect dust samplesin this study (amodified HV S,
cyclone collector). FHoor and window sill dust samples were composites across multiple
rooms. The environmenta sampling design was as follows.

Type of Data '
Blood Dust Soil Water
Campaign RM 2 Control 3 RM Control RM Control RM Control
Initial /° / / / / / /° /
Immediate Post- / / / /P
R&M
2 Months Post-R&M / /
6 Months Post-R&M / / / / / / / /
12 Months Post- / / / /
R&M
18 Months Post- / / / / / / / /
R&M
24 Months Post- / / / /
R&M

A '/’ indicates that the data were collected for all R&M groups or all control groups. Symbol /2" indicates

that data collected only for R&M | and Il groups, and ‘/° *
RM denotes the component including three R&M groups: R&M I, R&M Il and R&M |III.

only for R&M Il and lIl.

Control denotes the component including two control groups: Previously Abated and Modern Urban.
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Baltimore (MD) Traditional/Modified Paint Abatement Study

. Conducted from 1984-1985 to evauate the hedlth and environmenta impact of “traditiona”
and “modified” Batimore practices for abating |lead-based paint.

. The study contained housing units with multiple interior surfaces coated with |lead-based paint
and containing at least one child with a blood-lead concentration exceeding 30 pg/dL.

. “Traditiona” abatements (conducted in 53 housing units) addressed deteriorated paint on
surfaces up to four feet from the floor, and dl hazardous paint on accessible surfaces which may
be chewed on. Paint with alead content greater than 0.7 mg/cnm? by XRF or 0.5% by weight
by wet chemicd analyss was denoted hazardous. Open-flame burning and sanding techniques
were commonly used, the abated surfaces were not repainted, and clean-up typicdly entailed,
a mog, dry sweeping.

. “Modified” abatements (conducted in 18 housing units) included the use of heet guns for paint
remova and the repainting of abated surfaces. Furnishings were protected during abatement.
In addition, clean-up efforts were conducted that involved wet-mopping with a high phosphate
detergent, vacuuming with a standard shop vacuum, and off-site disposa of debris. In addition,
worker training, protection, and supervision were provided.

. Neither traditional nor modified abatements consdered window wells.
. Dust samples were obtained using a acohol-trested wipe within a defined area template (1 ft?).
. Increased dust-lead |oadings were measured immediately following traditiona abatements

(usudly within two days) on or in close proximity to abated surfaces. Dudt-leed levels
measured after modified abatements were also higher than pre-abatement levels, but not to the
extent seen for traditiond practices. At Six months post-abatement, PoD levels were compara:
bleto, or greater than, their respective pre-abatement loadings in both study groups.

. Despite the implementation of improved practices, modified abatements, like traditiona abate-

ments, did not result in any long-term reductions of levels of lead in house dugt. In addition, the
activities further elevated blood-lead concentrations.

Boston (MA) Interim Dust Intervention Study

. Children under 4 years of age with modestly-elevated blood-lead concentration (11-24 pg/dL)
and living in homes containing lead-based paint on & least two window slis or wells were
targeted for participation. Lead hazard reduction activities were not previoudy conducted in
these homes.
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Units with severe household lead hazards (i.e., paint chips on floors, large amounts of loose
dugt or paint chipsin window wells, or holeslarger than one inch wide in wals containing lead-
based paint) were placed into an “automatic intervention” group (n=22).

Remaining units were randomly assigned to a“randomized intervention” group (n=22) or a
“randomized comparison” group (n=19).

Unitsin the two intervention groups received a one-time paint and/or dust intervention. The
intervention was considered “low-technology” and consisted of HEPA vacuuming al window
well, window sil, and floor surfaces; washing window well and window sl surfaces with artri-
sodium phosphate (TSP) and water solution; repairing holes in walls; and re-painting window
well and window sl surfacesto sed chipping or peding paint. These units dso received
outreach and educationa information including a demongtration of effective housekeeping
techniques and monthly reminders with ingtructions to wash hard surface floors, window sills
and wells with a TSP and water solution at least twice aweek.

The “randomized comparison” group received only the outreach vist, in which the home was
visudly assessed for lead hazards and the family was educated about the causes and prevention
of lead poisoning. They were aso provided with cleaning ingtructions and a free sample of TSP
cleaning solution.

16 study units had permanent lead-based paint hazard remediation performed outside of the
study protocol during the 6-month follow-up period. It is uncertain whether data for these units
were treated differently in the Sudy as aresult.

Dust samples were collected from floors, window slis, and window wells at basdline and 6
months pogt-intervention in dl units, and a one month pogt-intervention for the two intervention
groups. However, results were not reported for the one-month post-intervention campaign.

Dusgt, soil, and water samples were analyzed using atomic absorption spectrophotometry
(AAS). The detection limit for dust-lead loading results was 30 pg/ft2.

At 6 months post-intervention, geometric mean floor dust-lead loadings had decreased dightly
for both intervention groups and increased in the comparison group. Geometric mean window
sl dugt-lead loadings decreased in dl three groups, and geometric mean window well dust-lead
loadings decreased for both intervention groups, but remained the same for the comparison
group. None of the changes in dust-lead loadings was statisticaly sgnificant.
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Evaluation of the HUD Lead-Based Paint Hazard Control Grant Program (HUD Grantees)

. A formd evauation of this ongoing study is being conducted to determine the effectiveness of
various abatement methods used by State and local governments (who are HUD grantees) to
reduce lead-based paint hazards in housing.

. Data collection began in 1994 and is expected to continue through 1999.

. Enrollment criteria varied among the different grantees and included targeting high-risk
neighborhoods, homes with alead-poisoned child, and unsolicited applications.

. Grantees were given the flexibility to select the type and intensity of the leed treatments for any
particular unit. The intengity of an intervention is reported by location (interior, exterior, or Ste)
and conggs of anumber representing the type of intervention performed in that location. The
interventions range from taking no action, to asmple cleaning, to window replacement or full
lead-based paint abatement. Some interim controls on soil (e.g., cover), as wdll as soil
removal, were aso performed.

. The grantees followed the same sampling protocols when collecting environmenta samples
(including dust using wipe techniques) and used standard forms devel oped specificaly for the
evauation.

. Dust samples are collected from occupied housing units at four times during the study: at pre-

intervention, immediatdly after intervention, and a 6 and 12 months following intervention.
Nine of the 14 grantees participating in this evaluation are also collecting data at 24 and 36
months following intervention (these data have not yet been collected).

HUD Abatement Demonstration Program/
EPA Comprehensive Abatement Performance (CAP) Studv

. The FHA portion of the HUD Abatement Demongtration Program (“HUD Demo”) was
conducted to estimated the comparative costs of dternative methods of lead-based paint
abatement, to assess the efficacy of these methods, and to confirm the adequacy of worker
protection safeguards during abatement.

. In the HUD Demo, lead-based paint abatements were performed in 172 HUD-owned, sSingle-
family properties located in seven cities across the country.

. Wipe dugt samples were collected immediately following intervention and cleaning in the HUD
Demo to evauate whether lead levels were below 200 pg/ft? for floors and 500 pg/ft? for
window slls. Repeated iterations of cleaning and dust sampling were performed if additional
cleaning was deemed necessary.
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. The CAP study was afollow-up to the HUD Demo performed in Denver, CO. The objectives
of the CAP study were to assess the long-term efficacy of two primary abatement methods
(encapsulation/enclosure and remova methods), to characterize lead levelsin dust and soil in
unabated homes and homes abated by different methods, to investigate the relationship between
household dust-lead and lead from other sources (i.e., soil and air ducts), and to compare dust-
lead loading results from cyclone vacuum sampling and wipe sampling protocols.

. The CAP study collected approximately 30 dust and soil samples at each of 52 occupied
housesin Denver. Of these houses, 39 had |ead-based paint abatements performed
approximatdly two years earlier as part of the HUD Demo. The remaining 17 houses were
considered within the HUD Demo, but were found to be free of lead-based paint and therefore
had no abatements performed.

. The CAP study used a cyclone vacuum for collecting dust samples, where this vacuum was
designed especidly for this study. Dust samples were collected from the floor perimeter,
window sills, window wells, entryway floors, and air ducts in ether two or three rooms. Some
wipe dust samples were aso collected to make comparisons between wipe and vacuum dust-
leed loadings.

. For window sills within 10 houses, pre-abatement dust-lead loadings and |oadings measured
during the CAP study both averaged between 175-200 pg/ft? (i.e., there was no evidence of
sgnificant differences between pre- and post-intervention dust-lead loadings). However, no
adjustment was made between the wipe and vacuum methods used in pre- and post-
intervention, respectively. A smilar comparison between pre- and post-intervention dust-lead
loadings for floors was not possible due to alack of sufficient pre-intervention data.

. Abatements were found to be effective in that no significant difference in dust-lead loadings

were observed between abated and unabated units in the CAP study (with the exception of
dust from air ducts).

Jersey City (NJ) Children’s Lead Exposure and Reduction (CLEAR) Dust Intervention Study

. Children under 3 years of age and at risk for elevated blood-lead concentration were targeted
for participation.
. Lead hazard intervention consisted of biweekly assstance with home dust control (which

included wet mopping of floors, damp-sponging of walls and horizonta surfaces, and HEPA
vacuuming) and a series of educationa sessions about lead. The cleaning teams provided the
education during the course of their vists and mainly focused on teaching the caretakers how to
clean the home.
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Dust-wipe samples were collected from uncarpeted floorsin the kitchen and the floor of one
other room frequented by the enrolled child.

Thisanadyssindicated that a thorough cleaning program reduced the geometric mean of the
dust and lead loading and found that 68%, 75%, and 81% of the Lead Group (Study) homes
had areduction in lead loading on the kitchen floors, bedroom floors, and window silIs,

respectively.

Paris Paint Abatement Study

Children less than 6 years of age, identified as severely lead-poisoned, and living in homes with
lead-based paint were targeted for participation.

A one-time paint intervention was performed, conggting of chemica stripping with caugtic
products, encagpsulation (conssting of covering the toxic paint with coating material which
prevents the disperson of chips and particles into the home), replacement of antiquated
elements and paint coatings of lead-based paints, and afind dust cleaning. Chemical stripping,
using Ped Away™, was used on 52% of the items abated, a combination of stripping and
encapsulation was used on 36% of the items abated, and a combination of encapsulation and
replacement was used on 12% of the abated items. Families were relocated during abatement.

Dust samples were collected in 29 homes at basdline, during the intervention, and at 1 to 2
months, 3 to 6 months, and 7 to 12 months post-intervention. Dust sampling was done by
wiping the floor 1 meter from the wall, over an area of 30x30 cn?, with a paper towel
impregnated with alcohal.

For 11 homes having an initiad dust-lead loading greater than 92.9 pg/ft?, median decreases
were 144 pgfft? a 1 to 2 months follow up and 157 pg/ft? at 3 to 6 months post-intervention.

By 6 to 28 months post-intervention, the maximum dust-lead |loadings were less than 92.9 pg/ft?
for 40 out of 45 households.

Rochester (NY) Educational Intervention Study

Included 104 of the 205 children in the Rochester Lead-in-Dust study, aged 12-31 months at
enrollment, with low to moderate blood-lead concentration. Households were randomly
assigned to an intervention or control group.

Aim of the study was to determine the effectiveness of smple dust control by household
members as a means of reducing children’ s blood-lead concentration.
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A trained interviewer visited families assigned to the intervention group. The interviewer
stressed the importance of dust control as a means of reducing lead exposure and provided the
household with cleaning supplies (paper towels, spray bottles and Ledisolv, a detergent
developed specificdly for lead contaminated house dust). Families were ingtructed to clean the
entire house once every three months, interior window sills, window wells and floors near
windows once every month, and carpets once aweek with avacuum cleaner, if available.

For families assgned to the control group, only a brochure was provided containing information
about lead poisoning and its prevention.

Dust samples (using a K-mart brand of baby wipes) were collected at the time of the home visit
(basdline) and at seven months following the vigit. Locations of dust samples included entryway
floors and the kitchen, aswell as from the floors, interior window sills and window wedls of the
child's principa play area.
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Table H3-1.

Summary of Floor Dust-Lead Loadings, Under Wipe Dust Sampling Techniques, at Pre- and Post-
Intervention

Pre-Intervention Floor Dust-

Post-Intervention Floor Dust-Lead

Lead Loadings Loadings Difference from Pre-Intervention
Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
ame of Stu tu tatistic t ntervention tatistic t ntervention tatistic t
N f Study Study N | Statistic' | (ug/ft>) |1 i N | Statistic' | (ug/ft?) |I i Statistic’ | (ug/ft?)
259
. GM
I diately | 70 196,
Study 1 7 GM 1261 mmediately (95% CI) (366)
Baltimore (6 homes) © (95% ClI) (908,
Experimental 1761) 6-9 Months | 63 GM 99
Paint (95% CI) |(79, 136)
Abatement immediatelv | 47 GM 20
Studies’ Study 2 GM 556 ediately (95% CI) | (9.8, 40)
42 o (289,
(13 homes) (95% ClI) 1074) 1.5-35 | GM 69
Years (95% CI) |(40, 125)
e | aw | e
[0)
6-Month Clearance | og (95% CI) | (20,41)
Follow-up
5-7 GM 22
Months (95% CI) | (15, 31)
Immediately
Baltimore Following CiM 41
Follow-up Paint | 12-Month Clearance | o7 (95% CI) | (25, 63)
Abatement Follow-up
Study? 10-14 GM 20
Months (95% CI) | (15, 29)
| | em |
(o)
19-Month Clearance | 29 (95% CI) | (14, 38)
Follow-up
14-24 GM 36
Months (95% CI) | (20, 63)
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Table H3-1.

(cont.)

Pre-Intervention Floor Dust-

Post-Intervention Floor Dust-Lead

Lead Loadings Loadings Difference from Pre-Intervention
Group of

Housing Units Value of Time Value of Time Value of

Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic

Name of Study Study N | Statistic’ | (ug/ft?) [ Intervention| N | Statistic’ | (ug/ft?) | Intervention Statistic' | (ug/ft?)
Immediately | 37 GM 52.5
2 Months 37 GM 40.2
6 Months 66 GM 26.5
Al %‘;‘i’fsp'ed 0| GMm 40.9 | 12Months | 66 | GMm 27.1
18 Months | 64 GM 24.8
24 Months | 62 GM 24 1
48 Months | 7 GM 8.4
6 Months 14 GM 41.1

Baltimore R&M
Study? PreV|ousI\(— 16 GM 456 12 Months | 14 GM 39.8
Abated Units 18 Months | 13 GM 37.3
24 Months | 13 GM 33.0
Immediately | 37 GM 52.5
2 Months | 37 GM 40.2
Units Slated 6 Months | 37 GM 36.3
for R&M 58 GM 58.6

Intervention 12 Months | 37 GM 39.9
18 Months | 37 GM 33.3
24 Months | 35 GM 35.0
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Table H3-1.

(cont.)

Pre-Intervention Floor Dust-

Post-Intervention Floor Dust-Lead

Lead Loadings Loadings Difference from Pre-Intervention
Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic' | (ug/ft?) | Intervention| N | Statistic’ | (ug/ft?) |Intervention| N |[Statistic'| (ug/ft?)
6 Months 15 GM 8.1
12 Months | 15 GM 7.3
1 [ |
Baltimore R&M IModern Urban| ¢ g 10.0 | 18Months | 14| GMm 7.8
Study Units
24 Months | 14 GM 7.1
48 Months 7 GM 8.4
. GM 4033
Immediately | 271 (95% Cl) (3269,
GM 549 ° 4936)
Traditional | 280 (482,
(95% CI) 645) 714
Baltimore 6 Months |234| M (594,
Traditional/ (95% CI)
834)
Modified Paint
Abatement ] GM 1626
Study? oy 642 Immediately | 50 (95% Cl) (2121882)
Modified 82 (95% Cl) (433,
i 208) 6 Month 57 GM (;;g
onths o ,
(95% CI) 983)
Boston Interim | Automatic | 44 1 gy 33 6Months [ 10| GM 24
Dust Intervention
Intervention ;
Study? ﬁgf\gﬁii 9 GM 37 6 Months | 9 GM 31
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Table H3-1.

(cont.)

Pre-Intervention Floor Dust-

Post-Intervention Floor Dust-Lead

Lead Loadings Loadings Difference from Pre-Intervention
Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic' | (ug/ft?) | Intervention| N | Statistic’ | (ug/ft?) |Intervention| N |[Statistic'| (ug/ft?)
Immediately Median 17 Immediately 11%
Post Post Percent
All Grantees | 557 Median 19 6 Months 557 Median 14 6 Months 557 Change -26%
12 Months Median 14 12 Months -26%
Immediately Median 18
Post
Baltimore 32 Median 41 6 Months 32 Median 42
12 Months Median 41
Immediately Median 54
Post
HUD Grantees Boston 28 Median 24 6 Months 28 Median 16
12 Months Median 18
Immediately Median 20
Post
Mass. 42 Median 24 6 Months 42 Median 11
12 Months Median 9
Immediately Median 15
Post
Milwaukee | 170] Median 14 6 Months 170 Median 10
12 Months Median 10
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Table H3-1.

(cont.)

Pre-Intervention Floor Dust-

Post-Intervention Floor Dust-Lead

GroDtol Lead Loadings Loadings Difference from Pre-Intervention
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic' | (ug/ft?) | Intervention| N | Statistic’ | (ug/ft?) |Intervention| N |[Statistic'| (ug/ft?)
Imm;(()i;tely Median 18
Minnesota | 105| Median 18 6 Months 105 Median 18
12 Months Median 18
'mmlf:;te'y Median 7
Rhode Island | 31 Median 26 6 Months 31 Median 6
12 Months Median 6
HUD Grantees I g
mm:O;te y Median 17
Vermont 43 Median 28 6 Months 43 Median 21
12 Months Median 21
'mmlf::te'y Median 8
Wisconsin 48 Median 9 6 Months 48 Median 6
12 Months Median 5
GM 15
Uazﬁf‘;zd 2 years | 51 [ (25" %ite)| (4.1)
CAP dvé (75" %ile) (47)
study
GM 21
ﬁgf::: 2 years |187| 25" %ile | (4.9)
75" %ile (76)
Jersey City (NJ)] Intervention
CLEARS Group 42 GM 22 12 Months | 40 GM 15
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Table H3-1. (cont.)

Pre-Intervention Floor Dust- Post-Intervention Floor Dust-Lead
Lead Loadings Loadings Difference from Pre-Intervention
Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic' | (ug/ft?) | Intervention| N | Statistic’ | (ug/ft?) |Intervention| N |[Statistic'| (ug/ft?)
. During 1 54 | Median | +697
Paris Paint Intervention Intervention
Abatement Group 24 Median 83.6 1-2 Months | 24 | Median -33.9
Study
3-6 Months | 24 | Median -45.5
Intervention
Group - -9.9
7 Months 80
Rochester Uncarpeted Median | (-20,-2.3)
Educational Floors Absolute
|nterventi0n |ntervention Change
Study ; (IQ Range) ,
Group 7 Months | 80 9 6.9
Carpeted (-10,-2.5)
Floors

1 GM = geometric mean. AM = arithmetic mean. CI = Confidence Interval.

2 Results (for geometric means and medians ONLY) are adjusted to reflect total dust-lead loadings by exponentiating the “bioavailable” dust-lead loadings as reported in the study
to the 1.1416 power.

3 Results for the Baltimore R&M Study are converted from BRM dust-lead loadings to wipe-equivalent loadings.

4 Results for the CAP study are converted from CAPS cyclone dust-lead loadings to wipe-equivalent loadings.
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Table H3-2. Summary of Window Sill Dust-Lead Loadings, Under Wipe Dust Sampling Techniques, at Pre- and Post-

Intervention

Pre-Intervention Sill Dust-
Lead Results

Post-Intervention Sill Dust-Lead Results

Difference from Pre-Intervention

Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) |Intervention| N |Statistic'| (ug/ft?)
Immediately GM 737
35 o (411,
15215 Post (95% CI) 1364
Study 1 GM )
6 homes) | 3* | (95% cn | 19389
Baltimore omes ? 24618) GM 958
Experimenta| 6'9 Months 31 ) (526,
(95% ClI)
Paint 1681)
Abatement Immediately 54 GM 19
Studies? 2784 Post (95% ClI) | (9.8, 35)
Study2 | g5 GM (1322 199
o r
(13 homes) (95% ClI) 5891) 15-35 | o C:;M 119,
Years (95% CI) 331)
“Fotonng |27 | &M | 80
6-Month g (95% cI) | (32, 81)
Follow-up
Baltimore 5-7 27 GM 71
Abatement ;
Sty? Immedla!tely GM 50
Y Following | 26 o
12-Month Clearance (95% CI1) | (31, 81)
Follow-up
10-14 26 GM 41
Months (95% CI) (49, 132)
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Table H3-2.

(cont.)

Pre-Intervention Sill Dust-

Lead Results

Post-Intervention Sill Dust-Lead Results

Difference from Pre-Intervention

Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) | Intervention| N |Statistic'| (ug/ft?)
Immediately
Baltimore Following | 19 GM 50
Follow-up Paint | 19-Month Clearance (95% CI) | (19, 52)
Abatement Follow-up
Study? 14-24 19 GM 147
Months (95% CI) | (66, 324)
Immediately | 37 GM 185.4
2 Months | 37 GM 241.4
6 Months | 66 GM 138.2
Al %‘;‘i’fsp'ed 90| awm 356.2 | 12 Months |66 | GM 136.2
18 Months | 64 GM 135.1
24 Months | 62 GM 117.5
48 Months | 7 GM 37.1
6 Months | 14 GM 107.4
Baltimore R&M
Study® Prewously— 16 oM 163.5 12 Months | 14 GM 116.0
Abated Units 18 Months | 13 GM 89.1
24 Months | 13 GM 97.6
Immediately | 37 GM 185.4
2 Months | 37 GM 241.4
Units Slated 6 Months | 37 GM 247.0
for R&M 58 GM 778.4
Intervention 12 Months | 37 GM 237.6
18 Months | 37 GM 246.8
24 Months | 35 GM 204.9
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Table H3-2.

(cont.)

Pre-Intervention Sill Dust-
Lead Results

Post-Intervention Sill Dust-Lead Results

Difference from Pre-Intervention

Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) | Intervention| N |Statistic'| (ug/ft?)
6 Months | 15 GM 41.7
12 Months | 15 GM 40.0
1 [ |
Baltimore R&M [Modern Urbanf 5 | g 45.6 | 18 Months | 14 [ GM 40.5
Study Units
24 Months | 14 GM 34.8
48 Months | 7 GM 37.1
Immediately GM 11460
Post 246 (95% ClI) (8929,
N GM 3708 ° 14654)
Traditional | 249 (2953,
(95% CI) 4360
Balti 4600) GM
altimore 6 Months [199 o (3356,
Traditional/ (95% CI) 5674)
Modified Paint
Abatement Immediately GM 1496
Study? P 64 95% Cl (1058,
oM 5209 ost (95% C 1 5114
Modified 45 (95% Cl) (3765,
° 7246) GM 4662
6 Months 66 (95% Cl) (3126,
° 6961)
Boston Interim [ Automatic | o | gy 787 | 6Months |10 | GM 210
Dust Intervention
Intervention ;
Study? | |ancomized | g | G 205 | 6Months | 9 | &M 110
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Table H3-2.

(cont.)

Pre-Intervention Sill Dust-
Lead Results

Post-Intervention Sill Dust-Lead Results

Difference from Pre-Intervention

Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) | Intervention| N |Statistic'| (ug/ft?)
Immediately . Immediately ano
Post Median 52 Post Median 80%
All Grantees | 547| Median 258 6 Months 547 Median 97 6 Months 547 | Percent 62%
Change
12 Months Median 90 12 Months -65%
Immediately Median 49
Post
Baltimore 32 Median 1191 6 Months 32 Median 87
12 Months Median 68
'mm:::te'y Median 53
HUD Grantees .
Boston 29 Median 174 6 Months 29 Median 48
12 Months Median 49
Immediately Median 32
Post
Mass. 43 Median 328 6 Months 43 Median 77
12 Months Median 50
Immediately Median 84
Post
Milwaukee | 166| Median 264 6 Months 166 Median 231
12 Months Median 217




Table H3-2. (cont.)
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Pre-Intervention Sill Dust-
GroDtol Lead Results Post-Intervention Sill Dust-Lead Results Difference from Pre-Intervention
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) | Intervention| N |Statistic'| (ug/ft?)
Immediately Median 66
Post
Minnesota | 108| Median 266 6 Months 108 Median 36
12 Months Median 77
Immediately Median 18
Post
Rhode Island | 31 Median 314 6 Months 31 Median 87
12 Months Median 85
HUD Grantees i
Immediately Median 21
Post
Vermont 32 Median 147 6 Months 32 Median 60
12 Months Median 40
Immediately Median 29
Post
Wisconsin 45 Median 150 6 Months 45 Median 37
12 Months Median 51
GM 34
Uﬂgtrf;:d 2 years |38 |25 %ile)| (7.1)
(75™ %ile)| (163)
CAP study*
GM 66
ﬁgf::: 2 years |78 | 25" %ile | (11)
75™ %ile (339)
Jersey City (NJ)] Intervention
CLEARS Group 39 GM 75 12 Months | 36 GM 24
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Table H3-2.

(cont.)

Pre-Intervention Sill Dust-
Lead Results

Post-Intervention Sill Dust-Lead Results

Difference from Pre-Intervention

Group of
Housing Units Value of Time Value of Time Value of
Within the Type of | Statistic Following Type of | Statistic Following Type of | Statistic
Name of Study Study N | Statistic’ | (ug/ft?) | Intervention| N | Statistic' | (ug/ft?) | Intervention| N |Statistic'| (ug/ft?)
Rochester Median
Educational Intervention Absolute -58
Intervention Group 7 Months 80 Change | (-154,-10)
Study (1Q Range)

! GM = geometric mean. AM = arithmetic mean. Cl = Confidence Interval.
2 Results (for geometric means and medians ONLY) are adjusted to reflect total dust-lead loadings by exponentiating the “bioavailable” dust-lead loadings as reported in the study

to the 1.1416 power.

3 Results for the Baltimore R&M Study are converted from BRM dust-lead loadings to wipe-equivalent loadings.

4 Results for the CAP study are converted from CAPS cyclone dust-lead loadings to wipe-equivalent loadings.




APPENDIX |

AN ASSESSMENT OF DUST-LEAD LEVELS IN CARPETED FLOORS
AND THEIR RELATION TO CHILDREN’S BLOOD-LEAD CONCENTRATION,
USING DATA FROM THE ROCHESTER LEAD-IN-DUST STUDY
AND THE HUD GRANTEES PROGRAM EVALUATION



EXECUTIVE SUMMARY TO APPENDIX |

This gppendix presents statistical analyses of data from two lead-exposure studies, the
Rochester (NY) Lead-in-Dust study and the pre-intervention, evaluation phase of the HUD Lead-
Based Paint Hazard Control Grant (“HUD Grantees’) Program (data collected through September,
1997), where the analyses addressed the following:

. the need to extend the floor dust-lead loading standard in the 8403 rule to include
carpeted floors, based on the statistical association between carpet dust-lead loading
and blood-lead concentration

. whether a carpet dust-lead loading standard should be different from the 8403
uncarpeted floor standard

. whether the standard can be expressed assuming wipe dust collection techniques

. whether the presence of carpetsin a house is associated with reducing blood-lead
concentration in children within the house (suggesting that carpets may act as a mitigator
in reducing the biocavailahility potentid for lead in floor dust).

While the 8403 proposed rule recognized the importance of controlling lead in floor dust when
addressing household lead exposuresin target housing, it did not suggest a standard to which carpet
dust-lead levels would be compared. Wall-to-wall carpeting is likely to be encountered in over three-
quarters of target homesin which such arisk assessment isto be done.

Many factorsin achild’s environment can contribute to the child’s blood-lead concentration,
and asareault, it is difficult to isolate the effects of specific factors (such aslead in carpet dust) with any
degree of accuracy. However, in the andyses within this appendix, increased blood-lead
concentrations were statigticaly significantly associated with increased household average floor dust-
lead loadings, regardless of whether the floors were carpeted or uncarpeted. The blood-lead
concentration/carpet dust-lead loading relationship did not gppear to differ Satisticaly between housing
units having mogily carpeted floors and units with mostly uncarpeted floors, and it remains Sgnificant
after accounting for the effects of certain demographic parameters. While mixed results were observed
in andyses that investigated whether the sgnificance of this relationship remained after taking into
account the effects of lead in other mediafor which standards were included in the 8403 proposed rule
(.., soil-lead and window silI dust-lead), there appears to be a sufficient amount of evidence that
carpet-dust sampling should not be ignored in arisk assessment, thereby warranting the need for a
carpet dust-lead loading standard.

Thereis evidence in the results presented in this appendix (i.e., when congdering various
performance criterid) to suggest that if a carpet (wipe) dust-lead loading standard is added to the



currently-proposed 8403 standards, this standard should be set lower than the standard of 50 pg/ft? for
uncarpeted floors. This evidence includes the following:

° While the blood-lead concentration/dust-lead |oading relationship is consistent between
carpeted and uncarpeted floors, a housing unit’s average carpet dust-lead loading tends
to be approximately 75% of its average dust-lead |oading for uncarpeted floors,
assuming wipe collection techniques.

Adding a carpet dust-lead loading standard of 50 pg/ft? does not appear to improve the values of the
performance characterigtics (e.g., sengtivity, podtive predictive vaue, negative predictive vaue) to any
degree, regardless of whether or not dust from uncarpeted floors is being evauated for lead content a
the same time as carpet dust.

° When adding a carpeted floor dust-lead |oading standard, the sum of the four
performance characteristics was maximized at a tandard of approximately 17 pg/ft? in
the analysis based on Rochester study data and from 5 to 13 pg/ft? in the andysis based
on HUD Grantees evauation data, regardless of whether or not dust from uncarpeted
floorsis being evauated for lead content at the same time as carpet dust.

