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Safe Yards: Improving Urban Health
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McLaine, and Carol Kawecki

HILDHOQOD lead poisoning is one example of acontem-

orary environmental health problemthat hasbeentreated

and managed through an array of environmental and

biomedical | interventionsand preventionstrategies. Itisanissuethat

hasbeenaconcern of public health official sfor decadesand hasbeen

addressed quite successfully from anational perspective. By elimi-

nating two major sourcesof exposures—Ieaded gasolineand leaded

paint—blood|ead level sfor themajority of Americanshavedropped
dramatically over the past two decades.

Unfortunately, for thosewholivein poorly maintained housing
inolder urban neighborhoods, environmental lead continuesto pose
health threats, particul arly for those under theage of six. Thethreats
of lead poi soning aremost preval entin poor, minority, andimmigrant
communitiesand arecompounded by additional environmental haz-
ardsincluding indoor air contaminants (e.g., allergens, combustion
by-products, volatil e organic compounds, pesticides) and neighbor-
hoodfactorssuchasdeterioratinginfrastructure, housingdemolition,
abandoned housi ng, congestedroadways, violence, industrial land uses,
and vacant land. These environmental hazards are signals of compro-
mised neighborhoodsand arelinked to declinesin community health.
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The complexities of inner-city lead poisoning and the signifi-
cance of thisissueto millionsof affected children and their families
continue to motivate tens of thousands of public officials, medical
providers, environmental scientists, engineers, lawyers, and policy
makers in managing lead exposures and preventing adverse health
effects. Onenew focusof national andlocal |ead poisoning prevention
effortsistheresidential yardin older urban neighborhoods.

From 1998 to 2001, acollaboration of government, university,
and community partners conducted a three-phase |lead-safe yard
intervention pilot project in Boston. The Boston Lead-Safe Yard
Project wasfunded by the U.S. Environmental Protection Agency’s
(EPA) Environmental Monitoringfor Public Accessand Community
Tracking (EMPACT) program. Itsgoal wastogeneratereal -timedata
on lead inurban soil that would enable usto design and implement a
community-based programtoreduceexposuretosoil leadinresiden-
tial yards of two Boston neighborhoods, Roxbury and Dorchester.
The project components included: outreach to and education of
homeowners and residents; soil analysis to establish baseline lead
level sinsoil; devel opment and application of cost-€effectivelandscape
measuresto reduce exposureto high lead soil; communication with
homeownersabout design decisionsand|ong-term maintenance; and
dissemination of the project methods to community agencies, local
government, and citiesin other regionsfor replication.

A previous publication presented the initial project planning,
yardselectioncriteria, therisk-reducinglandscapetechniquesusedin
the intervention, and lead soil datafrom thefirst two phases of this
three-phase project. In addition, aproject handbook was devel oped,
as the project was concluding its final phase, to provide detailed
instructionsfor community and public agencies on how to organize
and implement a Lead-Safe Yard program. The project handbook
contains sample consent forms, sample yard plans color-coded by
lead levelsand yard uses, construction detailsand specificationsfor
landscape measures, and cost estimates of materials and labor.

This paper has two interrelated purposes. First, it will
contextualizethe L ead-Safe Yard project within the current arenaof
environmental health policy. Second, it will present the descriptive
soil lead data from all three phases of the project in order to: 1)
establishabaselineprofileof soil leadfor Bostoninner-city yards, and
2) comparethebaselineand averagelevel sfoundinyardswith current
regulatory levelsfor lead in residential soil.

Part| definesenvironmental healthinitsfullest sense, describes
the changing boundaries of environmental health, listsrecent devel-
opmentsincommunity-based environmental health, and outlinesthe
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changing face of public sector agenciesin their support of localized
environmental health research and practice. Part Il provides back-
ground informationonlead poisoningtrendsintheUnited Statesand
policy guidelines. Part 111 describes and discusses the methods and
resultsfromthesoil lead analysisandinterventioninresidential yards.
The concluding section includes a preliminary discussion of the
project evaluation process as well as possible next steps.

The Urban Setting and Environmental Health

Understanding, harmonizing, and sustaining the relationships be-
tween the environment and public health requires a broadening of
“environment health” as a concept and its respective theoretical
underpinnings, research protocols, and practicestrategies. Whilethe
currentenvironmental health paradigm, whichreflectsthecontinuum
from source of contaminant to environmentally-related health out-
come, is useful in looking at the relationships between individual
substances, individual pathways of exposure, and individual health
risks, it fallsshort of providing auseful framework to consider other
non-chemical environmental factors and the interaction of multiple
environmental factorsin shaping apopulation’shealth. Such factors
include, physical and biol ogical hazards, severely diminished natural
resources, deteriorating infrastructure and blight, and housing and
school quality. For the purposes of this paper, we have adopted the
followingdefinitionof environmenta healthto provideabroader context
whencons deringlead poisoninginurbancommunitiesand environmen-
tal interventions, such astheEMPACT Lead-SafeYard project:

Environmental healthincludes*thoseaspectsof humanhealth,

including quality of life, that are determined by interactions
with physical, chemical, biological, and social factorsin the
environment. It also refers to the theory and practices of
assessing, correcting, controlling, and preventingthosefactors
in the environment that may adversely affect the health of
present and future generations.” (PAGE NUMBER??)

