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EXECUTIVE SUMMARY

The Lead-Based Paint Poisoning Prevention Act, as amended by Section 566 of the Housing and
Community Development Act of 1987, requires the Secretary of Housing and Urban Development
to "prepare and transmit to the Congress a comprehensive and workable plan, including any
recommendations for changes in legislation, for the prompt and cost-effective inspection and
abatement of privately-owned single family and multifamily housing, including housing assisted
under section 8 of the United States Housing Act of 1937." In fulfillment of this mandate, the
Department of Housing and Urban Development (HUD) proposes, in this report, a balanced and
comprehensive plan designed to overcome the barriers that have inhibited efforts to address the
hazards of lead-based paint in the past, and to support State and local governments and the private

sector in the difficult but necessary task of reducing these hazards in American homes.

The "comprehensive and workable plan” is one of a series of research, demonstration, and policy
actions initiated by HUD in response to the 1987 amendments to the Lead-Based Paint Poisoning
Prevention Act. Other actions include a national survey to better estimate the extent of lead
hazards in our Nation’s housing stock, a major multi-city demonstration to identify the most cost-
efficient methods for lead hazard abatement, research on lead hazard testing technology, and the
development of interim technical guidelines for the testing and abatement of lead hazards in public
housing (known as "the HUD guidelines"). Further legislative amendments in 1988 require a
"comprehensive and workable plan" for lead paint abatement in public housing. That report is
scheduled for transmittal to the Congress in 1991.

This report focuses on lead paint abatement, as mandated by the Congress. However, evidence
showing the beneficial effects of abatement upon health is not as precise as would be desirable.
One published study indicates that traditional abatement methods, which are less stringent than
those called for by the HUD guidelines, do not reduce blood lead levels without continual dust
control; three recent unpublished studies conclude that traditional abatement has salutary health
effects; and one recent doctoral dissertation concludes that the health effects are positively related
to the stringency of the abatement standards and that dust lead suppression is very important.
This body of research indicates that abatement has value but the findings offer conflicting evidence

on the merits of alternative abatement strategies. Clearly, more research is needed to better




understand the relationship between abatement and health effects, especially because lead paint

testing and abatement are extremely costly.

LEAD IN THE ENVIRONMENT

There are many sources of lead in the environment--including drinking water, food, emissions
from gasoline combustion, and industrial emissions, as well as paint. This multiplicity of sources
makes it difficult to identify the exact contribution of lead-based paint to lead poisoning, or to
quantify the extent to which abating lead-based paint will reduce the incidence of elevated blood
lead levels. Indeed, the research on which this report is based provides some indirect evidence
that the higher incidence of elevated blood lead levels among poor children may be related to
factors other than lead-based paint. More research needs to be conducted to determine the extent
to which various sources of lead in the environment contribute to the problem. This will permit
development of a comprehensive cost-effective approach to reducing the overall lead hazard. The

Administration is planning an interagency effort to address the problem.

However, while there are many sources of lead in the environment, it is clear that lead-based paint
plays a major role in high blood lead levels. Lead poisoning certainly derives from the direct
ingestion of paint chips, and such cases are often severe. Recent studies indicate that dust and
soil, inside and outside of the dwelling, may be the most significant pathway for low-level lead
exposure and that lead-based paint is an important source of household dust lead. Ironically, lead-
based paint abatement itself is one source of dust, if inadequate cleanup procedures are followed.
There is in fact a strong indication that the process of renovation or repainting, which includes
scraping and sanding of old lead paint surfaces, generates dust lead that often remains in the
residential environment. Thus, while abatement of lead hazards can contribute to the reduction of
blood lead levels, recent research shows that great care must be taken during abatement to protect

occupants, workers, and the surrounding environment from further contamination.

It has been known for many years that lead is a powerful toxicant that attacks the central nervous
system and is particularly damaging to the neurological development of young children. Doctors
have known that high levels of lead in the body can result in convulsions, pronounced mental
retardation, and even death, if not treated. However, recent medical research has found that low

levels of lead exposure have more serious health consequences than previously thought. Effects



include reductions in intelligence and short-term memory, slower reaction times, and poorer hand-
eye coordination. At low levels of lead exposure, these neurobehavioral deficits are usually subtle,
presenting no obvious, subjective evidence of disease. This research is described in the section on

Effects of Low-Level Exposure in Chapter 2.

The U.S. Public Health Service has responded to emerging knowledge about the effects of low-
level exposure by periodically lowering the level of lead in blood that warrants medical attention.
In 1970, this level stood at 60 micrograms of lead per deciliter of blood (ug/dl). It was lowered to
40 ug/dl in 1971, to 30 ug/dl in 1975, and to 25 ug/dl in 1985. An advisory committee to the
Centers for Disease Control (CDC) is now considering a new statement advising that blood lead
levels in the range of 10-15 ug/dl, and perhaps lower, are harmful to the neurological development
of fetuses and young children and can result in deficits in intelligence that are probably

irreversible.

This reduction in the blood lead level of concern has significantly increased the number of children
considered to be at risk. The Agency for Toxic Substances and Disease Registry of the Centers for
Disease Control estimates that 200,000 or 1.5 percent of the Nation’s black and white children
under 6 years of age and living in metropolitan areas in 1984 had blood lead levels of 25 ug/dl or
greater. For levels of 15 ug/dl or greater, the estimate was 2,400,000 children or 17 percent --
more than 10 times greater. The Agency has estimated that 3 to 4 million children nationwide had
levels of 15 ug/dl or greater in 1984, after inclusion of those groups not represented in the detailed

estimates for nonmetropolitan areas and less numerous racial and ethnic groups.

At the same time, average blood lead levels in the United States have been declining since the
1970s because of the reduction of lead in gasoline, but the problem remains one of the Nation’s

most widespread childhood health problems stemming from environmental conditions.

EXTENT OF LEAD-BASED PAINT IN HOUSING

In 1989-1990, HUD undertook a major national survey in order to better estimate the extent of
lead paint hazards in the Nation’s housing stock. The survey finds that lead-based paint is
widespread in housing. Of the 77 million privately owned and occupied homes built before 1980,

57 million, or three-fourths, contain lead-based paint. Of these 57 million units, an estimated 9.9
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million are occupied by families with children under the age of 7, who are most at risk from lead
poisoning. However, a much smaller number of units have conditions that pose priority hazards:
3.8 million of the units occupied by young children have peeling paint, excessive amounts of dust
containing lead, or both problems. Of these, 1.8 million are occupied by children whose families
have incomes above $30,000, which is approximately the median income for all households; 2.0
million are occupied by lower-income families with children, of whom 0.7 million are owner-
occupants, and 1.3 million are renters. This identification and classification of priority groupings is

important to devising an appropriate abatement strategy and understanding the cost implications.

The survey includes data on the characteristics of the housing unit and the household occupying it.
As expected, lead-based paint is found more often in prewar housing units than in those built since
1940. Some other findings are more surprising. In particular, there is no correlation between the
incidence of lead-based paint and the income of the household. Lead-based paint is found as often
in the homes of the well-to-do as the poor. This is somewhat unexpected, because studies of blood
lead in children find a much higher incidence of elevated blood lead levels among the poor. This
apparent discrepancy may be due to worse physical conditions and more dust lead in the homes of
lower-income families. It may stem also from poorer nutrition, which increases the absorption of

lead into the body, and from greater exposure to lead in water from old pipes.

The survey also provides new and unexpected information on the location of lead paint within
individual housing units. Most public attention has focused on lead-based paint on interior walls
and surfaces, and lead dust inside the unit, but in fact more units have lead paint on the exterior
than on the interior. Of the 57 million units with lead-based paint, 18 million have it only on
exterior surfaces, 11 million only on interior surfaces, and 28 million on both exterior and interior

surfaces.

In agreement with prior research, the survey finds an association between lead paint and the
presence of excessive levels of lead in dust and soil. Approximately 14 percent of all housing units
built prior to 1980, or 10.7 million homes, have lead in interior surface dust that exceeds the HUD
guidelines. The chance of a home having excessive dust lead is about twice as large if the home
has high levels of interior lead-based paint than if it does not. However, most of the homes with
interior dust have it only on the window sills or in the window wells within which the bottom of the
window fits when it is closed. Only about 1 million units have excessive lead dust exclusively on the
floors.

xviii



Soil outside the building is another direct source of childhood lead exposure, and also a potential
source of lead in house dust which can be tracked into the dwelling or blown in. Approximately 16
percent of all homes built prior to 1980 have concentrations of lead in soil adjacent to the house
that exceed EPA guidelines. The chance of this occurring is at least 4 to S times greater if the

house has exterior lead-based paint, than if it does not.

THE COST OF ABATING LEAD-BASED PAINT

The cost of abating lead-based paint in American housing is potentially very large, and the long-
term cost-effectiveness of any abatement strategy is uncertain. Using the removal methods
described in the HUD guidelines for public housing, the cost per unit would be about $7,700 on
average, excluding testing and relocation. The cost would be lower, on the order of $5,500 per
unit, if abatement were done by encapsulating lead-painted surfaces with acrylic, epoxy, or similar
high-performance coatings instead of removing the paint. Encapsulation is acceptable under the
HUD guidelines, but the long-term durability and cost-effectiveness of this approach has not been
studied to date. The average cost of abating units with priority hazards, i.e., nonintact lead-based
paint or excessive levels of lead in dust, is higher still: $8,900 for encapsulation and $11,900 for
removal. Costs for priority-hazard units are higher than average because such units tend to have

more surfaces with lead-based paint than do other units.

Using less rigorous abatement methods that have been employed traditionally in various local
abatement programs, as well as in public housing in the past, the cost of abating the average unit
would be lower, about $2,100 per unit, again excluding testing and relocation. Traditional
abatement would leave lead paint on surfaces that are presumably out of the reach of small
children. Typically traditional abatements focus on either peeling paint or interior paint to a
height of five feet, involve less worker protection, and require less rigorous cleanup than the HUD
guidelines. These methods entail a risk of poisoning from lead dust remaining after abatement, or
lead dust that is subsequently created by the lead-based paint that has not been abated. The
expanded definition of abatement established in the Housing and Community Development Act of
1987, including all interior and exterior surfaces, and the concomitant requirements for enhanced
protection and cleanup, raise the cost of abatement significantly, as reflected in the costs under the
HUD guidelines.
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The cost of testing by itself would be substantial; with currently available technology, testing would

cost approximately $375 per unit.

These are large numbers and imply a large overall cost of testing and abating lead-based paint in
the aggregate. Any substantial volume of private abatement activity will require a significant
expansion of residential rehabilitation and repainting. One important limitation on abatement
activity is the small size of the testing industry. The Department estimates that between 350,000
and 500,000 housing units could be tested for lead-based paint annually, given the present capacity
of inspection firms and testing laboratories. The national survey of lead-based paint in housing
shows that about 38 percent of all homes occupied by families with young children have priority
hazards; therefore, if 500,000 homes with children are tested annually, approximately 190,000 of
them would prove to have priority hazards. The total annual cost of testing and abatement in
these homes would be between $1.9 and $2.4 billion.

The cost estimates assume that abatement occurs as a separate activity, apart from other
remodeling or repainting. It is reasonable to expect that when abatement is conducted in
conjunction with renovation, the cost attributable to abatement will be lower than the cost
estimates given above. HUD is currently undertaking a demonstration of abatement in public
housing in the course of modernization activity, which will provide information on the cost of

abatement as part of renovation or repainting.

The high cost of abatement has led to consideration of alternative ways to manage lead hazards.
Such in-place management is designed to maintain painted surfaces, clean up lead dust, and
control the further accumulation of dust. Evaluation of possible in-place management strategies
should be undertaken to see if they are cost-effective. At present, little is known about the cost of
testing and treatment or the appropriate frequency of retesting surfaces or repeating the
treatment.