When using the Rochester study data to evaluate the performance of a carpet dust-lead loading
standard relative to the performance of an uncarpeted floor standard, without regard to standards for
any other media, these andyses concluded that in order to achieve the same leve of sengtivity
observed at an uncarpeted floor dust-lead loading standard of 50 pg/ft?, a carpet dust-lead loading
standard would need to be no higher than approximately 30 pg/ft2. However, other types of
performance criteria did not necessarily set ahigher carpet sandard in such abad light. For example,
negative predictive value was similar across the range of candidate standards (including 50 pg/ft?)
regardless of whether the standard represented carpeted or uncarpeted floors. The outcome of a
regression model-based analysis suggested that a carpet dust-lead loading standard in the range of 50
Hgfft2 would be at least as protective as an uncarpeted floor standard at this level, based on the
predicted vaue of blood-lead concentration at which 95% of children exposed at the standard level
would be expected to be below.

Experts participating in the 8403 Didogue Group meetings indicated that widespread use of
vacuum dust collection methods in risk assessments would not be practica. Furthermore, the dust
standards in the 8403 proposed rule assumed that wipe collection methods were being used.
Therefore, a carpet dust-lead loading standard that was not expressed under wipe collection methods
would be very difficult to incorporate by risk assessors. Based on the findings of this appendix, no
technica reasons were found to suggest that wipe techniques should be excluded as a candidate dust
collection method for carpets.

Whether conddering average dust-leed loadings in a housing unit or loadings for individua

samples, datain the Rochester study suggest that statisticaly significant (at the 0.05 level) differences
were observed between carpeted-floor-dust samples of different dust collection methods, especidly the



BRM vacuum sampler versus the others. This finding provides evidence of quantitative differences
among the dust collection methods on the amount of lead and dust that is collected from carpeted
floors. Thisimpliesthat floor dust-lead loading standards that may be applicable to carpets should be
tallored to the dust collection method being used.

In conclusion, a carpeted floor dust-lead standard is most likely needed, not only from a
practicdity standpoint, but from atechnical one aswell. The standard should be based on dust-lead
loadings as measured by the wipe sampling method as wipe sampling is more easly employed in the
fidd and is even recommended in the HUD Guiddines (USHUD, 1995). Thereis some technica
evidence that the standard should be lower than the proposed uncarpeted floor standard of 50 g/ft?,
possibly aslow as 17 pg/ft? or 5 pg/ft?, based on andysis of data from the Rochester study and the
HUD Grantees program evauation, respectively. However, arecommended standard depends on the
gpecific performance criteriathat are of interest, and the outcomes of characterizing the performance
criteriamay be associated with congderable data variahility.
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117.0 INTRODUCTION

1.1 BACKGROUND

The U.S. Environmentd Protection Agency (EPA) is conducting scientific research in response
to 8403 of the Toxic Substances Control Act (TSCA) (Title1V: Lead Exposure Reduction), as
amended within Title X of the Housng and Community Development Act, dso known asthe
Residentia Lead-Based Paint Hazard Reduction Act of 1992. Through 8403, EPA isdirected to
“promulgate regulations which shdl identify ... lead-based paint hazards, |ead-contaminated dust, and
lead-contaminated soil." On June 3, 1998, EPA proposed regulation to establish standards for lead
hazards in most pre-1978 housing and child-occupied facilities (40 CFR Part 745, “Lead; |dentification
of Dangerous Leves of Lead; Proposed Rul€’). The standards imposed in this regulation addressed
average dust-lead loading (lead amount per unit area sampled) on uncarpeted floors, average dust-lead
loading on window silIs, yardwide average soil-lead concentration, and amount (in square feet) of
deteriorated lead-based paint. These standards, afoca point of the Federa lead program, identify the
presence of lead hazards, defined within TSCA Section 401 as the condition of |ead-based paint and
the levels of lead-contaminated dust and soil that “would result” in adverse human health conditions.

The 8403 proposed hazard standards did not include a standard for dust-lead levels on
carpeted floors. At thetime, EPA did not have sufficient information on the Satistica relaionship
between dust-lead from carpets and children’ s blood-lead concentrations to alow a standard to be
proposed. However, some researchers have suggested that separate standards for floor dust-lead
loadings on carpeted and uncarpeted floor are likely necessary (e.g., Clark, et a., 1996). Also,
because the 8403 proposed rule specifically stated that the floor dust-lead standard is for uncarpeted
floors, additiond guidance must be established for risk assessors who encounter only carpeted floors
when collecting dust samplesin ahome for leed andysis. Such an encounter is highly likely based on
EPA’sandysds of publicly-available data collected from the Lead Paint Supplement of the 1997
American Housng Survey. Based on this andyss, approximately 54 million housing units built prior to
1978 (or 78% of these units) contain some wall-to-wall carpeting. Of these units, wall-to-wall
carpeting isfound in aliving room in gpproximately 47 million units and in a bedroom in gpproximatdy
46 million units (i.e., rooms in which children reside and play most frequently, and therefore, would be
targeted in arisk assessment).

This appendix seeks to address the need for adistinct carpeted floor dust-lead standard by
investigating how dust-lead levels on carpeted floors impact young children’s blood-lead concentration,
over and above that captured by the planned standard for uncarpeted floors. In addition, this appendix
provides some guidance on whether the standard for uncarpeted floors can be extended to carpeted
surfaces, or whether some other standard is more gppropriate. While the scientific literature has
attempted to address some of these issues (see USEPA, 1997a)*, this gppendix presents the results of

L This appendix hasits own reference list at the end of the appendix.
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datistica andyses on existing data that more clearly and completely address key issues for 8403 rule
development.

This gppendix aso presents how the results of dust-lead anadlyses can differ when awipe dust
collection method (i.e., the method assumed for the dust standards within the 8403 rule) is used to
sample dust from carpets versus other techniques (e.g., vacuum). As wipe sampling tends to perform
differently for different subgtrates, its performance on carpeted surfaces can vary according to the type
of carpet and islikely to be different from uncarpeted surfaces. Thisissue must aso be addressed
when consdering an appropriate carpet dust-lead standard.

11.2 OBJECTIVES
The specific objectives of the statistica analyses presented in this gppendix are asfollows:
1 Assess the need for a carpeted floor dust-leed |oading standard by doing the following:

° Characterize the relationship between floor dust-lead levels and blood-lead
concentration in young children and how this relaionship differs for carpeted
and uncarpeted floors (with and without adjusting for the effects of key
demographic variables and for lead levels in other media represented by
standards in the 8403 proposed rule).

° Determine the added vaue of including a carpet sandard given the current
proposed 8403 standards for soil, window slls and uncarpeted floors.

2. |dentify appropriate candidates for carpeted floor dust-lead standards and, in
particular, whether 50 pg/ft? (i.e., the proposed uncarpeted floor dust-lead standard
from the 8403 proposed rule) should be considered as one candidate.

3. Determine whether the wipe technique is acceptable for sampling dust from carpeted
floors for evauating the risk of lead exposure associated with carpet-dust, or whether
dternative vacuum methods are more gppropriate.

The appendix addresses these objectives by presenting the results of Satistical anadyses on existing data
from two lead-exposure studies. the Rochester (NY) Lead-in-Dust study, and the pre-intervention,
evauation phase of the HUD Lead-Based Paint Hazard Control Grant (“HUD Grantees’) Program
(data collected through September, 1997).

The conclusions made as a result of the analyses conducted in support of the above objectives

were presented in Section 6.5 of the 8403 risk analys's supplement report. For the two studies whose
dataare analyzed in this gppendix, Section 13 presents relevant information on study design and data
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handling that should be considered when interpreting the results and conclusons of these andyses. The
gatistica methods used in these analyses are presented in Section 14, and detailed results of these
analyses are presented in Section 15. Each subsection within Sections 14 and 15 is devoted to
addressing one of the above three objectives.

12.0 THE POTENTIAL FOR LEAD EXPOSURE ASSOCIATED
WITH CARPET DUST

Severd fidd and |aboratory studies documented in the scientific literature have investigeted the
nature and magnitude of lead in carpet-dust, as well as how to characterize dust-lead contamination in
carpets. For example, Adgate et a., 1995, corroborate evidence that carpets can hold large amounts
of dust and soil, thereby increasing the likelihood of carpets being lead-contaminated relative to other
surfaces. In older, chronically-contaminated carpets, exposure to lead within the carpet can be delayed
over time as normd cleaning procedures and activities can gradualy bring deeply-embedded lead-dust
to the carpet surface (Adgate et d., 1995). Asaresult, such carpets can represent a continuing source
of lead exposure, even after other interventions have reduced or iminated other exposure sources.

While the performance of wipe techniques to collect carpet-dust can vary across different types
of carpet, Wang et ., 1995, found that the dust collection efficiency of vacuum techniques on
carpeting can adso vary based on factors such as carpet pile height, vacuum velocity, dust loading within
the carpet, and relative humidity?.

A detailed presentetion of the key findings of published studies investigeting the measurement of
lead levelsin carpet, the relaionship of these levels with blood-lead concentretion in children, and
efforts to mitigate lead exposures associated with carpets, is found in USEPA, 1997a.

1I3.0 STUDY INFORMATION

To address the above objectives (Section 11.2), statistica analyses were performed on data
from the Rochester Lead-in-Dust study and on pre-intervention data from the HUD Grantees program
evauation. These sudies measured lead levelsin environmental media such as exterior soil and interior
dust collected from carpeted and/or uncarpeted floors, window sills, and window wells. Also
measured were blood-lead concentrations in resident children. The fina report on the Rochester study
isfound in The Rochester School of Medicine and NCLSH, 1995. Rochester study results addressing
specific questions are found in Lanphear et a., 1995; Lanphear et a., 1996a; Lanphear et d., 1996b;
and Emond et d., 1997. NCLSH and UCDEH, 1998, presents an interim report of data collected in
the HUD Grantees program evad uation through September, 1997.

2 Both Adgate et d., 1995, and Wang et d., 1995, document findings from various phases of EPA’s Childhood Lead
Exposure Assessment and Reduction Study.
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Section 13.1 presents an overview of the designs of these studies, including the dust collection
methods used and types of data collected, and discusses the relevance of using data from these studies
in addressing the objectives of this gppendix. The data used to address these objectives and the data
endpoints used in the analyses presented in this gppendix are found in Section 13.2.

1I3.1 STUDY OVERVIEWS

13.1.1 The Rochester Lead-in-Dust Study

Performed in 1993, the Rochester Lead-in-Dust study was a cross-sectiona |ead-exposure
study of 205 children aged 12-31 months who lived in the city of Rochester, New Y ork, and had no
known history of elevated blood-lead concentrations. The objectives of this study were to evauate 1)
the effect of dust-lead contamination on the blood-lead concentrations of these children, 2) how this
effect differed under differing dust collection methods, 3) whether dust-lead loadings or concentrations
were more predictive of children’s blood-lead concentrations, and 4) which surfaces should be
routindy sampled for dust in arisk assessment.

The study sample consisted of arandom sample of children born at three urban hospitals,
where the births were listed within hospita birth registries and occurred from March 1, 1991, through
September 30, 1992. Thus, the sample was considered representative of the generd birth population
of the city of Rochester during this period. However, as the study was conducted in a single urbanized
area, the sample may not be representative of the entire nation.

The children in the study sample primarily had moderate exposure to lead at their residence.
The geometric mean blood-lead concentration for these children was 6.37 pug/dL, compared to 3.1
pg/dL for U.S. children aged 1-2 years as estimated by Phase 2 of the Third National Hedlth and
Nutrition Examination Survey (NHANES 111), which was performed from 1991-1994 (CDC, 1997).
Approximately 23% of the children in the study had blood-lead concentrations of &t least 10 pg/dL, and
3% had blood-lead concentrations of at least 20 pg/dL. This comparesto nationa percentages of
children aged 1-2 years (as estimated by Phase 2 of NHANES 11) of 6% at or above 10 pg/dL and
0.43% at or above 20 pg/dL (CDC, 1997; USEPA, 1997b). Children in this study tended to reside in
older housing (84% of the units were denoted as being built prior to 1940) and to belong to households
in the lower-income bracket, both characteristics of resdentia environments with a high potentia for
lead-based paint hazards. White children and African-American children participated in the study at
approximately equa proportions, each congtituting approximately 42% of the monitored children in the

study.

Three dust sampling methods were used to collect dust samplesin the Rochester study: the
BRM vacuum sampler, the DVM vacuum sampler, and the wipe method. The BRM vacuum sampler
isamodified, portable verson of the high-volume small surface sampler (HVS3; Robertset d., 1991),
an ASTM standard device for collecting dust “from carpets or bare floors to be analyzed for lead,
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pesticides, or other chemical compounds and dements’ (ASTM, 1996). The DVM vacuum sampler
was developed for use in studies that characterize lead exposure pathways from environmenta mediato
blood (Que Hee et d., 1985). In sampling carpet-dust, the DVM vacuum tends to collect only the
surface dudt that is more readily available to children (generdly particles less than 250 um in diameter),
and not the more deeply-embedded dust in the carpet that the BRM vacuum is cagpable of sampling.
The third method, wipe sampling, collects dust from a surface by wiping the surface with a
premoistened digestible wipe. (“Little Ones’ brand baby wipes were used in the Rochester study.) As
it can be difficult for the wipe method to collect dust embedded deeply within carpet fibers, it tendsto
collect only the most readily available surface dust from carpets.

From August to November, 1993, floor-dust samplesin the Rochester study were collected
from five rooms within ahousing unit: the entryway, child's bedroom, child's principa play area,
kitchen, and living room. Window sl dust samples were collected within four rooms. the child's
bedroom, child's principd play area, kitchen, and living room. Window well dust samples were
collected within three rooms.  the child’ s bedroom, child’'s principal play area, and kitchen. Within each
room, three dust samples were collected side-by-side on a given component type, with the first sample
collected using awipe, the second using the DVM vacuum, and the third using the BRM vacuum. For
floor-dust samples, information was aso collected on whether or not the floor was carpeted, and if so,
the condition of the carpet (good, average, or poor) and whether the carpet was of high-pile or low-

pile.
Among the data collected in the Rochester study were the following:

° lead loading (amount of lead per sample areg) in dust samples from floors, window siis,
and window wells, using each of the three dust collection methods. Dust samples were
andyzed using flame atomic absorption (FAA) or graphite furnace atomic absorption
spectrophotometry (GFAAS).

° lead concentration (amount of lead per weight of sample) in dust samples from floors,
window silIs, and window wels, usng the DVM and BRM vacuum methods.

° lead concentration in soil samples collected from the dripline (foundation) at 186
housing units and from children’s play areas a 87 units. Soil samples were fractionated
into fine and coarse soil fractions, both of which were analyzed using FAA. Thefine
soil fraction results were consdered in the analyses of this gppendix.

° blood-lead concentration for participating children, with their blood collected via
venipuncture and andyzed by GFAAS.

° lead levels on up to 15 painted surfaces in the unit from within the kitchen, child's
bedroom, child’s principd play area, and entryway, aswell as on the exterior. The
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Microlead | portable x-ray fluorescence (XRF) measurement device was used, but
laboratory testing of paint chips was dso employed if the XRF could not be used or if
the result was deemed inconclusive. A rating on the extent of any deterioration of the
sampled paint (0-5% deteriorated, 5-15% deteriorated, >15% deteriorated) was aso
determined.

° demographic information on the household and on the resdent children, such asincome
level, age of child, nutritional and feeding information, types of activities, and tendency
for pica

The study units generdly had low dugt-lead loadings on floor surfacesin this study. The study-
wide geometric mean dust-lead loading for wipe dust samples were 16 ug/ft? for uncarpeted floors and
11 pgfft? for carpeted floors.

13.1.2 The HUD Grantees Program Evaluation

In 1993, 70 gtate and local government agencies were awarded grants by the U.S. Department
of Housing and Urban Development (HUD) to “initiate or expand lead-based paint inspection,
abatement, and training certification programsin order to reduce the health hazards associated with
exposure to lead-based paint and lead dust ... and to plan and implement cost-effective testing,
abatement, and financing programs, including the testing of innovations that can serve as modds for
other jurisdictions interested in addressing this problem ...” (HUD, 1992 Notice of Funding
Availability). Thisongoing nationd program is known as the HUD Lead-Based Paint Hazard Control
Grant Program in Private Housing, or the HUD Grantees program evauation. In this program,
enrollment and lead hazard control interventions are still ongoing, with post-intervention environmenta
monitoring continuing for up to three years following interventions

The grantees in the HUD Grantees program evauation are implementing effective, low-cost
intervention and financing programs to control lead-based paint hazardsin privately-owned low- and
middle-income housing. As part of aforma evauation of the program, the fourteen granteeslisted in
Table 3-4 of the 8403 risk analysis report are aso collecting extensive data on environmentd,
biological, demographic, housing, cost, and hazard-control aspects of the intervention activities that they
are conducting in this program. This evaduation is intended to determine the relative cost and
effectiveness of the various methods used by states and local governments to reduce lead-based paint
hazardsin housng. Among the pre-intervention data being collected in this evauation are the following:

° lead loadingsin dust samples using wipe collection techniques (the DVM vacuum
sampler was occasionaly used on carpets). Carpeted and uncarpeted floors, window
slls, and window wells were sampled. Sampled rooms included entryways, children’s
principa play room (or living room), kitchen, and up to two children’s bedrooms. The
program directed that two dust samples per surface type per room should be taken.
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° blood-lead concentration for children between the ages of Sx months and six years
(athough data exigt for children as old as eight years). While the program
recommended venipuncture collection techniques, some grantees used fingerstick
methods occasiondly. Blood samples were andyzed by GFAAS or by anodic
gripping voltammetry (ASV).

° soil-lead concentration in composite soil samples collected from the dripline
(foundation) and from children’s play areas. Soil sampling was optiond in this program,
collected by only 8 of the 14 grantees.

° lead levels on painted surfaces measured to determine the presence of lead-based
paint. Portable XRF measurement techniques were used, but |aboratory testing of paint
chips was dso employed if XRF measurements were indeterminate.

° demographic information on the household and on the resdent children, such asincome
level, age of house, age of child, and mouthing behavior.

Grantees collecting environmenta and blood samples followed specified sampling protocols and used
gtandard data collection forms devel oped specificdly for this evauation.

The pre-intervention data consdered in this anadlyss were collected from February, 1994, to
August, 1997, and therefore provide some of the most recent information on basdine environmenta-
lead measurements and their relationship with blood-lead concentration in children. However, the
HUD Grantees data are not meant to be representative of datafor the nation asawhole. The grantees
were not selected to achieve a statistical-based sample of geographic areas of the country. 1n addition,
asit was HUD' s desire to emphasize loca control of the individua programs, each grantee participating
in the program was given some freedom in developing their approach to recruitment and enrollment.
Some grantees targeted high-risk neighborhoods in their enrollment procedure, while others enrolled
only homes with alead-poisoned child, while still others consdered unsolicited applications.  Thus,
when interpreting results of any andyses of data from this program, one should be aware that these data
represent housing units that are more likely to contain lead-based paint hazerds or to contain children
with elevated blood-lead concentrations than is the population as awhale (e.g., higher incidence of
older or low-income housing or sampling from neighborhoods with a history of lead-based paint
hazards).

13.2 DATA HANDLING

For the analyses presented in this gppendix, Rochester study data were obtained in eectronic
format directly from the Rochester study team. Pre-intervention data collected in the HUD Grantees
program eva uation through September, 1997, were obtained from the University of Cincinnati. Outlier
screens and logic checks were performed on the HUD Grantees data prior to andys's, and unusua
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data values were checked for accuracy and corrected if necessary. Version 6.12 of the SAS® System
was used to manage the data and conduct dl data summaries and Satistical andyses presented in this

agopendix.

Daafor dl 205 housing units in the Rochester study and for 395 housing units across 13 of the
14 HUD grantees were included in the analyses presented in this appendix. As the effects of carpeting
on the relationship between lead-based paint hazard and children’ s blood-lead concentration were to
be investigated in this gppendix, andyses of HUD Grantees data involved only those housing units
which had data on both of the following:

° blood-lead concentration for at least one resident child, where the blood samples were
obtained by venipuncture, and

° floor dust-lead loadings, where the type of floor surface (carpeted, uncarpeted) and the
dust collection method (wipe or DVM) were specified.

In addition, to ensure the integrity of the relationship between environmental-lead and blood-lead
measurements in a given unit, the following blood-lead concentration data were omitted from the
andyss of HUD Grantees data

° datafor children who had earlier treatment for lead poisoning, such as cheation
° datafor children resding in the unit for less than three months
° data for children not resding in the unit until after dust samples were collected

° datafor children whose blood was sampled more than four months after dust sample
collection.

Datafor al Rochester study units were considered in the analysesin this gppendix, as the Rochester
study design dlowed for more detalled andyses on relationships between dust-lead measurements for
different dust collection methods.

The analyses presented in this gppendix assumed that each housing unit in both studies was
associated with a blood-lead concentration for asingle child. Thiswas true for units in the Rochester
study, but some unitsin the HUD Grantees program evaluation had blood-lead concentrations for
multiple children. For these units, data for only the youngest child 12 months and older were
consdered. If dl children in aunit were younger than 12 months, data for the oldest child was sdected.
In one ingance, when these criteriadid not yiedd asingle child (e.g., twins born on the same day), a
child was sdlected randomly from those mesting the criteria.



When reviewing the data more closely (Appendix 12), some of the HUD grantees frequently
reported the same dust-lead loading value across different locations or housing units. Although not
confirmed, thisvaueislikey an estimated lead leve that isbelow alimit of detection and isequd to the
detection limit divided by the square root of two. In the analyses presented in this gppendix, these
values were trested as actua values rather than censored values. However, excessve numbers of data
points that represent not-detected lead levels can impact underlying data assumptions relevant to the
datistical analyses and can introduce condderable bias to the andyss results.

In each study, the floor dust-lead measurements for each housing unit were categorized by dust
collection method, measurement type (loadings or concentrations), and whether the sample was taken
from a carpeted or an uncarpeted surface. These categories are presented in Table 13-1. Floor dust-
lead measurements could be placed into ten categories in the Rochester study and three categoriesin
the HUD Grantees program evauation. For each housing unit, the area-weighted arithmetic average of
floor dudt-lead loadings (i.e., each measurement is weighted by the area of the sample) was ca culated
for each dust collection method used and floor surface type sampled in the unit. In addition, within the
Rochester study, the mass-weighted arithmetic average of floor dust-lead concentrations (i.e., each
measurement is weighted by the mass of the sample) was cdculated for each vacuum dust collection
method used and floor surface type sampled in the unit. While floor dust-lead loading as measured by
the wipe method was the primary floor-dust endpoint used in the satistica analyses, descriptive
datistics were reported in Appendix 12 for al three sampling methods and both measurement types
(loading and concentration). Typicaly, dl available interior floor-dust measurements in the unit,
including measurements from rooms other than those specified within the study design, were used in
caculating these endpoints. However, in the Rochester study, data for dust samples from exterior
surfaces such as driveways and porches were not included.

Table 13-2 contains additional endpoints used in the statistica analyses that were calculated
from dataiin these two studies. Asindicated in this table, dust-lead measurements on window
components were summarized within each unit by taking area-weighted averages (for loadings) or
mass-weighted averages (for concentrations) by dust collection method. Only dust-lead data for
windows located in a kitchen, play area, living room, or bedroom were considered in the Rochester
study. When cdculating the endpoint representing paint-lead level, lead measurements corresponding
to intact paint were set to zero (asintact paint was not considered to pose alead hazard), and the 75"
percentile of dl paint-lead measurementsin the unit (i.e,, the level where 75% of the measurements
were below it) was determined. The “lead-based paint hazard score” is ameasure of both the extent of
deteriorated lead-based paint in either the interior or the exterior of the unit and paint picatendenciesin
the resident child. The endpointsin Table 13-2 were among those considered as predictors of blood-
lead concentration in developing the empirical modd used in the 8403 risk analysis (USEPA, 1997h).



Table 13-1. Types of Floor Dust-Lead Samples and Measurements Taken in the Two
Studies
Measurement Sample Type Data Collected Data Collected
in the Rochester in the HUD
Study? Grantees
Evaluation?
Wipe dust collection on carpeted floors Yes Yes
BRM (vacuum) dust collection on carpeted floors Yes No
Dust-lead DVM (vacuum) dust collection on carpeted floors Yes Yes
loading Wipe dust collection on uncarpeted floors Yes Yes
BRM (vacuum) dust collection on uncarpeted floors Yes No
DVM (vacuum) dust collection on uncarpeted floors Yes No
BRM (vacuum) dust collection on carpeted floors Yes No
Dust-lead DVM (vacuum) dust collection on carpeted floors Yes No
concentration
BRM (vacuum) dust collection on uncarpeted floors Yes No
DVM (vacuum) dust collection on uncarpeted floors Yes No

Table 13-2. Definitions of Additional Endpoints Included in Data Summaries and/or
Used in Statistical Analyses Within This Appendix
Definition of Endpoint
Endpoint

Based on Rochester Study Data

Based on HUD Grantees Program Evaluation
Data

Percentage of
floor area
consisting of

carpeted surfaces

Percentage of total sampled floor area
consisting of carpeted surfaces (determined
across all dust collection methods as well as
for each method)

Percentage of total sampled carpeted floor
area corresponding to high-pile versus low-pile
carpet (calculated only for units with carpet
dust sample data)

Percentage of total sampled floor area
consisting of carpeted surfaces (determined
across all dust collection methods as well as
for each method)

Lead levels on
window sills

Area-weighted arithmetic average of dust-lead
loadings on window sills (determined
separately for wipe, DVM, BRM)

Mass-weighted arithmetic average of dust-
lead concentrations on window sills
(determined separately for DVM, BRM)

Area-weighted arithmetic average of wipe
dust-lead loadings on window sills
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Table 13-2.

(cont.)

Endpoint

Definition of Endpoint

Based on Rochester Study Data

Based on HUD Grantees Program Evaluation
Data

Lead levels on
window wells

Area-weighted arithmetic average of dust-lead
loadings on window wells (determined
separately for wipe, DVM, BRM)

Mass-weighted arithmetic average of dust-
lead concentrations on window wells
(determined separately for DVM, BRM)

Area-weighted arithmetic average of wipe
dust-lead loadings on window wells

Lead levels in soil

Average soil-lead concentration (fine soil
fraction only) across dripline and play areas,
or for only one area if no data exist for the
other area

Defined in the same manner as for the
Rochester study data, but no separation of
sample into size fractions was done

Lead levels in
interior paint’

75th percentile of interior XRF paint-lead
measurements in the unit, with the XRF
measurement for a given surface reset to zero
when the measurement exceeded 1.0 mg/cm?
but the paint on the surface was considered
intact, or when the measurement was below
1.0 mg/cm?

Defined in the same manner as for the
Rochester study data.

Lead levels in
exterior paint’

75th percentile of exterior XRF paint-lead
measurements in the unit, with the XRF
measurement for a given surface reset to zero
when the measurement exceeded 1.0 mg/cm?
but the paint on the surface was considered
intact, or when the measurement was below
1.0 mg/cm?

Defined in the same manner as for the
Rochester study data.

Lead-based paint
hazard score (i.e.,
extent of a lead-
based paint
hazard) 2

=0 if no deteriorated lead-based paint
exists in the unit, or the child
exhibits no paint pica

=1 if deteriorated lead-based paint is
present in the unit, and the child
exhibits paint pica rarely

=2 if deteriorated lead-based paint is
present in the unit, and the child
exhibits paint pica at least
sometimes

=0 if no deteriorated lead-based paint
exists in the unit, or the child puts
fingers or other objects in his/her
mouth less than once/week or not
at all

=1 if deteriorated lead-based paint is
present in the unit, and the child
puts fingers or other objects in
his/her mouth several times/week

=2 if deteriorated lead-based paint is
present in the unit, and the child
puts fingers or other objects in
his/her mouth several times/day or
more.

Other demographic
endpoints °

Ownership status (owner- vs. renter-
occupied), household annual income, age of
child, parents’ education, cleaning frequency,
mouthing behavior, family history of lead,
race, gender.

Ownership status (owner- vs. renter-
occupied), household annual income, age of
house, age of child, mouthing behavior, race,
season of measurement, gender, grantee.

" The 75™ percentile is that value for which 75% of the observed XRF measurements in a housing unit are lower (XRF
measurements exceeding 1.0 mg/cm? for surfaces covered with intact paint were reset to O prior to determining the
75™ percentile).

2 A household’s lead-based paint hazard score incorporates information on the presence of deteriorated lead-based paint
in the unit and paint pica behavior in the child whose blood is tested for lead levels. The score was determined
separately for the interior and exterior of the unit.

3 See Table 14-1 for more details on these endpoints.



The databases for both studies included a variable identified as the year in which the housing
unit was built. Thisvariable, which is either a specified year (Rochester study) or a category
representing arange of years (HUD Grantees), has historicaly been an important indicator of the
presence and magnitude of lead-based paint hazard. (Lead in resdentia paint was only gradudly
phased out before its ban in 1978, plus paint films deteriorate over time.) However, the year specified
in the Rochester study data may be unrdigble, as the Rochester study team has indicated thet it was
taken from public tax assessor records. It is possible that the tax assessment records of some units
actudly contain alater year in which a certain event, such as extensive remodeling, was performed that
can affect tax assessments. Therefore, information on age of unit was not used in the analysis of
Rochester study data.

14.0 METHODS

This section presents the statistical methods that were developed to address the objectivesin
Section 11.2. Theresults of applying these methods to data from the Rochester study and/or the HUD
Grantees evaluation are detailed in Section 15 of this gppendix.

14.1 ASSESSING THE NEED FOR A CARPETED FLOOR
DUST-LEAD LOADING STANDARD

In the 8403 proposed rule, EPA proposed a standard of 50 pg/ft? for uncarpeted floor dust-
lead loading measured using the wipe method (Section 11.1). However, risk assessors may encounter
Stuations where nearly dl of the floor in aunit is covered by carpeting, or the only uncarpeted floor isin
an areawhere lead exposure to children may be minima (e.g., bathroom). Clearly, in these situations,
any floor-dust samples would come from carpeted floors. Therefore, a standard would be needed
againgt which to compare these carpeted floor dust-lead measurements.

One may argue, however, that if no association is found to exist between carpeted floor dust-
lead loading and blood-lead concentration, then sampling dust from carpets during arisk assessment
(and, therefore, the need for a carpet dust-lead standard) may not be necessary. Section 14.1.1
presents various methods used to examine whether a satisticaly significant association exists between
carpeted floor dust-lead |oading and blood-lead concentration, both adjusting for and not adjusting for
relevant demographic variables, and how this association compares with that where the floor dust is
assumed to have come from uncarpeted floors.