Changing Times

Together, the toxics movement of thelate 1980s, the environmental
and social justice movements of the 1980s and 1990s, and the
regulatory reform efforts of the 1990s have been instrumental in
identifying the shortcomings of existing regulations, expanding the
scope of environmental health, and forcing innovations in related
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research, policy making, and practice. Asthis seachange hasliber-
ated someinstitutional, financial, and political resources, scientists
and policy makers have been able to pursue and investigate the
multifaceted aspects of environmental health by developing and
employing more systematic approaches that capture cumulative
environmental risk, the complicated nature of the built environment
and its role in community health, and community priorities and
concerns. Importantly, such approaches advocate and require, in
some cases, that research and implementation strategies address
“pollution” together with“poverty” toultimately improveand sustain
community healthandwell-being.

Paradigmatic shifts in environmental health have been em-
braced by community researchers, practitioners, and affected com-
munities, who recognize the need for more holistic, bottom-up
approaches to community development, local environmental man-
agement, and public health protection. Oneapproachthat befitsthis
new direction in environmental health is* assets-based community
development (ABCD)”, an approach that is assets-oriented rather
than deficiency-oriented and needsdriven. ABCD spotlightscommu-
nity strengths by focusing on what is present in a community,
including local resources, bolstering ties among residents, associa-
tions, andinstitutions—in essence, itisadevel opment approach that
attemptsto “build from the ground up.” Moreover, an assets-based
approach recognizes the fundamental building blocks of acommu-
nity—social capital (e.g., neighborhood cohesion), human capital
(e.g.,competenciesandskills), physical capital (e.g., infrastructure),
and natural capital (e.g., natural resources and living systems), as
critical toimproving health and well-being in communities.

Within public health, community-based approaches premised
on community assets have emerged in response to calls for more
comprehensive and integrated approaches to research and practice
solutionsthat affect change at the neighborhood level. The“Healthy
Cities’ and“ Healthy People” initiativesthroughout theUnited States
and elsewhere are two efforts that have renewed recognition of the
local authority asthefront-linedefensein publicheathand arguefor the
returnof publichealthdecis onmakingtotheloca andcommunity level.

From Theory to Action

Thecall for locally based environmental health action has been met
with a surge of interest in and allocation of resources to support
community-basedresearchandactivities. Variousgovernment com-
mittees and commissions, non-profit organizations, and religious
organizations have endorsed or argued for such considerations in-

Kretzmannetal.

Ambler
Boyceand Pastor

Chaskin
Instituteof Medicine2001
Israel etal.

International Healthy CitiesFoundation
vanOers



Ambler

Instituteof Medicine1999
Instituteof Medicine1988
USDepartment of HealthandHuman
Services

National Research Council
Presidential/Congressional
Commissionon Risk Assessmentand
Risk Management, Framework...
Presidential/Congressional
CommissiononRisk Assessmentand
Risk Management, Risk Assessment...

USEPA What isEMPACT?

USEPA Lead-Safe Yards...

*Community capacity isthe
“interactionof humancapital,
organizational resources, andsocial
capital existingwithinagiven
community that canbeleveragedto
solvecollectiveproblemsandimprove
or maintainthewell-being of agiven
community. [t may operatethroughthe
informal social processesand/or
organizedeffort” (Chaskin)

Lanphear etal. 2000

Mielkeetal. 1983
Mielkeetal. 1998

“Update: BloodLeadLevels...”
Mahaffey etal

*Current actionlevelsforlead
poisoning, asset by the Centersfor
DiseaseControl and Prevention, is
10ug/dl of blood. Recent studiesby
L anphear and othershaveshownthat
lead causescognitivedeficitsin
children at levelsaslow as5 pg/dl of
blood. (Lanphear 2000)

SafeY ards: Improving Urban Health through L ead-Safe Y ards 5

cluding the Institute of Medicine, U.S. Department of Health and
Human Services, the U. S. Environmental Protection Agency, the
Presidential/Congressional Commission on Risk Assessment and
Risk Management, and the United Nations Development Program.