CURRENT GOVERNMENTAL AND PRIVATE SECTOR ACTIVITIES

With the exception of Maryland and Massachusetts and a few large cities, most State and local

governments have done little to respond to the lead-based paint hazard, except to react to cases of



childhood poisoning. Childhood lead poisoning is usually discovered through blood lead screening
programs that, in most areas, reach only five percent of the children. With regard to the private
sector, the only significant effort HUD has identified is the development of environmental
standards for the secondary mortgage market by the Federal National Mortgage Association
(FNMA). There is very little private abatement, even though lead paint is just as common in the

houses of the well-to-do as it is in those of the poor.

Such inaction may be due in part to a lack of public awareness regarding the recent findings of
medical research on neurological damage of low-level lead exposure, the hazards of dust lead, and
the linkage of lead-based paint to such exposure. Even if the public was aware of this information,
however, there is a dearth of industry capacity to perform the testing and abatement work
competently, little direct guidance as to proper procedures, high costs that inhibit action, and no

reason to expect that abatement will completely eliminate the lead hazard.

A COMPREHENSIVE PLAN

As noted, lack of public awareness of the problem coupled with the high cost of testing and
abatement have combined to produce relatively little public or private action to address this public

health issue.

Aware of this lack of progress, the Department proposes a comprehensive plan intended to
mitigate the problems that have inhibited efforts to address the hazards of lead-based paint.

Categories of activity are as follows:

. Secretary Kemp will appoint a Department-wide task force to update the lead-based
paint regulations in HUD programs.

] Secretary Kemp will also initiate a consultative process with other agencies to update
the regulations dealing with the reduction of lead paint hazards in all Federally owned
properties prior to sale for residential use.

] The Federal Government will continue to support State and local screening programs
to increase the proportion of the Nation’s children who are checked for lead
poisoning.

. Public education efforts aimed at individuals, the real estate industry, and State and

local Government agencies will be expanded.



. Additional Federal research activities will be undertaken to reduce the cost and
improve the reliability of testing for lead in paint and dust, and also to reduce the cost
of safe and effective abatement.

[ Additional research will also be undertaken on the cost-effectiveness of various
abatement strategies. This will include analysis of the specific contribution of lead-
based paint to lead in the blood, and the extent to which the various current
abatement strategies result in long-term health benefits, such as a lower incidence and
severity of lead poisoning. Complementing this analysis, in-place management
strategies will be developed and tested to see if lead hazards can be reduced to
tolerable levels in individual housing units on a more cost-effective basis.

. Research to determine what should be done about exterior soil lead and interior dust
lead in carpets, upholstered furniture, forced air ducts, and similar sources will be
initiated.

. Because housing regulation is primarily a responsibility of State and local

governments, the Federal Government will work with State and local governments to
increase their ability to regulate and support hazard reduction activities. This will
include working with the private sector to provide training in lead abatement for
construction workers and other participants in the abatement and remodelling
industries.

. A substantial volume of Federal funds and other resources are already available for
support of lead-based paint abatement and lead poisoning prevention. However, as
awareness of the problem grows through public education, the demand for access to
abatement resources can be expected to increase significantly. To meet this emerging
need, the Administration is developing options to provide additional financial support
for single family and multifamily abatements in units owned or occupied by low and
moderate income households. Assistance would be targeted to families with young
children living in homes with priority hazards.

The proposed Federal actions reflect continuing consultation by HUD with other agencies,
including the Environmental Protection Agency, the Department of Health and Human Services,
the Department of Labor, the Department of Commerce, and the Consumer Product Safety
Commission. Specific actions will be implemented only after additional discussion with those

agencies.
A summary description of the proposed activities follows.
Updating HUD Lead-Based Paint Regulations

In light of recent statutory changes as well as new knowledge on the nature and extent of lead

poisoning, HUD will conduct a thorough and critical review of its existing program regulations



concerning lead-based paint. Secretary Kemp is establishing a task force to analyze current
regulations in all programs and propose modifications. The task force will report to the Secretary

in six months.
Addressing Hazards in Other Federally-Owned Housing

Secretary Kemp will also initiate a consultative process with other Federal agencies that offer
residential properties for sale to the public, in order to update the regulations aimed at eliminating
the hazards of lead-based paint in these properties.

'

Expanded Information and Education Effort

There is a general lack of awareness of the seriousness of lead exposure and ways to avoid it.
Parents of young children as well as real estate professionals must be made aware of the dangers
of lead poisoning and elevated blood lead levels, the availability of lead screening, and the
protective measures that can be taken to avoid exposure. To remedy this, HUD, in cooperation
with other Federal agencies, will undertake a program (1) to produce and widely disseminate
brochures and other materials to the general public, and (2) to establish a national information
clearinghouse and technical hotline to provide needed technical information to homeowners, the
health and building industries, and others concerned with the lead-based paint problem. Both of
these efforts will accelerate the transmittal of research results and other important information to

the public.
Research and Demonstration Activities

There is a pressing need for expanded health, epidemiological, and environmental research and
demonstration activities to support the effective elimination of lead poisoning. Research is needed
in cost-effective testing and abatement of lead in paint, dust, and soil, as well in better
understanding the contribution of lead paint to blood lead levels. This research will be undertaken

on a multi-agency basis.

Research on the health effects of abatement. A major study is proposed to analyze the
relationship among the concentrations, amounts, and condition of lead paint, dust and soil lead,
and childhood blood lead levels. This study has two principal purposes: (1) to determine which



housing has the highest risk of causing childhood lead poisoning and is thus of highest priority for
abatement, and (2) to support the estimation of the benefits of abatement. In particular,
additional research is necessary to clearly establish the relationship of lead-based paint to blood
lead levels and the contribution of abatement to the reduction of blood lead levels, especially in
children. It is critical to determine what types of abatement are most cost-effective in order to

achieve maximum positive health impacts from available abatement resources.

Testing for lead in paint, dust, and soil. The cost of testing is high, and the testing industry at
present has limited capacity. It appears that no more than 500,000 private housing units can be
tested annually. Therefore, an essential prerequisite of any effective strategy for the elimination of
lead paint hazards is the availability of inexpensive, reliable methods of detection for homeowners
and contractors, as well as more sensitive, reliable, and nondestructive methods to be used by
professional inspectors. Specific projects include the evaluation of spot testing for lead, improving
X-ray fluorescence (XRF) lead analyzers, and the development of laboratory standards and

standard lead reference materials.

Research on lead-based paint abatement methods, products, and procedures. The cost of
abatement is also high, in the current state of technology. Although there has been substantial
progress in developing procedures for lead paint abatement, much still needs to be known. A
number of initiatives are proposed, including a review of worker protection standards,
identification of new abatement technologies, monitoring the long-term efficacy of abatement, and
the review of guidelines for handling and disposing of lead paint waste. In addition, HUD will
prepare and disseminate a full report on its multi-city abatement demonstration in Federally-

owned housing, and will prepare technical guidelines for testing and abatement in private housing,

Research on lead in soil and household dust. Lead in the soil appears to be a source of interior
dust lead, as the soil is tracked or blown into the housing unit. There is an immediate need to
better understand how to abate lead in exterior soil. It is also desirable to study abatement of dust
found in carpets, air ducts, furniture, and other personal property. Several proposed research
projects will significantly advance knowledge of how such lead hazards can be quickly, safely, and
efficiently abated.

In-place management. There is a need to establish procedures to promote the maximum

reduction of lead exposure through good maintenance practices. Property owners need to be able
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to apply measures that are relatively low in cost, but effective. A demonstration is proposed to test

the cost-effectiveness of alternative hazard reduction measures.
Capacity Building and Local Program Development

State and local governments have primary responsibility for regulating housing conditions in the
United States. At present, most have devoted few resources to the problem of lead-based paint.
The Federal Government must assist State and local governments to develop the capacity to
assume a leadership role in regulating and managing large-scale and effective programs of lead-
based paint hazard elimination. Three Federal actions are proposed: (1) the development of
training curricula and a training control system, (2) the preparation of information for State
legislators, and (3) the creation of an information exchange system for State and local
governments. The Administration is considering other ways to help States and localities. One
possibility is demonstration grants to encourage the development and implementation of

innovative local strategies for lead hazard reduction.
Financial Assistance for Lead-Based Paint Abatement

The Administration is developing options to provide additional financial support for single family
and multi-family residential abatement. Low and moderate income homeowners and/or landlords
would be eligible for abatement assistance to units with priority hazards, occupied by families with

young children.

EXISTING FEDERAL RESOURCES

Although there is no present Federal categorical program to abate lead-based paint, there are a
number of HUD programs under which lead-based paint abatement is an eligible activity. These
include both grant and loan programs, and also mortgage insurance.

The Community Development Block Grant Program ($2.9 billion) makes funds available for
rehabilitation of housing to be occupied by low- and moderate-income families. The new HOME
program represents another important potential resource for financing lead-based paint testing
and abatement. Authorized by the Cranston-Gonzalez National Affordable Housing Act of 1990,



HOME is a block grant program to State and local governments which encourages the design and
implementation of housing programs tailored to local needs. Considerable housing rehabilitation
is expected since the bill explicitly promotes such efforts. As authorized, HOME would receive $1
billion in FY 1991 and $2.086 billion in FY 1992.

HUD provides insurance for housing rehabilitation through a number of programs. Property
Improvement Loan Insurance (Title I) is available for single-family owner-occupied homes; the
loan limit is $17,500 for 15-year loans. These loans finance alterations, repairs, and improvements
to existing structures, and offer a means of financing lead-based paint abatement. Section 203(k)
is available to owners or purchasers of existing homes that need repair; it can be used to finance
renovations only or to combine the cost of buying the home with the cost of renovating it, in a
single transaction. Rehabilitation of multifamily housing can be insured through Sections
221(d)(4) and 223(f). These programs insure housing primarily for moderate and middle income
families.

In addition, the Department of Health and Human Services funds programs which can be used to
screen children for elevated blood lead levels. This screening process, in addition to identifying
children who need medical treatment, also leads to the identification of dwelling units which

should be targeted for lead-based paint abatement or in-place management activities.

HHS’s categorical grant program of Grants to States for Childhood Lead Poisoning Prevention,
funded at $3.9 million in 1990, is used solely for these lead screening activities. Three HHS block
grant programs for States--the Maternal and Child Health Block Grant ($554 million in 1990), the
State Preventive Health and Health Services Block Grant ($83 million in 1990), and the
Community Health Centers program (3427 million in 1990) are also sources of funding for lead

poisoning prevention activities, if States choose to use them for this purpose.

THE CONTRIBUTION OF THE PUBLIC HOUSING ABATEMENT PROGRAM

It is important to keep in mind that the public housing program has played an important
leadership role in the reduction of lead hazards. Lead-based paint is being abated now in public
housing. This is being done in accordance with explicit provisions of the Lead-Based Paint

Poisoning Prevention Act that require abatement in public housing that is assisted under the
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Comprehensive Improvement Assistance Program (CIAP). The HUD guidelines were developed
for the public housing program, and it was during the development of the guidelines that the need

for many of the research projects and training activities proposed in this report was identified.

HUD intends to monitor and evaluate the testing and abatement that is undertaken in public
housing closely, with particular attention to costs and health effects. HUD also intends to test in-
place management procedures in public housing and to monitor the results closely. All this activity
will enhance practical technical knowledge about lead hazard reduction and will generate growth in
the supply of experienced inspectors, testers, and contractors, all to the eventual benefit of

privately owned housing.

FEDERAL EXPENDITURES AND RESOURCES

This report is being prepared at the beginning of the FY 1992 budget cycle. It is therefore not
feasible to estimate the amount of Federal funding to support the plan during FY 1991 and
beyond. A full-scale budget review of all activities proposed in this plan will occur in the normal
course of the FY 1992 budget process.