As documented in Section 11.1, the 8403 proposed rule included standards for lead in dust
from uncarpeted floors and window sills, aswell asfor lead in soil and for deteriorated paint.
Exceading any of these sandards will trigger the need for certain interventions in ahousing unit.
Nevertheless, certain housing units containing children with high blood-leed concentrations may not
exceed any of these standards, but perhaps would exceed a properly-established standard for lead in
carpet dust. To determine the need for a carpet dust-lead loading standard in the context of the 8403
proposed standards, Sections 14.1.2 and 14.1.3 portray modeling and non-modeling approaches,



respectively, for evaluating the added benefit that a carpet dust-lead standard may bring to the set of
proposed standards.

14.1.1 Investigating the Association Between Dust-Lead Loading and
Blood-Lead Concentration for Carpeted and Uncarpeted Floors

This subsection presents methods for examining the relationship between area-weighted
arithmetic average floor dust-lead loading and children’ s blood-lead concentration without consdering
other environmenta-lead sampling. (See Section 14.1.2 for asmilar andysis which does control for
other environmenta-lead sampling.) Correation coefficients and regresson models that account for
effects of demographic covariates were used to assess the relationship between blood-lead and dust-
lead for both carpeted and uncarpeted floors.

Unless otherwise mentioned, the following approaches were taken within each method
described in this subsection:

° The analyses were applied separately to carpeted and uncarpeted floor dust-lead
loading data (assuming wipe dust collection techniques).

° Average household dust-lead loadings and blood-lead concentrations were log-
transformed, as typically the underlying distributions of these data parameters tend to
follow anormd digtribution more closdy upon taking alog-transformation.

° When floor dust-lead |oadings were assumed to be from carpeted surfaces, the data for
each housing unit were weighted by the proportion of total floor wipe sample areain the
unit that was carpeted. (This proportion acted as a surrogate for the proportion of
actua floor areain the unit that was carpeted.)

° When floor dust-lead loadings were assumed to be from uncarpeted surfaces, the data
for each housing unit were weighted by the proportion of total floor wipe sample areain
the unit that was uncarpeted. (This proportion acted as a surrogate for the proportion
of actud floor areaiin the unit that was uncarpeted.)

14.1.1.1. Correlations Between Floor Dust-Lead Loading and Blood-Lead
Concentration. Pearson correlation coefficients between log-transformed average dust-lead |oading
and log-transformed blood-lead concentration were caculated for carpeted floors and uncarpeted
floors separately, in order to assess the degree of linear relationship between these variables for both
types of floor surfaces. Scatterplots of these data were dso generated to further explain the nature of
the relationship for both surfaces.

14.1.1.2. Univariate Regression of Blood-Lead Concentration on Floor Dust-Lead
Loading. Thelog-linear relationship between average floor dust-lead loading and blood-lead
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concentration was investigated by fitting the following regresson mode (separately for carpeted and
uncarpeted floors):

log(PbB) * % aClogPbD) % & )

where PbB; represents the blood-lead concentration for the child in the i housing unit, PoD; isthe
observed average dust-lead loading (from either carpeted or uncarpeted floors, depending on the
modd fit) for the i housing unit, 1 and & are parameters representing the intercept and sope of the
model, respectively, and & represents error not explained by the model and is presumably
characterized by anormal ditribution with mean zero and standard deviation 6. When fitting the model
to HUD Grantees data, separate intercepts (1) were estimated for the different grantees but not
separate sopes (a), as preliminary analyses had determined that there was no significant improvement
to the mode by considering grantee-specific dopes. A datigtically non-zero dope (&) suggests that the
average dust-lead loading is significantly associated with blood-lead concentration by the methods used
in the modd fitting.

Note that model (1) does not take into account the effects that lead exposure in other media or
the effects of certain demographic variables may have on blood-lead concentretion. If these effects are
highly correlated with the effect of floor dust-lead loading, then a portion of the effect of floor dust-lead
loading on blood-lead concentration that is observed from fitting modd (1) may actualy be the result of
these other factors. Therefore, the degree of association between the floor dust-lead loading and
blood-lead concentration in these regressions is not necessarily the degree to which floor dust-lead
loading causes a change in blood-lead concentration.

Asit was desired to express blood-lead concentration as afunction of observed dust-lead
loading, the modé fitting does not adjust for measurement error in the dust-lead loading measurement.

14.1.1.3. Comparing the Dust-Lead Loading/Blood-Lead Concentration
Relationship Between Homes With Mostly Carpeted Floors and Homes With Mostly
Uncarpeted Floors. Mos housing unitsin the Rochester study and HUD Grantees evaluation had
floor-dust samples taken from both carpeted and uncarpeted floors. Thus, it was difficult for an
andyss of these data to isolate the role that carpeting had on the relationship between lead in floor-dust
and children’ s blood-lead levels. One approach taken to investigate the role of carpeting was to
consder how this relationship differed between two groups of housing units in each study:

° units where floor-dust was sampled from mostly carpeted floors (i.e., > 50% carpet-
dust samples, by area)

° units where floor-dust was sampled from mostly uncarpeted floors (i.e., < 50% carpet-
dust samples, by areq)

(Unitswhere total sampled floor area consisted of equal proportions of carpeted and uncarpeted floors
were omitted from this andyss) The underlying assumption here was that if the mgority of sampled
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floor arealin a housing unit was from a single floor surface type, then aresident child’ s floor dust-lead
exposure derived mostly from that surface type.

For each housing unit, let pc; equal the proportion of the total floor wipe area sampled in the it"
housing unit that was carpeted. Then for each study, the following model was fitted twice, once for
each of two definitions for the predictor varigble relating average floor dust-lead loading in a household:

logPbB) * 1 % &ClogPbD) % &, (SURF, % &, (SURF,(logPbD,) % & Q)

where, in each fit, SURF; equals 0 or 1 depending on whether pG; is less than or greater than 50%,
respectively, and PoB; represents the blood-lead concentration for the child in the i housing unit. The
two possible definitions of log(PbD,") were as follows:,

Fit #1. Surface Majority. Here, log(PbD;") equals the log-transformed average dust-lead
loading for the floor surface type which makes up the mgjority of the sampled floor area:

log(PoD;") = log(PbD; for carpeted surfaces) if pc, > 0.5
log(PoD, for uncarpeted surfaces) if pc < 0.5

In thismodd fit, the ith housing unit was weighted by pc if pc > 0.5 and by (1-pc) if pc < 0.5.
Fit #2. Weighted Average. Here, log(PoD;") equaed aweighted average of average

carpeted-floor dust-lead loading and average uncarpeted-floor dust-lead loading in a
household, with the weights determined by pc:

log(PbD;") = pc; * log(PbD;(carpeted)) + (1-pc;)* log(PhD;(uncarpeted))
Equd weight was given to dl housing unitsin this modd fit.

Therefore, the first fit only considered dust-lead data for the surface type having the mgjority of sample
area (and each housing unit was weighted by the proportion of total sample area representing this
surface type), while the second fit considered an overal household average across both types of floor
surfaces.

The parameters of most importance when interpreting these andysis results were the
parameters &, and &,. These parameters are “effect modifiers’ that represent the change in the
intercept (1) and dope (&), respectively, when homes have greater than 50% of floor-dust sampled
from carpeted floors. If both &, and &, are not significantly different from zero, then these resultsimply
that the statistical relationship between blood-lead concentration and floor dust-lead loading does not
differ sgnificantly between homes that are mostly carpeted and homes that are mostly uncarpeted.



Asin modd (1), when fitting mode (2) to HUD Grantees data, separate intercepts (L) were
estimated for the different grantees, but not grantee-specific dopes.

14.1.1.4. Investigating the Association Between Floor Dust-Lead Loading and
Blood-Lead Concentration, Controlling for Demographic Variables. It ispossblethat even
if one concludes from fitting modds (1) and (2) that the association between floor dust-lead loading and
blood-lead concentration is satigicaly sgnificant, the significance may actudly be due to confounding
effects of certain demographic variables such asincome, age of housg, etc. Inthisandyss, the
demographic variables listed in Table 14-1 were consdered as predictor variablesin an expanded
version of mode (1) from Section 14.1.1.1. Certain variables from Table 14-1 were added to the
regresson modd using stepwise salection techniques, and the household’ s average floor dust-lead
loading was added to the model last. This approach, therefore, evaluated the degree of association
between floor dust-lead |oading and blood-lead concentration after adjusting for the effects of important
demographic variables.

The expanded version of modd (1) takes the form

logPbB) ™ 1Y% 3 8,(Z,, % a(logPbD) % 3

where Z, ; denotes the vaue (for the ith housing unit) of the kth in a series of selected demographic
variables, &, denotes the dope parameter associated with Z, ;, and the remaining notation is the same as
for mode (1) above. Modd (3) wasfit twice: once using carpeted floor dust-lead loading when
determining PbD, and once using uncarpeted floor dust-lead |oading.

When fitting modd (3) to the HUD Grantees data, separate intercepts () for the different
grantees were included among the pool of demographic varigblesin Table 14-1 that were considered in
the stepwise procedure rather than being forced into the model. Therefore, the stepwise procedure
was alowed to choose which grantees had significantly different intercepts from the others.

14.1.2 Investigating the Association Between Carpeted Floor Dust-Lead
Loading and Blood-Lead Concentration, Controlling for Other

Environmental-Lead Sampling

The 8403 proposed rule set standards for lead in dust from uncarpeted floors and window sills,
lead levelsin soil, and the amount of deteriorated lead-based paint within a household. To investigate
the extent to which a carpeted floor dust-lead loading standard may address that portion of achild's
total lead exposure thet is not attributable to the environmenta-lead levels addressed by the proposed
standards, the contribution of carpeted floor dust-lead loading measurements to the prediction of
blood-lead concentration, over and above the contributions of the lead measures that were compared
to the 8403 standards, was evaluated. The data analysis conssted of two parts:
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Table 14-1. Demographic Variables Considered in Stepwise Regressions Examining
the Association Between Floor Dust-Lead Loading and Blood-Lead
Concentration

Study Demographic Variable Definition
Age Child age and square of child age (considered jointly)
Education 0 = #High School, 1 = > High School
(Frequency of Sweeping + Frequency of Vacuuming +
Cleaning Frequency ' Frequency of Cleaning Window Wills + Frequency of Wet
Mopping)/16
Income 0 = #$15,500 per year, 1 = > $15,500 per year
Rochester Mouthing Behavior > (Mouth on Window Sill + Pacifier + Soil Pica + Sucks
Thumb)/16
Lead in Family History 0 = No, 1 = Yes
= 0 if the sum of interior LBP hazard score and exterior LBP
Paint Pica Hazard hazard score (Table 13-1) equals O or 1
=1 if the sum equals 2, 3, or 4
Race 0 = Non-white, 1 = White
Sex 0 = Female, 1 = Male
Rent/Own 0 = Own, 1 = Rent
Age Child age and the square of child age (considered jointly)
Income 0 = #$15,500 per year, 1 = > $15,500 per year
Mouthing Behavior 3 (Fingers in Mouth + Toys in Mouth)/6
= O if the sum of interior LBP hazard score and exterior LBP
HUD Paint Pica Hazard hazard score (Table 13-1) equals O or 1
Grantee =1 if the sum equals 2, 3, or 4
Race 0 = Non-white, 1 = White
Sex 0 = Female, 1 = Male
Year Home Built 0 = Pre-1940, 1 = Post-1940
Season 0 = Fall/Winter, 1 = Spring/Summer

' Each of the four frequency variables in the sum has possible values O = Never, 1 = Less than once per month, 2 =
Monthly, 3 = Bimonthly, 4 = More than once per week. Thus, the sum ranges from O to 1 and was not calculated if
data for any of the terms in the sum were not available.

2 Each of the four mouthing variables in the sum has possible values O = Never, 1 = Rarely, 2 = Sometimes, 3 =
Often, 4 = Always. Thus, the sum ranges from O to 1 and was not calculated if data for any of the terms in the sum
were not available.

3 Each of the mouthing variables in the sum has possible values O = Less than once per week or never, 1 = Several
times a week, and 2 = Several times a day or more. Thus, the sum ranges from O to 1 and was not calculated if
data for any of the terms in the sum were not available.



1 Modd (1) in Section 14.1.1 was expanded to consider other environmental-lead
measures as predictor variables that were selected by stepwise regression procedures.
These measures were dust-lead |oadings for both uncarpeted floors and window dlis,
soil-lead concentration, and paint condition (as represented by the paint pica hazard
variable). Then, carpeted floor dust-lead loading was added to this expanded modd in
order to assess its association with blood-lead concentration after adjusting for these
other predictor variables:

log(PbB) = 1% § &CX;; % AClogpc,(PbD,, o) % & @
J

2. Same as #1, but the demographic variablesin Table 14-1 were aso included in the
stepwise regression procedure as potentialy significant predictor variablesin the
expanded mode prior to adding carpeted floor dust-lead loading:

logPbB) * u% § &CX, % ’ 8,(Z,; % a(logpc (POD, o) % & ®
J

In these two modéls, for the ith housing unit, X ; denotes the product of log-transformed area-weighted
average uncarpeted floor dust-lead loading and the proportion of sampled floor-dust that was
uncarpeted, X,; denotes log-transformed area-weighted average window sl dust-lead loading, Xs;
denotes log-transformed average soil-lead concentration, X, ; denotes paint pica hazard (Table 14-1),
Z,.; denote the kth in a series of selected demographic variables, and the remaining terms are as defined
for the previous models presented in this section.

In models (4) and (5), the area-weighted average carpeted floor dust-lead loading was
multiplied by the proportion of sampled floor area that was carpeted and, as mentioned in the definition
of X,, the area-weighted average uncarpeted floor dust-lead |oading was multiplied by the proportion
of sampled floor area that was uncarpeted. In mode (1), the relationship between blood-lead
concentration and floor dust-lead loading was modeled separately for carpeted and uncarpeted floors,
and observations were weighted by the proportion of sampled floor area that was carpeted (when
considering carpeted floor dust-lead data) or uncarpeted (when considering uncarpeted floor dust-lead
data). In models (4) and (5), carpeted and uncarpeted floor dust-lead loadings are included in the
same mode. Multiplying these values by the proportion of sampled floor areathat was carpeted and
uncarpeted, respectively, achieved asmilar god asthe weighting in model (1): carpeted (uncarpeted)
floor dust-lead loading measurements taken from homes where more of the floor was carpeted
(uncarpeted) were given more influence in the modd fit.

As s0il sampling was optiona in the HUD Grantees program, models (4) and (5) were fitted to

the HUD Grantees data both with and without soil-lead concentration included in the list of predictor
variablesin the stepwise regression procedure. When fitting the modd to HUD Grantees data,
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separate intercepts (W) for the different grantees were included in the pool of potentid predictors but
were not forced into the model. The stepwise procedure was alowed to choose which grantees had
sgnificantly different intercepts from the others.

14.1.3 Performance Characteristics Analysis

While the model-based andlyses in Sections 14.1.1 and 14.1.2 can provide useful results, these
results may depend highly on the form of the modd, the set of predictor variables included in the modd,
and how these variables were defined and measured. To reduce the leve of dependence that these
factors may have on the outcome of these analyses, the non-modeling, performance characteristics
andysis approach documented in Section 6.1 of the 8403 risk analysi's supplement report was aso
applied to data from the two studies. (See Section 6.1 for details on the festures of this approach.)
Considering results of both this approach and the model-based approach can provide a more complete
perspective on findings to support the andyses common underlying objective to characterize the
relationship between blood-lead concentration and carpeted floor dust-lead loading and the need for a
carpet dust-lead loading standard.

Of interest in the performance characteristics analysis was how the performance of a given st
of standards for lead in dust (uncarpeted floors and window sills) and soil might be improved by adding
a carpeted floor dust-lead loading standard. For example, performance would improve if the carpet
dust-lead loading standard triggers an intervention for some homes containing children with eevated
blood-lead concentrations that had not been previoudy triggered by the other standards, while at the
same time not triggering other homes that do not contain elevated blood-lead children. The
deteriorated |ead-based paint standards in the 8403 proposed rule were not considered in this analyss
as no measurements were made in either study that could be directly compared to these standards.

In this analys's, the performance characteristics of the 8403 proposed standards (dust and soil)
wereinitidly caculated. Then, the change in performance when including a carpeted floor dust-lead
loading standard was evaluated for arange of such carpet dust-lead standards. The candidate carpet
gandard that achieved the largest totd of sengtivity, specificity, postive predictive value (PPV), and
negative predictive vaue (NPV) was then identified. However, the individua characterigtics were dso
of interest. For example, if it is particularly important to have few fase postives (i.e, triggering homes
that do not contain eevated blood-lead children), then one would wish to maximize specificity. On the
other hand, if a classfication that resultsin few false negativesis most desired (i.e., not triggering homes
that contain eevated blood-lead children), then one would maximize senstivity. Plots of each of the
four performance characteristics and their total were provided to adlow visual inspection of performance
over arange of candidate carpeted floor dust-lead loading standards.

As discussed earlier, evauating the need for a carpeted floor dust-lead loading standard must
aso consder Stuations where housing units with only carpeted floors are encountered. To evauate the
need for carpet dust-lead loading sandards in this type of environment, it was desired to perform the
performance characteristics analysis on data for only those housing units having exclusvely carpeted
floors. However, the two studies considered in these analyses did not identify homesin this manner.
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While homes having floor-dust samples taken only from carpets could be considered as an
approximation, few such homes existed in either study. Instead, the additiona performance
characterigtics anadyses were performed on al homes, but floor dust-lead |oading data were considered
only for carpeted floors. The results of these analyses (which considered carpet, soil, and window sl
dust standards) were then compared to the results of anadyses where carpet dust-lead was not
consdered (i.e.,, only soil-lead and window sl dust-lead standards were considered) to determineif the
addition of a carpeted floor sandard provided any performance benefit when floor dust sampling was
assumed to be entirely from carpeted floors.

Note that while this performance characteristics analysis addressed the issue of the need for a
carpet dust-lead loading standard, it also addressed what this standard may be and whether it should be
different from the uncarpeted floor dust-lead loading standard of 50 pg/ft? specified in the 8403
proposed rule. These latter areas are components of the second and third objectives of thisandysis,
which are addressed further in Sections 14.2 and 14.3.

14.2 DETERMINING A CARPETED FLOOR DUST-LEAD
LOADING STANDARD

The results of gpplying the analysis method in Section 14.1.3 provide initid information on
objective #2, which was to consider appropriate candidates for carpeted floor dust-lead loading
standards, and in particular, whether the proposed uncarpeted floor dust-lead loading standard of 50
Hgfft? should be considered a candidate standard. Applying the approaches presented in this section
provided additional information on addressing this objective. Three gpproaches are presented:

° a comparison of average dust-lead loadings between carpeted and uncarpeted floorsin
the same housing unit, to determine whether the two averages within a home differ
sgnificantly (Section 14.2.1)

° regresson modeling to predict the blood-lead concentration at which 95% of children
are expected to be beow at a given floor dust-lead loading, and how this blood-lead
concentration differs when the dust-lead loading is assumed to be for carpeted versus
uncarpeted floors (Section 14.2.2)

° performance characteristics analyses to eva uate a carpeted floor dust-lead loading
standard whose performance was similar to or better than that of the proposed
standard for uncarpeted floors (Section 14.2.3).

In each of these three andlyses, only data from the Rochester study were considered. As the grantees
participating in the HUD Grantees program eva uation targeted homes with children at high risk for
elevated blood-lead, applying these analyses to the HUD Grantees data could yield mideading
conclusions when atempting to make inferences on the entire population based on the results. In
contrast, the Rochester study is at best representative of atypica urban population.
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14.2.1 Comparing Average Dust-Lead Loadings Between
Carpeted and Uncarpeted Floors in a Housing Unit

In thisandys's, average (wipe) dust-lead loadings between carpeted and uncarpeted floors
were compared within housing units having both types of floor surfaces. A paired t-test was used to
make this comparison (i.e., aone-sample t-test on the differences between the log-transformed area-
weighted average floor dust-leed loadings for carpeted and uncarpeted floors within aunit). This test
determined whether the differences were significantly different from zero, or equivaently, whether the
geometric mean of the ratio of carpeted to uncarpeted (untransformed) area-weighted averages within a
unit was sgnificantly different from one. Non-significance implied that (wipe) dust-lead loadings were
smilar between the two floor surfaces within a housing unit, suggesting that a dust-lead loading standard
for uncarpeted floors may be reasonably implied, unchanged, to carpeted floors as well.

14.2.2 Regression Modeling Approach

Inthisanalysis, modd (1) of Section 14.1.1.2 was fitted to the Rochester study data to predict
blood-lead concentration as a function of average floor dust-lead loading for a given surface type
(carpeted, uncarpeted), with separate modd fittings being performed for each surface type. However,
unlike the approach taken in Section 14.1.1.2, the observations included in the modd fittings were not
weighted. Asthese mode fittings were used to evduate the need for a separate dust-lead loading
standards between carpeted and uncarpeted floors, an unweighted analysis was used as such standards
would be compared directly to a household average and not to aweighted version.

Within each regression modd fitting, an upper 95% prediction bound on blood-lead
concentration was ca culated over the range of average floor dust-leed loadings. Then, for agiven
dust-lead loading, the blood-lead concentration was identified below which 95% of the population of
children exposed to that average dust-lead level would be expected to fal. The results were compared
between moded fits (i.e., between carpeted and uncarpeted floors). If the bound on blood-lead
concentration for carpeted floors using a standard of 50 pg/ft? was not much higher than the bound for
uncarpeted floors using that same standard, then this provided evidence that using this same standard
for carpeted floor dust-lead |oadings would be at least as protective of children as the same standard
for uncarpeted floor dust-lead loadings.

14.2.3 Performance Characteristics Analysis Approach

The approach taken in this performance characteristics andysis is the same as that documented
in Section 14.1.3, but only average dust-lead loadings on carpeted or uncarpeted floors were compared
to candidate sandards when determining whether an intervention was triggered in a given housing unit
(i.e,, window gl dust-lead loadings and soil-lead concentrations were not considered). The andysis
cdculated the four performance characteristics described in Section 6.1 of the 8403 risk andysis
supplement report under avariety of dternative values of the dust-lead loading standard for carpeted
and uncarpeted floors. Each of the four characterigtics, aswell astheir tota, were plotted versus the
candidate floor dust-lead loading standards to illustrate the differences in performance of candidate
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standards between carpeted and uncarpeted floors. The goa was to identify a carpeted floor dust-lead
loading standard whose performance in this analysis was smilar to or better than that of the proposed
standard of 50 pg/ft? for uncarpeted floors. In thisway, Smilar levels of protection may be achieved by
floor dust-lead loading standards regardless of surface type.

14.3 DETERMINING AN APPROPRIATE METHOD FOR
SAMPLING CARPET DUST

The dust-lead |oading data analyzed by the methods in Sections 14.1 and 14.2 were for samples
collected using wipe techniques. However, other methods have been developed for collecting dust
samples as part of arisk assessment. Different dust collection methods can collect different types of
dust samples containing different amounts of lead. This can have a mgor effect on the observed
relationship between dust-lead levels in the collected samples and blood-lead concentration.

Therefore, objective #3 of this analyss was to investigate how the effect of floor dust-lead levels on
children’s blood-lead concentration may depend on the dust collection method being used and how the
results differ between carpeted and uncarpeted floors. This section documents the methods used to
conduct gatistical analyses on Rochester study and HUD Grantees evaluation datain support of this
objective. Other sudiesthat have investigated these issues and their findings have been documented in
USEPA, 1997a.

Floor dust-lead data for samples collected using the BRM vacuum, DVM vacuum, and wipe
techniques exist within the Rochester study database. For the HUD Grantees program evauation, only
wipe dust-leed loading data were available for both carpeted and uncarpeted floors, while very limited
dataon DVM dust-lead loadings for carpeted floors were collected.

14.3.1 Investigating the Association Between Floor Dust-Lead

Levels and Blood-Lead Concentration for Different
Sampling Methods

Pearson correlation coefficients between average dust-lead levels and blood-lead concentration
were computed for BRM and DVM vacuum sampling and for wipe sampling, for both dust-lead
loading and concentration and for both carpeted and uncarpeted floors. Then, univariate regressions of
blood-lead concentration on average floor dust-lead, using modd (1) of Section 14.1.1.2, were fitted to
datafor dl three dust collection methods according to each combination of measurement type (loading,
concentration) and surface type (carpeted, uncarpeted). In the correlation and regression analyses,
dust-lead data for a given household were weighted by the percent of total floor sample area for the
given dust collection method that was carpeted (or uncarpeted, depending on the modd fit).

14.3.2 Determining the Relationships of Average Dust-Lead
Levels Between Sampling Methods

Thisanalyss investigated how dust-lead levels, as well as the relationship between dugt-lead
loadings and concentrations, differed between dust collection methods and how these comparisons
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differed between carpeted and uncarpeted floors. This andlysis was performed only on Rochester
study data, as the HUD Grantees evaluation had virtualy al carpet dust samples collected viawipe
methods.

This andyss made gatigtica comparisons between the following pairs of dust-lead
measurements, with each comparison being done separately for carpeted and uncarpeted floors (i.e., a
total of 6x2=12 comparisons):

Average BRM dust-lead loading versus average DVM dust-lead loading

Average BRM dust-lead concentration versus average DVM dust-lead concentration
Average BRM dust-lead loading versus average wipe dust-lead loading

Average DVM dust-lead loading versus average wipe dust-lead loading

Average BRM dust-lead loading versus average BRM dust-lead concentration
Average DVM dust-lead loading versus average DVM dust-lead concentration

Each comparison consisted of plotting the data, then calculating Pearson correlation coefficients on the
log-transformed data to evauate the linear relationship between the two (log-transformed)
measurements. When cal culating the Pearson corrdation coefficients, each data point was weighted by
the proportion of totd floor areaiin the housing unit sampled by the given dust collection methods that
corresponded to the particular surface type (carpeted or uncarpeted). For example, when calculating
the correlation coefficient between BRM and DVM carpet dust-lead loadings, each data point was
weighted by the proportion of total floor area sampled by the BRM and DVM that was carpeted.

Each calculated correation coefficient was tested for Sgnificant difference from zero. The results for
carpeted surfaces were then compared to those for uncarpeted surfaces.

14.3.3 Investigating the Relationship in Lead Loadings of Side-by-Side
Dust Samples Collected by Different Methods

The Rochester study sampling design included taking dust samples from three adjoining (Sde-
by-sde) areas, where each dust collection method (BRM, DVM, wipe) was used to collect one of the
three samples. Inthisandyss, it was of interest to determine how measured dust-lead loadings differed
among sde-by-side samples (and, therefore, among different dust collection methods). This
comparison was based on within-location variability (as well as sampling and andyss variahility), as
opposed to the unit-to-unit variability used to make comparisons in the analyses described in the
previous subsections. The analysis was done on data for carpeted surfaces and uncarpeted surfaces
separatdly, alowing for comparisons between the two surface types. This anadysis was performed only
on Rochester study data, as the HUD Grantees program evauation did no side-by-side sampling.

In the Rochester study, floor-dust samples were identified according to the room in which they
were collected and the collection method used; the dust samples within aroom were assumed to be
collected from adjacent, sde-by-side areas. The lead loading data for these sampleswere used in
fitting the following regresson modd to predict the dust-lead loading under one dust collection method
(method A) as afunction of the loading under a second method (method B):
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logPDA,) ™ W% aClog(PODB;) % H, % &, ©)

where PoDA,; is the dust-lead loading for the floor-dust sample collected by method A in the jth room
within the ith housing unit, PoDB;; is the dust-lead loading for the floor-dust sample collected by method
B at the jth room within the ith housing unit, and H, is the random effect of the ith housing unit on
PbDA;. Thus, model (6) was used to predict the dust-lead |loading for a sample under one collection
method as function of the observed dust-lead loading for the adjacent sample of another collection
method. The modd controls for two types of variation: variation due to sampling in different housing
units, and variation due to sampling in different rooms within ahousing unit. Asit wasdesred to
express the dust-lead loading under one method as a function of the observed dust-lead loading of
another method, the mode fitting did not adjust for measurement error in the dependent variable.

For every dust collection method that was assgned as method A, modd (6) above was fitted
four times, once for each combination of surface type (carpeted floors, uncarpeted floors) and for the
remaining two dust collection methods that could be assigned as method B.

In mode (6) above, the intercept 1 represents a condtant underlying multiplicative biasin the
results of the two collection methods, while the dope a represents the extent to which the biasis
constant across the range of loadings. Intercepts significantly different from zero suggest the presence
of abias, while dopes significantly different from one suggest that the bias changes with the magnitude
of the measurements. Therefore, the estimates of the intercept and dope parameters are reported for
each modd fitting, as well as results of sgnificance tests.

A more gatigticaly rigorous procedure for converting dust-lead |oadings from one dust
collection method to another is found in USEPA, 1997c.

15.0 RESULTS

Detailed results of the gatistica methods documented in Section 14 as gpplied to data from the
Rochester study and the HUD Grantees program evauation (Section |3) are presented in this section.
To alow the reader to easly refer to details on the Statistical methods behind a particular set of results,
the sections and subsections within this section are titled and organized in the same way asin Section
14, where the methods were presented. Each subsection (Sections 15.1 through 15.3) corresponds to
one of the three appendix objectives presented in Section 11.2. Conclusions made from these results
are found in Section 6.5 of the 8403 risk analys's supplement report.

Note that individual results presented in this section may differ from smilar results presented in
previoudy-published documents on these two studies. Thisis due to differencesin the atigtica
methods used in this gppendix, in the subsets of data included in the andysis, and in any transformations
and summary calculations performed on the data prior to andysis.

Descriptive gatistics of the data analyzed in this section are presented in Appendix 12.
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1I5.1 ASSESSING THE NEED FOR A CARPETED FLOOR
DUST-LEAD STANDARD

See Section I4.1 and its subsections for details on the statistical methods associated with the
results presented in this section.

15.1.1 Investigating the Association Between Dust-Lead Loading and
Blood-Lead Concentration for Carpeted and Uncarpeted Floors

15.1.1.1. Correlations Between Floor Dust-Lead Loading and Blood-Lead
Concentration. Figure15-1 containsfour plots, each depicting blood-lead concentration versus
household average (wipe) floor dust-lead loading for each combination of surface type (carpeted,
uncarpeted) and sudy. Each point within the plots represents a single housing unit.

The plotsin Figure 15-1 show some positive correlation between dust-lead loadings and blood-
lead concentration, but the level of variahility in these rdationshipsis high for both studies and surface

types.

