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Executive Summary

Despite recent gains in reducing the incidence of childhood lead poisoning throughout the
United States — a result due in large part to the remova of lead from gasoline, canned
goods, and paints' — lead poisoning remains one of the foremost environmenta hedth
risks to children under six.> Estimated to affect nearly 2.2% of children ages 1-5 years in
the United States, lead poisoning affects a much higher proportion of children in many
dates throughout the Northeast, including Rhode Idand, where children's blood lead
levels are a leasst four times the nationd average® Additiondly, over 300,000 homes in
Rhode Idand are reported to contain lead-based paint hazards, and 30,000, mostly low-
income homes, present a high risk of lead poisoning and ae in immediaie need of
remediation.* In the past year done, nearly 3,000 children under six years of age were

diagnosed as lead poisoned in Rhode I9and.>®

Although some gudies find the remediation of lead hazards is an effective tool to reduce
the blood lead levels (BLLS) of children who have been chronicdly exposed to lead,

other gtudies report conflicting results.  One dudy, in particular, examining the effects of

! Lanphear BP, Dietrich KN, and Berger O. Prevention of Lead Toxicity in U.S. Children. Ambulatory
Pediatrics. 2003, Jan-Feb. 3(1): 27-36.

2 |pid.

3 Over 8% of children, ages 1-5, have BLLs >10ny/dL . Lead Poisoning in Rhode Island: The Numbers
(2002). Providence, RI: Rhode Island Department of Health.

* Rhode Island Childhood L ead Poisoning Prevention Program. Housing: Best Practices. Available at
http://www.healthri.org/family/lead/housing.htm_A ccessed on 03/05/03.

® Rhode Island Kids Count. Issue Brief: Childhood Lead Poisoning. February 2003.

6 Lead poisoning is defined by the Center for Disease Control (CDC) asaBLL over 10 pg/dL — the CDC's
standard of concern.



remediaion on children's BLLS, indicates a dgnificant difference amongst intervention
and control groups when BLLs are O 30 pg/dL, ” while another study, examining the same

effects, reports BLLs increasing after the removal of lead hazards®

Given that results on the effects of remediation are divided, and since lead data for Rhode
Idand are pralific in comparison to the data used in other studies, this thesis assesses the

effectiveness of Rhode Idand’ s current lead hazard remediation program.

Usng Microsoft Access, Excd, and SPSS as the primary tools to asss in the
manipulation and andyss of data from the Rhode Idand Department of Hedth's (DoH)
Childhood Lead Poisoning Prevention Program (CLPPP), three groups of cases that have
been closed by the DoH were used to gauge the efficacy of Rhode Idand's current lead
hazard remediaion program in reducing the BLLs of poisoned children. The three

groups include cases that have been closed:

(1.) Dueto the remediation of lead-based paint hazards (HA);
(2.) Dueto therefusad of DoH inspections (REF) by home-occupants, and;

(3.) Due to the parent of a poisoned child being the owner of the home where the
poisoning occurred. (PO)°

’ Staes C, Matte T, Copley CG, Flanders D, Binder S. Retrospective Study of the Impact of Lead-Based
Paint Hazard Remediation on Children’s Blood Lead Levelsin &. Louis, Missouri. American Journal of
Epidemiology. May 15, 1994. 139(10): 1016-1026.

8 Lanphear, BP. The Paradox of Lead Poisoning Prevention. Science. 1998, Sept. 11. 281(5383): 1617-18.

° Only thefirst group (HA) knowingly remediated lead hazards and subsequently met DoH |ead-safe
standards. The REF and PO groups may have remediated hazards without DoH assistance.



Using the REF and the PO groups as ‘controls,’ againgt which to compare the group of
cases that are closed due to the remediation of lead hazards (as the ‘cases’) 1°, a series of
three approaches were used to determine whether the BLLs of poisoned children are
reduced by Rhode Idand's current lead hazard remediation program. Specificdly, |

examined and compared:

1.) The BLLs of poisoned children in the case and control groups at various
periods after cases were opened.

2.) The BLLs of poisoned children in the case group who move from remediated
addresses to addresses that do not have a record of remediation, versus those
who remain in remediated addresses.

3.) The BLLs of poisoned and nonpoisoned children residing at the addresses of
the case and control groups three years before and after cases were opened.