During FY 1990, approximately $11 million was obligated in support of lead-based paint activities.
Of this amount, $160,000 is being spent on public information; $8.2 million on testing and
abatement research; $1.6 million for research on health effects; and $770,000 on State and local

capacity building.

THE CHANGING NATURE OF THE LEAD-BASED PAINT PROBLEM

Lead-based paint has been regarded as a public policy concern since the passage of the Lead-
Based Paint Poisoning Prevention Act in 1971. Over the ensuing 19 years, however, the nature
and extent of both the lead-based paint problem and the problem of elevated blood levels have
been frequently re-specified, as more has been learned. When the Act was passed, chewing on
lead paint chips was regarded as the primary health hazard from lead paint, and the U.S. Public
Health Service had set 60 micrograms of lead per deciliter of blood as the level warranting medical

attention; concern has now shifted to lead dust, and the level of lead in the blood warranting
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attention is 25 micrograms per deciliter, and may be reduced in the near future. Similarly, the
concentration of lead in paint regarded as serious was 2 milligrams per square centimeter in many
local abatement efforts during the 1970s; in the HUD regulations issued in August 1986 and in the
Housing and Community Development Act of 1987, it was set at 1 milligram. Abatement
standards were also less rigorous, and abatement was less costly. The combined effect of the lower
concentration level and the more costly abatement is substantial. HUD’s national survey found
that 43 percent of the housing units built before 1980 have concentrations above 2 milligrams,
compared to 77 percent with concentrations above 1 milligram. The average cost of abating in
accord with the HUD guidelines averages between $5,500-$7,700 per housing unit depending on
the method used; the cost of abating to prior standards is about $2,100. The total cost of
abatement by today’s standards is thus five or six times as large as it would have been by the

standards of 20 years ago.

This plan has been developed at the present time in response to the request of the Congress. It is
based on the best currently available information, and the research that underlies the plan has
itself contributed to what is known about lead-based paint. However, the plan is not intended as a
static document. Research and abatement activity is now underway that will add to what is known
about lead-based paint. The public housing abatement demonstration is an example. A new
survey of blood lead levels in children is in progress as part of the third National Health and
Nutrition Examination Survey. Further research should also be undertaken to fill the gaps in
knowledge that have been noted in the report, and to reduce the high cost of testing and
abatement. The plan will be modified in the future as more is learned about the problem and

about the most cost effective ways to address it.
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CHAPTER 1

INTRODUCTION

This report responds to the requirement in the Lead-Based Paint Poisoning Prevention Act
(LPPPA), as amended, that the Secretary of Housing and Urban Development "prepare and
transmit to the Congress a comprehensive and workable plan, including any recommendations for
changes in legislation, for the prompt and cost-effective inspection and abatement of privately-
owned single family and multifamily housing, including housing assisted under section 8 of the
United States Housing Act of 1937."1

This report also provides "an estimate of the amount, characteristics, and regional distribution of
housing in the United States that contains lead-based paint hazards at differing levels of
contamination," as required by the same legislation. Other Congressional requirements are

addressed in this report, as explained later in this chapter.

This chapter provides background on the history of lead-based paint production in the United
States and the relevant legislative and regulatory history. The responses of the Department of
Housing and Urban Development (HUD) to recent Congressional directives on lead-based paint
are summarized. The final sections of the chapter describe the organization of the report and the

interagency consultation that has occurred during its preparation.

PAINT PRODUCTION HISTORY

Lead-based paints have been produced since ancient times. The first factory to produce white-lead
pigments in the United States was established in 1804 in Philadelphia.2 Paints with lead-based

1 Amendment in Section 566 of the Housing and Community Development Act of 1987 (Public Law 100-242).
ZMcKnight, Mary E.; Byrd, W. Eric; Roberts, Willard E.; and Lagergren, Eric S. (December 1989), Methods for Measuring Lead

Concentrations in Paint Films (NISTIR 89-4209), U.S. Department of Commerce, National Institute of Standards and Technology, p. 1,
citing Mattiello, J.J. (1942), Protective and Decorative Coatings, Vol. II, (New York: John Wiley and Sons, Inc.).
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pigments were highly regarded for their durability, adhesion, and hiding qualities. Based on the
history of the production of white-lead pigments relative to other pigments, lead concentrations in
paint manufactured in the United States were probably highest during the first two or three
decades of the 20th century.? However, lead-based paint remained in widespread use during the
1930s and 1940s and to a declining extent into the 1970s.

LEGISLATIVE AND REGULATORY HISTORY

Although many cases of severe lead poisoning were reported in the United States during the first
half of this century, it was not until the 1950s that public health officials in some of the larger cities
began to trace the cause of many of the cases to old housing with deteriorating lead-based paint.
In the 1950s and 1960s several older, larger cities began to regulate the use of lead-based paint,
educate the public on its dangers and how to avoid them, and screen children for lead poisoning.
Some cities with early regulations banning the use of lead-based paint on interior surfaces were
Baltimore, MD; Chicago, IL; Cincinnati, OH; Jersey City, NJ; New Haven, CT; New York, NY;
Philadelphia, PA; St. Louis, MO; Washington, DC; and Wilmington, DE# In 1955, the paint
industry adopted a voluntary standard limiting the use of lead in interior paints to no more than 1
percent by weight of nonvolatile solids.

In 1971, the Federal Government enacted LPPPA, which, among other things, required the
Secretary of Health, Education and Welfare (now the Secretary of Health and Human Services) to
prohibit the use of lead-based paint in residential structures constructed or rehabilitated by the
Federal Government or with Federal assistance in any form. Lead-based paint was defined as
paint containing more than 1 percent by weight. In 1972, HUD issued regulations prohibiting
lead-based paint in HUD-associated housing.

31 ead-based paints were not the only paints in use in the early 20th century. Paint production data from the Census of Manufacturers
indicate that, by 1919, the production of water and calcimine-based paints almost equaled those with white lead. Around 1920, a zinc-
based compound known as lithopone came into use as a supplement or replacement for white-lead pigments in interior paints. In the
1930s, titanium dioxide was introduced as a hiding pigment. The production of titanium dioxide pigments equaled that of leaded
pigments by the late 1940s and, by the late 1950s, was five times greater. Latex paint came into use in the 1930s and, by the 1950s, was
the dominant paint for interior walls. Lead was seldom used with latex paint; it was primarily an additive to oil and alkyd paints.

4Gilsinn, J.F. (1972), Estimates of the Nature and Extent of Lead Paint Poisoning in the United States, U.S. Department of Commerce,
National Bureau of Standards, Table 1, p. 11.



The 1971 act also authorized a national program to encourage and assist States and cities to
conduct mass screening programs to identify children with lead poisoning, refer them for medical
treatment, investigate their residential environments for sources of lead, and order abatement.
During most of the 1970s, this program was administered by the Centers for Disease Control
(CDC). In 1981, the program was folded into the Maternal and Child Health Services Block Grant
to the States. In 1988, the Lead Contamination Control Act authorized the resumption of a small

categorical program to assist local screening programs.

In 1973, LPPPA was amended to lower the lead content allowed in paint to 0.5 percent until
December 31, 1974, and 0.06 percent after that date unless the Consumer Product Safety
Commission (CPSC) found that a higher percentage was safe. In 1974, CPSC reported to
Congress that it considered 0.5 percent lead to be a safe level. The 1973 amendments also
required HUD to eliminate, to the extent practicable, the hazard of lead-based paint poisoning in
pre-1950 housing covered by housing subsidies and applications for mortgage insurance, and also
in all pre-1950 federally owned housing prior to sale. HUD issued regulations implementing those

requirements in 1976.

In 1976, additional amendments to LPPPA lowered the paint lead limit to 0.06 percent unless
CPSC again determined that a higher limit not exceeding 0.5 percent was safe. In 1977, CPSC
declined to make such a finding; thus, according to the law, lead-based paint became defined as
paint containing more than 0.06 percent as of June 23, 1977. In 1978, CPSC, acting under the
authority of the Consumer Product Safety Act, banned the sale of lead-based paint to consumers
and the use of lead-based paint in residences and other areas where consumers have direct access
to painted surfaces. CPSC concluded that the impact of the ban would not be severe, because 95
percent of latex paints and 70 percent of oil paints intended for consumers were already in

compliance.

In 1983, HUD was ordered by the court in Ashton v. Pierce to conduct further rulemaking. In that
case, public housing tenants in the District of Columbia alleged that HUD’s lead-based paint
regulation was deficient for failing to define intact lead-based paint surfaces as an "immediate
hazard" requiring treatment. At the time of Ashton, HUD’s requirements pertained primarily to
defective paint. In 1986 and 1987, HUD issued new regulations for all HUD housing programs
that redefined "immediate hazard" and changed the construction cutoff date from 1950 to 1973 in

most cases.
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In 1987, Congress amended LPPPA to require (1) inclusion of intact paint in the definition of
immediate hazard and a construction cutoff date of 1978, (2) several detailed changes to the lead-
based paint requirements of the public housing program, (3) an extensive research and
demonstration program, and (4) several reports, including this "comprehensive and workable plan"
for abatement in privately owned housing. Further amendments in 1988 required a

comprehensive and workable plan for abatement in public housing.

In response to the 1987 amendments, HUD issued new regulations in June 1988 pertaining
primarily to the public housing program but also making 1978 the construction cutoff date for all
programs and defining "applicable surface" to include intact paint for all programs in accordance
with the act. Major regulatory changes for the nonpublic housing programs have been delayed
until the completion of an abatement demonstration program pursuant to mandates contained in

the 1987 amendments.

RESPONSES TO RECENT STATUTORY DIRECTIVES

This section describes HUD’s response to other reporting requirements mandated in either the
Housing and Community Development Act of 1987 or the Stewart B. McKinney Homeless
Assistance Amendments Act of 1988. These reporting requirements have to do with testing
technology, estimates of the amount of housing nationwide that contains lead-based paint,
abatement methods, in-place management of lead-based paint hazards, and a comprehensive and

workable plan for abatement in public housing.
Testing Technology

The 1987 amendments to LPPPA called for an examination of:

. The most reliable technology available for detecting lead-based paint, including x-ray
fluorescence (XRF) and atomic absorption spectroscopy (AAS);

. Safety considerations in testing;

u The overall accuracy and reliability of laboratory testing of physical samples, XRF
machines, and other available testing procedures; and

] The availability of qualified samplers and testers.
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To respond to these directives, HUD sponsored research at the National Institute of Standards
and Technology (NIST). NIST examined three types of technologies: (1) chemical spot tests done
on site, (2) portable XRF analyzers (also an on-site technology), and (3) laboratory analysis of
paint samples. HUD also conducted a separate test of sodium sulfide spot testing as a part of the

abatement demonstration that is described later in this section.

A summary of the NIST findings is provided in Chapter 4 and Appendix D of this report. A

complete account of the investigation is available in two published reports.’
National Hazards Estimate

The 1987 amendments to the Lead-Based Paint Poisoning Prevention Act call for "an estimate of
the amount, characteristics, and regional distribution of housing in the United States that contains

lead-based paint hazards at differing levels of contamination."