For each plot in Figure 15-1, a Pearson correlation coefficient was caculated on the datain the
plot to quantify the extent of alinear relationship between log-transformed blood-lead concentration
and log-transformed average floor dust-lead loading. The correlation coefficients for each study and
particular surface type (carpet, uncarpeted) are presented in Table I15-1. Thistable indicates the
following:

° For the Rochester study, statistically significant correlation was observed at the 0.01
level between blood-lead concentration and average dust-lead loading when sampling
from uncarpeted floors and at the 0.05 level when sampling from carpeted floors.

° For the HUD Grantees program evauation, Satisticaly sgnificant correaions were
observed at the 0.01 level between blood-lead concentration and average dust-lead
loading when sampling from both carpeted and uncarpeted floors.
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Table 15-1.

Pearson Correlation Coefficients of Log-Transformed Average (Wipe)

Dust-Lead Levels with Log-Transformed Blood-Lead Concentration, for

Carpeted and Uncarpeted Floors

Surface Type

Rochester Study

HUD Grantees Program Evaluation

Carpeted Floors '

0.190* (179)

0.308** (226)

Uncarpeted Floors '

0.313** (193)

0.335** (390)

' Correlation coefficients are calculated on unit-wide area-weighted average dust-lead loadings, where averages are
taken across all samples in a housing unit of the given surface type (carpet or non-carpet). The average for a given
housing unit is weighted by the proportion of total floor wipe sample area in the unit represented by carpeted
(uncarpeted) surfaces in calculating the correlation coefficient for carpeted (uncarpeted) floors.

* Significant at the 0.05 level.
** Significant at the 0.01 level.



Resaultsin Table 15-1 differ dightly from correlation coefficients reported in the Rochester study report
(the Rochester School of Medicine and NCLSH, 1995), primarily due to the form of the dust-lead
parameter (this analysis used alog-transformed weighted arithmetic average of untransformed data,
while the Rochester study report used an untransformed unweighted average of |og-transformed data).

15.1.1.2. Univariate Regression of Blood-Lead Concentration on Floor Dust-Lead
Loading. To further investigate the relationship between floor dust-lead loading and blood-lead
concentration, modd (1) in Section 14.1.1.2 was fitted separately to each set of data determined by the
four plotsin Figure I5-1. Table I5-2 presents the estimated dope and intercept terms for the two
modd fits to the Rochester data, and the estimated dope terms for the two modd fits to the HUD
Grantees evduation data. (Recal that the latter two mode fits had grantee-specific intercepts, whose
estimates are not included in Table 15-2). Table 15-2 also includes the standard errors associated with
each estimate. The column marked “basdineg’ in Table 15-2 isthe exponentiation of the intercept term
(for the Rochester study data fits) and represents a baseline geometric mean blood-lead concentration
before any floor dust-lead effectsimpact the value. Statigticaly significant dope estimates (denoted by
aderisksin Table 15-2) imply that the predictor variable is sgnificantly associated with blood-lead
concentration.

Table 15-2. Estimates of Intercept and Slope Parameters (and their Standard Errors)
Associated With Regression Models That Predict Blood-Lead
Concentration Based on Average (Wipe) Floor Dust-Lead Loading

Estimates (Standard Errors)
Study Floor Surface Number of
Type Units Baseline o
Intercept (u) (e pgldL) Slope (%)
Carpeted 179 1.563 (0.11) 4.61 0.103* (0.040)
Rochester Study '
Uncarpeted 193 1.39 (0.12) 4.03 0.174** (0.038)
HUD Grantees Carpeted 226 0.160** (0.048)
Program
Evaluation 2 Uncarpeted 390 0.117** (0.030)

" The regression model takes the form log(PbB;) = u + "*(log(PbD;)) + ,;, or equivalently, PbB;

=exp(u) X (PbD;)"" xexp(,;), where PbB; is the blood-lead concentration for the child in the ith housing unit, ,; refers to
the random error associated with the model-based blood-lead concentration for the ith unit, and remaining notation is
specified in the column headings. For a specific surface type, results for the ith unit are weighted by the proportion of
total floor sampling area represented by the given surface type.

2 The regression model takes the form log(PbB;) = (; + ""*log(PbD;) + ,; , where PbB; represents the blood-lead
concentration for the selected child in the ith housing unit within the jth grantee, PbD; corresponds to the observed
average floor dust-lead loading for the ith housing unit within the jth grantee (for the given surface type), and ** and (j
are parameters representing the slope of the model and the intercept for the jth grantee, respectively. The residual
error left unexplained by the model is denoted by ,;. The model is weighted by the proportion of total floor sampling
area represented by the given surface type.

* Significantly different from zero at the 0.05 level.
**  Significantly different from zero at the 0.01 level.
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Reaults from Table I5-2 are as follows:

° For each modd fit, the dope estimate was positive and gatigticdly different from zero
at the 0.05 leve, implying that increased blood-lead concentrations were significantly
associated with increased values of the dust-lead predictor varigble.

° For the Rochester study, dust-lead loadings were significant predictors of blood-lead
concentration for carpeted floors at the 0.05 level (p-vaue = 0.0110) and for
uncarpeted floors at the 0.01 levd (p-vdue# 0.0001).

° For the HUD Grantees program eva uation, dust-lead |oadings were significant
predictors of blood-lead concentration at the 0.01 level for both carpeted (p-vaue =
0.0010) and uncarpeted (p-value # 0.0001) floors.
Therefore, the results of this analyss indicate that dust-lead loadings from both carpeted and
uncarpeted floors are satigtically sgnificant predictors of blood-lead concentration, in the absence of
other potentidly significant (and possibly confounding) predictors. The same conclusion holds whether
one condders data from the Rochester study or the HUD Grantees program eva uation.

15.1.1.3. Comparing the Dust-Lead Loading/Blood-Lead Concentration
Relationship Between Homes With Mostly Carpeted Floors and Homes With Mostly
Uncarpeted Floors. To illustrate whether the relationship between blood-lead concentration and
floor dust-lead loading differs sgnificantly between homes that are mostly carpeted (i.e., more than
50% of the total floor area wipe-sampled for dust is carpeted) and homes that are mostly uncarpeted,
Table I5-3 presents the results of fitting model (2) of Section 14.1.1.3 according to the procedures
specified in that section. Recall from Section 14.1.1.3 that the dust-lead loading variable in modd (2)
had one of two possible definitions: the average floor dust-lead loading based on samples taken only
from the surface type with the higher total sample area (“surface mgority”), and aweighted average of
the average carpeted and uncarpeted floor dust-lead loadings (“weighted average”).

The key resultsin Table 15-3 are found within the columns labeled “4,” and “&,”, asthese
modd parameters represent whether the intercept and dope parametersin the model differ between
homes having floor dust samples collected from mostly carpeted floors and homes having floor dust
samples collected from mostly uncarpeted floors. Note that none of the rows of Table 15-3 indicate
that the estimates of &, and &, are Sgnificantly different from zero. Theresultsin Table 15-3 suggest
that for each study, regardless of whether the floor dust-lead loading variable follows the “ surface
mgority” or “weighted average’” definition in thisanayss, there is no satidticaly sgnificant differencein
the relationship between blood-lead concentration and average floor dust-lead loading between houses
with mostly carpeted floors and houses with mostly uncarpeted floors. This supports the hypothesis
that carpeted and uncarpeted floor dust-lead loadings predict blood-lead concentration in asimilar
manner.
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Table 15-3. Estimates of Intercept and Slope Parameters (and Their Standard Errors)
Associated With Fitting Model (2) to Predict Blood-Lead Concentration
Based on an Average (Wipe) Floor Dust-Lead Loading Which Emphasizes
the Floor Surface Type With the Larger Sample Area

Estimate (Standard Error)
Definiti i
ennition el Change in Slope
of Dust- # Intercept for . .
Study . . . for Units Having
Lead —(UNits | | ercept () | UNits Having > Slope (™) > 50% FI
Variable ntercept W 50% Floor-Dust ope & [l
Dust Samples
Samples from § c ts ($.)
Carpets ($,) rom Carpets ($,
Surface 1.627 -0.281 (0.335) | 0.137 (0.078) | 0.025 (0.108)
Rochester Majo”ty 142 (0. 262)
Study ' Weighted 1.538**
) -0.314 (0. .170* (0. . 11
Average (0.274) 0.314 (0.353) | 0.170* (0.08b) 0.036 (0.116)
HUD Surface 0.111 (0.264) | 9124 0.057 (0.082)
Grantees Majority 363 (0.034)
Program Weighted 0.1356**
Evaluation ? | Average -0.063 (0.271) (0.037) 0.032 (0.084)

" The regression model takes the form log(PbB;) = u + "**log(PbD;*) + $,*SURF; + $,*log(PbD;*)*SURF; + ,;, where
PbB; is the blood-lead concentration for the child in the ith housing unit, PbD;* is the dust-lead loading variable as
defined in Section 14.1.1.3 in the ith unit, SURF; equals one if floors were sampled mostly from carpets in the ith unit,
and zero if floor-dust sampling was mostly from uncarpeted surfaces, ,; refers to the random error associated with the
model-based blood-lead concentration for the ith unit, and remaining notation is specified in the column headings.

2 The regression model takes the form log(PbB;) = (j + ""*log(PbD;*) + $,*SURF; + $;(log(PbD;*)*SURF; + ,;
where PbBj; represents the blood-lead concentration for the selected child in the ith housing unit within the jth grantee,
PbD;* corresponds to the observed floor dust-lead loading as defined in Section 14.1.1.3 for the ith housing unit within
the jth grantee, and ** and (; are parameters representing the slope of the model and the intercept for the jth grantee,
respectively. The residual error left unexplained by the model is denoted by ,;. SURF; equals one if floors were
sampled mostly from carpets, and zero if floor-dust sampling was mostly from uncarpeted surfaces in the ith unit
within the jth grantee. Remaining notation is specified in the column headings.

* Significantly different from zero at the 0.05 level.
** Significantly different from zero at the 0.01 level.

15.1.1.4. Investigating the Association Between Floor Dust-Lead Loading and
Blood-Lead Concentration, Controlling for Demographic Variables. The previous sections
investigated the association between floor dust-lead |oading and blood-lead concentration without
consdering the effects on blood-lead concentration of other potentidly influentid variables. Inthis
section, modd (3) from Section 14.1.1.4 was fitted to the study data, which extends model (1) used to
generate the resullts in Section 15.1.1.2 above by adding other potentialy influential demographic
variables as predictor variables usng stepwise regression techniques. The effect of average dust-lead
loading on blood-lead concentration was assessed only after taking into account the effects of these
other demographic variables (which do not represent the set of dl such important variables). See Table
14-1 for alisting and definitions of the demographic variables consdered in this andyss.
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Tables 15-4 and 15-5 present the results of fitting mode (3) to the Rochester study data and the
HUD Grantees program evauation data, respectively. The tables list those demographic variables from
Table 14-1 that were selected for the mode due to having significant effects on blood-lead
concentration data, along with their corresponding dope estimates. The dope estimates corresponding
to average dust-lead loading isin the last row of these tables, asthis variable was added last to model

3).

Both analyses concluded that regardless of whether carpeted or uncarpeted floors were being
considered, average floor dust-lead loading was a satisticaly significant predictor of blood-lead
concentration even after adjusting for other important demographic variables, with an increase in floor
dust-lead loading associated with an increase in blood-lead concentration. Other findings when
andyzing the Rochester sudy data (Table 15-4) included the following:

Therace, sex, and education variables (Table 14-1) were Satigtically sgnificant
predictors of blood-lead concentration.

When dugt-lead loadings from only carpeted floors were consdered, mouthing
behavior (putting mouth on window sill, use of pacifier, soil pica, thumb-sucking) was a
datigticaly significant predictor of blood-lead concentration, with a greater propensity
of mouthing behavior corresponding to higher blood-lead concentration.

When dust-lead loadings from only uncarpeted floors were considered, paint/pica
hazard was a satisticdly significant predictor of blood-lead concentration with alarger
potentia for paint pica hazard corresponding to higher blood-lead concentration.

Other findings when andyzing the HUD Grantees evauation data (Table 15-5) included the following:

More differences among the grantee-specific intercepts were observed when dust-lead
loadings were considered for uncarpeted floors versus carpeted floors. Note,
however, that the modd fitting which considered carpeted floor dust-lead loadings
involved data for 161 fewer housing units, as some grantees had few or no carpeted
floor dust-lead loading data.

When dugt-lead loadings from only carpeted floors were considered, the only significant
demographic varigble other than grantee differences was the seasondity variable, with
measurements in spring and summer associated with larger values of blood-lead
concentration.

When dust-lead loadings from only uncarpeted floors were considered, income, race,

and mouthing behavior were found to be satistically significant predictors of blood-lead
concentration.
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Table 15-4. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (3) to Rochester Study Data to Predict Blood-Lead Concentration

Based on Average Floor Dust-Lead Loading

Carpeted Floor Dust Uncarpeted Floor Dust
Parameter SR U P-value Parameter SR (52 P-value
Error) Error)
Parameters Selected by Stepwise Regression’
Intercept 1.843 (0.121) #0.0001 Intercept 1.787 (0.133) #0.0001
Race -0.430 (0.089) #0.0001 Race -0.322 (0.101) 0.0018
Sex -0.614 (0.154) #0.0001 Sex -0.513 (0.194) 0.0091
Education -0.300 (0.088) 0.0009 Education -0.188 (0.100) 0.0626
Mouthing Behavior 0.536 (0.262) 0.0428 Paint Pica Hazard 0.441 (0.152) 0.0042
Parameter Added Last
Log Floor Dust-Lead | o557 (g 034) 0.0117 Log Floor Dust-Lead 0.101 (0.037) 0.0065
Loading Loading

R? of final model: 0.334
Number of data points (housing units): 176

R? of final model: 0.277
Number of data points (housing units): 192

(see footnote below)

Table I5-5. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (3) to Data from the HUD Grantees Program Evaluation to Predict
Blood-Lead Concentration Based on Average Floor Dust-Lead Loading

Carpeted Floor Dust Uncarpeted Floor Dust
Parameter Estimate (Std. Error) P-value Parameter Estimate (Std. Error) P-value

Parameters Selected by Stepwise Regression’
Intercept 1.628 (0.163) #0.0001 Intercept 1.83 (0.131) #0.0001
California -0.730 (0.259) 0.0052 California -0.899 (0.174) #0.0001
Cleveland 0.326 (0.133) 0.0162 Cleveland 0.231 (0.136) 0.0896
New York City -0.400 (0.218) 0.0673 New York City -0.597 (0.141) #0.0001
Minnesota -0.348 (0.120) 0.0042 Alameda County -0.505 (0.116) #0.0001
Season 0.217 (0.104) 0.0378 Baltimore -0.225 (0.108) 0.0375
Vermont 0.518 (0.218) 0.0180
Income -0.180 (0.071) 0.0123
Race -0.317 (0.091) 0.0005
Mouthing 0.191 (0.091) 0.0364
Parameter Added Last

Lfgazkf_‘:ag;zt' 0.160 (0.046) 0.0006 L‘Ega';"i_‘;'a;:zt' 0.110 (0.029) 0.0002

R? of final model: 0.246 R? of final model: 0.290

Number of data points (housing units): 226 Number of data points (housing units): 387

"Parameters are accepted into the model with a significance level (adjusted for other terms in the model) of 0.10 or
lower and are removed from the model when their significance level (adjusted for other terms in the model) is higher

than 0.10.

1-31




Note that these andyses ignored the contribution to the prediction of blood-lead concentration made by
other environmental-lead variables such as soil-lead concentration and window silI dust-lead loading.
The next section will address effects in the presence of these additiona varigbles.

15.1.2 Investigating the Association Between Carpeted Floor Dust-Lead

Loading and Blood-Lead Concentration, Controlling for Other
Environmental-Lead Sampling

To investigate the contribution that average carpeted floor dust-leed loading may have on
predicting blood-lead concentration, over and above the contributions of the lead measures
(uncarpeted floor dust, window sill dust, soil-lead concentration) that can be compared to the current
8403 standards, models (4) and (5) of Section 14.1.2 were fitted to the Rochester and HUD Grantees
data. Asdescribed in Section 14.1.2, stepwise regression procedures were used to select predictor
variables, with the candidate predictor variables corresponding to uncarpeted floor dust-lead loading,
window sl dust-lead loading, soil-lead concentration, and paint pica hazard for modd (4), and these
variables plus the demographic variablesin Table 14-1 for mode (5). Once these other variables were
selected for the model, the carpeted floor dust-lead loading variable was added to the modd. Datafor
only those housing units having floor dust-lead loading data for both carpeted and uncarpeted surfaces
wereincluded in thisanaysis.

Tables [5-6aand 15-6b present the results of fitting models (4) and (5), respectively, to data
from the Rochester study. According to these tables, once the effects of other important factors were
accounted for in both models, the additiona effect of average carpeted dust-lead loading on blood-lead
concentration was not gatigticaly sgnificant. (Both p-values were consderably higher than 0.10.) In
contrast, soil-lead concentration and uncarpeted dust-lead loadings had highly significant effects on
blood-lead concentration in both modd fits.

Tables I5-7aand |5-7b present the results of fitting models (4) and (5), respectively, to data
from the HUD Grantees program evauation. Recdll that snce soil sampling was optiond in this
evauation, the models were fitted both with and without considering soil-lead concentration asa
candidate predictor variable. In contrast to the findings of the Rochester data analysis (Tables [5-6a
and 15-6b), once the effects of other important factors (including soil-lead concentration) were
accounted for in the models, the additional effect of average carpeted dust-lead |oading on blood-lead
concentration was sgnificant at the 0.05 level. When soil-lead concentration was excluded from the
models, the additiond effect of average carpeted dust-lead |oading on blood-lead concentration
achieved gatigicd sgnificance a the 0.10 leve but not at the 0.05 levd.

Thus, the andysesinvolving modds (4) and (5) provide disparate results between the two
studies concerning the significance of any added effect that carpeted floor dust-leed loading may have
on blood-lead concentration once the effects of other important environmenta-lead and demographic
predictors have been taken into account. While this may suggest that the role of lead in carpet dust on
increased blood-lead concentration in children may be margina, one must
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Table 15-6a. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (4) to Rochester Study Data to Predict Blood-Lead Concentration
Based on Average Carpeted Floor Dust-Lead Loading After Adjusting for
Other Environmental Sampling

Parameter | Estimate (Standard Error) | P-value '
Parameters Selected by Stepwise Regression?
Intercept 0.371 (0.251) 0.1417
Log Soil-Lead Concentration 0.107 (0.038) 0.0052
Log Window Sill Dust-Lead Loading 0.074 (0.037) 0.0486
Log Floor Dust-Lead Loading (Uncarpeted) 0.257 (0.064) 0.0001
Paint Pica Hazard 0.372 (0.167) 0.0271
Parameter Added Last

Log Floor Dust-Lead Loading (Carpeted) 0.015 (0.059) 0.7938

R? of final model: 0.287. Number of data points (housing units): 152

T A p-value of 0.0001 indicates a p-value of # 0.0001.
2 Parameters were accepted into the model with a significance level (adjusted for other terms in the model) of 0.10 or
lower and were removed from the model when their significance level (adjusted for other terms in the model) exceeded

0.10.

Table 15-6b. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (5) to Rochester Study Data to Predict Blood-Lead Concentration
Based on Average Carpeted Floor Dust-Lead Loading After Adjusting for
Other Environmental and Demographic Variables

Parameter Estimate (Standard Error) P-value *
Parameters Selected by Stepwise Regression?

Intercept 0.624 (0.267) 0.0207

Log Soil-Lead Concentration 0.117 (0.033) 0.0004

Log Floor Dust-Lead Loading (Uncarpeted) 0.223 (0.053) 0.0001
Race -0.441 (0.077) 0.0001
Paint/Pica Hazard 0.243 (0.156) 0.1216°3

Age * 0.178 (0.086) 0.0411

Parameter Added Last
Log Floor Dust-Lead Loading (Carpeted) 0.037 (0.050) 0.4657
R? of final model: 0.399. Number of data points (housing units): 157

A p-value of 0.0001 indicates a p-value of # 0.0001.

2 Parameters were accepted into the model with a significance level (adjusted for other terms in the model) of 0.10 or
lower and were removed from the model when their significance level (adjusted for other terms in the model) exceeded
0.10.

3These variables had a p-value # 0.10 prior to adding Log Floor Dust-Lead Loading (Carpeted)), but their p-value
exceeded 0.10 when Log Floor Dust-Lead Loading (Carpeted) was added to the model and when age was added to the
model rather than age-squared.

4 The stepwise procedure chose age-squared rather than age, but age was added to the model instead.
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Table 15-7a. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (4) to HUD Grantees Evaluation Data to Predict Blood-Lead
Concentration Based on Average Carpeted Floor Dust-Lead Loading After
Adjusting for Other Environmental Sampling

Soil-Lead Concentration Included as a Possible Soil-Lead Concentration Excluded as a Possible
Predictor Variable Predictor Variable
Parameter Estimate (Std. Error) P-value Parameter Estimate (Std. Error) P-value

Parameters Selected By Stepwise Regression’

Intercept 0.091 (0.711) 0.8985 Intercept 1.440 (0.234) #0.0001
Log Soil-Lead 0.288 (0.099) 0.0061
Concentration
Log Window
Sill Dust-Lead 0.031 (0.031) 0.3265 2
Loading
Log Floor Dust-
Lead Loading 0.133 (0.055) 0.0167
(Uncarpeted)
California -0.784 (0.264) 0.0034
Cleveland 0.037 (0.290) 0.8999 2 Cleveland 0.479 (0.144) 0.0011
Minnesota 0.215 (0.311) 0.4932 2
New York City -0.204 (0.245) 0.4044 2

Parameter Added Last

Log Floor Dust- Log Floor Dust-
Lead Loading 0.215 (0.093) 0.0260 Lead Loading 0.143 (0.074) 0.0541
(Carpeted) (Carpeted)
R? of final model: 0.330 R? of final model: 0.180
Number of data points (housing units): 42 Number of data points (housing units): 220

T Parameters were accepted into the model with a significance level (adjusted for other terms in the model) of 0.10 or
lower and were removed from the model when their significance level (adjusted for other terms in the model) exceeded
0.10.

2These variables had a p-value # 0.10 prior to adding Log Floor Dust-Lead Loading (Carpeted)), but their p-value
exceeded 0.10 when Log Floor Dust-Lead Loading (Carpeted) was added to the final model.
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Table 15-7b. Parameter Estimates (and their Standard Errors) Associated With Fitting
Model (5) to HUD Grantees Evaluation Data to Predict Blood-Lead
Concentration Based on Average Carpeted Floor Dust-Lead Loading After
Adjusting for Other Environmental and Demographic Variables

Predictor Variable

Soil-Lead Concentration Included as a Possible

Predictor Variable

Soil-Lead Concentration Excluded as a Possible

Parameter Estimate (Std. Error) P-value Parameter Estimate (Std. Error) P-value
Parameters Selected By Stepwise Regression’
Intercept -0.174 (0.792) 0.8277 Intercept 1.770 (0.274) #0.0001
Log Soil-Lead 0.298 (0.100) 0.0053
Concentration
Log Window
Sill Dust-Lead 0.023 (0.032) 0.4657 2
Loading
Log Floor Dust-
Lead Loading 0.117 (0.056) 0.0382
(Uncarpeted)
California -0.777 (0.266) 0.0039
Cleveland 0.103 (0.304) 0.7377 2 Cleveland 0.421 (0.149) 0.0053
Minnesota 0.275 (0.322) 0.3982 2
New York City -0.270 (0.251) 0.2827 2
Rhode Island 0.368 (0.220) 0.0961
Vermont 0.374 (0.362) 0.3030 2
Mouthing 0.222 (0.286) 0.4425 2
Income -0.119 (0.110) 0.2806 2
Race -0.241 (0.126) 0.0576
Age 3 -0.044 (0.035) 0.2181 2
Parameter Added Last
Log Floor Dust- Log Floor Dust-
Lead Loading 0.203 (0.094) 0.0379 Lead Loading 0.137 (0.074) 0.0663
(Carpeted) (Carpeted)

R? of final model: 0.342

Number of data points (housing units): 42

R? of final model: 0.213

Number of data points (housing units): 218

T Parameters were accepted into the model with a significance level (adjusted for other terms in the model) of 0.10 or
lower and were removed from the model when their significance level (adjusted for other terms in the model) exceeded

0.10.

2These variables had a p-value # 0.10 prior to adding Log Floor Dust-Lead Loading (Carpeted)), but their p-value
exceeded 0.10 when Log Floor Dust-Lead Loading (Carpeted) was added to the model and when age was added to the

model rather than age-squared.

3 The stepwise procedure chose age-squared rather than age, but age was added to the model instead.
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keep in mind that differencesin the types and definitions of variables measured between the two studies
(i.e, candidates for predictor variablesin these models) aso play akey role in the outcome of the
modd fits.

15.1.3 Performance Characteristics Analyses

Asdiscussed in Section 14.1.3, the results presented in this subsection are based on anon-
modeing analysis gpproach whose objective was to eva uate the need to add a carpet (wipe) dust-lead
loading standard to the set of dust and soil standards in the 8403 proposed rule (i.e., 50 pg/ft? for
uncarpeted floors, 250 pg/ft? for window sills, 2000 ppm for soil), and to investigate possible
recommended values for such astandard. Section 6.1 of the 8403 risk andysis supplement report
defines the four performance characteristics (sengtivity, specificity, postive predictive value, negative
predictive value) which were the focus of this analysis and how they are caculated and interpreted.

The four performance characteristics (expressed as percentages) were calculated over arange
of candidate carpet dust-lead loading standards from O to 100 pg/ft?, where the carpet standard was
added to the set of dust (uncarpeted floors, window sills) and soil standards from the 8403 proposed
rule. (Recall that the proposed paint standards were not considered in this andysis) Theresults are
plotted as “performance curves’ within Figures 15-2 (based on Rochester study data) and 15-3 (based
on HUD Grantees evauation data). These two figures each contain sx plots: one for each of the four
performance characterigtics, one for the sum of the four performance characteristics, and one containing
the four performance characteristics superimposed on the same plot. (The verticd axislabels
distinguish the plots from each other.)

Each plot in Figures 15-2 and 15-3 contains a horizontal dashed line which denotes the
calculated value of the given performance characteristic when no candidate carpet dust-lead loading
gandard is consdered. When the performance curve lies above this horizonta dashed line, thisimplies
that any of the corresponding values of the carpet dust-lead loading standards, when added to the set of
dust and soil standards in the 8403 proposed rule, would result in a higher vaue of the given
performance characteristic, and therefore, improved performance based on this performance criterion.

Each plot in Figures 15-2 and 15-3 contains a vertical dashed line a 50 pg/ft? (i.e., the proposed
standard for uncarpeted floors) to illustrate the vaue of the performance characteridtic if both the
carpeted and uncarpeted floor dust-lead loading standards were set equal to 50 pg/ft>. An additiona
vertica dashed lineis provided at the candidate carpet dust-lead |oading standard that leads to the
maximum value of the sum of the four performance characteristics: 17 pg/ft? based on anaysis of the
Rochester study data (Figure 15-2) and 5 pg/ft? based on andysis of the HUD Grantees evauaion data
(Figure 15-3), thereby representing a possibly “optima” vaue for the sandard. An additiond vertica
dashed line is provided at 13 pg/ft? within the plotsin Figure 15-3, for reasons to be discussed later in
this section.

I-36



- F 1
=] o Th
B
E" »
£” -
En- i m
- mni ™
| o]
24
R
bt o
w1 T T T T T T T T L4 T T T T T T T T
1] L] o a = L] LY w k) ™ L} L = = a @ L L [ L w
Carpefid Fibor Dusl =L Loady Warcexd Oupuied Fror Desfl—-Lad Loscing Sencend
. A
w7 ]
a4 -
0 ny
m L5
i+ 1
0 g =
b Lo
.Y
™ m—ﬁ/”
[k o
b 1
Lh TTTT T T T TTT T T T D'- TT T T T UL N B B B B B B B B B B B B B B
] -] = “ » m L) » -] = L) » -] - @M @ - - m L] L
Coggeied Fhar Dat—lead Loxly Sasced Copsied Fisor D=l Logeing Signoand
B i T
= Jf\f’“"’x ]
mq Lt ” i
S onay
T4 -
L o ————
: o }-
g
o] o ey - +
kg
-
Ly
’ |
s
ht "----|---|-|----|----|---- TTTT TTT T 7T T
o4 S— S [ L] E] ] o m L} N ] -] a
] o an 40 a a ™ ] | -} 100 Coysied Fhor Dol ngring Signeigm
Cypuimd Fhor Dust—lagd Logiig Sigasieed Ariomgers Chgrisrfll: 5= NPV bl d &+ Bnely T Soedlioly
Figure 15-2. Values of the Performance Characteristics As a Function of Candidate

Carpeted Floor Dust-Lead Loading Standards, Based on Analysis of the
Rochester Study Data, Where the Set of Standards Also Includes the
Uncarpeted Floor, Window Sill, and Soil Standards Proposed in the §403

Proposed Rule

(See text for the connotations of the horizontal and vertical dashed lines in these plots. The 8403 proposed
standards were 50 ug/ft? for uncarpeted floors, 250 ug/ft?> for window sills, and 2000 ppm for soil.)
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Figure 15-3. Values of the Performance Characteristics As a Function of Candidate

Carpeted Floor Dust-Lead Loading Standards, Based on Analysis of the
HUD Grantees Evaluation Data, Where the Set of Standards Also
Includes the Uncarpeted Floor, Window Sill, and Soil Standards Proposed
in the 8403 Proposed Rule

(See text for the connotations of the horizontal and vertical dashed lines in these plots. The 8403 proposed
standards were 50 ug/ft? for uncarpeted floors, 250 ug/ft?> for window sills, and 2000 ppm for soil.)
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Note that in Figures I5-2 and 15-3, the sengitivity performance profile dways fals above the
horizontal dashed line, while the specificity performance profile ways fals below the horizontal dashed
line. Thisis because when a carpet dust-lead loading standard is added to exigting standards, it cannot
decrease the total number of housing units being triggered by the entire set of andards. Thus, the
added standard will not decrease sengtivity, but it will not increase specificity. Equivaently, the added
gandard will not increase the false negative rate, but it will not decrease the false pogitive rate.
Therefore, in evauating the benefit of adding a carpet dust-lead loading standard, one must consider
whether the improvements in some performance characteristics, such as sengtivity and the false
negative rate, outweigh the losses in others, such as specificity and the fase postiverate. Asaresullt,
the other two performance characterigtics, positive predictive vaue (PPV) and negative predictive vaue
(NPV), play more important roles in the evauation.