The lag andyds assessed whether Rhode Idand's current lead hazard remediation
program causes property-owners to engage in practices that deny housng to families with

children under six. Specificaly, it examined and compared:

4.) The number of children resding in HA and REF homes before and after
ingpections were offered to these homes.

The results show that cases and controls, with mean BLLs 020 pg/dL, take over two

years for ther BLLs to drop beow 10 pg/dL. These findings pardld the results of

10 Case group' refers to the children that have received intervention by residing in homes that have been
remediated, while 'control group' refersto the children who reside in homes that have not had lead hazards
remediated.



gudies examining the natura rate a which lead decays in children who are removed from

sources of lead exposure.™

Resllts dso provide strong evidence that Rhode Idand’s current lead hazard remediation
progran does not benefit children. Specificdly, the results show that the BLLs of
children in the cases do not datidticaly differ from the BLLs of children in the controls
after they cases were opened by the DoH. In periods where dgnificant differences do
exid, the directions of the differences are unexpected, with the results showing the

controls with lower BLLs than the cases.

The movement of children from remediated homes was not found to adversdy affect the
BLLs of children. Although children who remain in remediated homes show lower BLLS

than those who move, the difference in BLLSis not aresult of mobility.

Reaults of this thess dso show that the some property-owners in the HA and REF groups
deny rentd housing to families with young children. Both groups report the presence of
children at addresses (as detected by blood lead tests at these addresses) before the
remediation of lead hazards and the refusd of ingpections, but do not report blood lead
teds a these same addresses after such interventions — a likdy indication of housing
discrimination.  Specifically, 9% of homes that undergo remediation and 22% of homes
that refuse DoH inspections are presumed to have property-owners that engage in

housing discrimination.

11 Manton WI, Angle CR, Stanek KL, Reese Y R, Kuehnemann TJ. Acquisition and Retention of Lead by
Young Children. Environmental Research. 2000. 82: 60-80.
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Since research indicates that chelation thergpy does not improve children's scores on
cognitive, behavioral, and neuropsychological tests, and moreover because the results
clearly indicate that remediation does not benefit children's hedth by sgnificantly
lowering children's BLLS, the mogt logicd gep is for the State to shift its emphass awvay
from the trestment of children with ggnificantly devated BLLsS to preventing lead
poisonings from occurring in the firg place via a primary prevention drategy tha

includes among other measures, the complete remova of lead from homes,

Additiondly, whether implicit or explicit, the message that the remediaion of lead
hazards bendfits children must be corrected. It is essential for State agencies and lead
advocacy groups, like the DoH and Childhood Lead Action Project (CLAP), as wdl as
for the families of poisoned children, to recognize that remediation does little for
children.  This recognition would provide a powerful incentive for the State to begin
cracking down on the worst homes (homes that have the highest risk for lead exposure)
without further dday  Bringing these homes into compliance with DoH lead-free
sandards assures that they are removed from the housng market and future occupants

will not be poisoned at these homes.

Based on the results, | dso caution the Housng Resource Commisson (HRC) and the
DoH who have been granted the responsbility of implementing the portion of the 2002
Lead Hazard Mitigation Act that refers families to housing that is lead-safe, lead hazard
mitigated, or abated. Instead, these bodies should direct families with young children to

the homes that are lead-free or low-risk, and not the homes that have been remediated.

viii



Other recommendations involve: advisng families on homes that are lead-free or have no
record of poisoning, rather than the homes that have been remediated; investigating those
homes and ther property-owners that ae suspected be engaging in  housng
discrimination; and conducting further research on the effects of lead hazard remediation

to discriminate amongst the effects from different types of remediation.



Acknowledgements

To Harold — | thank you for the pricdess guidance that you have given me for the past
two years. | am deeply appreciaive for how much you have pushed me, and | am
honored to have studied benegath you.

To Rachel — | thank you for al of your asstance throughout this term, especidly during
the find weeks. More importantly, | am gppreciatiive of your pragmatism, your humor,
and your willingnessto lislen. Brown is lucky to have you as an educator.

To Patrick — For two years you helped to answer my questions regarding every aspect of
this thess, and not once did you express frudtration or reluctance. This thess would
never have been as strong without your assstance.

To Dan & Val — | could not have imagined meeting two better people n graduate schoal.
Nor could | have imagined consuming so much food and drink worthy of the gods. Thank
you both for dl that you have given and shown to me, but more importantly, thank you
for the endless laughs.