After examining available data on the extent and rate of occurrence of lead-based paint in housing,
HUD concluded that a national survey of lead-based paint in housing was necessary to respond to
this statutory mandate and to supply other information needed in the development of this report.
The initial design of the survey was prepared by Research Triangle Institute, and the final design
and implementation was completed by Westat, Inc. Both were under contract to HUD. A
description of the survey and its findings with regard to the amount of private housing with lead-
based paint are provided in Chapter 3 of this report. Further methodological description is found

in Appendix A. The findings for public housing will be presented in a subsequent report.
Technical Guidelines on Testing and Abatement

Congress, HUD, and the public health community concluded that HUD’s 1986 regulations did not
adequately address concerns about identification of lead-based paint, protection for the occupants
and workers, the need for thorough post-abatement cleanup (to ensure a safe environment), and

disposal of waste generated by the abatement procedures. To address this problem, the Senate

SMCKnight et al, Methods for Measuring Lead Concentrations in Paint Films; McKnight, Mary E.; Byrd, W. Eric; and Roberts, Willard E.
(May 1990), Measuring Lead Concentration in Paint Using a Portable Spectrum Analyzer X-Ray Fluorescence Device (NISTIR W90-650),
U.S. Department of Commerce, National Institute of Standards and Technology.



and House Appropriations Committees in August 1988, directed HUD to contract with the
National Institute of Building Sciences (NIBS) to develop interim guidelines for testing,
abatement, cleanup, disposal, and worker protection until new HUD regulations and guidelines
could be produced. Utilizing a consensus approach and a task force of experts from both the
public and private sectors, NIBS provided its report to HUD in March 1989.

The report accompanying the NIBS guidelines included several significant minority opinions about
the potentially high cost of implementing the guidelines in public housing. Therefore, HUD’s
Office of Public and Indian Housing convened a special working group of outside experts to review
the guidelines and identify more cost-effective ways to conduct abatement without posing safety
risks to workers or residents. A revision, entitled "Lead-Based Paint: Interim Guidelines for
Hazard Identification and Abatement in Public Housing" (hereafter referred to as the HUD
Interim Guidelines) specifically directed itself to issues of concern to public housing agencies. The
testing sections of the HUD Interim Guidelines were made to conform to the results of the NIST
research. The HUD Interim Guidelines were published originally in the Federal Register on April
18, 1990.6 A revised chapter on worker protection was published in the Federal Register on
September 28, 1990; and, also in September, HUD published and distributed a complete revised
version of the Interim Guidelines, including minor technical and typographical changes as well as

the revised chapter on worker protection.

The NIBS guidelines have been used in the demonstration of abatement techniques in HUD-
owned Federal Housing Administration (FHA) single-family housing. The HUD Interim
Guidelines are being used in the demonstration of lead-based paint testing and abatement

techniques in public housing.
Abatement Demonstration

The 1987 amendments required HUD to conduct a major demonstration in HUD-owned (FHA)
properties to examine "the most efficient and cost-effective methods for abatement, including
removal, containment, or encapsulation of the contaminated components, procedures which

minimize the generation of dust (including high-efficiency vacuum removal of leaded dust) and

bu.s. Department of Housing and Urban Development (1990), "Lead-Based Paint: Interim Guidelines for Hazard Identification and
Abatement in Public Housing," Federal Register 55 (April 18): 14557-14789.
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procedures that provide for offsite disposal of the removed components in compliance with all
applicable regulatory standards and procedures." Further amendments in 1988 directed that the
demonstration be conducted in public housing as well as in FHA properties. The two parts of the
demonstration, FHA properties and public housing, began at different times with somewhat

different research designs.

FHA properties. HUD selected a support contractor to manage the demonstration in January
1989. After an extensive research-design effort, in which the Environmental Protection Agency
(EPA) was closely involved, 173 HUD-owned single-family properties in seven metropolitan areas
were selected for abatement on the basis of a detailed statistical design. While the statute called
for the abatement research to be conducted in both single-family and multifamily properties in
HUD’s inventory, no multifamily properties met the conditions established for the demonstration.
Therefore, this demonstration is limited to single-family properties. Data on abatement methods
in multifamily properties will be collected in connection with the abatement demonstration in
public housing, discussed below. Abatement work for the demonstration was completed in July
1990. Preliminary findings on costs are presented in Chapter 4 of this report; additional
methodological description is provided in Appendix E. A complete report on the demonstration
will be published in 1991.

Public housing. In addition to the research objectives cited above for the abatement
demonstration in FHA properties, the lead-based paint abatement demonstration in public
housing is designed (1) to determine the degree to which the abatement of individual units in
multifamily public housing projects creates risks to residents and workers in nearby units from
lead-contaminated dust, and (2) to investigate the most appropriate ways to integrate lead-based
paint abatement activities with the process of comprehensively modernizing public housing

projects.

Three public housing agencies--Omaha, NE; Albany, NY; and Cambridge, MA--are participating
in the lead-based paint abatement demonstration in public housing. The Omaha project consists
of attached town house units, while the Albany and Cambridge projects consist of multifamily
projects with enclosed stairs and corridors. A total of 106 units are involved. Testing of these

units has been completed; abatement will occur over the next several months.
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The results of the demonstration will be reported to Congress in 1991.
In-Place Management of Lead-Based Paint Hazards

The Lead-Based Paint Poisoning Prevention Act directs HUD to examine and report on the
"merits of an interim containment protocol for public housing dwellings that are determined to
have lead-based paint but for which comprehensive improvement assistance under Section 14 of
the United States Housing Act of 1937 is not available." With the high cost of existing abatement
techniques and the impossibility of abating all units containing lead-based paint immediately,
HUD believes that in-place management, or "interim containment," must be considered. In
general terms, in-place management would involve repainting of defective paint surfaces, thorough
cleanup of dust, avoidance of further damage to lead-based paint surfaces, monitoring of the
condition of such surfaces, and periodic maintenance and cleaning. It is viewed as an interim
measure to protect occupants until safe, cost-effective abatement procedures can be established
and implemented. HUD is developing a protocol for in-place management of lead-based paint

hazards in public housing. A draft for public comment is expected to be available in early 1991.

The concept of interim in-place management may be useful in privately owned housing as well as

public housing. Research on the effectiveness of in-place management is proposed in Chapter 6.
Comprehensive and Workable Plan for Abatement in Public Housing

As required by Section 1088 of the McKinney Amendments Act of 1988, HUD will develop a
comprehensive and workable plan for the abatement of lead-based paint hazards in public housing,
drawing on data from the public housing abatement demonstration, the national survey of lead-
based paint in housing, and the assessment of abatement methods conducted as part of the
demonstration of lead-based paint abatement techniques in FHA properties. The report

containing the comprehensive and workable plan is scheduled for transmittal to Congress in 1991.

INTERAGENCY CONSULTATION

Throughout all the efforts described in this report, HUD has consulted with and sought advice

from Federal agencies with expertise in lead-based paint, including the Centers for Disease
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Control, the Consumer Product Safety Commission, the Environmental Protection Agency, the
National Institute of Environmental Health Sciences, the National Institute for Occupational
Safety and Health, the National Institute of Standards and Technology, and the Occupational
Safety and Health Administration.

In April 1989, at the direction of Congress, HUD and EPA executed a Memorandum of
Understanding (MOU) which called for close cooperation between the two agencies on lead-based
paint issues. Under the MOU, EPA has provided technical assistance in the development of
testing and analysis procedures, and in the planning, design, implementation, and review of the
abatement demonstrations and the national survey of lead-based paint hazards. EPA has
contributed directly to the development of the recommendations of this report. A task force on
lead-based paint issues, with members from the Federal agencies listed above, has been meeting
regularly since April 1989 and has assisted in identifying research and data needs that must be

addressed before a national program to abate lead-based paint hazards can be effective.

ORGANIZATION OF THE REPORT

The report has six chapters, including this introduction. Chapter 2 provides the reader with an
overview of the problem of lead in the environment: its toxic effects (particularly with regard to
children); the estimated number of children with differing levels of lead in their bodies, and how
these children are distributed by race, family income, and urban location; the sources of lead in the
environment and the ways humans are exposed to it (i.e., through air, water, food, dust, soil, and
paint); and available information on the contribution of lead-based paint to childhood lead
poisoning. Chapter 2 draws heavily from the 1988 report by the Agency for Toxic Substances and
Disease Registry, entitled The Nature and Extent of Lead Poisoning in Children in the United States:
A Report to Congress.

Chapter 3 includes the required estimates of the extent of lead-based paint hazards in United
States housing. These estimates are based on the national survey sponsored by HUD. Data on

lead in dust and soil are also provided.

Chapter 4 describes alternative methods of reducing lead-based paint hazards, their costs and

effectiveness, and factors affecting the choice of abatement strategy. This chapter is based on a
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combination of data from the national survey and the demonstration of abatement methods
sponsored by HUD.

Chapter 5 explains the current regulatory and programmatic activity--Federal, State, and local--

pertaining to lead-based paint, and also discusses private sector activity.

Finally, Chapter 6 presents a comprehensive program of Federal actions to assist in the abatement

of lead-based paint in privately owned housing.
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CHAPTER 2

LEAD IN THE ENVIRONMENT: AN OVERVIEW

This chapter provides a summary description of the overall problem of lead in the environment. It
is based entirely on the literature, and primarily on the 1988 report by the Agency for Toxic
Substances and Disease Registry (ATSDR), The Nature and Extent of Lead Poisoning in Children in
the United States: A Report to the Congress.! Topics discussed include the toxic effects of lead in the
human body, the number of children estimated to be at risk of toxic effects nationally and by
various population groups, the sources and pathways of lead in the environment, and the

contribution of lead-based paint to lead poisoning.

TOXIC EFFECTS

Lead is a powerful toxicant with no known beneficial purpose in the human body. The primary
target organ is the central nervous system, but virtually all parts of the body can be injured at high
levels of internal exposure. Convulsions, comas, and even death can result if treatment is not
provided. At the lower levels of lead exposure that are more commonly found in the population,
subtle neurological effects are of most concern. Long-lasting impacts on intelligence, motor
control, hearing, and emotional development of children have been documented at levels of lead in

the body that are not associated with obvious symptoms.2

Infants and young children are more at risk from exposure to lead than adults, because (1) their
neurological systems are developing and are more vulnerable to damage; (2) their frequent hand-
to-mouth activity brings them into greater contact with lead in the environment, especially in dust

and soil; (3) their bodies absorb and retain a larger percentage of ingested lead per unit of body

lys. Department of Health and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry (1988), The
Nature and Extent of Lead Poisoning in Children in the United States: A Report to Congress.

ZATSDR. Lead Poisoning, Chapter IV; Needleman, H. L.; and Gatsonis, C.A. (1990), "Low Level Lead Exposure and the 1Q of Children,”
Journal of the American Medical Association 263:673-678.
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weight than adults, and more of the lead in the body is available in the blood and soft tissues to
exert toxic effects;3 and (4) children often experience nutritional deficiencies (especially of iron,

calcium, and other metals) that enhance uptake, absorption, and retention of lead in the body.

Lead in adults is also of concern, however. Of particular importance is the fact that blood lead in
pregnant women can transfer through the placenta to the fetus. Lead has also been associated
with small increases in blood pressure in adult human males, and studies of animals have linked
lead with cancer and reproductive system abnormalities.# In 1985, the Environmental Protection

Agency (EPA) classified lead as a probable human carcinogen.’

Exposure to lead is characterized as either external or internal to the body. External exposure is
measured in terms of the concentration of lead in the material (air, water, food, dust, soil, or
paint) to which people are exposed in the environment. The most common measure of internal
exposure is the concentration of lead in whole blood, usually expressed in micrograms of lead per
deciliter of blood (ug/dl). Blood lead is generally considered a measure of recent exposure,
because its half-life (the time it takes for one-half of the lead to move from the blood) is estimated
to be about 25 days in adults.6 However, the half-life of blood lead may be longer for young

children; one study reported approximately 10 months for 2-year-olds.”

An important aspect of lead is that it accumulates in the body and is stored in the bones. The half-

life of lead in the most dense mineral portion of bone is approximately 20 years8 However,

3ATSDR, Lead Poisoning, Chapter III.
4Ibid., Chapter IV.
SFederal Register 50:46936, Nov. 13, 1985.