In cases where only carpeted floors exigt in a housing unit for dust sampling within arisk
assessment, a carpet dust-lead loading standard would be needed, but not an uncarpeted floor
gandard. To investigate the need for such astandard in this type of scenario, the sengtivity/ specificity
andysis was repested by ignoring the uncarpeted floor dust-lead loading standard. That is, the analyss
considered the added benefit associated with adding a carpet dust-lead loading standard to the set of
standards given by window sill dust-lead loading (250 pg/ft?) and soil-lead concentration (2000 ppm).
Figures15-4 and 15-5 contain plots of the performance characteristic curvesin the situation where the
uncarpeted floor dust-lead loading standard is not used.

Some of the performance characteristics values plotted in Figures 15-2 through 15-5 are
detailed within Tables 15-8 (for the Rochester study data andysis) and 15-9 (for the HUD Grantees
dataanalyss). These tables contain calculated values of the four performance characteristics, their sum,
and the percentage of housing units triggered for intervention, for the following sets of Sandards:

° The standards specified in the 8403 proposed rule, without regard to carpet

° The standards specified in the 8403 proposed rule, plus a carpet dust-lead loading
standard of 50 pg/ft? (i.e., the same as the uncarpeted floor dust-lead loading standard)

° The standards specified in the 8403 proposed rule, plus a carpet dust-lead loading
standard of either 17 pg/ft? (for the Rochester study data), 5 pg/ft? (for the HUD
Grantees data), or 13 pg/ft? (for the HUD Grantees data) (i.e., “optimal” values of the
standard)

° The standards specified in the 8403 proposed rule, without regard to carpeted or
uncarpeted floors
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Figure 15-4. Values of the Performance Characteristics As a Function of Candidate

Carpeted Floor Dust-Lead Loading Standards, Based on Analysis of the
Rochester Study Data, Where the Set of Standards Also Includes the
Window Sill and Soil Standards Proposed in the 8403 Proposed Rule

(See text for the connotations of the horizontal and vertical dashed lines in these plots. The 8403 proposed
standards considered here are 250 ug/ft? for window sills and 2000 ppm for soil.)
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Figure 15-5. Values of the Performance Characteristics As a Function of Candidate

Carpeted Floor Dust-Lead Loading Standards, Based on Analysis of the
HUD Grantees Evaluation Data, Where the Set of Standards Also
Includes the Window Sill and Soil Standards Proposed in the §403

Proposed Rule

(See text for the connotations of the horizontal and vertical dashed lines in these plots. The 8403 proposed
standards considered here are 250 ug/ft? for window sills and 2000 ppm for soil.)
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Table 15-8. Values of the Performance Characteristics for Specified Sets of

Standards, Based on Analysis of Rochester Study Data

Set of Standards

Sensitivity

Specificity

PPV

NPV

Sum of
the 4
Values

% of
Homes
Triggered

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
NO CARPET STANDARD

64.6%

60.3%

33.3%

84.7%

242.9

45.6%

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 50 ug/ft?

66.7%

59.6%

33.7%

85.3%

245.3

46.6%

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 17 ug/ft?

85.4%

52.6%

35.7%

92.1%

265.8

56.4%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

NO CARPET STANDARD

60.4%

62.2%

33.0%

83.6%

239.2

43.1%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 50 ug/ft?

62.5%

61.5%

33.3%

84.2%

241.5

44.1%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 17 ug/ft?

81.3%

54.5%

35.5%

90.4%

261.7

53.9%
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Table 15-9. Values of the Performance Characteristics for Specified Sets of
Standards, Based on Analysis of HUD Grantees Evaluation Data

Sum of % of
Set of Standards Sensitivity | Specificity PPV NPV the 4 Homes
Values | Triggered

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
NO CARPET STANDARD

78.7% 43.4% 52.3% | 72.2% | 246.6 66.3%

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 50 ug/ft?

79.3% 42.1% 51.9% | 72.1% | 245.4 67.3%

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 13 ug/ft?

90.2% 30.3% 50.56% | 79.8% | 250.8 78.7%

Soil standard = 2000 ppm

Sill standard = 250 ug/ft2
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 5 ug/ft?

94.8% 25.8% 50.2% | 86.4% | 257.2 83.3%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

NO CARPET STANDARD

70.1% 52.0% 53.6% | 68.9% | 244.5 57.7%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 50 ug/ft?

71.3% 50.7% 53.2% | 69.1% | 244.3 59.0%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 13 ug/ft?

85.1% 37.1% 51.6% | 75.9% | 249.7 72.7%

NO UNCARPETED FLOOR STANDARD
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 5 ug/ft?

89.7% 31.7% 50.8% | 79.5% | 251.7 77.7%
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° The standards specified in the 8403 proposed rule, without regard to uncarpeted floors,
plus a carpet dust-lead loading standard of 50 pg/ft?

° The standards specified in the 8403 proposed rule, without regard to uncarpeted floors,
plus a carpet dust-lead loading standard of either 17 pg/ft? (for the Rochester study
data), 5 pg/ft? (for the HUD Grantees data), or 13 pg/ft? (for the HUD Grantees data).

Tables15-10 and 15-11 provide the 2x2 performance characteristic tables corresponding to each set of
standards specified in Tables 15-8 and 15-9, respectively. In these tables, numbersin itaicsindicate an
incorrect risk assessment (either afalse pogtive or afase negative), while those underlined indicate a
correct assessment.

The andyses presented in this subsection (for both studies) indicate that adding a carpeted floor
dust-lead loading standard of 50 pg/ft? to the standards in the 8403 proposed rule for soil, window sills
and uncarpeted floors did little, if anything, to change the vaues of the four performance characterigtics.
(This can be seen, for example, in the plots within Figures 15-2 and 15-3 by noting that at a carpet dust-
lead loading standard of 50 pg/ft?, the performance curves are approximately at the horizontal dashed
line) This supports the hypothesis that the performance of the standards would not be affected by
adding a carpet dust-lead loading standard equd to the proposed uncarpeted floor dust-lead loading
standard (50 pg/ft?) when both surfaces are available to sample within a housing unit. When the
uncarpeted floor dust-leed loading standard is not considered (e.g., in housing units where al floor
surfaces are carpeted), the same conclusion is made (see Figures 15-4 and 15-5). These findings
support the hypothesis that adding a carpeted floor dust-lead standard of 50 pg/ft? to the currently-
proposed 8403 standards may not provide a sufficient level of improved performance to warrant its
addition.

Other candidate carpet dust-lead loading standards that are lower than 50 ug/ft2 appear to
improve performance of the 8403 proposed standards for dust and soil if they are added. These other
candidate standards ranged from 5 pg/ft? to 17 pg/ft2, depending on the dataset being analyzed. For
anaysesinvolving the Rochester study data (Figures I5-2 and 15-4; Tables 15-8 and 15-10), the results
indicated the following:

° The candidate carpet sandard resulting in the most improved performance of the
proposed 8403 standards (for dust and soil) was 17 pg/ft?. Adding this sandard to the
proposed 8403 standards increased sengitivity by 20.8 percentage points, PPV by 2.4
percentage points, and NPV by 7.4 percentage points, while it decreased specificity by
7.7 percentage points (seefirst and third rows of Table 15-8). Adding this standard
triggered 22 additiona housing units in the Rochester study, 10 of which contained
children with elevated blood-lead concentrations (Table 15-10).
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Table 15-10. Results of Performance Characteristics Analyses for the Sets of

Standards Included in Table 15-8, Based on Analysis of Rochester Study

Data

(PbB = Blood-Lead Concentration)

Soil standard = 2000 ppm
Sill standard = 250 ug/ft?
Uncarpeted floor standard =
NO CARPET STANDARD

50 ug/ft?

Soil standard = 2000 ppm
Sill standard = 250 ug/ft?
Uncarpeted floor standard
Carpeted floor standard =

= 50 ug/ft?
50 ug/ft?

Soil standard = 2000 ppm

Sill standard = 250 ug/ft?
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 17 ug/ft?

NO UNCARPETED FLOOR
STANDARD Soil standard
ppm

Sill standard = 250 ug/ft?
NO CARPET STANDARD

2000

NO UNCARPETED FLOOR
STANDARD Soil standard
ppm

Sill standard = 250 ug/ft?
Carpeted floor standard =

2000

50 ug/ft?

NO UNCARPETED FLOOR
STANDARD Soil standard =

ppm
Sill standard = 250 ug/ft?

Carpeted floor standard =

2000

17 ug/ft?

At least one standard exceeded? Total
No Yes
PbB Yes 17 31 48
$10
pg/dL? No 94 62 156
Total 111 93 204
At least one standard exceeded? Total
Yes
PbB Yes 32 48
$10
pg/dL? No 63 156
Total 109 95 204
At least one standard exceeded? Total
Yes
PbB Yes 41 48
$10
pg/dL? No 74 1656
Total 1156 204
At least one standard exceeded? Total
No Yes
PbB Yes 79 29 48
$10
pgldL? No 97 59 156
Total 116 88 204
At least one standard exceeded? Total
No Yes
PbB Yes 18 30 48
$10
pgldL? No 96 60 156
Total 114 90 204
At least one standard exceeded? Total
No Yes
PbB Yes 9 39 48
$10
ug/dL? No 85 71 156
Total 94 110 204
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Table 15-11.

Results of Performance Characteristics Analyses for the Sets of

Standards Included in Table 15-9, Based on Analysis of HUD Grantees

Evaluation Data

(PbB = Blood-Lead Concentration)

Soil standard =
Sill standard =

2000 ppm
250 ug/ft?

Uncarpeted floor standard = 50 ug/ft?
NO CARPET STANDARD

Soil standard = 2000 ppm

Sill standard = 250 ug/ft?
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 50 ug/ft?
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?
Uncarpeted floor standard = 50 ug/ft?
Carpeted floor standard = 13 ug/ft?
Soil standard = 2000 ppm

Sill standard = 250 ug/ft?
Uncarpeted floor standard = 50 ug/ft?

Carpeted floor standard = 5 ug/ft?

NO UNCARPETED FLOOR
STANDARD Soil standard = 2000
ppm

Sill standard = 250 ug/ft?

NO CARPET STANDARD

NO UNCARPETED FLOOR
STANDARD Soil standard = 2000
ppm

Sill standard = 250 ug/ft?

Carpeted floor standard = 50 ug/ft?

At least one standard exceeded? Total
No Yes
PbB Yes 37 137 174
$10
pg/dL? No 96 125 221
Total 133 262 395
At least one standard exceeded? Total
Yes
PbB Yes 138 174
$10
pg/dL? No 128 221
Total 129 266 395
At least one standard exceeded? Total
Yes
PbB Yes 157 174
$10
pgldL? No 154 221
Total 311 395
At least one standard exceeded? Total
No Yes
PbB Yes 9 165 174
$10
pgldL? No 57 164 221
Total 66 329 395
At least one standard exceeded? Total
No Yes
PbB Yes 52 122 174
$10
pgldL? No 11 106 221
Total 167 228 395
At least one standard exceeded? Total
No Yes
PbB Yes 50 124 174
$10
ug/dL? No 11 709 221
Total 162 233 395

I-46




Table 15-11. (cont.)

At least one standard exceeded? Total
NO UNCARPETED FLOOR No Yes
STANDARD Soil standard = 2000
ppm PbB Yes 26 148 174
Sill standard = 250 ug/ft? $10 N 52 29 vy
Carpeted floor standard = 13 ug/ft2 pg/dL? ° —
Total 108 287 395
At least one standard exceeded? Total
NO UNCARPETED FLOOR No Yes
STANDARD Soil standard = 2000
ppm PbB Yes 18 156 174
Sill standard = 250 ug/ft? $10 " 7o 57 5
Carpeted floor standard = 5 ug/ft? ugldL? ° —
Total 88 307 395

° When not considering the proposed uncarpeted floor standard of 50 ug/ft?, adding a
carpeted floor standard of 17 pg/ft? to the 8403 proposed standards for soil and
window slIs increased sengtivity by 20.9 percentage points, PPV by 2.5 percentage
points, and NPV by 6.8 percentage points, while it decreased specificity by 7.7
percentage points (see fourth and sixth rows of Table 15-8). Asin the previous bullet,
adding this standard triggered 22 additiona housing unitsin the Rochester study, 10 of
which contained children with elevated blood-lead concentrations (Table 15-10).

Thus, results of the andyses on Rochester study data suggest that improved performance
characterigtics, particularly senditivity, are achieved with a carpeted floor standard of 17 pg/ft® without a
large decrease in pecificity. If thisincreased performance is conddered important enough, then a
carpeted floor standard (set sufficiently low enough) would be warranted for dl homes.

The above results based on anadysis of the HUD Grantees eva uation data (Figures 15-3 and
15-5; Tables15-9 and 15-11) include the following:

° The candidate carpet standard resulting in the most improved performance of the
proposed 8403 standards (for dust and soil) was 5 pg/ft?. Adding this standard to the
proposed 8403 standards increased sensitivity by 16.1 percentage points and, NPV by
14.2 percentage points, while it decreased specificity by 17.6 percentage points and
PPV by 2.1 percentage points (see first and fourth rows of Table 15-9). Adding this
standard triggered 67 additiond housing unitsin the HUD Grantees evaluation, 28 of
which contained children with eevated blood-lead concentrations (Table 15-11).

° The lower-right plot within Figure 15-3 indicates that a carpeted floor standard of 13
Ugfft? achieves some gain in overdl performance without obsarving aslarge of a
decrease in specificity as occurs with the candidate standard of 5 ug/ft>. Adding this
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standard triggered 49 additiond housing unitsin the HUD Grantees evauetion, 20 of
which contained children with eevated blood-lead concentrations (Table 15-11).
Therefore, if alarge lossin pecificity outweighs the gain in sengtivity and NPV that is
observed with the candidate sandard of 5 g/ft?, then the dternative standard of 13
ugfft? may be of more interest.

° When not considering the proposed uncarpeted floor standard of 50 ug/ft?, adding a
carpeted floor standard of 5 pg/ft? to the 8403 proposed standards for soil and window
sllsincreased sengitivity by 19.6 percentage points and NPV by 10.6 percentage
points, while it decreased specificity by 20.3 percentage points and PPV by 2.7
percentage points (see fifth and eighth rows of Table 15-9). Adding this standard
triggered 79 additiona housing unitsin the HUD Grantees evauation, 34 of which
contained children with elevated blood-lead concentrations (Table 15-11).

° When not considering the proposed uncarpeted floor standard of 50 pg/ft?, adding a
carpeted floor standard of 13 pg/ft? to the 8403 proposed standards for soil and
window silIs had adightly lower increase in sengtivity and NPV than adding a sandard
of 5 ugfft?, but the decrease in specificity was only 14.9 percentage points (Table 15-9).

These reaults indicate that improved sengtivity and NPV were achieved by adding a carpeted floor
standard of 5 pg/ft?, but a considerable decrease in specificity was also observed. Lessof alossin
gpecificity, with only aminor loss of improvement in the other performance characterigtics, was
achieved when the candidate carpet standard was increased to 13 pg/ft2. If thisincreased performance
is consdered important enough, then a carpeted floor standard (set sufficiently low enough) would be
warranted for al homes.

1I5.2 DETERMINING A CARPETED FLOOR DUST-LEAD
LOADING STANDARD

See Section 4.2 and its subsections for details on the statistical methods associated with the
results presented in this section.

15.2.1 Comparing Average Dust-Lead Loadings Between
Carpeted and Uncarpeted Floors in a Housing Unit

A totd of 168 housing unitsin the Rochester study had wipe dust-lead |oading data for both
carpeted and uncarpeted floors. When considering the ratio of a housing unit’s average dust-leed
loading for carpeted floors versus uncarpeted floors, the geometric mean of these ratios across the 168
housing units was 0.745, indicating that the average dust-lead loading for carpeted floors was roughly
75% of the unit’s average for uncarpeted floors. This geometric mean had a 95% confidence interva
of (0.62, 0.90), implying thet the geometric mean was significantly different from one (i.e., equa
averages between carpeted and uncarpeted floors within a unit) at the 0.05 level based on a paired t-
test on the log-transformed averages. Only 36% of the 168 housing units had ratios which exceeded
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one (i.e., had average carpeted floor dust-lead |oadings that exceeded the average for uncarpeted
floors).

For the Rochester study, Figure 15-6 portrays a housing unit’s area-weighted average dust-lead
loadings for carpeted floors versus its average for uncarpeted floors. The solid linein Figure 15-6
represents equality in the averages between the two surface types. This plot indicates that the average
loadings from uncarpeted floors are generdly higher than for carpeted floors.

15.2.2 Regression Modeling Approach

Figure 15-7 presents the upper 95% prediction bounds on the curve that results from fitting
model (1) of Section 14.1.1.2 to the Rochester study data to predict blood-lead concentration as a
function of average floor wipe dust-leed loading. Asthe modd was fitted separately for carpeted floor
dust-lead loading data and uncarpeted floor data (with equal weight given to each housing unit), one set
of prediction bounds exist for each surface type. Vertical dashed lines are included at dust-lead
loadings of 17 pg/ft* and 50 pg/ft?, corresponding respectively, to the “optima” carpet dust-lead loading
standard identified in the performance characteristics analysis of Section 15.1.3 on the Rochester study
data and to the 8403 proposed standard for uncarpeted floors.

The confidence bounds in Figure 15-7 represent predicted blood-lead concentrations for which
approximately 95% of children would fal below. For example, Figure 15-7 indicates that
approximately 95% of children exposed to an average carpeted dust-lead loading of 50 pg/ft? (the
proposed uncarpeted floor standard) are expected to have blood-lead concentrations below 22.4
pg/dL. In contrast, gpproximately 95% of children exposed to an average uncarpeted floor dust-lead
loading of 50 pg/ft? are expected to have blood-lead concentrations below 24.1 pg/dL. As 22.4 pg/dL
isdightly below 24.1 ug/dL, thisimplies that a carpet dust-lead loading standard of 50 pg/ft*> would be
at least as protective of children’s blood-lead concentrations as the same standard for uncarpeted
floors.

Figure 15-7 shows that the upper 95% prediction bounds for the two surfaces are very smilar,
generdly within 2 pg/dL, with the bound for uncarpeted floors exceeding that for carpeted floors above
approximately the “optima” carpet dust-lead loading standard of 17 pg/ft2. Approximately 95% of
children exposed to either carpeted or uncarpeted floor dust-lead loadings of 17 pg/ft? would have
blood-lead concentrations below approximately 20 pg/dL. Note that no candidate dust-lead loading
gandards in the ranges considered in Figure 15-7 result in 95% of children having blood-lead
concentrations below 10 pg/dL.
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Figure 15-7. Upper 95% Prediction Bounds for Blood-Lead Concentration as a
Function of Floor Dust-Lead Loading, By Surface Type, When Fitting
Model (1) to Rochester Study Data

(Note: Vertical dashed lines correspond to the 8403 proposed uncarpeted floor dust-lead loading standard of 50
ug/ft? and the “optimal” carpeted floor dust-lead loading standard of 17 ug/ft? from Section 15.1.3.)

15.2.3 Performance Characteristics Analysis Approach

This section presents the results of the performance characteristics andysis whose approach
was documented in Section 14.2.3. Unlike the approach taken in Section 15.1.3, where the benefits of
adding a candidate carpet dust-lead |oading standard to the 8403 proposed standards were eval uated,
this analysis ca culated the four performance characteristics consdering either a carpeted floor dust-
lead loading standard or an uncarpeted floor dust-lead loading standard, but no other environmental-
lead standard. The goal was to determine whether a particular dust-lead loading standard performed at
least aswell for carpeted floors as for uncarpeted floors.
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Figure 15-8 presents the results of this performance characteristics andysis performed on the
Rochester study data. One plot exists in Figure 15-8 for each of the four performance characteristics
and for the sum of these four characterigics. The vertica axes of these plots identify the performance
characteristic being plotted. Solid-line performance curves correspond to carpeted floors, and dashed-
line performance curves correspond to uncarpeted floors. Likein Figure 15-7, vertica dashed lines
exigt in each plot a 50 and 17 pg/ft2.

The plots within Figure 15-8 indicate the following:

The proposed uncarpeted floor standard of 50 pg/ft? resultsin a considerably lower
vaue for the sum of the four performance characteristics when the sandard is assumed
to be for carpeted floors rather than for uncarpeted floors. In contrast, candidate
standards from 15 to 20 pg/ft? result in considerably higher vaues for this sum when the
standard is assumed to be for carpeted floors. (Note that this result tends to agree with
the resultsin Section 15.1.3.)

To achieve senditivity at the level observed for the 8403 proposed standard for
uncarpeted floors (50 pug/ft?), the carpeted floor dust-lead loading standard must be
below approximately 33 pug/ft2.

At astandard of 50 pg/ft?, PPV islower if the standard is for carpeted floors than if it is
for uncarpeted floors. Among the candidate carpeted floor dust-lead loading
standards, PPV is maximized a 30 pg/ft?; this maximum is approximately equd to the
PPV for the 8403 proposed standard for uncarpeted floors of 50 pg/ft2.

The performance curves for NPV differ little, if any, between carpeted and uncarpeted
surfaces across the range of candidate standards.

The conclusion of this performance characteristics andysisis thet, for carpeted floors, a standard of 30
Lgfft> may be needed to achieve aleve of protection equd to that of the 8403 proposed standard of 50
ugfft? for uncarpeted floors. Furthermore, a standard of 17 pg/ft? continues to be among the better
performers when the tota of the four performance characteristics is considered as a criterion.
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1I5.3 DETERMINING AN APPROPRIATE METHOD FOR
SAMPLING CARPET DUST

See Section 4.3 and its subsections for details on the statistical methods associated with the
results presented in this section.

Besides wipe sampling, the Rochester study employed BRM and DVM vacuum sampling on
carpeted and uncarpeted floors, while the HUD Grantees evduation included afew measurements on
carpeted floor dust samples collected using the DVM. These vacuum sampling methods, however,
require specidized equipment and more training to use effectively. In addition, vacuum sampling is
more complex and codtly relative to any added benefit it may provide (Section 403 Dialogue Process
minutes, December 14, 1995). Therefore, in discussions regarding the 8403 risk analysis, wipe
sampling was supported as dust collection method in which the dust-lead standards would be
expressed.

Sections 15.3.1 through 15.3.3 contain the results of analyses to compare dust-lead loadings
between the different dust sampling methods employed in the Rochester study and HUD Grantees
evauation for carpeted and uncarpeted floors. Also compared in these analyses were dust-lead
concentrations measured within dust samples obtained using vacuum techniques (BRM, DVM). The
results in this section are supported by the additiond data summaries found in Appendix 12. The main
findings of these results were asfollows:

° Blood-lead concentration correlated more highly with dust-leed loading than with dust-
lead concentration on both carpeted and uncarpeted surfaces.

° Each dugt collection method resulted in measured dust-lead |oadings that were
datigticaly sgnificant predictors of blood-lead concentration. There was not strong
evidence to favor any particular method based on predictive ability.

° Dust-lead loadings on ether surface were significantly positively correlated between
dust collection methods. Additionally, one may predict wipe loadings based on BRM-
and DVM-measured loadings using the regression results in Section 15.3.3. Thus,
exclusive use of wipe sampling for floor-dust captured some of the information that
would be available from use of vacuum sampling.

° On carpeted floors in these two studies, vacuum sampling methods collected samples
having sgnificantly different loading measurements compared to wipe sampling (see
Tables12-1 and 12-6a of Appendix 12, and Section 15.3.3). As aconsequence, a
standard designed for wipe sampling would not gpply to vacuum-sampled floor dudt-
lead, and vice versa

° As the uncarpeted floor dust-lead loading standard assumes wipe sampling, and dust-
lead loadings under each of the three dust collection methods have significant
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correlations with blood-lead concentration for both carpeted and uncarpeted floors (as
seen in Section 15.3.1), these results imply that it is reasonable to devel op a carpeted
floor dugt-lead standard for the wipe sampling method. Asthis standard would not
apply to vacuum sampled dust-leed |oadings, measurements taken with vacuum
sampling could not be used in risk assessment viathe 8403 rule.

15.3.1 Investigating the Association Between Floor Dust-Lead
Levels and Blood-Lead Concentration for Different
Sampling Methods

This subsection presents, for both carpeted and uncarpeted floors and for each of the three dust
collection methods, andyses of the Rochester study and HUD Grantees evaluation data to investigate
the bivariate relationships between children’ s blood-lead concentration and area-weighted household
average floor dust-lead loading. Furthermore, using the Rochester study data, this subsection also
investigates the rel ationships between children’ s blood-lead concentration and mass-weighted average
floor dust-lead concentration, for each of the two vacuum dust collection methods and for carpeted and
uncarpeted floors separately.

Rochester Study

Figure 15-9 contains six plots, each depicting blood-lead concentration versus household
average floor dust-lead loading for a given combination of dust collection method and floor surface type
(carpeted or uncarpeted), as measured in the Rochester study. Figure 15-10 contains four plots, each
presenting blood-lead concentration versus household average floor dust-lead concentration for each
combination of the two vacuum collection methods and the two floor surface types. Each point within
the plotsin Figures 15-9 and 15-10 represents a Sngle housing unit surveyed in the Rochester study.

Asdl plotsin Figure I5-9 cover the same ranges aong their vertica and horizonta axes, it is
possible to see, for example, how average dust-lead loadings are generdly higher when samples are
collected by the BRM than by the DVM, especialy for carpeted surfaces. The plotsin Figure 15-9
show some positive correlation between dust-lead |oadings and blood-lead concentration, but the level
of variability in these relationshipsis high under dl dust collection methods. Little, if any, corrdaionis
observed between dust-lead concentration and blood-lead concentration (Figure 15-10) for either
vacuum method or floor surface type.

For each plot in Figures 15-9 and 15-10, a Pearson correlation coefficient was caculated on the
datain the plot to quantify the extent of linear relationship between log-transformed blood-lead
concentration and log-transformed average floor dust-lead leve, with each average weighted by the
proportion of tota floor sample areain the unit represented by the given surface type. The correlation
coefficients for a particular surface type (carpet, non-carpet) are presented in Table 15-12.
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Table 15-12. Pearson Correlation Coefficients of Log-Transformed Average Dust-Lead
Levels with Log-Transformed Blood-Lead Concentration, as Measured in
the Rochester Study, for Differing Dust Collection Methods and
Measurement Types

Floor Dust-Lead Variable' Correlation with Blood-Lead Concentration

BRM DVM Wipe

Carpeted Uncarpeted | Carpeted | Uncarpeted Carpeted | Uncarpeted
Floors Floors Floors Floors Floors Floors

Area-weighted average dust- 0.339** 0.364** 0.239** 0.152* 0.190* 0.313**

lead loading (179) (191) (181) (194) (179) (193)
Mass-weighted average dust- 0.100 0.086 0.046 -0.037
lead concentration (178) (189) (177) (177)

' Correlation coefficients are calculated on unit-wide area-weighted average dust-lead loadings or mass-weighted dust-
lead concentrations, where averages are taken across all samples in a housing unit of the given surface type (carpet or
non-carpet). The average for a given housing unit is weighted by the proportion of total floor sample area in the unit

represented by carpeted (uncarpeted) surfaces in calculating the correlation coefficient for carpeted (uncarpeted) floors.

** Significant at the 0.01 level.
* Significant at the 0.05 level.

The resultsin Table 15-12 indicate the following:

° None of the correlations between blood-lead concentration and average dust-lead
concentration were sgnificant a the 0.05 leve for either the BRM or DVM or for
either carpeted or uncarpeted surfaces (see the last row of the table).

° Significant correlation was observed at the 0.05 level between blood-lead
concentration and average dust-lead loading for each dust collection method when
sampling from either carpeted or uncarpeted floors. Among carpeted floor data, the
correlation coefficients between dust-lead loading and blood-lead concentration ranged
from 0.190 under wipe methods to 0.339 under the BRM, while for uncarpeted floor
data, these correlation coefficients ranged from 0.152 for the DVM to 0.364 for the
BRM. Only for the DVM was the correlation coefficient larger for carpeted surfaces
than for uncarpeted surfaces.

These results differ dightly from correlation coefficients reported in the Rochester study report (the
Rochester School of Medicine and NCLSH, 1995), primarily due to the form of the dust-lead
parameter (this analysis used alog-transformed weighted arithmetic average of untransformed data,
while the Rochester study report used an untransformed, unwelghted average of log-transformed data).
However, the resultsin Table 15-12 agree with the findings of other studies (see Section 15.1.2 of
USEPA, 19974) that blood-lead concentration correlates more highly with dust-lead loading than
dust-lead concentration; this result was observed for both carpeted and uncarpeted surfaces.
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To further investigate the statistical nature of the bivariate relationships represented in Table 15
12, the regresson modd (1) of Section 14.1.1.1 was fitted to Rochester study data for each of these
ten pairs of parameters. Table 15-13 presents the estimated dope and intercept terms for each model
fit, dong with the sandard errors of each estimate. Significant dope estimatesimply that the predictor
variable is significantly associated with blood-lead concentration.

Reaults from Table I5-13 are as follows:

° For dl but one of the modd fits, the dope estimate was postive, implying increased
blood-lead concentrations associated with increased values of the dust-lead predictor
vaiable. (The negative estimate associated with the remaining modd fit was not
ggnificantly different from zero.)

° At the 0.05 leve, dust-lead loadings were statistically significant predictors of blood-
lead concentration under each dust collection method and for both carpeted and
uncarpeted floors, while dust-lead concentrations were not significant predictors.

° All three dust collection methods, when used to measure dust-lead loading, were
significant predictors of blood-lead concentration. No strong evidence was uncovered
to favor any one over the others based on predictive ability from this andyss.

° Dust-lead levels from carpeted floors did not appear to predict blood-lead
concentration any more or less accurately than did dust-lead levels from uncarpeted
floors.

HUD Grantees Program Evduation

Floor dust samples were collected by ether wipe or DVM vacuum methods in the HUD
Grantees evauation, with the DVM method used only to collect afew carpet-dust samples. Figure 15
11 graphically portrays the three sets of relationships between blood-lead concentration and average
floor dust-lead loading (carpet dust-lead loadings under DVM and under wipe, and uncarpeted floor
wipe dust-lead loadings). Each point within the plots represents a sngle housing unit. While each plot
in Figure 15-11 tends to show a positive relationship between the two endpoints, considerable
variability associated with this relationship is present.