To Atiyah, Kathleen, & Kostya — | know for sure that | won't miss my daily routine of
working in the dank confines of the basement, but I'll definitdy miss seeing such a great
group of people. Your presence here made the second hdf of this journey that much
easer.

To My Family — | thank you al for the endless support you have given me. More
importantly, | thank you for congtantly reminding me of what's redly important. | would
egpecidly like to thank Scott for his proofreading efforts when his time was limited,
Bryan for his crank cdls, and Mom and Dad for the inval uable conversations.

To Sara — A very specid thanks to Sara, my soulmate. You commuted over two hours a
day for a year and a hdf and lived in dorm for 10 months to be a my sde. | would have
been miserable without you. | cannot wait to see where life takes the two of us.



Table of Contents

EXECUTIVE SUMMARY ..ottt \Y,
ACKNOWLEDGEMENTS.........oo e X
LISTOFRTABLES ...t X
LISTOF FIGURES..........coo o, XIV
LIST OF ACRONYMS ..o e XV
INTRODUCTION. ..ottt 1
BACKGROUND ...ttt 5
THE EFFECTS OF LEAD POISONING.....cutiitietieiisieesieeiestee st eeesiee e eneesseesee e sreenseenessneeees 5
LEAD POISONING AND RHODE ISLAND ....ccuiiuieitieieaniesieesieeseesieessesseesseesseenessseessessessseenees 13
RHODE ISLAND'S L EAD POISONING PREVENTION POLICIES .....cccviveiiieireiesieenieaneeseeeeas 14
QUESTION FORMULATION ..ot 19
DATA SOURCE.....ciiiiiiiiie ittt s e e s e e s e e s ire s 24
OVERVIEW OF STUDY DESIGN ...cciiiiitiiiiiiitiiee ittt e e 25
APPROACHES TO ANSWER THE PRIMARY QUESTION .....uuutuuuuurrnnnnnnnnnnnnnennnnnnnnnnnnnnnnnnnnnne 26
APPROACH ...ttt 28
APPROACH 1 — GOAL ettt ettt ettt e e s e e e e e s s e e e s annnnee s 28
APPROACH 1 — M ETHODOLOGY ....cettieeeiiiinrrreeeeeessssamnsnnneeesessssasnnnseeeeessssasnnsnneesesssssnnnes 29
APPROACH 1 — RESULT S uuutututuuutuuuuttuuutususunssssssssssssssssssesssssssssssssssssssssssssssssses 31
APPROACH 1 — DISCUSSION .....uutiiiiiiitiie sttt 34
APPROAQCH 2.ttt 36
APPROACH 2 — GOAL ettt e e e e e e e s e e e e nanneee s 36
APPROACH 2 — METHODOLOGY ...ciiiutteieeiitreeesasreeeessstse e e s asneeeesanneeesssnnneeesanneeeeannnneees 37
APPROACH 2 — RESULTS ...cettitiittiee et ee sttt e st e e e e s e e s e e e s e e e s anne e e e s nnnnnee s 39
APPROACH 2 — DISCUSSION ....ttiiie ittt te e ettt a e e e s e e e s e e s anne e e e e snnneee s 40
APPROACH 3 ...ttt sttt 41
F N o o 0 o G e 70 Y R 41
APPROACH 3 — METHODOLOGY ...cciiiiiiiieeiiirieessireeesssitree e s ee e sssne e asrae e e s e e s ssinneee s 42
APPROACH 3 — RESULTS ...cttiiiiitiiie ittt e s e e s e s 42
APPROACH 3 — DISCUSSION ....c.ueitieuieetienteaeeaieesteeseesseesteanessseessesseesseesesnessseensessesssesneens 44