6ATSDR, Lead Poisoning, p. lII-5, citing Rabinowitz, M.B.; Wetherill, G.W.; and Kopple, J.D. (August 1976), "Kinetic Analysis of Lead
Metabolism in Healthy Humans,” Journal of Clinical Investigation 58:260-270.

7ATSDR, Lead Poisoning, p. III-5 citing Succop, P.A.; O’Flaherty, EJ.; Bornschein, R.L.; Clark, C.S.; Krafft, K; Hammond, P.B.; and
Shukla, R. (1987), "A Kinetic Model for Estimating Changes in the Concentration of Lead in the Blood of Young Children," in
International Conference: Heavy Metals in the Environment, Vol. 2, edited by Lindberg, S.E.; and Hutchinson, T.C. (Edinburgh: CEP
Consultants, Ltd.), pp. 289-291.

8ATSDR, Lead Poisoning, p. I11-9.
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circulating blood lead is apparently a function of both current and past internal exposure. Bone

lead contributes lead back to blood via resorption.?

Physiological stress can "mobilize" lead from bone to the bloodstream. Scientists have documented
increases in blood lead during pregnancy.l® Thus it is theoretically possible for pregnant women to

transfer lead absorbed in childhood to their fetuses.

Very severe childhood lead poisoning--involving such symptoms as kidney failure, gastrointestinal
problems, coma, convulsions, seizures, and pronounced mental retardation--can occur at blood
lead levels as low as 80 ug/dl. At or above 40 ug/dl, children may experience reduced hemoglobin
(the oxygen carrying substance in blood), the accumulation of a potential neurotoxicant known as
ALA, and mild anemia. Near 30 ug/dl, studies have found slowed nerve conduction velocity. And
between 10-15 and 25 ug/dl, researchers have documented slower reaction time, reductions in
intelligence and short-term memory, other neurobehavioral deficits, and adverse effects on heme

biosynthesis and vitamin D and calcium metabolism.11

EFFECTS OF LOW-LEVEL EXPOSURE

Four major longitudinal studies--in Boston, Cincinnati, Cleveland, and Port Pirie, South
Australia--have reported significant relationships between early low-level lead exposure and later
deficits in neurobehavioral performance on the same standard test of infant intelligence (the
Bayley Mental Development Index).12 As summarized by ATSDR, "these studies are remarkably
consistent in identifying a link between low-level lead exposure during early development and later
neurobehavioral performance. ... Moreover, the studies generally point to the prenatal period of
exposure as-the most critical, although postnatal exposure may still be important and may even

override the effect of prenatal exposure under some conditions. Blood lead levels of 10 to 15

1bid., p. INI-11.
O1pig., p. 111-9.
ypig,, pp. 10, IV-21.

12Results of the studies are summarized in ATSDR, Lead Poisoning, pp. IV-8-13, and in Michael, J.; Davis and David J. Svendsgaard
(September 1987), "Lead and Child Development,” Nature 329:297-300.
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ug/dl, and possibly lower, constitute a level of concern for these effects."13 Deficits of 2 to 8 points
were found on the Bayley Mental Development Index for every increment in blood lead of 10
ug/dL* The Bayley Index has a mean of 100 and a standard deviation of 16. A few points may not
be significant for one individual but could be very important for large populations. For instance, a
downward shift of 4 points for a large population of children would increase by 50 percent the
number of children scoring less than 80 on the Bayley Index.15 (At least four other longitudinal
studies similar to the four reported above are underway in Australia, Yugoslavia, Mexico, and
Scotland.)

Several well-conducted studies have reported significant associations between maternal blood lead
levels and preterm deliveries and reductions in weight and length of babies at birth. ATSDR

concluded that such effects can occur at levels of less than 15 ug/dl.16

One of the important questions regarding low-level lead exposure in young children has been
whether the effects are long lasting. A recent reportl? of an 11-year longitudinal study concluded
"that exposure to lead in childhood is associated with deficits in central nervous system functioning
that persist into young adulthood." Between 1975 and 1978 the investigators obtained baby teeth
from first and second graders in two suburban Boston school districts and selected 270 children
whose dentin lead levels were either low or relatively high but not so high as to cause obvious
symptoms of lead poisoning. This cohort underwent neurobehavioral testing three times: in 1977-
1978, 1983, and 1988. (By 1988, attrition had reduced the number of subjects to 132, who had
slightly lower childhood dentin lead levels, higher IQs, and higher socioeconomic status than the

138 subjects not available for testing in 1988.)

In the 1977-1978 evaluation, the high-lead group had a median IQ 6 points lower than that of the
low-lead group, after controlling for factors such as socioeconomic status. Five years later, the

13ATSDR, Lead Poisoning, p. Iv-13.

14pavis and Svendsgaard, "Lead and Child Development,” p. 298,
151bid., p. 300.

16ATSDR, Lead Poisoning, pp. IV-17-19.

17Needleman, Herbert L.; Schell, A ; Bellinger, D.; Leviton, A.; and Allred, E.N. (1990), "The Long-Term Effects of Exposure to Low
Doses of Lead in Childhood,” New England Journal of Medicine, 322:83-88.
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findings were similar, and the high-lead group had a higher rate of school failure. In 1988,
neurobehavioral deficits were still found to be significantly related to the lead content of baby
teeth, and the high-lead group were more likely to have dropped out of school, have a lower class
standing, increased absenteeism, lower vocabulary and grammatical-reasoning scores, poorer

hand-eye coordination, longer reaction times, and slower finger tapping.

REDUCTIONS IN THE EXPOSURE LEVEL OF CONCERN

Over the past 20 years, the U.S. Public Health Service has responded to emerging knowledge
about the effects of low-level lead exposure in children by lowering, on three occasions, the blood
lead level said to warrant medical intervention. In 1970, the level was 60 ug/dl. Shortly after the
Lead-Based Paint Poisoning Prevention Act was enacted in 1971, the level was lowered to 40
ug/dl. In 1975, the level was lowered again to 30 ug/dl, and in 1985 it was lowered still further to
25 ug/dL.1® 1t should be noted that the 1985 definition of an elevated blood lead level as 25 ug/dl
or greater was intended as "a cutoff point for medical referral from screening programs" and was
not meant to imply that children with levels below 25 ug/dl were without risk.1? In 1986, the World
Health Organization identified 20 ug/dl as an upper limit.2® Also in 1986, EPA cited 10-15 ug/dl
as the range associated with neurological deficits.2l An advisory committee for the Centers for

Disease Control is currently considering an updated statement on childhood lead poisoning.

ESTIMATES OF THE NUMBER OF CHILDREN EXPOSED

Lowering the blood lead level designated as the threshold of concern makes an enormous

difference in the number of children considered to be at risk. ATSDR estimated that 1.5 percent

18ys. Department of Health and Human Services, Public Health Service, Centers for Disease Control (1985), Preventing Lead Poisoning
in Children, p.1.

19ATSDR, Lead Poisoning, p. 3.
20world Health Organization, Regional Office for Europe (1986), Air Quality Guidelines (review draft), Vol. II: Lead, Chapter 19.

21y.s. Environmental Protection Agency, Environmental Criteria and Assessment Office (1986), Air Quality Criteria for Lead, (EPA
Report No. EPA-600/8-83/028aF through dF), 4 Vols.


http:deficits.21
http:limit.2o
http:ug/dl.18

of the white and black children between 6 months and S years of age living in metropolitan areas of
the United States had blood lead levels greater than 25 ug/dl in 1984. At levels greater than 20
ug/dl, the estimate was 5.2 percent; and for levels greater than 15 ug/dl, the estimate was 17
percent. The numbers of children corresponding to these percentages were 200,000, 715,000, and
2,400,000.22 Thus, based on these estimates, reducing the level of concern from 25 to 15 ug/dl
increases the number of children considered to be at risk of neurological and other impairments by
a factor of at least 10. Because of inadequacies in the basic data, the estimates did not include
Hispanic children, nor did they include children living in nonmetropolitan areas. ATSDR
estimated that, if those groups had been included, the total number of children under 6 with blood
lead levels greater than 15 ug/dl would have been 3 to 4 million in 1984.

It is probable that there has been a decline in blood lead levels since 1984 because of the continued
reduction in the use of leaded gasoline and of lead in food. However, updated estimates of
childhood lead exposure will not be available until 1992, when the results of the first round of the

third National Health and Nutrition Examination Survey are available.

An entirely different source of information on the prevalence of childhood lead poisoning is the
lead screening programs conducted by State and local health departments. ATSDR surveyed all
known State and local lead screening programs during 1985 and 1986. Responding entities
included approximately 14 State and 26 local programs. They reported 11,739 annual cases of lead
toxicity, or 1.5 percent of the 785,285 children screened during a 1-year period.23 Interestingly, 1.5
percent is the same rate of occurrence as that estimated for the entire nation at the 25 ug/dl level.
This similarity in rates may not be significant, however. Most screening programs used erythrocyte
protoporphyrin, a screening technique with an estimated sensitivity of 25-70 percent. Therefore,
the actual rate of occurrence of blood lead greater than 25 ug/dl was probably greater than 1.5
percent for the high-risk populations on which screening programs tend to concentrate.

22ATSDR, Lead Poisoning, p. 4. The ATSDR estimates were based on the 1980 census and the second National Health and Nutrition
Examination Survey (NHANES II), which was conducted in the late 1970s. Census counts of children were updated to 1984 with vital
statistics data for the period 1980 to 1984. NHANES II data on the incidence of childhood blood lead greater than 15, 20, and 25 ug/dl
were updated to 1984 by statistically modeling the association between blood lead and lead in gasoline, and then estimating the change
in blood lead levels between the date of NHANES II (approximately 1978) and 1984 based on the known reduction of lead in gasoline
during the same period. ATSDR acknowledged that any reduction in blood lead levels due to the reduction of lead in food between
1978 and 1984 was not accounted for.

21bid., Table V-14. Toxicity was either the 25 or 30 ug/dl blood lead level, depending on whether the year of the screening was 1986 or
198s.
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DISTRIBUTION OF EXPOSED CHILDREN

ATSDR found that childhood blood lead levels were associated with race, family income,
residence inside or outside of a metropolitan central city, and the size of the metropolitan area.
The highest incidence of elevated blood lead was found among black children in the lowest family
income group, living in central cities of metropolitan areas of 1 million or more. Sixty-eight
percent of that group was estimated to have levels greater than 15 ug/dl in 1984; 10.6 percent had
levels greater than 25 ug/dl (see Table 2-1). The lowest incidence was found among white children
in the highest income group living outside central cities in metropolitan areas of less than 1 million
(4.7 percent at 15 ug/dl, 0.2 percent at 25 ug/dl). The incidence was roughly two to four times
higher among black children than among white children of similar income and place of residence.
For children of both races, the incidence among those of the lowest income group was two to four
times that of the highest income group, holding place of residence constant. Children living in
metropolitan areas of 1 million or more had about 45 percent higher incidence than those in
metropolitan areas of less than 1 million. Within metropolitan areas of the same size, the
incidence among those living in central cities was roughly 30 percent higher than those living

outside central cities.

Scientists do not know why black children have a higher incidence of internal lead exposure than
whites after income and urban location are held constant. There may be several reasons, including
greater environmental exposure (perhaps from older, more deteriorated housing), behavioral
factors (such as nutrition, and mouthing behavior), and biological differences (perhaps in the rate
of absorption and retention of lead). Differences in incidence by income group are assumed to be

caused by environmental and, to a lesser degree, behavioral factors.

Although the percentage of children with elevated blood lead levels may be relatively low for some
population groups, the number of affected children is substantial in all groups. Table 2-2 shows,
for example, that there were 241,200 white children from suburban, middle-income homes in
metropolitan areas of over 1 million in population estimated to have blood lead levels greater than

15 ug/dl in 1984. This compares to 234,900 central-city black children from lower income homes.
Large metropolitan areas may have higher blood lead levels than smaller areas because vehicle

miles per capita (and thus leaded gasoline emissions) tend to be associated with size of urban area.