Pearson correlation coefficients were calculated on the data within each plot in Figure I5-11 to
quantify the extend of linear relationship between the log-transformed blood-lead
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Table 15-13. Estimates of Intercept and Slope Parameters (and Their Standard Errors)
Associated With Regression Models Fitted to Rochester Study Data That
Predict Blood-Lead Concentration Based on Average Floor Dust-Lead
Level, for Different Surface Types and Dust Collection Methods

Estimates (Standard Errors)

Floor Surface Dust-Lead Endpoint Baseline
Type (PbD) Intercept (u) (e”; pg/dL) Slope (%)
BRM Loading 1.08 (0.16) 2.95 0.129** (0.027)
DVM Loading 1.66 (0.06) 5.25 0.094** (0.029)
Carpeted surfaces Wipe Loading 1.53 (0.11) 4.61 0.103* (0.040)
BRM Concentration 1.59 (0.16) 4.92 0.042 (0.031)
DVM Concentration 1.71 (0.14) 5.55 0.016 (0.027)
BRM Loading 1.55 (0.08) 4.72 0.111** (0.021)
DVM Loading 1.88 (0.05) 6.56 0.054* (0.025)
Uncarpeted Wipe Loading 1.39 (0.12) 4.03 0.174** (0.038)
surfaces
BRM Concentration 1.73 (0.16) 5.62 0.030 (0.025)
DVM Concentration 1.98 (0.14) 7.24 -0.012 (0.024)

The regression model takes the form log(PbB) = u + "(log(PbD;)) + ,;, or equivalently, PbB;
=explu) x (PbD;)" x expl( .j), where PbB is the blood-lead concentration for the child in the ith housing unit, ,; refers to
the random error associated with the model-based blood-lead concentration for the ith unit, and remaining notation is

specified in the column headings.

total area represented by that surface type.

* Significantly different from zero at the 0.05 level.

** Significantly different from zero at the 0.01 level.
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concentration and log-transformed average floor dust-lead loading. These correlation coefficients are
presented in Table 15-14. Aswas seen with the correlation coefficients caculated on the Rochester
sudy data (Table 15-12), dl three correation coefficients in Table 15-14 were positive and sgnificant at
the 0.05 levd, implying that increased blood-lead concentration was associated with increased dugt-

lead loading for

each floor surface type and dust collection method.

To further investigate the dtatistical nature of the rel ationships between the blood-lead
concentration and the dust-lead loadings documented in Table 15-14, and to take into account grantee
effects on blood-lead concentration, regresson mode (1) in Section 14.1.1.1 was fitted to the data
portrayed in Figure 15-11 each of the three pairs of parameters. Table I5-15 contains the estimated
dope and its standard error for each modd fitting. In particular, this table shows the following:
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Table 15-14. Pearson Correlation Coefficients of Log-Transformed Blood-Lead
Concentration and Log-Transformed Average Dust-Lead Loading as
Measured in the HUD Grantees Program Evaluation, According to Dust
Collection Method and Floor Surface Type

Dust Collection Method Pearson Correlation Coefficients' (Number of Housing Units)
Carpeted Floors Uncarpeted Floors
DVM 0.640** (24) (Not collected)
Wipe 0.308** (226) 0.335** (390)

T Area-weighted average dust-lead loadings are taken across all samples in a housing unit of the given dust collection
method and surface type (carpeted or uncarpeted). The average for a given housing unit is weighted by the proportion
of total sample area in the unit represented by carpeted (uncarpeted) floors for calculating the correlation coefficient
with carpeted (uncarpeted) floors for each dust collection method.

** Significantly different from zero at the 0.01 level.

Table 15-15. Estimates of Slope Parameters (and Their Standard Errors) Associated
With Regression Models Fitted to Data from the HUD Grantees Program
Evaluation That Predict Blood-Lead Concentration Based on Average Floor
Dust-Lead Loading, For Different Surface Types and Dust Collection

Methods
Dust Collection Method Surface Type # of Units Slope (*")" (Std. Error)
Carpeted Floor 226 0.160** (0.048)
Wipe
Uncarpeted Floor 390 0.117** (0.030)
DVM Carpeted Floor 24 0.279** (0.074)
' The regression model takes the form log(PbB;) = (; + ""*log(PbD;) + ,; , where PbB; represents the blood-lead

concentration for the selected child in the ith housing unit within the jth grantee, PbD;; corresponds to the observed
average floor dust-lead loading for the ith housing unit within the jth grantee (for the given dust collection method and
surface type), and ** and (; are parameters representing the slope of the model and the intercept for the jth grantee,
respectively. The residual error left unexplained by the model is denoted by ,;;. Observations entering into the model
are weighted by the proportion of total sample area in the unit represented by carpeted (or uncarpeted) floors for each
dust collection method.

*  Significantly different from zero at the 0.05 level.
**  Significantly different from zero at the 0.01 level.

° The dope for each modd fit was satidticaly sgnificantly pogtive (at the 0.01 levd),
indicating that average dust-lead |oadings were significantly associated with blood-lead
concentration and that high blood-lead concentrations were associated with high dust-
lead loadings. (Similar results were observed in Table 15-13 when the Rochester data
were anayzed, but significance was not always at the 0.01 level.)
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Asin the Rochester study data analysis, there was not strong evidence to favor DVM
over wipe sampling based on predictive ability in thisanalysis. However, there were so
few DVM measurements taken in the HUD Grantees evauation thet it was difficult to
make any conclusions from the available DVM measurement data

Aswas seen in andysis of the Rochester study data, dust-lead levels from carpeted
floors were not found to predict blood-lead concentration any more or less accurately
than do dugt-lead levels from uncarpeted floors.

15.3.2 Determining the Relationship of Average Dust-Lead
Levels Between Sampling Methods

This andyss of Rochester study data, documented in Section 14.3.2, investigated the bivariate
relationship between the following pairs of dust-lead measurements, with each comparison done
separately for carpeted and uncarpeted floors:

Average BRM dust-lead loading versus average DVM dust-lead loading

Average BRM dust-lead concentration versus average DVM dust-lead concentration
Average BRM dust-lead loading versus average wipe dust-lead loading

Average DVM dust-lead loading versus average wipe dust-lead loading

Average BRM dust-lead loading versus average BRM dust-lead concentration
Average DVM dugt-lead loading versus average DVM dust-lead concentration

Datafor these Six pairs of parameters are plotted within Figures 15-12 through 15-14, with
separate plots generated for data from carpeted floors and from uncarpeted floors. Four plots of BRM
versus DVM dust-lead levels (loadings and concentrations) are found in Figure 15-12, four plots of
wipe versus vacuum dust-lead loadings are found in Figure 15-13, and four plots of dust-lead
concentrations versus loadings for vacuum methods are found in Figure 15-14. Each plotted point
corresponds to average results for a Single housing unit in the Rochester study. If dust-lead levels
agreed perfectly among samples of different dust collection methods within a unit, the plotted pointsin
Fgures15-12 and 15-13 would fal dong the solid line representing equdity in these plots.

The plotsin Figures 15-12 through 15-14 indicate the following:

For both uncarpeted and carpeted surfaces in a housing unit, dust-lead loadings were
generdly lower for the DVM than for the BRM (plots A and B of Figure 15-12) or
under the wipe method (plots C and D of Figure 15-13).
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° In Figure 15-13, larger dust-lead loadings for the BRM were observed relative to the
wipe method for carpeted surfaces (plot A) but not for uncarpeted surfaces (plot B).

° In generd, wipe results were less variable than were the BRM and DVM results for
both carpeted and uncarpeted surfaces (Figure 15-13).
The plotsin Figure 15-14 show generdly positive relationships between dust-lead concentrations and
dust-lead loadings among the (vacuum) dust collection methods and surface types.

For carpeted and uncarpeted surfaces separately in the Rochester study, Pearson correlation
coefficients were caculated to observe the extent of alinear reationship in the log-transformed area
weighted average dust-lead loadings (and mass-weighted average dust-lead concentrations) between
different dust collection methods, aswell as the extent of alinear relationship between log-transformed
dust-lead loadings and log-transformed dust-lead concentrations for each dust collection method.
These correlation coefficients are presented in Table 15-16. Note that in calculating a correlation
coefficient on data associated with carpeted floors, each data point was weighted by the proportion of
floor sample areain the housing unit represented by carpeted surfaces for the dust collection method(s)
being considered, while data associated with uncarpeted floors were weighted by the proportion of
floor sample area represented by uncarpeted surfaces.

Table 15-16. Pearson Correlation Coefficients of Log-Transformed Dust-Lead Levels
Measured in the Rochester Study, for Differing Dust Collection Methods
or Measurement Types

Pair of Parameters Considered | Type of Data Considered Pearson Correlation Coefficients'
in the Correlation in the Correlation (Number of Housing Units)
Carpeted Surfaces Uncarpeted Surfaces
D(BRM, DVM) Dust-Lead Loading 0.545** (179) 0.493** (191)
Dust-Lead Concentration 0.549** (175) 0.389** (173)
D(BRM, Wipe) Dust-Lead Loading 0.520** (177) 0.523** (191)
D(DVM, Wipe) Dust-Lead Loading 0.456** (179) 0.463** (193)
D(dust-lead loading, BRM 0.510** (178) 0.551** (189)
dust-lead concentration)
DVM 0.601** (177) 0.623** (177)

T Correlation coefficients are calculated on unit-wide area-weighted average dust-lead loadings or mass-weighted dust-
lead concentrations, where averages are taken across all samples in a housing unit of the given surface type (carpet or
non-carpet). In these calculations, the average for a given housing unit is weighted by the proportion of total sample
area in the unit represented by carpeted (uncarpeted) surfaces in calculating the correlation coefficient for carpeted
(uncarpeted) surfaces.

** Significant at the 0.01 level.
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All corrdation coefficientsin Table 15-16 were significant at the 0.01 levd, regardless of
whether datafor carpeted or uncarpeted floors were being considered. Thus, the extent that linear
relationships are present among the log-transformed dust-leed levels of differing dust collection methods
or between dust-lead |oadings and dust-lead concentrations under a specific vacuum method was
consigtent for both carpeted surfaces and uncarpeted floors. In particular, for carpeted floors, al three
methods were sgnificantly postively correlated.

15.3.3 Investigating the Relationship in Lead Loadings of Side-by-Side
Dust Samples Collected by Different Methods

To determine how the dust-lead loading measurement at a given sampling area differs between
dust collection methods, regresson model (6) of Section 14.3.3 was fitted to the measured dust-lead
loadings for individua samples collected in Rochester study housing units, with samples taken from the
same room assumed to be from adjacent, Sde-by-side areas. The regresson model predicted the
dust-leed loading for a sample taken by a specified dust collection method (method A) as a function of
the dust-lead loading for the adjacent sample taken by another collection method (method B), with
separate mode fits for carpeted floor data and uncarpeted floor data.

Table I5-17 contains the estimated intercept and dope parameters and their standard errors
associated with predicting dust-lead loadings under method A given the dust-lead loadings under
method B. Thistable indicates that, for both carpeted and uncarpeted floors and at the 0.05 leve, the
intercepts were sgnificantly different from zero in dl but two instances, and the dope estimates were
adways sgnificantly different from one. Thus, based on analyss of data from the Rochester studly,
different dust collection methods tended to provide dust samples with quantitetively different lead
loadings, regardless of floor surface type, even when the dust samples were collected from adjacent
locations. The extent of these differences was afunction of the magnitude of the measurements.
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Table 15-17. Estimates of Intercept and Slope Parameters (and Their Standard Errors)
When Fitting Regression Models to Rochester Study Data That Predict
Floor Dust-Lead Loadings Under Dust Collection Method A From
Loadings for an Adjacent Floor Area Collected Using Method B

Floor Surface Type | Dust-Lead Level to Dust-Lead Predictor Estimate (Standard Error)
be Predicted (PbD Variable =
- Method A) (PbD - Method B) Intarcept () Slope (™)
BRM Loading DVM Loading 4.81* (0.10) 0.3471 (0.064)
BRM Loading Wipe Loading 4.52* (0.25) 0.303t (0.100)
DVM Loading Wipe Loading 0.164 (0.244) 0.4441t (0.098)
Carpeted surfaces
DVM Loading BRM Loading -0.585 (0.337) 0.343t (0.063)
Wipe Loading BRM Loading 1.70* (0.237) 0.1331 (0.044)
Wipe Loading DVM Loading 2.16* (0.068) 0.1911 (0.042)
BRM Loading DVM Loading 2.46* (0.091) 0.4541t (0.073)
BRM Loading Wipe Loading 0.870* (0.373) 0.557t1 (0.131)
Uncarpeted DVM Loading Wipe Loading -1.03* (0.338) 0.33571 (0.118)
surfaces DVM Loading BRM Loading -0.965* (0.162) 0.359t (0.058)
Wipe Loading BRM Loading 2.39* (0.099) 0.152t (0.036)
Wipe Loading DVM Loading 2.78* (0.052) 0.1191 (0.042)

The regression model takes the form log(PbDA;) = uy + "(log(PbDB;)) + H; + ,;, where subscript i corresponds to the
ith housing unit, subscript j corresponds to the jth room within a housing unit, H; refers to the random effect associated
with the ith housing unit, ,; refers to the random effect representing within-unit variability and other random error, and
remaining notation is specified in the column headings.

* Significantly different from zero at the 0.05 level (indicating results for one method are consistently higher or lower
than results for the other method).

t Significantly different from one at the 0.05 level (indicating the magnitude of differences between the two methods
is a function of the value of the predictor variable).
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APPENDIX 12
DESCRIPTIVE SUMMARIES OF DATA ENDPOINT VALUES
UTILIZED IN THE CARPET DUST-LEAD DATA ANALYSIS OF APPENDIX |

In this appendix, data vaues for variables considered in the satistical anadyses of Appendix |
are summarized across housing units to provide important information when interpreting results of these
andyses. Descriptive gatigtics such as the sample size (i.e., numbers of housing units), arithmetic and
geometric means, Sandard deviation, geometric standard deviation, minimum, maximum, and selected
percentiles were caculated for selected endpoints from each study. Descriptive statistics on dust-lead
variables were ca culated within the data categories noted in Table 13-1 of Section 13 (Appendix 1).
The percentage of floor-dust samples collected from carpeted floors within a housing unit was
summarized across units to determine the extent to which dust-lead data from carpeted surfaces were
available for these units. When summarizing blood-lead concentration data, the percentage of children
with blood-lead concentrations at or above a specified threshold (10, 15, or 20 pg/dL) was dso
summarized.

Note that the summaries presented in this gopendix may differ from amilar summaries
presented in previoudy-published documents on these studies. Thisis due to differences in the subsets
of dataincluded in the anadlysis and in any transformations and summary caculations performed on the
data prior to andysis.

While the descriptive statistics were caculated across al surveyed housing units in each study,
they were dso caculated by grantee and by categories denoting the year in which the housing units
were built (pre-1940, 1940-1959, 1960-1977, post-1977) for the HUD Grantees evaluation. Asthe
specified year in which a housing unit was built may be unrdigble in the Rochester study, summaries of
Rochester study data (and any subsequent analyses of these data) did not consider age of housing unit.

ROCHESTER LEAD-IN-DUST STUDY

Arearweighted average floor dust-lead loadings and mass-weighted average floor dust-lead
concentrations for the 205 housing unitsin the Rochester study are summarized in Tables 12-1 and
12-2, respectively, according to surface type (carpeted and uncarpeted floors) and dust
collection method. Asseenin thesetables, not dl units had dust-lead data available for a given dust
collection method. The following conclusons can be made from these two tables:

° While carpeted floors had a substantialy higher geometric mean average dust-lead
loading relative to uncarpeted floors under the BRM (255 ug/ft? versus 17.5 pg/ft?), this
disparity was considerably less for the DVM (4.51 pg/ft? versus 1.28 ug/ft?). In
contragt, little, if any, difference between carpeted and uncarpeted floors was seen in
the geometric mean under the wipe (12.5 pg/ft? for carpeted floors versus 18.0 pg/ft?
for uncarpeted floors).
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Table 12-1. Summary Statistics of Area-Weighted Average Floor Dust-Lead Loadings
(ug/ft2) Across Housing Units in the Rochester Study, According to Type
of Surface and Dust Collection Method

Method | # Units Arithmetic Geometric Minimum 25th Median 75th Maximum
Mean Mean Percentile Percentile
(Std. Dev.) (Geometric
Std. Dev.)
Carpeted Floors
BRM 179 1210 255 (4.95) 8.27 82.7 266 627 47300
(4470)

DVM 181 33.2 (212) 4.51 (4.81) 0.0500 1.90 4.18 9.18 2680
Wipe 179 141 (1340) 12.5 (3.09) 0.810 8.35 13. 19.1 17300
Uncarpeted Floors
BRM 191 530 (56370) 17.5 (7.91) | 0.0800 5.00 13.1 45.3 74100
DVM 194 10.6 (55.7) 1.28 (6.45) | 0.0500 0.250 1.90 4.34 690
Wipe 193 134 (1310) 18.0 (3.12) 0.640 10.1 17.0 28.1 18100

Table 12-2. Summary Statistics of Mass-Weighted Average Floor Dust-Lead
Concentrations (ug/g) Across Housing Units in the Rochester Study,
According to Type of Surface and Dust Collection Method

Method | # Units | Arithmetic Geometric Minimum 25th Median 75th Maximum
Mean Mean Percentile Percentile
(Std. Dev.) (Geometric
Std. Dev.)
Carpeted Floors
BRM 178 500. (3040) 131 (4.81) 1.00 72.0 163 3563 40600
DVM 177 1290 148 (5.73) 1.00 78.2 164 381 119000
(9320)
Uncarpeted Floors
BRM 189 2310 394 (6.44) 1.76 157 406 1200 92000
(8800)
DVM 177 1240 208 (7.61) 1.00 49.6 318 747 35800
(3890)
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° For carpeted floors, the geometric mean dust-lead loading for samples collected by the
BRM was an order of magnitude higher than under the DVM and wipe methods. This
result was not observed for uncarpeted floors. The geometric mean dust-lead |oading
using the DVM was dightly lower than for the wipe method for both surface types.

° Little difference was observed in geometric mean floor dust-lead concentrations
between the BRM and DVM samplers.

° For both dust-lead loadings and concentrations, the arithmetic mean is considerably
larger than the geometric mean and the 75th percentile, indicating skewness in the data
digtribution. Thisis evidence of the need to take atransformation of the data, such asa
logarithmic transformation, prior to andyss.

Higher dust-lead loadings associated with the BRM on carpeted surfacesis primarily due to its high
sampling velocity which removes a grester amount of the tota dust (and lead) in the carpet relative to
the DVM and the wipe, which tend to remove only surface dust.

Messured dust-lead |oadings on carpeted floors can be affected by the height of the carpet pile,
as dust can be more difficult to sample from high-piled carpet. Therefore, it would be of interest to
summarize carpet dust-lead |oadings according to high-piled carpet versus low-piled carpet within a
housing unit. However, only 9% of the 1,263 carpet-dust samples collected in the Rochester study
were from high-piled carpet. Of the 181 housing unitsin the Rochester study with carpet-dust sample
results, 20 units had at least one dust sample taken from high-piled carpet and at least one from low-
piled carpet. Of these units, only two units had more than one dust sample taken from high-piled carpet
(both had two such samples collected). Therefore, alack of data precluded a summary of carpet dust-
lead measurements by carpet height.

Most of the carpet-dust samplesin the Rochester study were collected from carpets rated as
being in average or good condition. Only 33 of the 181 housing units with carpet-dust sample results
had at least one such sample collected from a carpet in poor condition, with 15 of these units having al
carpet-dust samples (up to three such samples per unit) taken from carpetsin poor condition.

Area-weighted average dust-lead loadings on window sills were used as predictor variables for
blood-lead concentration in the regression modeling analyses. Table 12-3 presents summaries of these
endpoints by dust collection method. Although not used in the satistica analyses, area-weighted
average dust-lead loadings on window wells and mass-weighted average dust-lead concentrations on
window glIs and window wells are dso summarized in thistable. These summariesindicate the
following:

° Lead levels on window components tend to be very high in both studies (especidly for
window wells and when using BRM or wipe collection techniques)
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Table 12-3. Summary Statistics of Weighted Average Dust-Lead Levels for Window
Sills and Window Wells Across Housing Units in the Rochester Study,
According to Dust Collection Method'
Method # Arithmetic Mean Geometric Minimum 25th Median 75th Maximum
Units (Std. Dev.) Mean Percentile Percentile
(Geometric
Std. Dev.)
Window Sill Dust-Lead Loadings (ug/ft?)
BRM 196 | 4750 (14100) 362 (10.4) 0.680 60.9 266 1610 11800
DVM 198 255 (1510) 27.1 (7.16) 0.266 9.06 32.5 80.5 20000
Wipe 196 586 (1460) 202 (3.97) 2.83 82.3 189 434 14900
Window Sill Dust-Lead Concentrations (yg/g)

BRM 193 | 16800 (43500) | 2960 (8.70) 3.15 1030 3200 13600 448000
DVM 192 3490 (9840) 722 (7.23) 0.750 222 941 2810 97800
Window Well Dust-Lead Loadings (ug/ft?)

BRM 188 243000 22700 (21.7) 6.86 1820 49800 | 285000 |[3030000

(456000)

DVM 190 | 6110 (24600) 612 (11.9) 0.210 128 676 4450 303000
Wipe 189 | 39200 (93000) | 4520 (10.7) 28.5 739 4810 25500 641000
Window Well Dust-Lead Concentrations (ug/g)

BRM 186 | 35000 (43600) | 8710 (10.8) 5.15 2140 19600 50400 207000
DVM 189 | 10500 (32300) | 2230 (8.36) 0.00 550 3010 9860 41300

" In calculating weighted averages for each housing unit, loadings are weighted by area of sample, and concentrations
are weighted by mass of sample.

A logarithmic transformation should be gpplied to these data prior to their incluson in
any daidicd anayses.

Table 12-4 presents data summaries for other continuous endpoints used in Satistical analyses, such as
average soil-lead concentration and the percentage of floor-dust sample area consisting of carpet.
Although not used in the satistical andysis presented in Section |5, data on the 75th percentile of XRF
measurements in ahousing unit are dso summarized in Table 12-4. Table [2-5 provides additiond
information on the percentage of floor-dust samplesin a unit taken from carpet. These two tables
indicate the following:
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Table 12-4. Summary Statistics for Continuous Endpoints Other Than Dust-Lead
Measurements, Across Housing Units in the Rochester Study
Arithmetic Geometric
Endpoint # Mean Mean . Minimum 25th. Median 75th. Maximum
Units (Std. Dev.) (Geometric Percentile Percentile
- Dev. Std. Dev.)
% of Floor
Sample Area 204 | 51.1 (26.8) -- 0] 33.3 50 75 100
from Carpet’
% of Carpeted
Floor Sample
Area from High- 181 9.6 (24.8) -- 0] 0 0 0 100
Pile Carpet’
Soil-lead
concentration | 444 11120 (1360) | 622 (3.36) | 12.3 380. 751 1330 | 10700
(fine fraction)
(ug/g)
75th percentile
of interior XRF 1 504 | 1.88 (5.10) - 0 0 0 1.35 28.4
measurements
(mg/cm?)?
75th percentile
of exterior XRF | 504 | 4.74 (8.04) - 0 0 0 8.50 | 350
measurements
(mg/cm?)?
Blood-lead
concentration 204 | 7.70 (5.14) |6.37 (1.85) 1.40 4.20 6.10 9.70 31.7
(ug/dL)
Age of Child {5, 14 74 (0.44) -- 1.01 1.35 1.69 2.13 2.62
(years)
Cleaning 204 | 0.73 (0.16) - 0.25 0.625 0.75 | 0.8125 1
Frequency
Mouthing - 555 | 0.19 (0.14) -- 0 0.0625 | 0.1875 | 0.25 0.75
Behavior

' Calculated without regard to dust collection method.

2 XRF measurements less than 1.0 mg/cm? or corresponding to surfaces with intact paint were set to zero prior to

determining this value.

For this reason, geometric means were not calculated for this endpoint. The value of the

interior measurement endpoint was zero for 72% of the units, while the value of the exterior measurement endpoint
was zero for 61% of the units.

3 One-sixteenth of the sum of the values assigned to the four variables denoting a child’s frequency of putting mouth on
window sill, pacifier in mouth, soil in mouth, or thumb in mouth. Each of these four variables have possible values of
0 (never), 1 (rarely), 2 (sometimes), 3 (often), or 4 (always).
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Table 12-5. Numbers (and Percentages) of Housing Units in the Rochester Study
With Specified Values for the Percentage of Total Sampled Floor Area
from Carpet and the Percentage of Total Sampled Carpeted Floor Area
from High-Pile Carpet

Percent of Total Sampled Floor Area Taken from Carpet
0, 0,
# .of1 Betwaene; 0% Between Betw:e]r; 50% Between
ATl . . 25% . . 75% .
0% (Including) d 50% 50% (Including) d 100% 100%
25% an (] 75% an (]
204 23 27 9 62 61 12 10
(11.3%) (13.2%) (4.4%) (30.4%) (29.9%) (5.9%) (4.9%)
Percent of Total Carpeted Floor Area Taken from High-Pile Carpet
o) 0,
# .of Between 0% Between Between 50% Between
Units’ and 25% and 75%
0% (Including) G 50% (Including) & 100%
259% and 50% 75% and 100%
181 153 2 2 14 2 0 8
(84.5%) (1.1%) (1.1%) (7.7%) (1.1%) (0%) (4.4%)

T Numbers of housing units having data for the given sample type.

The observed digtribution of average soil-lead concentration indicates that this varigble
should be log-transformed prior to inclusion in any datistical andyses.

For both interior and exterior painted surfaces, over hdf of the housing units had at least
75 percent of its XRF paint measurements either 1) below 1.0 mg/cn? or 2) taken from
asurface with intact paint.

Housing units, on average, had 51% of its floor-dust samples taken from carpet
(without regard to dust collection method), with the mgority of housing units having
from 50-75% of floor-dust samples taken from carpeted surfaces.

As approximately 84% of the 181 units with carpet-dust sampling had no samples
taken from high-pile carpets, carpet height provides little discerning informetion for
datistical andysis and was therefore not consdered in further analyses.

Lead-based paint hazard score, defined in Table 13-2 of Section 13, was used in the Satistical
andyses to indicate the extent to which deteriorated lead-based paint is present in a housing unit and
that the monitored child in the unit exhibits pica tendencies. For the Rochester study, 188 housing units
(92%) had alead-based paint hazard score of 0, indicating that no deteriorated lead-based paint was
present, or that the resdent child exhibits no picatendencies. Of the remaining 16 housing units, only
five achieved the highest score of 2, indicating the presence of deteriorated |ead-based paint and the
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resident child exhibits pica tendencies at least sometimes. Therefore, this score would not provide
much predictive power in determining blood-lead concentration in a child.

The geometric mean blood-lead concentration data for 204 children in the Rochester study was
6.37 pg/dL (Table 12-4). Further investigation shows that 48 (23.5%) of the children had a blood-lead
concentration at or above 10 pg/dL, while 16 (7.8%) were at or above 15 pg/dL, and 6 (2.9%) were
at or above 20 pug/dL.

HUD GRANTEES PROGRAM EVALUATION

A totd of 395 housing units across 13 grantees had data for both blood-lead concentration and
floor dust-lead loading in the September 1997 database. All but three of these units were built prior to
1960, with 353 (89%) built prior to 1940 and 39 (10%) built from 1940-1959. Only one housing unit
was built after 1977. The large number of older housing units reduces the usefulness of the year built
categorization in predicting blood-lead concentretion.

Table 12-6a summarizes area-weighted arithmetic average of (untransformed) floor dust-lead
loadings according to surface type (carpeted and uncarpeted floors) and dust collection method (wipe,
DVM). Tables12-6b and 12-6¢ contain the same summary Statistics as Table 12-6a, but presented by
year in which the housing unit was built and grantee, respectively. Results from these three tables are as
follows

° The geometric mean wipe dust-leed |oading across units was somewhat higher for
uncarpeted floors (32.4 pg/ft? across 390 units) than for carpeted floors (17.1 pg/ft?
across 226 units). For carpeted floors, the geometric mean DVM dust-lead loading in
24 units (9.43 pg/ft?) averaged lower than the average wipe dust-lead loading in 226
units (17.1 pg/ft?). These trends were similar to those seen in the Rochester data
summary in Table 12-1.

° The grantees differ in the percentage of housing units having dl floor dust-leed loading
measurements reported at a constant value, suspected to be the detection limit divided
by the square root of two. This percentage is as high as 85% for 20 Batimore
samples. This congtant vaue aso differs among the grantees.

° Arithmetic means are larger than the geometric means and medians, indicating right
skewnessin the data digtribution. This finding, dong with additiona data investigation,
led to the conclusion that alogarithmic transformation would be made to these data
prior to each Satistica analyss. The same conclusion was made for the Rochester
study based on resultsin Table [2-1.
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Table 12-6a. Summary Statistics of Area-Weighted Average Floor Dust-Lead Loadings
(ug/ft?) Across Housing Units in the HUD Grantees Program Evaluation,
According to Type of Surface and Dust Collection Method
Area-Weighted Average Floor Dust-Lead Loadings (pg/ft?)
COﬁ::ttion lfnﬁfs Arithmetic Gen;:;mc - 25th : 75th .
Method (St'(\jll.eaDr;v.) (Geometric L5 [ T Percentile e Percentile L5 BRI
Std. Dev.)
Carpeted Floors
Wipe 226 |62.7 (341.7) | 17.1 (3.2) 1.06 10.0 15.9 25.0 4764.
DVM 24 40.3 (77.9) |9.43(6.18) | 0.707 1.94 10.2 31.0 350.
Uncarpeted Floors’
wipe | 390 [93.1(249.1)| 32.4(3.6) | 0.511 141 | 257 | 665 2600.

1

Only wipe dust samples were collected from uncarpeted floors.