X



APPROAGCH 4 ...ttt 45

APPROACH 4 — GOAL .ttt ann e s 45
APPROACH 4 — METHODOLOGY -...teeueeteeteaneeaneeseeaseesseesseanessseessessessseessessesssesnsessesssesneens 45
APPROACH 4 — RESULTS ..tteutteteesteeeeeteesteaeesseesteeseesseesseaneesseesseasessseeseanessseensesnesssesnsens 46
APPROACH 4 — DISCUSSION ....c.ueeitieuieeieesieaseesseeseeaseesseesseanessseessessessseessessessseessessesssenneens 48
UNCERTAINTIES AND LIMITATIONS ... 50
BLLS AS AN INDICATOR OF LEAD SAFETY ...utitiiiiiieeie ittt a e 50
DATA ERROR.....ctiiiiiitiiie ittt s e e e e s e e s s e e s 51
UNCERTAINTY IN MATCHING BLOOD LEAD TESTS TO DWELLING UNITS .....ovvviiiiiiieenee. 51
UNCERTAINTY AMONGST THE CASE GROUP AND CONTROL GROUPS .......ccceveiiiiieeennnne. 52
BEHAVIORAL UNCERTAINTIES ...cuveeuteaueesteeeeaseesseeseaseesseesseasessseeseaseesseessesnssssesssesssssesnees 54
UNCERTAINTY IN APPROACH 3 ...tieuiiiiieitieieesiesteeieeseessaesteeseesseeseaseesseessesseesseessesssessensees 54
UNCERTAINTY IN LOCATING EVIDENCE OF HOUSING DISCRIMINATION ..cceviieeiiiiiiireeeeenn 55
CONCLUSIONS ...t 56
RECOMMENDATIONS ..o 59

Xii



List of Tables

Table 1: Comparison of Case and Control Groupsin Three Studies Assessing the
Effects of Lead Hazard Remediation on Children’SBLLS........ccccecvvvervennnee. 24

Table2: Mean BLLsand Confidence I ntervals of Poisoned Children in the Case and
Control Groups at Various Periods After Cases Were Opened. .........coceeeeuene. 32

Table 3: T-tests(p < .05) Comparing the Mean BLL s of Poisoned Children in the
Case and Control Groups at Various Periods After the Opening of Cases...... 32

Table 4: Percentage of BLL Decline, and Confidence Intervals, for all Childrenin
the Case and Control Groupsat Various Periods After Cases Were Opened by
L L= o SRR 33

Table5: T-tests (p < .05) Comparing the Percentage of BLL decline Amongst the
Case and Control Groups at Various Periods after the DoH Opened Cases.... 34

Table6: Mean BLLsand Confidence Intervals of Children who Remained in and
Moved From Remediated Homes at Various Periods After Cases Were Closed
0]V 1 TSI S 39

Table7: T-tests(p < .05) Comparing Mean BLLsof Children who Remained in and
Moved From Remediated Homes at Various Periods Before and After Cases
Were Closed by the DOH. ..o 40

Table 8: Mean BLLsand Confidence Intervals of Children residing at the
Addresses of the Cases and Controls Three Y ears Before and After They Were
Opened, and the results of a t-test comparing the mean BL L s of the groups
before and after they were opened (P < .05). .ooeviievenenineee s 43

Table 9: T-tests comparing the Mean BLLs of the Children residing at the
Addresses of the Casesand Controls Three Years Before and After They Were
(@01 01 o [ (o T 0 TR 44

Table 10: Comparison of Mean Age of Children in Case and Control Groupsand
the Percentage of Elevated BLLsin the State'sCore Cities........cccocevvevvreennene 53

Xiii



List of Figures

Figure 1: Digtribution of I1Q in a Population Before and After a Minimal Reduction
IN TQ POINES. ...ttt e et tesreesseeeeeneesseeneesneesneennenneesens 7

Figure 2: Evolution of Children'sBLLs Considered to be Poisoned by the CDC. ... 11

Figure 3: Hierarchical Chart for all Cases Referred for a Comprehensive
Environmental Lead Inspection by the DoH, 2001...........ccccceeeeeveeiiievie e 18

Figure 4: Distribution of Differencesin the Number of Children Residingin
Addresses Before and After Remediation. ..........cooeeverininnencn s 47

Figure5: Distribution of Differencesin the Number of Children resding in Homes
Before and After the Refusal of DOH InSpections..........ccceevveceveecieccieccecie e 48

Xiv



List of Acronyms

ADHD - Attention Deficit Hyper-activity Disorder

BLL —Blood Lead Leve

CDC — Centers for Disease Control and Prevention

CL PPP — Childhood Lead Poisoning Prevention Program

EPA — Environmenta Protection Agency

HA — Hazards Abated (Case/Intervention Group)