The EPA EMPACT Program

TheU.S. Environmental Protection Agency’sEnvironmental Moni-
toring for Public Access and Community Tracking (EMPACT)
program, which was designed to work with communitiesto collect,
manage, and present environmental informationto thepublic, isone
exampleof afederally fundedinitiativethat iscommunity-based and
assets-oriented. The EMPACT program, which organizationally re-
sidedin EPA'sOfficeof Environmental | nformation, aimedtotransfer
timely environmental information and technological innovationsto
communitiesinorder toinformlocal environmental decisionmaking.
Moreover, the program offered financial resourcesto build capacity
at thecommunity level totackleandrespondtovexingissuessuchas
air pollution, hazardouswaste management, water quality, and com-
munity exposuresto toxic substances.*

Lead in Soil asan Urban Environmental Hazard

L ead as ahuman toxicant iswidely recognized to cause del eterious
effectsinchildrenand adults, including developmental delays, learn-
ingdisabilities, behavioral disorders, and depression. Technol ogical
improvementsand advancementsin epi demiol ogic methodscontinue
to elucidate the clinical and sub-clinical effects of lead poisoning.
L ead’ spersistenceintheenvironment, itswidespread useinindustry,
its presence in older homes, and its remnants in soil from |leaded
gasoline and deteriorating exterior paint on aging homes makeit a
public health threat in aging urban neighborhoods.

From a national perspective, federal policies and regulations
that recommended or mandated the removal of lead from food cans
and gasoline, respectively, havecontributed toreductionsinbaseline
blood|eadlevels, from 77.8 percent of thepopul ationwith bl ood | ead
levels(BLLs) greater than or equal to 10 ug/dl inthelate 1970sto 4.4
percent in the early 1990s.*

Additionally, national standards have been set to guide states
andlocalitiesintheir effortsto stabilizedomesticinterior and exterior
lead levels. Theimplementation of local programsto achieve these
standards and eliminate or prevent lead exposuresvaries depending
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onthelocal “lead-scape.” Low-incomeand minority families, those
living in older housing, those living in older urban areas, and those
living near point sources(e.g., lead smelters) and major roadwaysstill
suffer fromexcessexposurestoleadintheenvironment. Specificaly,
nearly one million children are estimated to have blood lead levels
(BLLs) greater than 10ug/dl and millionsmoreareestimatedto have
BLLsintherange of 2.5to 10 pg/dl.

The intervention strategy for reducing and preventing lead
exposure should reflect risk factors specific to the affected commu-
nity. Historically, risk factorshaveincluded |ead paint, | ead pipes, and
interior dust. Specialized interventions to control and prevent lead
poisoningincludeclinical interventionssuch asoral chelating agents
for moderately lead poisoned children, nutritional guidance, and
environmental interventionsincluding abatement of house dust and
lead-based paint, and restoration or replacement of aging housing
infrastructures (e.g., windows). Urban soil, on the other hand, isa
significant sink of bioavailablelead (lead that can be absorbed by the
body) that has not, until recently, been regulated or included in any
comprehensive prevention strategy. In December 2000, the EPA
promulgated standards for residential lead-contaminated bare soil
that took effect March2001. Inadditiontorevising hazard standards
for leadin housedust and paint (interior environment), it established
two hazard standardsfor |eadin soil—400 partsper million (ppm) for
bare soil in play areasand 1,200 ppm averagefor bare soil intherest
of theyard.

In 1993, the EPA published the Integrated Report of the Urban
Soil Lead Abatement Demonstration Project, which synthesized the
findings from scientific studies carried out in three cities: Boston,
Baltimore, and Cincinnati. Theaimsof thestudieswereto determine
whether lead in soil was an important pathway of exposure for
children and whether soil abatement was an effective measure in
reducing blood lead levels. Based on these studies, the EPA con-
cluded that when soil is a significant source of lead in a child's
environment, the abatement of that soil will result in a reduced
exposure and consequently areduction in blood lead levels. From
these studies, the EPA identified four major factors that would
medi atetheeffectivenessof asoil-basedintervention: 1) past history
of childhood exposuretolead, 2) adirect exposure pathway between
soil andthechild, 3) magnitudeof other sourcesof |ead exposure, and
4) magnitude of reductionin soil-lead concentrations.

IntheBoston pilot study, investigatorsfound that lead in soil
wasasi gnificant pathway for population exposures. Thelargeinven-
tory of older wood-framed housing (generally sided with wooden
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clapboard), which is likely to have exterior lead-based paint, was
foundtobeamajor sourceof leadinsoil. Heavily traveled roadways
alsowererecogni zed aspotential contributorsto highlead concentra-
tionsinsoil from historicusesof leaded gasoline. Figure 1illustrates
the major pathways of soil-lead exposures.