Industrial emissions may also be associated with size of place. The higher blood leads in central
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TABLE 2-1

PERCENTAGES OF CHILDREN 0.5-5 YEARS OLD
ESTIMATED TO EXCEED SELECTED BLOOD LEAD LEVELS
BY FAMILY INCOME, RACE, SIZE OF METROPOLITAN AREA, AND
RESIDENCE INSIDE OR OUTSIDE CENTRAL CITY, 1984

Family Income and Race
Blood Metropolitan < $6,000 $6,000-$14,999 > $14,999
Lead Level Area Population White Black White Black White Black
> 15 ug/di Inside Central City
< 1,000,000 25.7 55.5 15.2 411 7.1 26.6
> 1,000,000 36.0 67.8 22.9 53.6 11.9 38.2
Outside Central City
< 1,000,000 19.2 45.9 10.9 32.4 4.7 19.5
> 1,000,000 27.7 57.8 16.8 43.7 8.1 28.9
> 25 ug/dl Inside Central City
< 1,000,000 2.1 7.7 1.1 4.1 0.4 1.5
> 1,000,000 3.0 10.6 1.5 5.9 0.5 2
Outside Central City
< 1,000,000 1.6 6.1 0.8 3.2 0.2 1.1
> 1,000,000 3 8.4 1.2 4.6 0.4 1.7

Note: The income intervals used in this table are those used for NHANES 1l data, which have a midpoint year of 1978.
ATSDR did not adjust the intervals to 1984 dollars. The intervals can be considered generally as representing low, moderate,

and above-median family income levels.

Source: ATSDR, Lead Poisoning, Tables V-1 and V-2.




TABLE 2-2
NUMBERS OF CHILDREN (000s) 0.5-5 YEARS OLD
ESTIMATED TO EXCEED SELECTED BLOOD LEAD LEVELS
BY FAMILY INCOME, RACE, SIZE OF METROPOLITAN AREA, AND
RESIDENCE INSIDE OR OUTSIDE CENTRAL CITY, 1984

6C

Family iIncome and Race
Blood Metropolitan < $6,000 $6,000-$14,999 > $14,999
Lead Level Area Population Black White Black White Black White Total
> 15 ug/dl inside Central City
< 1,000,000 78.9 43.7 57 1 46.0 41.8 33.6 301.1
> 1,000,000 234.9 113.0 184.9 124.6 151.0 93.4 901.8
Outside Central City
< 1,000,000 71.4 106.4 74.4 158.9 50.7 124.3 586.1
> 1,000,000 44 .6 120.4 49.9 241.2 64.4 711 591.6
Total 429.8 383.5 366.3 570.7 307.9 3224 2380.6
> 25 ug/dl Inside Central City
< 1,000,000 10.9 3.2 5.7 2.6 2.4 2.7 27.5
> 1,000,000 36.7 7.4 20.4 5.2 8.7 7.8 86.2
Outside Central City
< 1,000,000 9.4 7.9 7.3 9.3 2.8 7.3 44 .0
> 1,000,000 6.5 8.6 5.3 11.9 3.8 5.9 42.0
Total 63.5 271 38.7 29.0 17.7 23.7 199.7

Note: The income intervals used in this table are those used for NHANES Il data, which have a midpoint year of 1978. ATSDR did not adjust
the intervals to 1984 dollars. The intervals can be considered generally as representing low, moderate, and above-median family income levels.

Source: ATSDR, Lead Poisoning, Tables V-4, V-5, and V-6.




cities can probably be explained by more automobile and industrial emissions per capita than in
suburbs, and also by a greater proportion of old houses with lead-based paint, often at higher lead
paint concentrations, all of which have combined to leave higher lead concentrations in soil and
dust. In addition, central cities have a larger proportion of houses with lead pipes than the

suburbs. These sources of lead in the environment are discussed in the next section.

SOURCES AND PATHWAYS OF LEAD IN THE HUMAN ENVIRONMENT

Lead is ubiquitous in the human environment and derives from many sources. No single factor
accounts for childhood lead poisoning. Although lead occurs naturally in small quantities in the
earth’s crust, virtually all of the hazardous levels of lead derive from man made processes and
products. The principal industrial use of lead is in the manufacture of storage batteries. Other
current uses include the production of ammunition, various chemicals, and sinkers for fishing. The
use of lead in paint additives, gasoline additives, solder, and pipes has been reduced substantially

or eliminated; but the old installed products or residuals from their use remain in the environment.

The principal pathways of adult exposure to lead are air, drinking water, and food. For infants and
young children, however, surface dust and soil are important pathways, because young children
play on floors and in outside play spaces that may be contaminated with lead and frequently put
fingers, toys, and other objects in their mouths. More importantly for this report, surface dust and
soil are thought to be major pathways for childhood exposure to lead from lead-based paint. Air
can also be a pathway for lead deriving from lead-based paint, because lead may be in airborne
dust during refinishing or renovation activities or because of windblown surface dust. Children
may also become exposed to lead from lead-based paint by directly eating chips of lead-based paint
or chewing on protruding surfaces painted with lead-based paint; in such cases, lead-based paint is
likely to become a direct source of severe lead poisoning. Direct eating of lead-based paint is
thought to be most frequent among children who have a condition known as pica (a tendency to
eat nonfood items).

Each of the pathways--air, water, food, and dust and soil--has multiple sources of potential lead
contamination. Science has not been able to ascertain the precise contribution of each of these
pathways to blood lead levels. These pathways and the sources of lead associated with them are

discussed briefly in the following paragraphs to give the reader a context in which to consider the

2-10



role of lead-based paint as a contaminant. Then the next section provides a discussion of what is

known about the contribution of lead-based paint to childhood lead poisoning.
Air

Air can be contaminated by emissions from gasoline combustion, smelters and battery factories,
and the combustion of oil, coal, waste oil, and municipal wastes. Windblown dust is another source
of air pollution. The reduction of lead in air during the past 15 years has been a major
achievement in environmental health, largely due to the reduced use of leaded gasoline. The
reduction of lead in air correlates very well with declines in childhood blood lead levels between
1976 and 1980 found by the second National Health and Nutrition Examination Survey
(NHANES II).2 Lead in air is now believed to be a problem only in proximity to a few stationary
sources.? EPA reports that total atmospheric lead emissions dropped 94 percent between 1978
and 1987. The use of leaded gasoline has declined by over 90 percent since 1978 as a result of the
use of unleaded gasoline in new cars, the phasedown of leaded gasoline, and attrition in the supply
of vehicles that burn it. Also, lead emissions from industrial and other stationary sources have
declined because of compliance with State plans and regulations aimed at achieving national air

quality standards, and because of reduced industrial activity.
Water

Drinking water can be contaminated at the point of supply (ie., surface or ground water
contaminated by fallout from the air or from solid waste), in distribution through old lead pipes, or
from lead solder in plumbing. Lead in drinking water is of great concern, because even very small
concentrations can cause exposure, given the large amounts of water people consume. It appears
that lead in drinking water is more completely absorbed by the body than lead in food or other
substances, especially when the water is not drunk with a meal. For lead in food, 10-15 percent is

absorbed by adults; for water, the absorption rate is 35-50 percent.26

bid., p. VI-21.

U.s. Environmental Protection Agency, Office of Air Quality Planning and Standards (1989), Review of the National Ambient Air
Quality Standards for Lead: Exposure Analysis Methodology and Validation (Staff Report), p. 1I-5.

26ATSDR, Lead Poisoning, p. VI-36, citing EPA, Air Quality Criteria for Lead.
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Although lead contamination of drinking water rarely occurs at the point of supply in municipal
water systems, EPA’s Office of Drinking Water proposed, in 1988, a revision of the existing lead
standard of 50 micrograms per liter (ug/l) to S ug/l, measured at the entry point to the distribution

system or the treatment plant.

Most lead in drinking water is thought to stem from lead pipes and lead solder in plumbing. In
some parts of the country, lead pipes were used until the early 1900s for interior plumbing and for
the connections from the street main to the building. Although lead plumbing is most likely in
houses built before 1930, in some cities the practice of using lead pipes for the connection lines
continued until only recently.?’ In 1987, there were approximately 14 million housing units (16
percent of the nation’s total) that were built prior to 1930; 2.7 million of these homes lodged

children under 7 years old.28

Most experts think that lead solder is the major cause of tap water contamination in the United
States. The 1986 Safe Drinking Water Amendments banned the use of lead solder, with
enforcement by the States to be effective by June 1988.

Samples of tap water taken for EPA in 580 cities in 47 States indicate that 16 percent of the water
from U.S. kitchens contains 20 ug/l or more of lead, which is the proposed EPA maximum
contaminant level. This study was completed in 1986. More recent studies indicate that the
percentage of housing units with tap water lead concentrations of greater than 20 ug/1 may be even

greater.?

The method most commonly proposed to reduce lead concentrations in tap water is reducing the
corrosiveness, or acidity, of the water. This reduces the leaching of lead from solder or pipes.
Preliminary results of an EPA study indicate that, for houses older than 5 years, 51 percent of the

first-flush tap water samples are likely to have a lead concentration of greater than 20 ug/l when

27y.S. Environmental Protection Agency, Office of Drinking Water (April 1987), Lead and Your Drinking Water (OPA-87-006).
28Estimated from tabulation of American Housing Survey data by Paul Burke, Office of Policy Development and Research, HUD. The
American Housing Survey is a biennial survey of the Nation’s housing conducted by the Bureau of the Census for HUD. Results are

available in published and electronic form from the Bureau of the Census.

29ATSDR, Lead Poisoning, p. VI-36, V1-37.
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the water has a pH of 6.4 or less. If the pH is 8.0 or greater, only 13 percent of the samples are
expected to have lead concentrations greater than 20 ug/1.30 (Acidity is inversely related to pH.)

Food

Food can be contaminated by deposition of airborne lead onto crops or water, during
transportation or processing, or from containers with lead solder, lead glaze, or other materials
with lead. Food, like water, is of concern as a pathway because of the large quantities that are

consumed by all segments of the population.

In food processing, the primary source of lead has been solder in the seams of cans. A phasing out
of lead solder in cans began in the late 1970s, resulting in a significant reduction in lead in canned
food. ATSDR reported that lead in evaporated milk declined from 0.5 micrograms per gram
(ug/g) wet weight in the early 1970s to 0.07 ug/g in 1981 and that lead in some juices declined
approximately 95 percent.3!

Surface Dust and Soil

Surface dust includes house dust and street dust (dust on hard exterior surfaces such as sidewalks,
streets, and playgrounds). Soil may be divided into soil dust (the very top layer of soils with which
people are in contact) and soil below the very top layer, although such a distinction is not yet
common in the literature. Lead in surface dust and soil of all types can come from weathering and
chipping of lead-based paint, scraping and sanding of lead-based paint in preparation for
refinishing, renovations that break surfaces painted with lead-based paint, atmospheric fallout
from the combustion of leaded gasoline and factory emissions, industrial solid waste, and dust and
dirt that is carried into the home on shoes and clothing (especially from factories or construction

sites) or by pets.

Surface dust is mobile. It can be transported by wind and carried on clothing, shoes, and pets.

Thus the source of interior house dust is partly external to the dwelling. Rabinowitz found that the

301bid., Table VI-17, p. VI-43.

311bid., p. V145,
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lead isotope composition of dust lead in Boston homes with no lead-based paint closely resembled

the background soils in the city parks.32

A large number of studies published during the past two decades have indicated an association
between dust lead and childhood blood lead. Three studies are summarized here because of the

apparent importance of dust lead as a pathway for paint lead.