HIP — Home Improvement

HUD — U.S. Department of Housing and Urban Devel opment

HRC — Housing Resource Commission

ID — Identification

| Q — Intelligence Quotient

pg/dL — Micrograms per Deciliter (micrograms of lead per deciliter of whole blood)
NOV — Notice of Violation

NHaNES — Nationd Hedlth and Nutrition Examination Survey

NHS — Nationd Hedlth Service

PO — Parent Owner (Control Group)

REF — Refusd (Control Group)

RIFHM C — Rhode Idand Housing and Mortgage Financing Company

DoH — Rhode Idand Department of Hedlth



Introduction

Naionwide, nealy one million children under the age of sx*? auffer from an
environmentaly induced disease that lowers intdligence and induces behaviord
problems that can eventudly lead to ddinquency and crimindity.’® These same children
may develop learning and atention deficit disorders, and consequently suffer from losses
in eaning potential as they age. This diseese is not genetically rooted, nor are the parents
of these children necessarily negligent. Rather, these children have been poisoned by
leed** ° an ubiquitous heavy med — having no known human physiologicd or
nutritiond vdue — tha was used extensvely in indudtrid processes and residentia house
paints prior to 1978, when the federa government banned its use as an additive in paint.*®
Despite this ban, a large body of evidence indicates that lead-based paint hazards in
deteriorating homes and buildings constructed prior to 1978,%" and the contaminated dust

these hazards generate, remain the primary source of indirect lead exposure in children

12 cDC Update: Blood Lead Levels— United States, 1991-1994. Morbidity and Mortality Weekly Report.
1997. 46: 146-7.

13 Wakefield, J. "The Lead Effect?' Environmental Health Perspectives. 2002 Oct. 110(10): A575-580.

14 MacRoy, P. In Search of Safe Housing: Blood Lead Levels as an Indicator of Present Lead Safety.
(Master's Thesis — web version) Brown University Center for Environmental Studies. 2001. Available at
http://envstudies.brown.edu/Thesis/2001/MacRoy/PatMac_Soup_Sem_files/frame.htm Accessed on
02/27/03.

15 |n more technical settings, lead poisoning is referred to as plumbism. Centers for Disease Control and
Prevention. Preventing Lead Poisoning in Young Children: A Statement by the Centers for Disease Control
and Prevention. 1991.

16 CF.RTitle16. § 1313. 1977 ed. Ban of Lead-Containing Paint and Certain Consumer Products Bearing
Lead-Containing Paint.

17 Estimates indicate that pre-1980 American housing stock contains more than 3,000,000 tons of lead in
the form of lead-based paint, with the vast majority of homes built before 1950 containing substantial
amounts of lead-based paint. Housing and Community Development Act (Residential Lead-Based Paint
Hazards Reduction Act) of 1992. Title X. § 1002 (3).



under the age of six.® The painted surfaces within these structures, particularly those
surfaces exposed to frictiona forces — including door frames, window sashes, and dair
treads'® — are in poor condition, resulting in the generation of lead-contaminated dust
which crestes hazardous conditions for children tha engage in hand-to-mouth

behaviors.?°

One way to effectivdy limit children's exposure to lead, and consequently reduce their
risk of being lead poisoned, is to house childrer?! less than six years of age in lead-free
environments. The sizesble congraints™ involved in such an undertaking, however, make
the execution of this goa impractica. More pragmétic options, as suggested by State and
Federd regulatory agencies like the U.S. Environmentd Protection Agency (EPA) and
the Rhode Idand Depatment of Hedth (DoH) include primary and secondary lead
poisoning prevention prectices, such as (1) The basc mantenance and cleaning of
homes to prevent both the deterioration of lead-based paint and the subsequent

accumulation of lead-contaminated dust;”® (2) Outreach and education efforts intended

18 |_anphear BP, Matte TD, Rogers J, Clickner RP, Dietz B, Bornschein RL, et al. The Contribution of Lead
Contaminated Dust and Residential Soil to Children's Blood Lead Levels: A Pooled Analysis of 12
Epidemiological Studies. Environmental Research. 1998. 79: 51-68.

19 Eliminating Childhood Lead Poisoning: A Federal Strategy Targeting Lead Paint Hazards. President's
Task Force on Environmental Health and Safety Risks to Children. 2000 Feb: 29-33.

20| ourie, RS. Pica and Poisoning. American Journal of Orthopsychiatry. 1971 Jul. 41(4): 697-9.