Table 12-6b. Summary Statistics of Area-Weighted Average Floor Dust-Lead Loadings
(ug/ft?) Across Housing Units in the HUD Grantees Program Evaluation,
According to Type of Surface, Dust Collection Method, and Age of

Housing Unit
Area-Weighted Average Floor Dust-Lead Loadings (ug/ft?)
Year that the | # of | Acithmetic | G€ometric
Unit was Built | Units Mean UZET Minimum i Median e Maximum
(Std. Dev.) (Geometric Percentile Percentile
’ ’ Std. Dev.)
Carpeted Wipe
Prior to 1940 | 216 |65.2 (349.4)|17.7 (3.3) 1.06 11.8 17.6 26.5 4764.
8.61
1940 - 1959 9 9.91 (5.34) (1.78) 3.54 5.01 9.00 13.6 17.7
1960 - 1979 1 6.77 (-) 6.77 (-) 6.77 6.77 6.77 6.77 6.77
Carpeted DVM
Prior to 1940 | 15 62.1 (92.7) 120.9 (5.7) | 0.707 9.49 24.0 98.0 350.
1940 - 1959 9 4.09 (4.89) (5.3(5)) 0.707 1.41 2.28 5.00 16.0
Uncarpeted Wipe
Prior to 1940 | 349 |98.5 (261.3)|34.0(3.6) | 0.511 16.0 26.7 72.0 2600.
1940 - 1959 | 38 38.7 (57.9) 120.4 (2.9) 3.54 11.3 17.7 34.0 293.
1960 - 1979 2 16.9 (8.6) |156.7 (1.7) 10.8 10.8 16.9 22.9 22.9
After 1977 1 440. (-) 440. (-) 440. 440. 440. 440. 440.
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Table 12-6¢c. Summary Statistics of Area-Weighted Average Floor Dust-Lead
Loadings (vg/ft?) Across Housing Units in the HUD Grantees Program
Evaluation, According to Type of Surface, Dust Collection Method,
and Grantee

Grantee # of Area-Weighted Average Floor Dust-Lead Loadings (ug/ft?)
Units ['h rithmetic | Geometric | Mini- 25th |Median | 75th | Maxi- | Mode
Mean Mean mum | Percentile Percentile | mum (% of
(Std. (Geometric Units)
Dev.) | Std. Dev.)
Carpeted Wipe
Baltimore 20 21.1 19.9 17.7 17.7 17.7 17.7 58.0 17.7
(9.9) (1.4) (85.0%)
Boston 14 18.7 12.5 4.51 5.00 10.8 21.2 78.0 5.00
(20.0) (2.5) (28.6%)
California 10 11.8 7.70 3.54 3.54 5.00 13.6 46.8 3.54
(13.8) (2.44) (30.0%)
Cleveland 40 192. 26.8 3.54 10.5 18.6 67.2 |4764.| 141
(758.) (5.2) (20.0%)
Massachusetts 25 45.6 14.8 1.06 6.30 12.5 40.0 481. 1.06
(97.2) (4.5) (8.0%)
Minnesota 70 21.3 18.2 14.1 14.1 14.1 17.7 153. 14.1
(20.5) (1.6) (561.4%)
Rhode Island 15 57.9 22.4 5.08 5.66 17.0 47.5 291. 5.66
(88.5) (4.0) (20.0%)
Wisconsin 5 8.51 6.99 3.54 3.54 6.20 14.4 14.9 --
(5.71) (2.04)
Milwaukee 2 6.63 6.43 5.00 5.00 6.63 8.27 8.27 -
(2.31) (1.43)
Chicago 7 16.7 11.3 5.30 5.30 8.50 22.2 57.0 5.30
(18.8) (2.4) (28.6%)
New York City | 12 22.7 7.61 1.50 2.25 3.39 37.4 118. 1.50
(35.0) (4.73) (8.3%)
Vermont 6 295. 45.5 20.5 20.5 21.2 28.1 1660. | 20.5
(669.) (5.9) (33.3%)
Carpeted DVM
Alameda 15 45.7 5.92 0.707 1.41 2.28 24.0 350. | 0.707
County (96.5) (7.89) (13.3%)
California 3 9.22 8.11 5.00 5.00 6.67 16.0 16.0 -
(5.93) (1.83)
Cleveland 2 56.1 37.2 14.1 14.1 56.1 98.0 98.0 -
(59.3) (3.9)

Carpeted DVM (cont.)
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Table 12-6¢.

(cont.)

Grantee # of Area-Weighted Average Floor Dust-Lead Loadings (pg/ft?)
Units [ A rithmetic | Geometric | Mini- 25th  |Median | 75th | Maxi- | Mode
Mean Mean mum | Percentile Percentile | mum (% of
(Std. (Geometric Units)
Dev.) Std. Dev.)
Minnesota 3 35.1 28.4 14.1 14.1 24.1 67.0 67.0 --
(28.1) (2.2)
New York City 1 38.0 (-) 38.0 (-) 38.0 38.0 38.0 38.0 38.0 --
Uncarpeted Wipe
Alameda 31 50.6 15.9 3.54 7.07 10.3 28.5 640. 7.07
County (123.0) (3.7) (19.4%)
Baltimore 48 58.5 32.6 17.7 17.7 19.6 41.0 545, 17.7
(100.2) (2.4) (50.0%)
Boston 30 137. 44 1 5.83 20.0 29.4 90.4 2045. 17.7
(376.) (3.5) (13.3%)
California 17 16.9 10.8 3.54 5.00 10.2 20.2 84.4 5.00
(20.1) (2.5) (23.5%)
Cleveland 46 200. 70.4 3.54 26.1 64.7 165. 1864. 14.1
(372.) (4.4) (6.52%)
Massachusetts 32 166. 37.6 4.50 10.6 33.6 103. 2600. 4.50
(470.) (4.9) (3.1%)
Minnesota 94 74.8 33.0 14.1 16.1 24.1 53.5 1831. 14.1
(210.5) (2.7) (24.5%)
Rhode Island 29 72.7 37.0 5.66 16.4 40.3 72.2 440. 5.66
(101.6) (3.2) (10.3%)
Wisconsin 5 103. 40.6 3.54 7.90 116. 134. 255, --
(104.) (6.7)
Milwaukee 2 11.4 10.4 6.77 6.77 11.4 16.0 16.0 --
(6.5) (1.8)
Chicago 19 37.1 22.1 6.29 10.9 19.0 39.8 252. 6.28
(565.6) (2.5) (5.3%)
New York City 27 32.4 16.8 0.511 6.46 25.1 45.1 158. 0.511
(36.0) (3.7) (3.7%)
Vermont 10 178. 100. 20.5 21.2 133. 300. 448, 21.2
(168.) (4.) (20.0%)

1
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The HUD Grantees program evauation did not record information on the type of carpet (e.g.,
high-piled versus low-piled) but did report on the condition of sampled surfaces. Of the 585 dust
samples that were collected from carpets by wipe methods and that had lead |oading data, only 34
came from carpets reported to be in poor condition.

Table 12-7 presents data summaries for other environmental and demographic variables, some
of which were included in the gatistical andyses due to their likelihood of being associated with blood-
lead concentration. These variables include area-weighted average window sl and window well dust-
lead loadings, average soil-lead concentration (over dripline and play areasin the yard), 75th percentile
of XRF paint-lead measurements (Section A.1), age of child at blood collection, household annual
income, and child’s mouthing behavior. Resultsin this table are the following:

° The geometric means (across housing units) of average dust-lead loadings on window
dlls and window wells and average soil-leed concentration were sSmilar to or dightly
higher than those in the Rochester study (Tables 12-3 and 12-4).

° As s0il sampling was optiond in this program, only 77 of the 395 housing units had soil-
lead concentration data reported at both the dripline and play areas. Thus, attempting
to control for effects of soil-lead concentration in the statistical andysesresultsin a
substantid reduction in the available numbers of housing units with sufficient deta.

° Age of the children at blood collection ranged from 7 months to 8 years, with an
average (and median) of gpproximatdy three years. Thus, gpproximately haf of the
blood-lead concentration data are for children older than 1-2 years, which was the
population of interest in the 8403 risk andysis.

Lead-based paint hazard score, as defined in Table 13-2 of Section 13, indicates the extent to
which deteriorated |ead-based paint was present in a housing unit and that the monitored child placed
non-food objectsin his’her mouth. In the HUD Grantees program evauation, nearly 60% of the
housing units had the highest possible score of 2, indicating that deteriorated |ead-based paint was
present in the unit, and the monitored child put non-food objects in hisher mouth severd times per day
or more. In contrast, only 25% of the housing units had the lowest score of zero, indicating that either
no deteriorated |lead-based paint was present or the monitored child did not place non-food objectsin
his’her mouth. Thisisin contrast to the Rochester study, where 92% of housing units had a score of
zero. Asinthe Rochester study, the lead-based paint hazard score was used in the analyses rather than
adirect measure of lead levelsin paint.

Blood-lead concentration data are summarized in Table 12-8 according to year in which the
housing unit was built, grantee, and ownership status, aswell as across dl units. Among grantees,
geometric mean blood-lead concentration was highest for Cleveland (13.9 pg/dL), and lowest for
Cdifornia (3.14 pg/dL). Thisdisparity is primarily due to the different criteria that each grantee used to
sdlect housing units. To further illustrate differences in blood-lead
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Table 12-7. Summary Statistics of Area-Weighted Average Window Sill and Window
Well Dust-Lead Loadings (ug/ft?), Average Soil-lead Concentration (ug/g),
75th Percentile of XRF Paint Measurements (mg/cm?), Age of Child,
Annual Household Income, and Mouthing Behavior for Housing Units and
Children in the HUD Grantees Program Evaluation

Arithmeti Geometric
# of | "Mhmetic Mean - 25th i 75th _
. . Mean . Minimum . Median . Maximum
Endpoint Units (Geometric Percentile Percentile
(Std. Dev.)
Std. Dev.)
Window Sill
Dust-Lead | 394 (%gg') 3(;4)' 7.85 93.2 352. | 1168. | 78400.
Loading (ug/ft?) ’ '
Window Well 26100
Dust-Lead 354 " 14690. (10.) 4.95 805. 6300. 31950. ]1621000.
. 2 (49000.)
Loading (ug/ft?)
Soil-Lead
Concentration | 77 | 1690 979. 39.5 534. 1085. | 1930. | 1264s.
1 (2000.) (3.)
(ug/g)
75th Percentile
of Interior 279
Paint XRF 379 ’ -- 0.0 0.0 0.0 3.60 26.0
(4.91)
Measurements
(mg/cm?)?
75th Percentile
of Exterior 920
Paint XRF 202 ’ -- 0.0 2.60 8.13 10.8 56.9
(9.44)
Measurements
(mg/cm?)?
Age of Child at
Blood 3.14
Collection 395 (1.51) -- 0.61 1.81 2.89 4.40 8.41
(years)
Annual 18800
Household 393 ’ -- 0.0 8814. 16000. 24000. ]112500.
(14400.)
Income ($)
Mouthing 0.58
Behavior? 395 (0.39) - 0.0 0.25 0.50 1 1

' Average of dripline and play area soil-lead concentration.

2 75th percentile of XRF paint-lead measurements in each unit, with XRF measurement for a given surface reset to
zero when the measurement is less than 1.0 mg/cm?, or the measurement is greater than or equal to 1.0 mg/cm? but
the paint on the surface was considered intact.

3 One-fourth of the sum of values assigned to the two variables denoting the frequency of the child putting fingers in
mouth and toys/other objects in mouth. Both variables have possible values of O (never or less than once per week), 1
(several times per week), or 2 (several times a day or more).
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Table 12-8. Summary Statistics of Blood-Lead Concentration (yzg/dL) Across Housing
Units in the HUD Grantees Program Evaluation, by Age of Housing Unit,
Grantee, and Ownership Status’
Blood-Lead Concentration (ug/dL)
. . Geometric
lf"(i)tfs Anl\tllhen;:tlc D i Minimum 25th_ Median 75th_ Maximum
(Std. Dev.) (Geometric Percentile Percentile
Std. Dev.)
All Units 395 ] 10.3 (7.8) 7.76 (2.23) 0.707 4.00 8.00 15.0 53.0
By Year in Which the Unit Was Built
Prior to 1940 | 353 |10.6 (7.90) | 7.97 (2.21) 0.707 4.50 8.00 15.0 53.0
1940 - 1959 | 39 |7.91 (6.00) | 5.87 (2.27) 1.41 3.54 6.00 12.0 26.0
1960-1977| 2 [15.0(12.7) | 12.0 (2.67) 6.00 6.00 15.0 24.0 24.0
After 1977 | 1 11.0 (-) 11.0 (-) 11.0 11.0 11.0 11.0 11.0
By Grantee
@f)umniia 31 [5.97 (5.50) | 4.35 (2.20) 1.41 3.00 4.50 5.90 24.8
Baltimore 48 ]9.65 (6.26) | 7.88 (1.94) 2.00 5.50 7.00 14.0 29.0
Boston 30 |9.99 (5.72) | 8.48 (1.81) 3.00 6.00 8.50 14.0 24.0
California 18 14.09 (3.29) | 3.14 (2.08) 1.41 1.41 3.25 6.00 12.8
Cleveland 47 116.7 (9.99) 13.9 (1.9) 3.00 10.0 14.0 23.0 53.0
ac“::::t'ts 33 9.96 (6.22) | 8.17 (1.92) 3.00 4.00 9.00 16.0 27.0
Minnesota 94 11.0 (8.7) 7.72 (2.52) 0.707 4.00 8.00 15.0 37.0
Rhode Island | 30 | 11.4 (7.2) | 9.21 (2.04) 2.00 6.00 10.0 17.0 29.0
Wisconsin 5 18.681(4.97)] 7.72(1.70) 4.00 6.00 8.00 8.40 17.0
Milwaukee 2 16.50(0.71) | 6.48 (1.12) 6.00 6.00 6.50 7.00 7.00
Chicago 19 12.0 (6.4) 10.5 (1.7) 3.00 8.00 11.0 14.0 28.0
Ne‘(’:”ittlork 27 |5.37(3.39) | 4.77(1.57) | 2.00 4.00 5.00 | 5.00 19.0
Vermont 11 | 12.8 (4.4) 12.1 (1.5) 6.00 10.0 13.0 16.0 20.0
By Ownership Status
Rent 193 | 10.7 (7.5) | 8.30 (2.09) 1.00 4.90 9.00 15.2 37.0
Own 202 | 10.0 (8.0) 7.27 (2.35) 0.707 4.00 8.00 14.0 53.0

" Blood-lead data for only one child per housing unit were selected (see Section 3.2).
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concentrations across grantees, Table 12-9 summarizes the frequency counts of children with blood-
lead concentration at or above 10, 15, and 20 pg/dL according to grantee. For example, 79% of the
47 sampled children in Cleveland had blood-lead concentrations at or above 10 pg/dL, compared to a
program-wide percentage of 44%.

Table 12-10 summarizes the percentage of total sampled floor area from carpeted surfaces
under wipe collection methods by presenting numbers of units within specified ranges of percentages.
Table12-11 contains additiona descriptive statistics on the percentage of total sampled floor areafrom
carpeted samples. Information obtained from these two tables includes the following:

° A tota of 169 of the 395 units did not sample from carpeted floors, while only 5 units
sampled from exclusively carpeted floors.

° Carpet sampling was more prevalent for units built prior to 1940 (compared to units
built from 1940 - 1959) and for the Cleveland grantee.

° On average, about 29% of floor areas sampled using wipes were carpeted across the
395 housing units.

Therefore, in generd, the HUD Grantees program eva uation had fewer occurrences of floor-dust
samples taken from carpeted surfaces compared to the Rochester study (Tables 12-4 and 12-5). In this
andyss, percentage of floor-dust sampling from carpeted surfaces was used as a surrogate for the
percentage of carpeting in a housing unit.

1-87



Table 12-9. Frequency Counts of Children in the HUD Grantees Program Evaluation
with Blood-Lead Concentration Greater than or Equal to 10, 15 and 20
ug/dL, by Grantee and Across All Grantees'

Grantee Number of Children % of Children
$10 pg/dL | $ 15 pg/dL | $ 20 pg/dL | $ 10 pg/dL $ 15 pg/dL | $ 20 pg/dL

Alameda County 6 4 1 19.4% 12.9% 3.2%
Baltimore 19 10 3 39.6% 20.8% 6.3%
Boston 13 7 2 43.3% 23.3% 6.7%
California 2 0] 0 11.1% 0.0% 0.0%
Cleveland 37 23 15 78.7% 48.9% 31.9%
Massachusetts 15 10 2 45.5% 30.3% 6.1%
Minnesota 42 27 19 44.7% 28.7% 20.2%
Rhode Island 17 8 5 56.7% 26.7% 16.7%
Wisconsin 1 1 0 20.0% 20.0% 0.0%
Chicago 11 3 3 57.9% 15.8% 15.8%
New York City 2 1 0 7.4% 3.7% 0.0%
Vermont 9 5 1 81.8% 45.5% 9.1%
All Grantees 174 99 51 44.1% 25.1% 12.9%

T The frequency counts were based on 395 housing units (one child per housing unit). Total numbers of housing units
within each grantee are found in Table 12-6.

Table 12-10. Percentage of Total Sampled Floor Area from Carpeted Surfaces under
Wipe Collection Techniques for Housing Units in the HUD Grantees
Program Evaluation, by Age of Housing Unit and by Grantee

Frequency Count of Percentage of Total Wipe Sampled Floor Area
From Carpeted Surfaces (% of Total Units)
Between 0% Between Between Between
# C_'f and 25% 50% and 75%
Units 0% (Including) | - 5‘(’)0/ 50% (Including) | _ 1(;’00/ 100%
25% ? 75% ?
. 169 68 36 32 57 28 5
All
Units 1395 1 1o 89%) | (17.2%) 9.1%) | 8.1%) | (14.4%) | (7.1%) |(1.3%)
By Year in Which the Unit Was Built
. 137 66 34 30 54 28 4
Prior to 1940 | 353 | 38 8%) | (18.7%) (9.6%) | (8.5%) | (15.3%) (7.9%) | (1.1%)
30 2 2 1 3 0 1
1940 - 1
4019591 39 | 76.9%) | 51w | 5% | 6% | 7% | 0w [2.6%)
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Table 12-10.

(cont.)

Frequency Count of Percentage of Total Wipe Sampled Floor Area

From Carpeted Surfaces (% of Total Units)

Between 0% Between Between Between
Units 0% (Including) | - 5‘(’)7 50% (Including) |_ % (;ov 100%
25% ? 75% °
By Year in Which the Unit Was Built (cont.)
1 0 0 1 0 0 0
1960-1977 1 2 | (50.0%) (0%) 0% | (50.0%) | ©0%) (0%) (0%)
1 0 0 0 0 0 0
After 1977 11 I (100%) (0%) (0%) (0%) (0%) (0%) (0%)
By Grantee
Alameda 31 31 0 0 0 0 0 0
County (100%) (0%) (0%) (0%) (0%) (0%) (0%)
Bt as 28 3 2 7 7 1 0
attimore (58.3%) (6.3%) 4.2%) | (14.6%) | (14.6%) (2.1%) | (0%)
Boston 20 16 7 1 2 4 0 0
(63.3%) | (23.3%) 3.3%) | 6.7%) | (13.3%) (0%) (0%)
California 18 8 4 2 ! 2 0 1
44.4%) | (22.2%) (11.1%) | (5.6%) | (11.1%) (0%) | (5.6%)
Cl land a7 7 7 3 6 6 17 1
evelan (14.9%) (14.9%) 6.4%) | (12.8%) | (12.8%) (36.2%) | (2.1%)
Mass- 33 8 11 9 0 4 0 1
achusetts (24.2%) | (33.3%) (27.3%) (0%) (12.1%) 0%) | (3.0%)
Minnesota 94 24 25 " 9 20 5 0
(25.5%) | (26.6%) (11.7%) | (9.6%) | (21.3%) (5.3%) | (0%)
15 4 4 1 4 1 1
Rhode Island 30 | 56 00) | (13.3%) | (13.3%) | 3.3%) | (13.3%) (3.3%) | (3.3%)
Wi . 5 0 2 0 0 3 0 0
1seonsin (0%) (40.0%) (0%) (0%) (60.0%) (0%) (0%)
Milwadk ) 0 0 0 2 0 0 0
fiwaukee (0%) (0%) (0%) (100%) (0%) (0%) (0%)
Chicago 19 12 ! 2 ! 2 ! 0
9 (63.2%) (5.3%) (10.5%) | (5.3%) | (10.5%) (5.3%) | (0%)
. 15 2 1 2 4 3 0
New York City | 27 | 55.6%) | (7.4%) 3.7%) | (7.4%) | (14.8%) | (11.1%) | ©0%)
v . ” 5 2 1 1 1 0 1
ermon (45.5%) | (18.2%) (9.1%) | (9.1%) (9.1%) (0%) (9.1%)
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Table 12-11. Summary Statistics of the Percentages of Total Sampled Floor Area from
Carpeted Floors Across Housing Units in the HUD Grantees Program
Evaluation, by Age of Housing Unit and by Grantee

Percentage of Total Sampled Floor Area from Carpeted Floors (%)
lfn?tfs Arll:llher::tlc Minimum 25th . Median 75th . Maximum
(Std. Dev.) Percentile Percentile
Aﬁusgr':;slés 395 | 31.6 (30.6) 0.0 0.0 25.0 60.0 100
AS'L:]E:Z g\gl‘z,e 395 | 28.6 (30.6) 0.0 0.0 24.7 50.0 100
By Year in Which the Unit Was Built (wipe samples only)
Prior to 1940 353 | 30.5 (30.6) 0.0 0.0 25.0 50.0 100
1940 - 1959 39 12.2 (25.5) 0.0 0.0 0.0 0.0 100
1960 - 1979 2 25.0 (35.4) 0.0 0.0 25.0 50.0 50.0
After 1977 1 0.0 (-) 0.0 0.0 0.0 0.0 0.0
By Grantee (wipe samples only)
Alameda County 31 0.0 (0) 0.0 0.0 0.0 0.0 0.0
Baltimore 48 22.2 (28.9) 0.0 0.0 0.0 50.0 80.0
Boston 30 19.8 (25.7) 0.0 0.0 0.0 25.0 75.0
California 18 26.1 (31.4) 0.0 0.0 20.0 40.0 100
Cleveland 47 54.1 (32.7) 0.0 25.0 60.0 85.7 100
Massachusetts 33 27.8 (24.8) 0.0 9.9 24.7 40.0 100
Minnesota 94 34.9 (28.0) 0.0 0.0 25.0 60.0 80.0
Rhode Island 30 22.7 (28.3) 0.0 0.0 4.4 41.7 100
Wisconsin 5 51.0 (26.8) 20.0 25.0 60.0 75.0 75.0
Milwaukee 2 50.0 (0) 50.0 50.0 50.0 50.0 50.0
Chicago 19 19.2 (28.6) 0.0 0.0 0.0 40.0 80.0
New York City 27 26.1 (33.2) 0.0 0.0 0.0 60.0 80.0
Vermont 11 26.8 (32.9) 0.0 0.0 20.0 50.0 100
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APPENDIX J

ADDITIONAL PERFORMANCE CHARACTERISTICS ANALYSES,
WHERE CANDIDATE STANDARDS FOR LEAD IN PLAY-AREA SOILS
ARE CONSIDERED



Additional Performance Characteristics Analyses,
Where Candidate Standards for Lead in Play-Area Soils
Are Considered

Note: This appendix was not included in the version of this report that EPA distributed for
external peer review.

This gppendix is an extension to the performance characteristics analyses presented in Section
6.1. Asdiscussed in Section 6.1, EPA employed performance characteristics analysis as anon-
modeling approach to evauating candidate 8403 standards relative to their ability to detect lead
hazards in homes containing children with eevated blood-lead concentrations.

The performance characterigtics analyses in Section 6.1 evauated candidate standards for
dust-lead loadings on uncarpeted floors and window slis, yard-wide average soil-lead concentration,
and the extent of deteriorated lead-based paint. After these analyses were completed and documented
in this report, EPA wished to evaluate candidate soil-lead concentration standards that distinguished
between areas of the yard where children played and other areas of theyard. Therefore, the
performance analysis approach in Section 6.1 was repesated on data from the Rochester Lead-in-Dust
study, where separate standards were considered for soil in play areas and soil in other areas of the
yard. The results of these analyses are presented in this gppendix.

According to the soil sampling protocol developed for the Rochester Lead-in-Dust study, a
composite soil sample was to be collected within at least two feet of the foundation at each housing unit
participating in the study. Then, a second composite soil sample was to be collected from bare areas of
the yard where it could be determined that a resident child frequently played. Therefore, the Rochester
Study database distinguished between soil-lead concentrations collected from play areas and dong the
foundation.

As seen in Table 3-36 of the 8403 risk anadysis report, play area soil-lead concentration was
gpecified for only 77 of the 205 housing unitsin the Rochester study. However, the soil sampling
protocol for this study implied that play area soil samples were collected only when such areas
contained bare soil. Therefore, the performance characteristics analyses presented in this gppendix
assumed that homes containing no data for play area soil-lead concentration had no bare soil in play
aress, and therefore, the play area soil-lead concentration for these homes was assumed to be 0 ppm.

Inthis andyss, for agiven housing unit in the Rochester sudly, the soil-leed concentration in
aress of the yard other than play areas was equivaent to the yard-wide average soil-lead concentration
caculated for the analyses presented within Section 6.1. For a given housing unit, this value was equa
to the following:

° the average of play area and foundation soil-lead concentrations, if both were reported
° the play area soil-lead concentration, if it was reported but the foundation soil-lead
concentration was not (assumes that no bare soil existed dong the foundetion)
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° the foundation soil-lead concentration, if it was reported but the play area soil-lead
concentration was not (assumes that no bare soil existed in play aress)

° 0 ppm, if neither the play area nor the foundation soil-lead concentrations were
reported (assumes that no bare soil was available anywhere in the yard).

The performance characteristics analyses presented in this gppendix consist of caculating
estimates of sengtivity, specificity, postive predictive vaue, and negetive predictive vaue, asthey were
defined within Section 6.1. In particular, sengtivity represents the number of homes with children
having eevated blood-lead concentrations (i.e., blood-lead concentrations at or above 10 pg/dL) that
exceed at least one candidate standard. Also, 100% minus the negative predictive vaue represents the
percentage of homes at or above at least one standard that contain children with eevated blood-lead
concentrations.

Table J-1 contains results of performance characteristics andyses performed under the
following candidate Sandards:

Uncarpeted floor dust-lead loading: 10, 20, 25, 40, 50, 100 pg/ft?

Window sill dust-lead loading: 250 pg/ft?

Play area soil-lead concentration: 250, 400, 1200, 2000 ppm

Soil-lead concentration in non-play areas (see above): 400, 1200, 2000, 3000, 4000,
5000 ppm.

In addition, Table J1 considers candidate play area soil-lead concentration standards of 100, 250,
400, 800, 1000, 1200, 2000, and 5000 ppm in Situations where a play area soil-lead standard is the
only standard being considered (i.e., no other dust or soil standards are considered). Note that the
analyses within Table J-1 do not consider whether deteriorated lead-based paint is present in the
housing units.

Resultsin Table J-1 show that when the only standard being considered isfor play area soil-
lead, the likelihood of having homes with eevated blood-leed levelsthat are at or above the candidate
dandard is quite low, even when the candidate standard islow. In turn, the likelihood of having
elevated blood-lead children in homes that do not exceed the candidate standard is quite high. Thisis
evidence that the other dust-lead and/or soil-lead standards should be considered smultaneoudy with
the play area soil-lead standard in order to achieve desired goas for detecting homes with children
having eevated blood-lead concentration.
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Table J-1.

Results of Performance Characteristics Analysis Performed on Data for
Housing Units in the Rochester Lead-in-Dust Study, for Specified Sets of
Candidate Standards for Lead in Floor Dust, Window Sill Dust, Soil in
Play Areas, and Soil in Non-Play Areas

Note: Houses in the Rochester study with no play area soil-lead concentration
specified were assumed to have no bare soil present in play areas, and therefore, their
play area soil-lead concentration values were set to O ppm in this analysis. Non-play
area soil-lead is specified if either dripline or play area soil-lead is nonzero or if no

visible soil is present (when it is set to O ppm).

EBL = elevated blood-lead ($ 10 yg/dL). LBP = Lead-based paint.

Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /Total # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units"’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That | Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
5000 1/205 0/48 (0.0%) 156/157 (99.4%) 0/1 (0.0%) 156/204 (76.5%)
2000 2/205 1/48 (2.1%) 156/157 (99.4%) 1/2 (50.0%) 156/203 (76.8%)
1200 6/205 4/48 (8.3%) 155/157 (98.7%) 4/6 (66.7%) 155/199 (77.9%)
1000 7/205 4/48 (8.3%) 154/157 (98.1%) 4/7 (57.1%) 154/198 (77.8%)
800 12/205 | 5/48 (10.4%) | 150/157 (95.5%) 5/12 (41.7%) 150/193 (77.7%)
400 31/205 | 7/48 (14.6%) | 133/157 (84.7%) 7/31 (22.6%) 133/174 (76.4%)
250 48/205 |11/48 (22.9%) | 120/157 (76.4%) | 11/48 (22.9%) 120/157 (76.4%)
100 72/205 |15/48 (31.3%) | 100/157 (63.7%) | 15/72 (20.8%) 100/133 (75.2%)
2000 5000 250 100 72/185 |26/44 (59.1%) | 95/141 (67.4%) | 26/72 (36.1%) 95/113 (84.1%)
2000 5000 250 50 76/185 |28/44 (63.6%) | 93/141 (66.0%) | 28/76 (36.8%) 93/109 (85.3%)
2000 5000 250 40 81/185 |31/44 (70.5%) | 91/141 (64.5%) | 31/81 (38.3%) 91/104 (87.5%)
2000 5000 250 25 93/185 |34/44 (77.3%) | 82/141 (58.2%) | 34/93 (36.6%) 82/92 (89.1%)
2000 5000 250 20 106/185 |36/44 (81.8%) | 71/141 (50.4%) |36/106 (34.0%) 71/79 (89.9%)
2000 5000 250 10 148/185 |43/44 (97.7%) | 36/141 (25.5%) |43/148 (29.1%) 36/37 (97.3%)
1200 5000 250 100 74/185 |28/44 (63.6%) | 95/141 (67.4%) | 28/74 (37.8%) 95/111 (85.6%)
1200 5000 250 50 78/185 |30/44 (68.2%) | 93/141 (66.0%) | 30/78 (38.5%) 93/107 (86.9%)
1200 5000 250 40 83/185 |33/44 (75.0%) | 91/141 (64.5%) | 33/83 (39.8%) 91/102 (89.2%)
1200 5000 250 25 94/185 |35/44 (79.5%) | 82/141 (58.2%) | 35/94 (37.2%) 82/91 (90.1%)
1200 5000 250 20 107/185 |37/44 (84.1%) | 71/141 (50.4%) |37/107 (34.6%) 71/78 (91.0%)
1200 5000 250 10 148/185 |43/44 (97.7%) | 36/141 (25.5%) |43/148 (29.1%) 36/37 (97.3%)
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Table J-1.