FIGURE 1
Major Pathways of Soil-L ead Exposure
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Source: EPA 747-R-97-006 (NOT LISTED IN BIBLIOGRAPY)

Instudyingtheimpact of exterior andinterior | ead abatement on
children’sbloodleadlevel s, theBostonresearchteamfoundthat asoil
lead reduction of 2060 ppm was associated with a2.25 to 2.70 mg/
dl declinein blood lead levels. Theseresults are supported by other
research that has estimated that interior house dust is comprised of
anywherefrom 30to 50 percent of soil dust. Giventherecent findings
by L anphear and othersthat blood | ead concentrationsat levelsdown
to5pg/dl areassociated with deficitsin children’scognitiveskills, a
soil lead hazard reduction program could proveto bevery important
for young children at risk for lead exposure.

Boston L ead-Safe Yard I nitiative

The Lead-Safe Yard Project in Boston, Massachusetts, which was
funded by theEM PACT programfor three phasesfrom 1998 through
2001, wasdevel opedto quantify lead levelsinresidential soil, reduce
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exposure to lead-contaminated areas through |ow-cost |andscaping
interventions, and devel op educational andinstructional materialsfor
reducing exposureto soil-leadinat-risk urban neighborhoods. More-
over, the study aimed to answer thefollowing questions:

* What areaveragelead concentrationsfor residential yardsinan
urban area like Boston that result from multiple sources of
contamination, inparticul ar |eaded gasolineand exterior lead-
based paint?

* |stherearelationship betweenthedistancefromabuildingand
soil lead concentrationsinresidential yards?

Theintervention project was designed in response to the find-
ingsfrom EPA’'sUrban Soil L ead Abatement Demonstration project
in Boston, Massachusetts (as discussed above) that found associa
tionsbetween soil treatment to reduce exposuresinresidential yards
and reductionsin blood lead levelsin children.

Theprojectinvolved arangeof partnersincludinglocal commu-
nity organizations, theresidentsof affected communities, local busi-
nesses, auniversity, and federal and city environmental protection,
public health, and housing agencies. The primary partnersincluded
the EPA New England Regional Laboratory, the Boston University
School of Public Headlth, the Bowdoin Street Community Health
Center, the Dudley Street Neighborhood Initiative, and local l1and-
scape contractors. The project widened the partnership to include
Boston’sChildhood L ead Poi soning Prevention Program, L ead-Safe
Boston, and the National Center for Healthy Housing (NCHH) inits
last phase. This partnership enabled the Lead-Safe Yard project to
move the project from a pilot program to the possibility of an
institutionalized program within municipal healthand housing agen-
cies, toimprovethespecificationsand protocols, and to participatein
an evaluation of thelead-safeyard intervention directed by the NCHH.

TheL ead-Safe Yard Project offersan exampleof thetrang ation
of scientificresultstosound publichealth practice. Additionally,itis
a model that can: 1) serve as a catalyst for other neighborhood
interventionsand citywideinitiatives, 2) restoreneighborhood assets,
and 3) return pride to disenfranchised communities—all essential
ingredientstoimproving community health. Themethodsandresults
of thisinterventionto control |ead exposuresintheresidential setting
aredescribed inthefollowing section.

Methods
Community-Based Methods. Weempl oyed community-based meth-
ods in many aspects of the intervention project. The principles of
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community-based research include areceptivity toward the knowl-
edge of community partners, sharing of skills and knowledge with
community partners, fair compensation to community membersfor
work done on the project, data gathering for the purpose of
education, action, and social change, and sharing of results with
community participants.

Neighborhood Selection Criteria. The EMPACT Lead-Safe Yard
Project included two neighborhoods—Bowdoin Street (North
Dorchester) and Dudley Street (Roxbury). The Bowdoin Street
neighborhood was sel ected based on thefollowing criteria:

¢ prevaenceof lead poisoning
* concentration of pre-1978 painted housing (generally wooden
clapboard siding)
* |ow-income/immigrant population
contiguousyards(toimprovepotential for neighborhood-wide
impact)
¢ presenceof health organizationfocused oncommunity environ-
mental healthissues
¢ established neighborhood environmental activitiesuponwhich
the EMPACT project could build.

In the Dudley Street area, we added the criterion that eligible
homes had to be certified asde-leaded in order to promote aholistic
model of |ead-safehomesthat included thehouseandyard. Phasell|
of theEMPACT project wasextended toincludepropertiesfromtwo
“spin-off” |ead-safeyard programsinitiated by the L ead-Safe Boston
program within the Boston Department of Neighborhood Devel op-
ment (BDND) and the Boston Public Health Commi ssion’sOfficeof
Environmental Health (OEH), which were based on the EMPACT
prototype. Thelatter programsworked closely withthe EPA initiative
to ensure consi stency inresearch methods, i ntervention approaches,
and documentation and will beincluded inthe project evaluation by
NCHH.