In 1980 Charney and colleagues reported the results of a study in Rochester, NY, of the
environments and behavior of 49 young children with high blood lead levels (40-79 ug/dl) and 50
children with "low" levels (less than 30 ug/dl). The investigators hypothesized that children in the
high blood lead group would have more lead on their hands and in interior surface dust in their
homes than the low blood lead group. The results of the study supported acceptance of the
hypothesis. The mean interior surface dust values were 265 and 123 ug/sample for, respectively,
the high- and low-lead groups. The mean hand dust values were, respectively, 49 and 21
ug/sample. Also, the mean values of soil lead were, respectively, 1,563 and 1,008 parts per million
(ppm); and 46 percent of the homes of the high-lead group yielded paint chips that were 1 percent
or more lead, compared to 26 percent of the homes of the low-lead group. The researchers were
able to achieve a relatively high level of explanation of blood lead variance when they confined
their data to age groups. For example, for all children aged 18-32 months, the explanation of
variance was 73 percent (r2 x 100), with dust lead, soil lead, race, and pica as the independent
variables. Other independent variables were significant for other age and racial groups. The
authors concluded that although several factors accounted for childhood lead poisoning, dust lead
and hand lead were strongly correlated with blood lead, and that interior dust lead should be taken

into account in attempting to reduce lead hazards in residential environments.33

In 1983, Charney and colleagues reported on a HUD-funded study in Baltimore of whether dust
control measures, in addition to treatment of potential lead-based paint hazards, would lower
blood lead levels. The subjects were children between 15 and 72 months of age at the time of
enrollment, with blood lead levels of between 30 and 49 ug/dl. Lead-based paint that was not

32Rabinowitz, Michael B. (1987), "Stable Isotope Mass Spectrometry in Childhood Lead Poisoning,” Biological Trace Element Research
12:223-229.

33Chamey, E.; Sayre, J.; and Coulter, M. (February 1980), "Increased Lead Absorption in Inner City Children: Where Does the Lead
Come From?", Pediatrics, 65(2).
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intact or was chewable and within 4 feet of the floor was removed or covered in the homes of all
subjects. After the paint treatment, dust control was practiced in the homes of a study group of 14
children; a control group of 35 of the subject children had no dust control. Dust control consisted
of twice monthly wet mopping by the research team of each room that contained greater than 100
ug lead per sample. Families were encouraged to clean these same areas in the intervals between
research team visits, and to wash the children’s hands frequently. Blood lead levels in the study
group fell an average of 6.9 ug/dl after 1 year, compared to 0.7 ug/dl in the control group. Study
group children with the highest initial blood lead levels had the greatest reductions. The
investigators concluded that their results showed "that a focused dust-control program can reduce
blood lead levels more than standard lead removal in the home."3 It should be noted, however,
that the lead-based paint abatement protocols recommended now (ie. in 1990) are more
extensive than those in common practice in the early 1980s (and used in the Charney study).
Among other things, a thorough dust cleanup, using high-efficiency vacuum cleaners and a

phosphate wash, are standard.

Bellinger and colleagues (1986) enrolled 249 metropolitan Boston children with low-to-moderate
blood lead levels at 1 month of age and collected data semiannually on blood lead levels,
environmental lead (water, air, dust, paint, and breast milk/formula), sociodemographic factors,
home environment and care-giving style, behavior (especially mouthing), and development. The
children came largely from white, middle-to-upper-middle-class, well-educated, intact families, and
were at low risk of developmental handicap. Twenty-three variables were analyzed in terms of
their ability to predict blood lead levels at 24 months. (Although paint data were collected, no
paint variable was used in the analysis.) In bivariate analysis, only five variables were significantly
correlated with blood lead: blood sample collected between May and August, refinishing activities
in the home within 6 months of blood sample collection, lead content of house dust, greater
amounts of thumb/finger sucking, and a greater number of significant life events (e.g., pregnancy,
job change, marital separation). All five of these variables were positively correlated to blood lead.
The 23 independent variables were grouped in S sets, and multiple regression was run individually
with the variables in each set. The environmental lead set and the mouthing set were significantly
associated with blood lead, but home environment/care giving, child development, and

sociodemographic characteristics were not.  The percentage of variance explained by

3“Cham4:y, E.; Kessler, B; Farfel, M.; and Jackson, D. (1983), "Childhood Lead Poisoning: A Controlled Trial of the Effect of Dust-
Control Measures on Blood Lead Levels,” New England Journal of Medicine 309(18):1089-1093.
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environmental lead was 22.9, four times that explained by mouthing (5.5). Dust lead was the most
important environmental variable, although refinishing and month of sample selection were
significant. The investigators concluded that "the most promising approach for achieving
community-wide reductions in children’s blood lead levels is reduction of the amount of lead in the

proximate environment."3

THE CONTRIBUTION OF LEAD-BASED PAINT TO LEAD POISONING

The widespread occurrence of lead in the environment from auto emissions, lead pipes, solder,
and other sources has confounded efforts to estimate the relative contribution of paint lead to
body burden. Nevertheless, the efforts of a number of researchers over the years allow some
crucial findings to be derived. These findings are briefly stated here; they are then discussed in
more detail and documented.

[ Eating chips of lead-based paint can result in severe poisoning; however, such
episodes are relatively infrequent.

] Ingestion of dust and soil containing lead through hand-to-mouth activity is a more
common pathway among children than eating paint chips.

. Researchers have found significant associations between lead in children’s blood and
lead on their hands, and in the dust and soil in and around their homes.

] There is evidence that homes in poor condition elevate the hazards of exposure to
lead-based paint.

n Home refinishing (scraping and repainting), if not properly performed, can
significantly increase the hazard level.

] Studies of health effects of traditional abatement practices (i.e., treatment of defective
and accessible paint surfaces with little or no worker protection, etc.) have reported
conflicting findings.

The association between paint lead and dust lead is discussed further in Chapter 3, based on an

analysis of data from HUD’s national survey of lead-based paint in housing.

35Bellingt:r, D.; Leviton, A.; Rabinowitz, M.; Needleman, H.; and Waternaux, C. (1986), "Correlates of Low-Level Lead Exposure in
Urban Children at 2 Years of Age," Pediatrics 77(6):826-833.
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Ingestion of Lead-Based Paint

The literature on clinical cases of lead poisoning clearly documents the severe poisoning that can
result from eating chips of lead-based paint or chewing on protruding surfaces painted with lead-
based paint.3 These cases tend to occur among children with pica (the tendency to eat nonfood
substances), who are estimated to make up about 20-30 percent of the childhood population of
inner cities.3” While such cases are infrequent, they are very serious.3® Past and current Federal

policy has focused on eliminating such poisoning by treating defective paint and chewable surfaces.

The Cincinnati Study of Pathways Between Paint Lead and Blood Lead

There have been a number of studies in recent years of the relationship between blood lead levels
in children and the amount of lead contained in dust and soil in and around their homes.
However, the published literature includes very little on the relationship between children’s blood
lead and measures of the extent of lead-based paint in a dwelling unit. An exception to this is the
work of members of the Institute of Environmental Health at the University of Cincinnati Medical

Center.

The Cincinnati lead study, a prospective study of the mechanisms of childhood lead exposure,
began in 1980 and is ongoing.3 The study design called for tracking children’s blood lead quarterly

from birth and collecting environmental samples of interior surface dust, exterior surface dust

36ATSDR, Lead Poisoning, p. VI-10.
37Barltrop, D. (1966), "The Prevalence of Pica,” American Journal of Disabled Children, 112:116.

38Although relatively infrequent, the number of children with higher blood lead levels is not trivial. NHANES II indicated that only 0.5
percent of children less than 6 years old had blood lead levels of 40 ug/dl or greater; this amounted to 82,290 children in 1980
nationwide. It is not known precisely what proportion of this poisoning was derived from lead-based paint, but experts are strongly of
the opinion that "clinical lead poisoning is most frequently associated with ingestion of lead-bearing paint." NHANES III will answer
whether this occurrence has declined. (Data from National Center for Health Statistics, Amnest, J. L. and Mahaffey, K. (1984), Blood-
Lead Levels for Persons Ages 6 Months - 74 Years: United States, 1976-1980. Vital and Health Statistics. Series 11, No. 233. DHHS Pub.
No. (PHS) 84-1683, Public Health Service, Washington. Quotation from Piomelli, Sergio; Rosen, John F.; Chisolm, J. Julian, Jr.; and
Graef, John W. (1984). "Management of Childhood Lead Poisoning," Journal of Pediatrics, 105:523-532. Reprinted in Prevention of
Lead Poisoning in Young Children, A Statement by the Centers for Disease Control, January 1985.)

39B»omschein, R.L.; Hammond, P.D.; Dietrich, K.N.; Succop, P.A ; Krafft, KM.; Clark, C.S.; Pearson, D.; and Que Hee, S.S. (1985), "The

Cincinnati Prospective Study of Low-Level Lead Exposure and Its Effect on Child Development Protocol and Status Report,”
Environmental Research 38: 4-18.
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scrapings, and dust on children’s hands, and developing an index of paint hazard. Classification of
housing by type was also undertaken. Children in the Cincinnati lead study were drawn from a

predominantly low socioeconomic, black inner-city neighborhood.

Analyzing the Cincinnati lead study data, Bornschein and colleagues developed a three-equation
simultaneous structural model of the relationships between blood lead at 18 months (PbB), hand
dust lead (PbH), interior surface dust lead (PbD), exterior surface scraping dust lead (PbSS), and
an index of the lead content and condition of the paint (XRF Hazard).#%41 A graphic depiction of
the model illustrates the relationships among these study variables. The numbers adjacent to the

lines are estimated regression coefficients. All coefficients are significant at p<.05; NS=Not

Significant.42
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4OBoms.chcin, R.L.; Succop, P.A,; Krafft, KM.; Clark, C.S,; Peace, B.; and Hammond, P.B. (1986), "Exterior Surface Dust Lead, Interior
House Dust Lead and Childhood Lead Exposure in an Urban Environment,” in Trace Substances in Environmental Health, I, 1986. A
Symposium, edited by D.D. Hemphill (University of Missouri, Columbia).

41Bormschein et al. (1986) described the index as follows: "Paint lead was evaluated using X-ray fluorescence (XRF) on a maximum of 15
painted surfaces within the dwelling. For each XRF reading, the environmental technician also rated the primary (predominant fault)
and (if appropriate) the secondary condition of the painted surface. These values vary from 0 to 10, where high values indicate poorer
surface quality. A paint hazard score (XRFHAZ) for each residence was derived from a linear combination of the product of the XRF
measurements and the condition code values for the painted surface. This produces a weighted average score which takes into account
not only the Pb content of the painted surface, but aiso the (potential) availability of Pb which migrates from the painted surface in the
form of dust and paint chips to children.”

42The estimated structural equations in the model follow (the distribution of the measurements of lead are skewed to the right. The
logarithmic transformation helps normalize the distribution and reduces the influence that a few large observations might have on our
analysis):

Ln(PbB) = 1.276 + .152 Ln(PbH) + .182 Ln(PbD), R2 = 38
Ln(PbH) = -0.966 + .444 Ln(PbD), RZ2=22
Ln(PbD) = 4.691 + .325 Ln(XRFHAZ) + .268 Ln(PbSS), R? = 38
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This graphic indicates that lead in paint does not directly impact blood lead levels, but it does
impact them through the pathways:

" Lead-based paint hazard index ---> dust lead ---> blood lead, and

] Lead-based paint hazard index ---> dust lead ---> hand lead ---> blood lead.

In addition, it should be noted that exterior surface scraping dust lead derives, in part, from paint
lead. Bornschein, et al (1986) report a correlation of .30, with a significance at p<.001, between

these two variables.