21 Those children who are at the highest risk for lead exposure include urban, minority populations residing
in pre-1980 housing. These individual s have lower incomes, and consequently cannot keep children’s
environments effectively lead-free, by containing the paint with regular maintenance. Harold Ward.
Personal Correspondence. 04/26/03.

22 Constraints include costs of tenant relocation, inspections, and moreover, lead removal and remediation -
of which will be discussed in the ensuing text.

23 Rhode Island Childhood Lead Poisoning Prevention Program (CLPPP). Housing: Best Practices.
Available at http://www.healthri.org/family/lead/housing.htm Accessed on 03/04/03.



for families with children & a high risk for future incidents of lead poisoning; (3.
Incressed messures to identify and remediate’® lead hazards, and lastly, (4.) Universa
lead screening of children less than gx years of age to identify poisoned children and the

hazards that caused these poisonings.2®

My research is primarily designed to examine the efficacy of the third-mentioned practice
that seeks to identify and remediate homes containing lead-based paint hazards that have
resulted in the poisoning of children under sx. More specificaly, my thesis will focus on
the evauation of remediation drategies that are currently being practiced in the State of
Rhode Idand. In order to gauge the effect that remediation services have had on making
Rhode Idand's renta homes lead-safe, and subsequently, in lowering the amount of lead
in children's blood, | have anadyzed data obtained from the DoH's Childhood Lead
Poisoning Prevention Program (CLPPP). To accomplish this god, | examined three
groups of cases previoudy closed by the DoH. The cases used in this analysis include

cases that have been closed:

1.) Dueto the remediation of lead hazards (HA);
2.) Dueto therefusal of DoH services (REF); and

3.) Due to the parent of a poisoned child being the owner of the home where the

poisoning occurred (PO)

24 For purposes of this research, the term abatement shall be synonymous with remediation. A more
detailed definition of remediation, however, will be provided in the Background section.

5 Eliminating Childhood Lead Poisoning: A Federal Strategy Targeting Lead Paint Hazards. President's
Task Force on Environmental Health and Safety Risks to Children. 2000 Feb: 29-33.



Usng the blood lead levels (BLLS), measured as micrograms of lead per deciliter of
whole blood (ug/dL),?® of poisoned children, and the BLLs of al children residing a the
original addresses that were offered inspections in the groups, the effect that remediation
sarvices have had on children's BLLs can be measured. The effect of mobility on

children's BLLs, among other confounders, will aso be explored.

Before exploring the themes discussed in the previous text, additiond information
pertaning to lead poisoning, as wdl as the mitigatory efforts currently being performed
in Rhode Idand, will be provided to establish a more thorough understanding of the areas

that will be explored throughout this thesis.

268 | ead Poisoning in Rhode I'sland: The Numbers (2002). Providence, RI: Rhode Island Department of
Health.



Backqground

Despite recent gains in reducing the incidence of childhood lead poisoning throughout the
United States’’ — a result due in large part to the remova of lead from gasoline, canned
goods, and paints’® — lead poisoning remains one of the foremost environmenta hedlth
risks to children under six.?® Of particular concern, however, are children who reside in
disadvantaged urban communities throughout the Northeastern United States.  This
includes severd communities in the State of Rhode Idand — where some of the nation's

oldest wood-frame housing stock exists*°

The Effects of Lead Poisoning

The adverse hedth effects from lead exposure are well documented, especidly those
marifesing a higher levels®32  However, lead poisoning is not a signature disease.  Its

symptoms are often indiginguishable from other maadies and therefore difficult to

27 The most recent National Health and Nutritional Examination Survey (NHaNES) reports that the
percentage of U.S. children, ages 1-5, having BLLs?® 10 ng/dL decreased from 88.2% to 2.2%. It further
reports that the decreasein overall mean BLL for the general U.S. population was from 14.6 ng/dL in
1976-1981 to 2.2 ng/dL in 1999-2001. Nonetheless, 434,000 (189,000-846,000) children are still estimated
to have BLLs?® 10 ng/dL. National Health and Nutritional Examination Survey. Available at
http://www.cdc.gov/nceh/l ead/research/kidsBL L htm#National %20surveys. Accessed on 5/4/02.

28 | anphear BP, Dietrich KN, Berger O. Prevention of Lead Toxicity in U.S. Children. Ambulatory
Pediatrics. 2003, Jan-Feb. 3(1): 27-36.