(cont.)

Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- | Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /rotal # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
400 5000 250 100 88/185 |28/44 (63.6%) | 81/141 (57.4%) | 28/88 (31.8%) 81/97 (83.5%)
400 5000 250 50 92/185 |30/44 (68.2%) | 79/141 (56.0%) | 30/92 (32.6%) 79/93 (84.9%)
400 5000 250 40 97/185 |33/44 (75.0%) | 77/141 (54.6%) | 33/97 (34.0%) 77/88 (87.5%)
400 5000 250 25 106/185 |35/44 (79.5%) | 70/141 (49.6%) |35/106 (33.0%) 70/79 (88.6%)
400 5000 250 20 119/185 |37/44 (84.1%) | 59/141 (41.8%) |37/119 (31.1%) 59/66 (89.4%)
400 5000 250 10 155/185 |43/44 (97.7%) | 29/141 (20.6%) |43/155 (27.7%) 29/30 (96.7%)
250 5000 250 100 94/185 |28/44 (63.6%) | 75/141 (53.2%) | 28/94 (29.8%) 75/91 (82.4%)
250 5000 250 50 98/185 |30/44 (68.2%) | 73/141 (51.8%) | 30/98 (30.6%) 73/87 (83.9%)
250 5000 250 40 103/185 |33/44 (75.0%) | 71/141 (50.4%) |33/103 (32.0%) 71/82 (86.6%)
250 5000 250 25 110/185 |35/44 (79.5%) | 66/141 (46.8%) |35/110 (31.8%) 66/75 (88.0%)
250 5000 250 20 123/185 |37/44 (84.1%) | 55/141 (39.0%) |[37/123 (30.1%) 55/62 (88.7%)
250 5000 250 10 156/185 |43/44 (97.7%) | 28/141 (19.9%) |43/156 (27.6%) 28/29 (96.6%)
2000 4000 250 100 72/185 |26/44 (59.1%) | 95/141 (67.4%) | 26/72 (36.1%) 95/113 (84.1%)
2000 4000 250 50 76/185 ]28/44 (63.6%) | 93/141 (66.0%) | 28/76 (36.8%) 93/109 (85.3%)
2000 4000 250 40 81/185 |31/44 (70.5%) | 91/141 (64.5%) | 31/81 (38.3%) 91/104 (87.5%)
2000 4000 250 25 93/185 |34/44 (77.3%) | 82/141 (58.2%) | 34/93 (36.6%) 82/92 (89.1%)
2000 4000 250 20 106/185 |36/44 (81.8%) | 71/141 (50.4%) |36/106 (34.0%) 71779 (89.9%)
2000 4000 250 10 148/185 |43/44 (97.7%) | 36/141 (25.5%) |43/148 (29.1%) 36/37 (97.3%)
1200 4000 250 100 74/185 |28/44 (63.6%) | 95/141 (67.4%) | 28/74 (37.8%) 95/111 (85.6%)
1200 4000 250 50 78/185 |30/44 (68.2%) | 93/141 (66.0%) | 30/78 (38.5%) 93/107 (86.9%)
1200 4000 250 40 83/185 |33/44 (75.0%) | 91/141 (64.5%) | 33/83 (39.8%) 91/102 (89.2%)
1200 4000 250 25 94/185 |35/44 (79.5%) | 82/141 (58.2%) | 35/94 (37.2%) 82/91 (90.1%)
1200 4000 250 20 107/185 |37/44 (84.1%) | 71/141 (50.4%) |37/107 (34.6%) 71/78 (91.0%)
1200 4000 250 10 148/185 |43/44 (97.7%) | 36/141 (25.5%) |43/148 (29.1%) 36/37 (97.3%)
400 4000 250 100 88/185 |28/44 (63.6%) | 81/141 (57.4%) | 28/88 (31.8%) 81/97 (83.5%)
400 4000 250 50 92/185 |30/44 (68.2%) | 79/141 (56.0%) | 30/92 (32.6%) 79/93 (84.9%)
400 4000 250 40 97/185 |33/44 (75.0%) | 77/141 (54.6%) | 33/97 (34.0%) 77/88 (87.5%)
400 4000 250 25 106/185 |35/44 (79.5%) | 70/141 (49.6%) |35/106 (33.0%) 70/79 (88.6%)
400 4000 250 20 119/185 |37/44 (84.1%) | 59/141 (41.8%) [37/119 (31.1%) 59/66 (89.4%)
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Table J-1.

(cont.)

Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- | Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /rotal # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
400 4000 250 10 155/185 |43/44 (97.7%) | 29/141 (20.6%) |43/155 (27.7%) 29/30 (96.7%)
250 4000 250 100 94/185 |28/44 (63.6%) | 75/141 (53.2%) | 28/94 (29.8%) 75/91 (82.4%)
250 4000 250 50 98/185 |30/44 (68.2%) | 73/141 (51.8%) | 30/98 (30.6%) 73/87 (83.9%)
250 4000 250 40 103/185 |33/44 (75.0%) | 71/141 (50.4%) |33/103 (32.0%) 71/82 (86.6%)
250 4000 250 25 110/185 |35/44 (79.5%) | 66/141 (46.8%) |35/110 (31.8%) 66/75 (88.0%)
250 4000 250 20 123/185 |37/44 (84.1%) | 55/141 (39.0%) |37/123 (30.1%) 55/62 (88.7%)
250 4000 250 10 156/185 |43/44 (97.7%) | 28/141 (19.9%) |43/156 (27.6%) 28/29 (96.6%)
2000 3000 250 100 75/185 ]126/44 (59.1%) | 92/141 (65.2%) | 26/75 (34.7%) 92/110 (83.6%)
2000 3000 250 50 79/185 ]28/44 (63.6%) | 90/141 (63.8%) | 28/79 (35.4%) 90/106 (84.9%)
2000 3000 250 40 84/185 |31/44 (70.5%) | 88/141 (62.4%) | 31/84 (36.9%) 88/101 (87.1%)
2000 3000 250 25 95/185 |34/44 (77.3%) | 80/141 (56.7%) | 34/95 (35.8%) 80/90 (88.9%)
2000 3000 250 20 108/185 |36/44 (81.8%) | 69/141 (48.9%) |36/108 (33.3%) 69/77 (89.6%)
2000 3000 250 10 149/185 |43/44 (97.7%) | 35/141 (24.8%) |43/149 (28.9%) 35/36 (97.2%)
1200 3000 250 100 77/185 |28/44 (63.6%) | 92/141 (65.2%) | 28/77 (36.4%) 92/108 (85.2%)
1200 3000 250 50 81/185 |30/44 (68.2%) | 90/141 (63.8%) | 30/81 (37.0%) 90/104 (86.5%)
1200 3000 250 40 86/185 |33/44 (75.0%) | 88/141 (62.4%) | 33/86 (38.4%) 88/99 (88.9%)
1200 3000 250 25 96/185 |35/44 (79.5%) | 80/141 (56.7%) | 35/96 (36.5%) 80/89 (89.9%)
1200 3000 250 20 109/185 |37/44 (84.1%) | 69/141 (48.9%) |37/109 (33.9%) 69/76 (90.8%)
1200 3000 250 10 149/185 |43/44 (97.7%) | 35/141 (24.8%) |43/149 (28.9%) 35/36 (97.2%)
400 3000 250 100 90/185 |28/44 (63.6%) | 79/141 (56.0%) | 28/90 (31.1%) 79/95 (83.2%)
400 3000 250 50 94/185 |30/44 (68.2%) | 77/141 (54.6%) | 30/94 (31.9%) 77/91 (84.6%)
400 3000 250 40 99/185 |33/44 (75.0%) | 75/141 (53.2%) | 33/99 (33.3%) 75/86 (87.2%)
400 3000 250 25 108/185 |35/44 (79.5%) | 68/141 (48.2%) |35/108 (32.4%) 68/77 (88.3%)
400 3000 250 20 121/185 |37/44 (84.1%) | 57/141 (40.4%) |37/121 (30.6%) 57/64 (89.1%)
400 3000 250 10 156/185 |43/44 (97.7%) | 28/141 (19.9%) |43/156 (27.6%) 28/29 (96.6%)
250 3000 250 100 96/185 |28/44 (63.6%) | 73/141 (51.8%) | 28/96 (29.2%) 73/89 (82.0%)
250 3000 250 50 100/185 |30/44 (68.2%) | 71/141 (50.4%) |30/100 (30.0%) 71/85 (83.5%)
250 3000 250 40 105/185 |33/44 (75.0%) | 69/141 (48.9%) |33/105 (31.4%) 69/80 (86.3%)
250 3000 250 25 112/185 |35/44 (79.5%) | 64/141 (45.4%) |35/112 (31.3%) 64/73 (87.7%)
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Table J-1.

(cont.)

Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- | Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /rotal # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
250 3000 250 20 125/185 |37/44 (84.1%) | 53/141 (37.6%) |37/125 (29.6%) 53/60 (88.3%)
250 3000 250 10 157/185 |43/44 (97.7%) | 27/141 (19.1%) |43/157 (27.4%) 27/28 (96.4%)
2000 2000 250 100 79/185 |27/44 (61.4%) | 89/141 (63.1%) | 27/79 (34.2%) 89/106 (84.0%)
2000 2000 250 50 83/185 |29/44 (65.9%) | 87/141 (61.7%) | 29/83 (34.9%) 87/102 (85.3%)
2000 2000 250 40 88/185 |32/44 (72.7%) | 85/141 (60.3%) | 32/88 (36.4%) 85/97 (87.6%)
2000 2000 250 25 99/185 |35/44 (79.5%) | 77/141 (54.6%) | 35/99 (35.4%) 77/86 (89.5%)
2000 2000 250 20 112/185 |37/44 (84.1%) | 66/141 (46.8%) |37/112 (33.0%) 66/73 (90.4%)
2000 2000 250 10 152/185 |43/44 (97.7%) | 32/141 (22.7%) |43/152 (28.3%) 32/33 (97.0%)
1200 2000 250 100 81/185 |29/44 (65.9%) | 89/141 (63.1%) | 29/81 (35.8%) 89/104 (85.6%)
1200 2000 250 50 85/185 |31/44 (70.5%) | 87/141 (61.7%) | 31/85 (36.5%) 87/100 (87.0%)
1200 2000 250 40 90/185 |34/44 (77.3%) | 85/141 (60.3%) | 34/90 (37.8%) 85/95 (89.5%)
1200 2000 250 25 100/185 |36/44 (81.8%) | 77/141 (54.6%) |36/100 (36.0%) 77/85 (90.6%)
1200 2000 250 20 113/185 |38/44 (86.4%) | 66/141 (46.8%) |38/113 (33.6%) 66/72 (91.7%)
1200 2000 250 10 152/185 |43/44 (97.7%) | 32/141 (22.7%) |43/152 (28.3%) 32/33 (97.0%)
400 2000 250 100 92/185 ]29/44 (65.9%) | 78/141 (55.3%) | 29/92 (31.5%) 78/93 (83.9%)
400 2000 250 50 96/185 |31/44 (70.5%) | 76/141 (53.9%) | 31/96 (32.3%) 76/89 (85.4%)
400 2000 250 40 101/185 |34/44 (77.3%) | 74/141 (52.5%) |34/101 (33.7%) 74/84 (88.1%)
400 2000 250 25 110/185 |36/44 (81.8%) | 67/141 (47.5%) |36/110 (32.7%) 67/75 (89.3%)
400 2000 250 20 123/185 |38/44 (86.4%) | 56/141 (39.7%) |38/123 (30.9%) 56/62 (90.3%)
400 2000 250 10 157/185 |43/44 (97.7%) | 27/141 (19.1%) |43/157 (27.4%) 27/28 (96.4%)
250 2000 250 100 98/185 ]29/44 (65.9%) | 72/141 (51.1%) | 29/98 (29.6%) 72/87 (82.8%)
250 2000 250 50 102/185 |31/44 (70.5%) | 70/141 (49.6%) |31/102 (30.4%) 70/83 (84.3%)
250 2000 250 40 107/185 |34/44 (77.3%) | 68/141 (48.2%) |34/107 (31.8%) 68/78 (87.2%)
250 2000 250 25 114/185 |36/44 (81.8%) | 63/141 (44.7%) |36/114 (31.6%) 63/71 (88.7%)
250 2000 250 20 127/185 |38/44 (86.4%) | 52/141 (36.9%) |38/127 (29.9%) 52/58 (89.7%)
250 2000 250 10 158/185 |43/44 (97.7%) | 26/141 (18.4%) |43/158 (27.2%) 26/27 (96.3%)
2000 1200 250 100 91/185 |33/44 (75.0%) | 83/141 (58.9%) | 33/91 (36.3%) 83/94 (88.3%)
2000 1200 250 50 95/185 |35/44 (79.5%) | 81/141 (57.4%) | 35/95 (36.8%) 81/90 (90.0%)
2000 1200 250 40 100/185 |38/44 (86.4%) | 79/141 (56.0%) |38/100 (38.0%) 79/85 (92.9%)
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Table J-1.

(cont.)

Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- | Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /rotal # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
2000 1200 250 25 107/185 |38/44 (86.4%) | 72/141 (51.1%) |38/107 (35.5%) 72/78 (92.3%)
2000 1200 250 20 118/185 |39/44 (88.6%) | 62/141 (44.0%) |39/118 (33.1%) 62/67 (92.5%)
2000 1200 250 10 155/185 |43/44 (97.7%) | 29/141 (20.6%) |43/155 (27.7%) 29/30 (96.7%)
1200 1200 250 100 91/185 |33/44 (75.0%) | 83/141 (58.9%) | 33/91 (36.3%) 83/94 (88.3%)
1200 1200 250 50 95/185 |35/44 (79.5%) | 81/141 (57.4%) | 35/95 (36.8%) 81/90 (90.0%)
1200 1200 250 40 100/185 |38/44 (86.4%) | 79/141 (56.0%) |38/100 (38.0%) 79/85 (92.9%)
1200 1200 250 25 107/185 |38/44 (86.4%) | 72/141 (51.1%) |38/107 (35.5%) 72/78 (92.3%)
1200 1200 250 20 118/185 |39/44 (88.6%) | 62/141 (44.0%) |39/118 (33.1%) 62/67 (92.5%)
1200 1200 250 10 155/185 |43/44 (97.7%) | 29/141 (20.6%) |43/155 (27.7%) 29/30 (96.7%)
400 1200 250 100 ]102/185 |33/44 (75.0%) | 72/141 (51.1%) |33/102 (32.4%) 72/83 (86.7%)
400 1200 250 50 106/185 |35/44 (79.5%) | 70/141 (49.6%) |35/106 (33.0%) 70/79 (88.6%)
400 1200 250 40 111/185 |38/44 (86.4%) | 68/141 (48.2%) |38/111 (34.2%) 68/74 (91.9%)
400 1200 250 25 117/185 |38/44 (86.4%) | 62/141 (44.0%) |38/117 (32.5%) 62/68 (91.2%)
400 1200 250 20 128/185 |39/44 (88.6%) | 52/141 (36.9%) |39/128 (30.5%) 52/57 (91.2%)
400 1200 250 10 160/185 |43/44 (97.7%) | 24/141 (17.0%) |43/160 (26.9%) 24/25 (96.0%)
250 1200 250 100 ]108/185 |33/44 (75.0%) | 66/141 (46.8%) |33/108 (30.6%) 66/77 (85.7%)
250 1200 250 50 112/185 |35/44 (79.5%) | 64/141 (45.4%) |35/112 (31.3%) 64/73 (87.7%)
250 1200 250 40 117/185 |38/44 (86.4%) | 62/141 (44.0%) |38/117 (32.5%) 62/68 (91.2%)
250 1200 250 25 121/185 |38/44 (86.4%) | 58/141 (41.1%) |38/121 (31.4%) 58/64 (90.6%)
250 1200 250 20 132/185 |39/44 (88.6%) | 48/141 (34.0%) |39/132 (29.5%) 48/53 (90.6%)
250 1200 250 10 161/185 |43/44 (97.7%) | 23/141 (16.3%) |43/161 (26.7%) 23/24 (95.8%)
2000 400 250 100 |145/185 |41/44 (93.2%) | 37/141 (26.2%) |41/145 (28.3%) 37/40 (92.5%)
2000 400 250 50 145/185 |41/44 (93.2%) | 37/141 (26.2%) |41/145 (28.3%) 37/40 (92.5%)
2000 400 250 40 146/185 |42/44 (95.5%) | 37/141 (26.2%) |42/146 (28.8%) 37/39 (94.9%)
2000 400 250 25 147/185 |42/44 (95.5%) | 36/141 (25.5%) |42/147 (28.6%) 36/38 (94.7%)
2000 400 250 20 154/185 |42/44 (95.5%) | 29/141 (20.6%) |42/154 (27.3%) 29/31 (93.5%)
2000 400 250 10 170/185 |43/44 (97.7%) 14/141 (9.9%) 43/170 (25.3%) 14/15 (93.3%)
1200 400 250 100 |145/185 |41/44 (93.2%) | 37/141 (26.2%) |41/145 (28.3%) 37/40 (92.5%)
1200 400 250 50 145/185 |41/44 (93.2%) | 37/141 (26.2%) |41/145 (28.3%) 37/40 (92.5%)
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Table J-1. (cont.)
Set of Candidate Standards # Units Performance Characteristics
for Lead in ... At or
Above
At Least
One
Play Non- Win- | Uncar- |gtandard Sensitivity Specificity PP NP
Area Play dow peted
Soil Area Sill Floor | /rotal # | # (%) of Units # (%) of Units # (%) of Units |# (%) of Units At or
(ppm) Soil Dust Dust Units’ with EBL with No EBL At or Above At | Above No Standard
(ppm) | (ug/ft?) | (ug/ft?) Children That Children That Are Least One That Do Not Have
Are At or At or Above No Standard That EBL Children®
Above At Least Standard?® Have EBL
One Standard? Children*
1200 400 250 40 146/185 |42/44 (95.5%) | 37/141 (26.2%) |42/146 (28.8%) 37/39 (94.9%)
1200 400 250 25 147/185 |42/44 (95.5%) | 36/141 (25.5%) |42/147 (28.6%) 36/38 (94.7%)
1200 400 250 20 154/185 |42/44 (95.5%) | 29/141 (20.6%) |42/154 (27.3%) 29/31 (93.5%)
1200 400 250 10 170/185 |43/44 (97.7%) 14/141 (9.9%) 43/170 (25.3%) 14/15 (93.3%)
400 400 250 100 |147/185 |41/44 (93.2%) | 35/141 (24.8%) |41/147 (27.9%) 35/38 (92.1%)
400 400 250 50 147/185 |41/44 (93.2%) | 35/141 (24.8%) |41/147 (27.9%) 35/38 (92.1%)
400 400 250 40 148/185 |42/44 (95.5%) | 35/141 (24.8%) |42/148 (28.4%) 35/37 (94.6%)
400 400 250 25 149/185 |42/44 (95.5%) | 34/141 (24.1%) |42/149 (28.2%) 34/36 (94.4%)
400 400 250 20 156/185 |42/44 (95.5%) | 27/141 (19.1%) |42/156 (26.9%) 27729 (93.1%)
400 400 250 10 171/185 |43/44 (97.7%) 13/141 (9.2%) 43/171 (25.1%) 13/14 (92.9%)
250 400 250 100 |147/185 |41/44 (93.2%) | 35/141 (24.8%) |41/147 (27.9%) 35/38 (92.1%)
250 400 250 50 147/185 |41/44 (93.2%) | 35/141 (24.8%) |41/147 (27.9%) 35/38 (92.1%)
250 400 250 40 148/185 |42/44 (95.5%) | 35/141 (24.8%) |42/148 (28.4%) 35/37 (94.6%)
250 400 250 25 149/185 |42/44 (95.5%) | 34/141 (24.1%) |42/149 (28.2%) 34/36 (94.4%)
250 400 250 20 156/185 |42/44 (95.5%) | 27/141 (19.1%) |42/156 (26.9%) 27/29 (93.1%)
250 400 250 10 171/185 |43/44 (97.7%) 13/141 (9.2%) 43/171 (25.1%) 13/14 (92.9%)

' Total number of units having available data that could be compared to all specified candidate standards.

2 Cell entries are(number of homes at or above at least one standard that have EBL children)/ number of homes containing EBL children), followed
by the corresponding percentage (in parentheses).
3 Cell entries are (number of homes not at or above at least one standard that do not have EBL children)/(total number of homes not containing EBL
children), followed by the corresponding percentage (in parentheses).
4 Cell entries are (number of homes at or above at least one standard that have EBL children)/(total number of homes at or above at least one
standard), followed by the corresponding percentage (in parentheses).
® Cell entries are (number of homes not at or above at least one standard that do not have EBL children)/(total number of homes not at or above any
standard), followed by the corresponding percentage (in parentheses).
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Table J-2 contains results of performance characteristics andyses performed under the
following candidate Sandards:

Uncarpeted floor dust-lead loading: 40, 50 pg/ft?

Window sill dust-lead loading: 250 pg/ft?

Play area soil-lead concentration: 400 ppm

Soil-lead concentration in non-play areas. 400, 800, 1200, 1600, 2000, 3000 ppm.

Unlike Table J-1, Table J-2 (like Table 6-8 in Section 6.1 of the report) documents the extent of
deteriorated lead-based paint that is present in housing units that contain an eevated blood-lead child
but are not a or above at least one of the candidate dust or soil standards. This information suggests
which of these housing units would possibly exceed a standard on the amount of deteriorated lead-
based paint and which would not. (Recall that the information in the Rochester study database on
amount of deteriorated lead-based paint was not in aformat that alowed direct comparisons to
candidate standards on deteriorated |ead-based paint that were considered for the 8403 rule, and as a
result, deteriorated lead-based paint needed to be handled in this manner in the andyss))

Note that Table J-2 differs from Table 6-8 of Section 6.1 in that candidate soil-lead standards
exclusively for play areas has been added to the set of standards. For example, at ayardwide average
s0il-lead concentration standard of 1200 ppm, awindow sill dust-lead standard of 250 pg/ft?, and a
floor dust-lead standard of 40 pg/ft2, only 100 of 184 homes exceeded at least one of these standards
(Table 6-8), compared to 111 homes when a play area soil standard of 400 ppm is added to these
three standards (Table J-2; where the yardwide average soil-lead standard isinterpreted as a non-play
area soil-lead standard). However, among the 11 additiona homes triggered when a play area soil
standard of 400 ppm was added to these standards, none had elevated blood-lead children. That is,
sengtivity was not affected in this instance when adding the play area sandard, and negetive predictive
vaue decreased dightly (from 92.9% to 91.8%). If the yardwide average soil-lead standard is
increased to 2000 ppm, an additional 13 homes are triggered when a play area soil-lead standard of
400 ppm is added (from 88 to 101 homes; Tables 6-8 and J-2). Of these 13 homes, 2 contain
elevated blood-lead children.
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Table J-2.

Results of Performance Characteristics Analysis Performed on Data for Housing Units in the Rochester

Lead-in-Dust Study, for Specified Sets of Candidate Standards for Lead in Dust and Soil

Note: Houses in the Rochester study with no play area soil-lead concentration specified were assumed to have no bare soil present in play

areas, and therefore, their play area soil-lead concentration values were set to O ppm in this analysis. Non-play area soil-lead is specified if
either dripline or play area soil-lead is nonzero or if no visible soil is present (when it is set to O ppm).
LBP = lead-based paint ($ 1.0 mg/cm?); EBL = elevated blood-lead level ($ 10 ug/dL)
“Deteriorated lead-based paint” on a tested surface implies >5% of the lead-based paint is peeling, cracking, worn, chalking, flaking, blistering,
or otherwise separating from the substrate.

Set of Candidate Standards for | # Units Performance Characteristics Sum of | # Units # Units with EBL # Units with EBL
Lead in ..." At or the 4 Jwith EBL | Children That Are At or | Children That Are At or
Above | Sensitivit | Specificity PPV NPV Perfor- [ Children Above No Standard, Above No Standard,
At Least y mance [That Are | Where the % of Tested | Where the % of Tested
One # (%) of | # (%) of | # (%) of Charac- | Ator Interior Paint Surfaces | Exterior Paint Surfaces
Standard | # (%) of | Units with | Units At | Units At teristics | Above ] Having Deteriorated LBP | Having Deteriorated LBP
Units No EBL or Above | or Above (%) No equals’ ... equals? ...
/Total # | with EBL Children At Least No Standard
Play | Non- | Windo | Floor | Units? | Children | That Are One Standard and |o%| 10- | 31-| > Jo% | 20- | 51- | >
Area | Play | w sill | Dust That Are | At or Standard | That Do Have No 30% | 50% | 50% 50% | 75% | 75%
Soil Area Dust | (ug/ft2) At or Above No That Not Have Deter-
(ppm) Soil | (pg/ft?) Above At | Standard* | Have EBL EBL iorated
(ppm) Least One Children® | Children® LBP
Standard?®
400 400 250 40 147/184) 42/44 35/140 42/147 35/37 243.6 0 0 1 0 1 1 0 0 1
(95.5%) (25.0%) (28.6%) | (94.6%)
400 800 250 40 121/184] 39/44 58/140 39/121 58/63 254.4 2 3 1 0 1 3 0 1 1
(88.6%) (41.4%) (32.2%) | (92.1%)
400 | 1200 250 40 111/184] 38/44 67/140 38/111 67/73 260.2 2 3 1 1 1 4 0 1 1
(86.4%) (47.9%) (34.2%) | (91.8%)
400 | 1600 250 40 105/184) 37/44 72/140 37/105 72/79 261.9 3 4 1 1 1 5 0 1 1
(84.1%) (51.4%) (35.2%) | (91.1%)
400 | 2000 250 40 101/184) 34/44 73/140 34/101 73/83 251.0 3 5 2 2 1 6 1 1 2
(77.3%) (52.1%) (33.7%) | (88.0%)
400 | 3000 250 40 99/184 33/44 74/140 33/99 74/85 248.2 3 5 2 3 1 6 2 1 2
(75.0%) (52.9%) (33.3%) | (87.1%)
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Table J-2. (cont.)
Set of Candidate Standards for | # Units Performance Characteristics Sum of | # Units # Units with EBL # Units with EBL
Lead in ..." At or the 4 Jwith EBL | Children That Are At or | Children That Are At or
Above | Sensitivit | Specificity PPV NPV Perfor- [ Children Above No Standard, Above No Standard,
At Least y mance [That Are | Where the % of Tested | Where the % of Tested
One # (%) of | # (%) of | # (%) of Charac- At or Interior Paint Surfaces Exterior Paint Surfaces
Standard | # (%) of | Units with | Units At | Units At teristics | Above [|Having Deteriorated LBP | Having Deteriorated LBP
Units No EBL or Above | or Above (%) No equals’ ... equals’ ...
/Total # | with EBL Children At Least No Standard
Play | Non- | Windo | Floor | Units? | Children | That Are One Standard and |o%| 10- [ 31-| > Jo%| 20-| 51- | >
Area | Play | w sill | Dust That Are | Ator | Standard | That Do Have No 30% | 50% | 50% 50% | 75% | 75%
Soil Area Dust | (pg/ft?) At or Above N_(?1 That Not Have Deter-
(ppm) soil | (wg/ft2) Above At | Standard Ha\.le EBL !EBL iorated
{ppm) Least One Children® | Children® LBP
Standard?®
400 400 250 50 146/184 41/44 35/140 41/146 35/38 238.4 1 1 1 0 1 2 0 0 1
(93.2%) | (25.0%) | (28.1%) | (92.1%)
400 800 250 50 119/184 38/44 59/140 38/119 59/65 251.2 3 4 1 0 1 4 0 1 1
(86.4%) | (42.1%) | (31.9%) | (90.8%)
400 1200 250 50 106/184 35/44 69/140 35/106 69/78 250.3 3 5 1 1 2 6 1 1 1
(79.5%) | (49.3%) | (33.0%) | (88.5%)
400 1600 250 50 100/184 34/44 74/140 34/100 74/84 252.2 4 6 1 1 2 7 1 1 1
(77.3%) | (52.9%) | (34.0%) | (88.1%)
400 2000 250 50 96/184 31/44 75/140 31/96 75/88 241.5 4 7 2 2 2 8 2 1 2
(70.5%) | (563.6%) | (32.3%) | (85.2%)
400 3000 250 50 94/184 30/44 76/140 30/94 76/90 238.8 4 7 2 3 2 8 3 1 2
(68.2%) | (54.3%) | (31.9%) | (84.4%)

' The data compared to these standards are average (wipe) floor dust-lead loading, average (wipe) window sill dust-lead loading, play area soil-lead concentration, and average soil-lead concentration
(across dripline and play areas, with only one of the two areas represented if no data existed for the other area). Units having no reported soil-lead concentration but with no bare soil reported were
assumed to have soil-lead concentrations of O ppm. For units having no play area soil results, it was assumed that the homes had no bare soil in play areas from which to collect soil samples, and
therefore, the play area soil-lead concentration was assumed to be O ppm (after the average soil-lead concentration was calculated).
2 Total number of units having available data that could be compared to all specified candidate standards, as well as data on the percentage of tested interior lead-based paint that is deteriorated and the
percentage of tested exterior lead-based paint that is deteriorated.
3 Cell entries are(number of homes at or above at least one standard that have EBL children)/ number of homes containing EBL children), followed by the corresponding percentage (in parentheses).

4 Cell entries are (number of homes not at or above at least one standard that do not have EBL children)/(total number of homes not containing EBL children), followed by the corresponding percentage (in

parentheses).

® Cell entries are (number of homes at or above at least one standard that have EBL children)/(total number of homes at or above at least one standard), followed by the corresponding percentage (in

parentheses).

6 Cell entries are (number of homes not at or above at least one standard that do not have EBL children)/(total number of homes not at or above any standard), followed by the corresponding percentage (in

parentheses).

7 No housing units had between O and 10% deteriorated lead-based paint on interior tested surfaces or between O and 20% deteriorated lead-based paint on exterior tested surfaces.
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