Outreach and Education. Outreach and education were essential
components of the EMPACT project. During the first phase of
outreach and education, outreach staff fromcommunity organization
partnersprovided homeownerswithinformation about the hazardsof
lead in soil and invited them to participate in the project. Outreach
strategiesto reachhomeownersincluded mailings, phonecalls, door-
to-door solicitations, and distribution of |ead-safe yard literature at
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community events. Education materialsinitially included multicul-
tural printed handouts; | ater weadded avideo produced by theBoston
Childhood L ead Poi soning Prevention Programand aquiz that tested
parents’ knowledge about |ead poisoning. Once participants agreed
toenroll intheproject, outreach staff conducted theeducation session
and coordinated the soil analysis with other members of the team.
Homeownerswerebriefed throughout the processabout thefindings
from the on-site soil analysis in their yard, the development of a
treatment plan, and long-term maintenance of theyard intervention.

Sampling Technology and Data Collection. Soil sampleswere ana-
lyzedinsituwithaNitonmodel 702 field portableX -ray fluorescence
(FPXRF) analyzer according to proceduresoutlinedin EPA Method
6200. The depth of in-situ measurements was approximately two to
three millimeters and sample results were obtained within 30-60
seconds. Clark et al . havedemonstrated that the FPX RFisan effective
method to gather “real-time” data on lead and other metals in soil
environments. Quality assuranceand quality control (QA/QC) for the
FPXRFanalysisincluded calibration checks, replicate sampleanal y-
ses, and confirmation sampling.*

Weevaluated four typesof areasof interestin eachyard during
theon-sitesoil analysis: (1) thehousedrip linearea(three-foot wide
perimeter of ahouse), (2) areasof uniqueuse, suchaschildren’splay
areas and picnic and gardening areas, (3) areas of bare soil and high
foot traffic, and (4) “other” areas noted by the sampling team that
could present asource of |ead contamination to the subject property
other than the house. Examples of “other” areasincluded soil near
pai nted perimeter fences, pai nted tool shedsand other non-residential
buildings, auto repair sites, and so on.

The number of samplesin the sampling plan depended on the
size and shape of theyard areas of interest. A line pattern was used
for linear sampling sites (e.g., house drip line). Soil measurements
weretakenat approximately five-footintervalsalongtheline. A large
X wastranscribed over other areasof concern, suchaschildren’splay
areas. Soil measurementsweretaken at regular intervalsalong each
line of the X unless the field technician determined that additional
resol ution was needed because of anomal ous readings or suspected
sources of |ead contamination other than residential house paint.

FPXRF readings and descriptive information about each site,
including the distance of the sample site from the house structure,
housing characteristics, and weather, were recorded on a site sheet.
Each data point collected during on-site sampling was considered a
sub-sampleand averaged with othersintheareaof interest (e.g., west
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dripline) todeterminethemeanval uefor that area. Compositeresults
of thesoil analysisweretranscribed onto acol or-coded plot plan of the
property for usein the exposure-reduction landscape design. Color
codeswereused ontheproperty maptoindicatethenatureand extent
of lead contaminationin each areasampled andtodelineateparticul ar
yard uses of concern, such as play and gardening areas.

Exposure-Reduction Measures. Once baseline data for each yard
were collected and mapped onto the plot plans, landscaping teams
werecontractedto carry out theresidential yardtreatment. A coordi-
nator for each landscaping team first met with the homeowner(s) to
review the pattern of lead in the soil with the homeowner, to discuss
yard treatment strategies with the homeowner, and to design a
treatment plan. Engaging thehomeowner inunderstandingthepattern
of lead soil contaminationandinchoosingthecomponentsof thel ead-safe
yard landscape options was central to the project’s god of informing
residents about their resdentia environment and including them as
decision makersin the environmental improvement of their homes.

The project developed a suite of yard treatment options that
reduced the risk of human exposure, that were affordable and
replicableby community organizations, and that could bemaintained
by homeowners. The yard treatments included wood-framed drip-
line boxes, newly planted grass and shrubs, stone walkways and
modificationstotheresident’ syard usepatterns(for example, rel ocat-
ingand constructingachild’splay areaor avegetablegardeninasafer
part of the yard). By year three of the project, the construction
specificationswerefully standardized and priced, thusimprovingthe
reliability and durability of the exposure-reduction work. When the
yard treatments were completed, the property owner was given a
mai ntenancemanual withinstructionsonmaintai ningthetreatments.
(See Hynes et a. and EPA, Lead-Safe Yards for more detailed
explanationsof treatment measuresand samplesof yard plansand
specifications, materials used, costs, and maintenance manuals
and contracts).

Data Analysis. Lead sample data were analyzed using SAS 8.0®.
The"yard” rather than theindividual soil sampleistheprimary unit
of analysis. Aggregating dataat theyardlevel reducesthevariability
introduced into the sub-yard results because of over-sampling in
areas, such as near wooden garages and fences, that warranted
further investigation.