The conclusion is that, except for children with pica, dust is the immediate source of lead for
children and that lead-based paint is primarily a contributor to dust lead. The Cincinnati
investigators point out that the lack of a path from paint lead to hand lead or blood lead "is not
surprising since this would imply that paint chips were adhering to the hand or being deliberately
ingested, both of which are low probability events in the study population. Rather, the results
support the hypothesis that peeling paint is eventually ground into dust which then contaminates

hands, toys and food."+3
Effects of Housing Condition

There is evidence that the condition of the paint affects the level of the hazard, because defective
paint provides chips that are more accessible for direct ingestion and can readily contaminate the
house dust. In an early paper from the Cincinnati study, Clark and colleagues compared
environmental variables and blood lead levels (for children who had not moved) across housing
types.# Four housing types were identified:

1. Public housing and private housing built after World War II (WWII), with relatively
low levels of paint and dust lead.

2. Rehabilitated housing, originally built before WWII, also with low levels of paint lead,
but moderate levels of exterior dust lead.

43Bormschein et al. (1986), p. 537.

44Clzn'k, C.S.; Bornschein, R.L.; Succop, P.; Que Hee, S.S.; Hammond, P. D.; and Peace B. (1985), "Condition and Type of Housing as an
Indicator of Potential Environmental Lead Exposure and Pediatric Blood Lead Levels,” Environmental Research 38:46-53.
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3. Pre-WWII housing, satisfactory appearance, with relatively high paint lead and
moderate dust lead.

4. Pre-WWII housing, deteriorating or dilapidated, with relatively high paint and dust
lead.

No significant differences were found among these housing types in the (geometric) mean blood
lead levels up to 3 months of age. Thereafter, mean blood lead levels for the housing in the
poorest condition (Group 4) increased dramatically, approaching 35 ug/dl for children reaching 18
months of age. By comparison, mean blood lead levels were between 15 and 20 ug/dl for Groups 2
and 3 housing and between 10 and 15 ug/dl for Group 1 housing.

Comparing the pre-WWII satisfactory and deteriorating/dilapidated groups, Clark and colleagues
reported very similar scores on maximum lead content of paint measured by x-ray fluorescence
(XRF), but the deteriorating/dilapidated housing had much higher interior surface dust levels and
much higher hand dust levels. This study may indicate the importance of "unsoundness" as a

marker for lead poisoning hazard.
Isotope Ratio Analysis

Two studies have conducted isotopic analyses of lead in children’s blood and environmental lead to
make inferences about the sources of the blood lead.#> Rabinowitz examined three severely lead
poisoned boys (blood lead levels of 120, 83, and 66 ug/dl) and found that lead in their blood and
feces resembled accessible paint lead, and that the house dust lead appeared to be a mixture of
paint lead (20-70 percent) and exterior soil lead.#6 Yaffe and colleagues examined 12 children with
blood lead levels above 30 ug/dl.47 The lead in their blood resembled the lead in paint from
exterior walls and the soils in adjacent areas where they played. Yaffe’s data suggest that the soil

lead came from the paint lead and that the soil lead was the proximate cause of the blood lead.

45These analyses exploited the fact that lead obtained from different sources differs in isotopic composition.
46Rabinowitz. (1987) "Stable Isotope Mass Spectrometry in Childhood Lead Poisoning.”
47Yat‘fc, Yechiam; Flessel, Peter C.; Wesolowski, Jerome J.; Del Rosario, Aurora; Guirguis, Guirguis N.; Matias, Violeta; Degarmo,

Thomas E.; Coleman, Gordon C.; Gramlich, John W.; and Kelly, William R. (July/August 1983), "Identification of Lead Sources in
California Children Using the Stable Isotope Ratio Technique," Archives of Environmental Health 38(4):237-245.
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Effects of Refinishing

Home refinishing--sanding, scraping, and repainting--can result in increased dust lead and elevated
blood lead levels. As mentioned in the prior section of this chapter on surface dust and soil,
Bellinger and colleagues. (1986) reported a significant association between blood lead levels at age
24 months and recent home refinishing activities. Rabinowitz and colleagues, analyzing the same
data, found a mean blood lead increase of 1.4 ug/dl (standard error = 0.7) in homes with recent
refinishing.¥® Homes without recent refinishing had no significant change in the children’s blood
lead. The association between refinishing and change in blood lead varied with the concentration

of lead in the paint in the home.
Effects of Lead-Based Paint Abatement

The studies cited above on the associations among paint lead, dust lead, soil lead, and childhood
blood lead indicate that removal or covering of lead-based paint in the childhood environment
should reduce the risk of lead poisoning, especially if dust lead is reduced in the process. The few
reported studies of the health effects of lead-based paint abatement generally support this

conclusion, although with some caveats.

In the previously cited study of dust control in Baltimore, Charney and colleagues found that
traditional deleading did not reduce mean blood lead levels, but when such abatement was
followed by thorough cleaning and wet mopping twice a month, mean blood lead levels fell by 6.9
ug/dl within a year, from 38.6 ug/dl to 31.7 ug/dl.#° Traditional deleading removed or covered
interior nonintact and chewable surfaces within four feet from the floor. Open flame heating of
paint was often used on wood trim, along with scraping and sanding. Stripped surfaces were often

left unpainted. Exterior surfaces were not abated. Cleanup after abatement was minimal.

In a later study, also in Baltimore, Farfel compared the results of traditional deleading with a
modified abatement protocol. In the latter procedure, all interior nonintact and easily accessible

intact lead-based paint was removed using a heat gun, or was covered with a fiberglass mat.

48Rabinowitz, Michael; Leviton, Alan; and Bellinger, David (April 1985), "Home Refinishing, Lead Paint, and Infant Blood Lead Levels,"
American Journal of Public Health, 75(4):404.

49Charney, et al. (1983), "Childhood Lead Poisoning.”
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Household belongings were covered, kitchen cabinets were sealed, and open doors were covered
with plastic sheeting to contain dust. All abated surfaces were repainted. Cleanup included
vacuuming with a standard vacuum cleaner and wet mopping with a high-phosphate solution. A
nurse provided in-home education to parents on the importance of housekeeping and personal

hygiene to reduce the risk of exposure to dust lead.

Farfel found 1) that neither the modified nor the traditional method of abatement was successful
in reducing blood lead levels of children, and 2) that traditional abatement apparently made
conditions worse, at least in the short term. He concluded that both findings were due primarily to
exposure to high dust lead levels. Dust lead levels remained high after abatement in both types of
housing. They were higher than the levels that are now used as clearance standards in Maryland
and Massachusetts and are recommended by HUD for clearance of abated units in public and
Indian housing? Furthermore, some of the children from both groups had contact with their
homes during abatement, and these children had significantly higher post-abatement blood lead
levels than children with no reported contact. Also of note is the fact that homes in the most
deteriorated condition tended to have the highest dust lead levels, which is similar to the finding of

the Cincinnati study cited earlier in this chapter.

Farfel identified several abatement procedures that would reduce dust lead levels. These
procedures were much more extensive and stringent than those followed in the modified
abatement in his study. They included: 1) abatement of more than just accessible and defective
surfaces, with particular attention to windows, which may generate substantial amounts of dust
lead due to abrasion of paint during opening and closing; 2) more effective cleanup, including the
use of vacuums with special filters that trap very small particles (these are known as HEPA, for
high efficiency particle accumulator, vacuums); 3) the use of engineering and work practices that
minimize and contain dust generated during abatement; 4) greater care in protecting occupants
and their belongings during abatement; 5) greater care in protecting workers during abatement; 6)

proper disposal of hazardous waste; and 7) post-abatement clearance testing of dust lead levels

500sffice of Public and Indian Housing, U.S. Department of Housing and Urban Development, "Lead-Based Paint: Interim Guidelines for
Hazard Identification and Abatement in Public and Indian Housing," September 1990, p. 125.
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prior to reoccupancy.’! These suggested procedures formed the basis for the HUD interim
Guidelines on testing and abatement that were published in 1990.

Three additional studies (all as yet unpublished) report blood lead reductions following traditional
abatement. In New York City, Rosen and colleagues reported a reduction in mean blood lead
levels of children not receiving chelation treatment from 29 ug/dl to 21 ug/dl (or 28 percent)
approximately 24 weeks after abatement.>2 Abatement consisted of scraping, spackling, and
repainting. Copley, in an unpublished study, found that mean blood lead levels of untreated
children in St. Louis dropped from 43.9 ug/dl to 34.2 ug/dl (or 22 percent) 6 to 12 months after
abatement that involved some encapsulation as well as repainting.33 In Massachusetts, Amitai and
colleagues found a decrease in mean blood lead levels from 35.7 ug/dl to 25.5 ug/dl (or 29
percent) 8 months after abatement, which sometimes included encapsulation or replacement of
painted surfaces.> Importantly, the Massachusetts study also found that blood lead levels
increased during abatement (children were not relocated) if the method relied on dry scraping and

sanding, but declined later.

SlFarfeI, Mark (1987). "Evaluation of Health and Environmental Effects of Two Methods for Residential Lead Removal," Doctoral
Dissertation, School of Hygiene and Public Health of the Johns Hopkins University, Baltimore, MD. Also, Farfel, M.; and Chisolm,
J.J., Jr. (1990). "Health and Environmental Outcomes of Traditional and Modified Practices for Abatement of Residential Lead-Based
Paint," American Journal of Public Health, v. 80, no. 10, pp. 1240-1245.
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SUMMARY AND CONCLUSIONS

Medical research during the past decade has found that childhood lead poisoning is more
widespread and has more serious consequences than had previously been thought. It now appears
that the threshold level of lead in blood that is associated with deficits in neurological
development, 10-15 ug/dl, is roughly one-half the level of 25 ug/dl set in 1985 by the Centers for
Disease Control as a cutoff point for medical referral. This has major implications for the number
of children considered to be at risk, since the number of children with blood lead levels greater
than 15 ug/dl is roughly 10 times the number with levels above 25 ug/dl. It is estimated that the
number of children under 6 years of age in the United States that were above the lower threshold
(15 ug/dl) was 3 to 4 million, or 17 percent of that age group, in 1984. (Updated estimates will be

available in 1992, from the National Health and Nutrition Examination Survey.)

Furthermore, published studies have found strong associations between prenatal lead exposure
and deficits in infant development. It appears that prenatal exposure is a more powerful
determinant of developmental problems in infancy than postnatal exposure. Therefore, lead
exposure among women of childbearing age is now an important public health concern. Finally,
recent research has found that impairment in neurobehavioral functioning--including lower
intelligence, longer reaction times, poorer hand-eye coordination, and short-term memory loss--is

long lasting and probably irreversible.

The rate of occurrence of elevated blood lead levels is greater among black children than white
children, and among children from low-income families than those from upper-income families.
Inner-city children have higher rates than suburban children, and large metropolitan areas are
worse than small urban areas. Nevertheless, children from all socioeconomic groups and
geographic areas are affected. The number of middle-income, white, suburban children that are at

risk of lead poisoning is about the same as the number of lower-income, black, inner-city children.

The rate of occurrence of lead poisoning has declined since the 1970s because of the reduction of
lead in gasoline, but a large amount of lead remains in the residential environment. The primary
sources are lead-based paint, lead in pipes and solder (which affect drinking water), and dust and
soil lead. Dust and soil has been contaminated over the years by fallout from vehicular and
industrial emissions and from lead-based paint that has been scraped and repainted or has simply

deteriorated or weathered.
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The multiplicity of sources of lead in the environment makes it difficult to measure the exact
contribution of lead-based paint to lead poisoning. Much depends on the situation. In some
locations, industrial or vehicular emissions may be dominant. In others, contaminated drinking
water may be the culprit. It seems clear, however, that paint often plays a major role. Recent
studies indicate that dust and soil, both inside and outside the dwelling, may be the most
widespread source of low-level childhood lead exposure. However, paint lead has been found to be
a common s