The concentration of soil-lead in the yard is plotted at regular
intervals (0-3feet, 3-8feet, 8-12feet, 1210 16 feet, and > 16 feet) in
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order toillustrate the distribution of soil lead with distancefrom the
house. Resultsarereported by geometric mean, arithmeticmean, and
range. Thegeometricmean, likethemedian, isanappropriatemetric
sinceitislesssensitivetooutliersandthusprovidesabetter statistical
profileof lead in soil trendsin an urbanized area. Ontheother hand,
outliers, which may be aresult of common urban sources such as
pai nt chips, waste burning, or auto repair, areimportant becausethey
represent “ hot spots” of potential residential exposure. Thus, wealso
report lead level s using the arithmetic mean and range.

Toestimatetheurban geochemical baselinefor leadinsoil inour
study (hereinafter referredtoas’ urbanbaseline’), weincluded all soil
samplesaveragedinall yards, includingthosewith averagelevelsless
than 400 ppmwherewedid not do any exposure-reduction measures.
The urban baseline was determined by examining the relationship
between themean and geometric meanleadlevel swithdistancefrom
housing structure by fitting exponential curves to the data and
evaluating the curvesfor their convergence (n=2920).

Results
Community-Based Activities. We relied upon and incorporated our
community partners’ knowledgeof their neighborhoodsandresidents
inthesel ection of sitesfor thelead-safeyard project andinthedesign
of improved community outreach and education. As a result, the
project moved from passive education methods, such asdistributing
educational pamphl ets, tomoreactiveandinteractivecommunication
with a video, quiz, and discussion about lead hazards and the
importance of lead-safe yards. A small number of businesses that
were asked to donate materials and toolsto the project did so, local
businesses more so than large chain stores. The project offered
employment opportunitiesfor residentsfromthecommunity todothe
outreach, education, and landscaping work. Initially, wetrained and
employedyouth; next wecontractedwithalocal non-profit organiza-
tionthat buildscommunity gardensand parks. Inthelast year of the
project (Phase 3), weempl oyed apool of landscaping compani esthat
work inthecity of Bostonwiththeintention of buildingtheir capacity
to continue creating lead-safe yards as a component of their busi-
nesses and al so to makethe cost as competitiveaspossible. A focus
group discussionwith thelandscapers, held midway throughthelast
phase, yielded many interesting ideas and recommendations about
materials and techniques used for future lead-safe yard projects.
Residents who agreed to participate in the Lead-Safe Yard
project wereeducated about |ead anditsheal th effectsby theoutreach
worker and kept informed of the soil sampleresultsby thefieldteam
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and the landscaper and were given a maintenance manual at the
culmination of the project. Finally, we disseminated the model of
community-institution partnership aswell asinformation about the
technol ogy used, sampling plan, and constructiontechniquesinthree
ways:. 1) making presentationsto community organizationsin many
local forums and using local media, 2) creating a comprehensive
handbook for community and public sector agencies interested in
replicating the project, and 3) conducting a EPA-funded technol ogy
transfer workshopfor city and stateagenciesfromother EPA regions. Al
community, government, private sector and university project partners
participated in the variousaspectsof project dissemination.

Profile of Sudy Yards and I ntervention Costs. From the summer of
1998 through the fall of 2001, the EPA-funded Lead-Safe Yard
Project completed 61 |ead-safeyards. By 2001, theL ead- SafeBoston
program completed 22 |ead-safe yards, and the Office of Environ-
mental Health completed six. Since some sampled yards were not
eligiblefor the program because of low soil lead valuesand, in other
cases, homeowners did not participate, more yards were sampled
thanwere compl eted aslead-safeyards. All sampleresultsfrom 102
yards, including replicate samples, areincluded inthisanalysis.*

TheBowdoin Street neighborhoodin Dorchester andtheDudley
Street neighborhoodinRoxbury consist mostly of older wood-framed
homeswith painted exteriorsand unpaved yardswheresoil ispresent
and soil lead is bioavailable. In this area, the median year housing
structureswerebuiltis1939. Additionally, 95 percent of homeswere
built prior to 1980, based on 1990 U.S. Censusdata(comparedtothe
citywideaverageof 91 percent). Based ondatafromthe2000 census,
children aged five years or younger constituted 7.9 percent of the
population, comparedtoacitywideaverageof 5.5percent. Ingeneral,
theseinner-city neighborhoods are densely popul ated with a higher
percentageof childrenandanolder housing stock thanthecity overal.

The average cost of interim measures per yard in Phases| and
[ wasapproximately $3000, with abreakdown of $2,100 average per
yardfor materia sand construction costsand $900 per yard for project
management andindirect costs. Wewereabl etoreducecostsinthese
phases by obtai ning somematerialsat no cost, including gravel from
alocal company and wood chips and compost. The average cost of
Phaselll projectswas $2800. These figureswere not broken down
by direct andindirect costs. Becausemany of thehousesinDorchester
and Roxbury are two-and three-family dwellings, we were able to
benefit multiplefamiliesfor the cost of onelead-safeyard.
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Constructiontimeper yard ranged fromoneday to el ght weeks,
and the average time per yard was under one week. Factors that
delayed or preempted yard treatment included inclement weather,
availability of contractor and/or homeowner, andinsufficientremoval
of large debrisfrom yards (e.g. trash, appliances, and cars).

Profile of Soil Lead in Yards. For each yard, approximately 30
sampleswerecollectedyielding atotal of 2920 sampleresultsacross
102 yards. Thearithmetic meanfor leadin soil at theyard level was
1456 ppm (range: 65 ppm—12,875 ppm) and the standard deviation
was 318 ppm. The geometric mean for lead in soil at theyard level
was 1064 ppm (range: 580 ppm—1631 ppm). Figure2 describesthe
percent distribution of yardsby |ead concentration. Approximately 87
percent of yardshad averagel ead concentrationsexceeding 400 ppm
and approximately half of theyardshad averagelead concentrations
between 400 and 1200 ppm. Figure 3 provides percent distributions
within each distance category to show how the concentration levels
varied within each group. For example, 96 percent of al yard
averagesinthefirst distance category (0-3 feet) exceeded 400 ppm.
More specifically, 32 percent were between 400 and 1200 ppm, 56
percent withintherangeof 1200to 5000 ppm, and 8 percent exceeded
5000 ppm. For thelast distance category (>16feet), 70 percent of the
yard averagesin that distance group exceeded 400 ppm—59 percent

FIGUREZ2

Per cent Distribution of Yardsby L ead Concentration
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ranged between 400 and 1200 ppm, 11 percent ranged between 1200
and 5000 ppm, and none exceeded 5000 ppm.

FIGURE 3

Variation of Concentration L evels According to Distance
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To capture theimpact of lead in yards from al historic and present
sources, weeval uated arithmeti c and geometric mean concentrations
of lead by distance from building structure (n=102 yards). Figure 4
showsthe arithmetic and geometric mean valuesfor lead concentra-
tion averagesin residential yards by five distance categories. The
arithmetic mean valuesare shown toillustrateimportant excursions
inlead levelsthat may exist inresidential aresas.

For example, within the drip line of the house (0-3 feet), the
arithmetic mean was 2247 ppm. The minimum value was 173 ppm
and the maximum value was 7495 ppm. The geometric mean value
within the drip line was 1668 ppm. In contrast to the drip line of the
house, at distancesgreater than 16 feet fromthebuilding structure, the
arithmetic meanwas 712 ppm. Theminimum valuewas65 ppmand
the maximum value was 3238 ppm. The geometric mean value at
distances greater than 16 feet was 580 ppm.
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FIGURE 4
Arithmetic and Geometric M ean Valuesfor Concentration Averages by Distance
Categories
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Discussion
TheEMPACT pilot study set out todesignaffordabl einterim controls
for soil lead that could beimplemented in atimely and cost-efficient
manner. The FPXRF in-situ analysis was an effective tool for the
measurement of leadinurban soils. Thetechnol ogy allowedfield staff
to measure upto 30 samplesper property inarelatively shorttime. It
alsoaidedinthechoiceof samplinglocations, and remedy selections,
facilitated feedback to program participants, and guided long-term
yard management strategies. Moreover, field personnel wereableto
respond to extreme lead concentration readings by re-sampling that
same day to determine whether the values werereal or spurious.  F e FraeiRediond
This project also shed light on lead in soil as an urban hazard.
Theyard results support thewidely held assumption that the highest
concentrationsof soil-lead arelocated in areasclosest to thefounda-
tionof thehouse, referredtoasthe” dripline” of thehousing structure.
On average, geometric mean lead levels ranged from 1668 ppm
withinthreefeet of thebuilding structureto 899 ppmat 8-12feet from
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the building structureand 580 ppm at 16 feet away. Overall, thedata
support thenotionthat soil |ead concentrationsdeclinethefurther one
movesfromthebuilding foundation.

Notwithstandingthisdecline, soil lead|evel sacrossall distances
from building structures exceeded EPA action levels of 400 ppm on
average, for both thelog-transformed and unadjusted data. A pproxi-
mately 87 percent of theyardsinthepil ot neighborhoodshad soil |ead
level sabove400 ppm and approximately 37 percent of theseresiden-
tial yardshad soil lead | evel sabove 1200 ppm, suggesting that, inan
urban setting like Boston: 1) residential soil isanimportant pathway
for adverse exposures to lead, and 2) all areas of the yard can pose
risks to affected families given the blend of historic point sources
(e.g., household exterior paint) and area sources (e.g., ambient
deposition of lead from automobiles, local autobody shops, and
smelting operations). The National Survey of Lead and Allergensin
Housing found that an estimated 21 percent of homes have soil lead
levelsabove400 ppmand 12 percent havesoil |ead level sabove 1200
ppm. These datareflect the maximum soil valuesfor each housing unit.

The geometric mean soil lead concentrationsfor the 102 yards
studied in the EMPACT pilot project was 1064 ppm, which is
consistent with other studiesintheBostonareaand beyond. L anphear
and others found that the geometric mean lead concentration for
foundation soil was 1000 ppm in Rochester, NY. Rabinowitz and
othersreported amean surface soil lead concentration for Boston of
600 ppmand“emergency |ead poisoning area” averagelead concen-
tration of 2000 ppm.* Shinn and others reported a median soil lead
level of 1773 ppm in a Chicago residential study area. While these
data suggest the range of lead concentration in urban soilsis high
enoughtowarrant concernabout itsbioavailability asan urban health
hazard, caution must be exercised when comparing these valuesfor
the purposesof generalizing about ambient lead levelsinresidential
areasgiventhedifferent metricsused for representinglead concentra-
tions (e.g., arithmetic means, medians, geometric means).

National studies of element concentrationsin soils of the con-
tiguous United States have shown that lead levelsin virgin soil are
estimatedtorangefrom 10to 80 ppm but aresubject tovariation, from
<10to 700 ppm, whenfactoringin soil typeand geographiclocation.
In Boston, our study results suggest that estimates of an urban
baseline, whichreflectsmultiplesourcesof |ead contamination, range
from 580to 712 ppm at distances greater than 16 feet from building
structures. Thesevaluesfall intothehighend of thesoil background
ranges measured by Shacklette and others. Also noteworthy isthat
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our urban baseline estimates are above the EPA “ safe” level of 400
ppmfor children’splay areas. Thesedataunderscoretheimportance
of lead in soil asapotential source of lead exposure and the need to
integratesuchinformationintolocal publicheathstrategiestoreduce
popul ation exposuresto lead.

Conclusion

The Evaluation Process
The evaluation of the Lead-Safe Yard Project, managed by the
National Center for Healthy Housing, had several objectives:

* to compare the precision of Field Portable XRF with other
methodsof measuringleadin soil, including Laboratory XRF,
Inductively Coupled Plasma (ICP), and flame atomic absorp-
tion(AA)

* to determine whether residents exposures to lead dust was
reduced post-treatment

* toassessthedurability of thetreatmentsfromtwoto 12 months
after construction

* toassessparticipants satisfactionwiththeir roleintheprogram,
knowledge of methods of their reducing exposure to lead in
soil, and their continued maintenance of the treatments.

Thelast threeobjectivesrepresentimportant research questions
in the context of community-based participatory research. If low-
cost, small-scale methods to reduce exposure to lead in soil are to
provide an effective alternative to more permanent abatement, the
population most at risk must understand and demonstrate awilling-
ness to adopt these measures. The size of yardsin the project area,
ranging from under 600 square feet to over 1800 square feet often
rendered thecost of permanent removal and replacement prohibitive.
Treatments that could be implemented with existing community
resources have a greater chance of adoption, if the community is
convinced of their merit.

Theevaluation hascollected extensive dataon all phasesof the
soil project. For al properties, these datainclude:

pre-intervention X RF readings

field observations of the maintenance of the property exterior
field observations of thetreatments up to oneyear after trestment
standardized face-to-faceinterviewswith participants.
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For properties enrolled in 2000, these datainclude:

XRF readings for a sample of properties one year after the
origina readingsweretaken

* pre-intervention compositesoil sampleresults

pre- and post-treatment floor dust-wipe sample results

dust lead loadings from vacuum samples of pre- and post-
treatment door mats.

Future Directions

A promising plant-based remedial solutionfor leadinresidential soil
isaprocesscalled phytoextraction or phytoremediation, theuptakeof
metal contaminantsfrom soil by plants. Recent research hasshown
that, withtheaddition of synthetic chelatessuchasEDTA, lead in soil
can be solubilized and transported from the roots to the shoots of
specific plants, such assunflowersand Indian mustard. At elevated
levels, leadintheplant tissue correspondsto the concentration of soil
lead and the amounts of EDTA soil additive.

Withadditional feasibility studies, it may bepossibletodevelop
acombination of approachesto using phytoextraction, including turf
grass and other selective plants in open sunny land areas; portable
growing bins in more shaded areas;, and a central, municipally
managed biotreatment site with greenhouses where contaminated
residential soil could bedeposited for phytoremediationandreturned
toyardswhen clean. Thisinnovative, yet appropriate-in-scale, biol-
ogy-based technol ogy would enable urban communitiesto advance
beyondinterim control sfor |ead-safeyards, gardens, and play spaces
to permanent solutions.
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