2 |pid.

301t is estimated that nearly 70% of Rhode Island's housing stock was built prior to 1978, when lead was
banned from paint. Further lead poisoning information specific to the State of Rhode Island will be
provided in the ensuing section entitled Lead Poisoning and Rhode Island. RICLPPP. Housing: Best
Practices. Available at http://www.healthri.org/family/lead/housing.htm Accessed on 03/05/03.

31 Needleman HL, Gunnoe C, Leviton A, et al. Deficitsin Psychologic and Classroom Performance in
Children with Elevated Dentine Lead Levels. New England Journal of Medicine. 1979. 300: 584-695.

32 Needleman HL, Gastonsis CA. Low-level Lead Exposure and the |Q of Children. Journal of the
American Medical Association. 1990(263): 673-8.



diagnose. This is paticularly rdevant in cases of chronic lead poisoning — or, the gradud
accumulation of lead in the body®® — where poisonings are often detected during the latter

stages of exposure when the effects of lead poisoning are relatively irreversble.

The adverse effects resulting from chronic lead exposure have been confirmed as leading
to memory loss heaing and gpeech imparments, dunting of growth, kidney
dysfunctions, and reduced intelligence quotient (IQ) levels®* In fact, severd studies have
reported an evidentiary link between lead exposure and deficits in academic and
cognitive performance. One sudy in particular, concluded that on average, a child whose
BLL incresses from 10 to 20 ny/dL will suffer a loss of approximatdy two 1Q points3°3°
Another sudy examining lead's effects on cognition found that an increase of 4 ng/dL of
leed in the blood would result in the loss of dmost one 1Q poaint.” Most recently, a study
conducted by Corndl Universty, Cincinnati Children's Hospitdl Medicd Center, and the
University of Rochester School of Medicine found that te IQ scores of children who had

BLLs of 10 ng/dL were about 7 points lower than for children with levels of 1 ng/dL. At

33 National Health Service (NHS) Direct Online Health Encyclopedia. Lead Poisoning. Available at
http://www.nhsdirect.nhs.uk/nhsdoheso/print.asp?sT opi c=L eadpoi soning. Accessed on 03/05/03.

34 | bid.

35 Bellinger DC, Stiles KM, Needleman HL. Low-Level Lead Exposure, Intelligence, and Academic
Achievement: A Long Term Follow-up Study. Pediatrics. 1992. 90: 855-61.

36 World Health Organization. Environmental Health Criteria 165: Inorganic Lead. Geneva, Switzerland:
World Health Organization. 1995. As seen in, Brown, MJ Costs and Benefits of Enforcing Housing
Policiesto Prevent Childhood Lead Poisoning. Medical Decision Making. 2002 Nov/Dec: 482-92.

37 Daniel Swartz, Executive Director of the Children's Environmental Health Network. Lecturein
Environmental Studies 171: Environmental Health Policy. Brown University, fall 2002.



the same time, the study found that an increase in BLL from 10 to 30 ng/dL is associated

with only asmall additiond dedinein 1Q.®

Although losses of a few 1Q points may go unnoticed in some cases, it is important to
understand how 1Q loss in the general populace affects the digtribution of 1Q. Figure 1,
for example, shows that a shift in the mean ‘norma’ 1Q of a population will impact the
gze of the digribution’s talls. This meaning that the number of children in the ‘impaired

range will increase Sgnificantly if the population mean shiftsto the left (Figure 1).

A0 - 70 g85-115 =140
IMPAIRED HORMAL GIFTED

Figure 1: Digribution of I1Q in a Population Before and After a Minimal Reduction
in 1Q Points.

38 Canfield RL, Henderson CR, Cory-SlechtaDA, Cox C, Jusko TA, Lanphear BP. Intellectual Impairment
in Children with Blood L ead Concentrations Below 10 ng/dL The New England Journal of Medicine.
348(16): 1517-1526.



Acute lead poisoning, fortunately now rare, differs from chronic lead poisoning because
it occurs when copious amounts of lead are ingested or inhded into the body during
shorter time periods — often attributed to occupational lead exposures®® The effects of
acute lead exposure are more severe than chronic poisoning and include, among other
effects anemia, immune deficits, speech and hearing disabilities, organ falure, and

findly, desth. *°

The duration of poisoning after exposure is removed vaies depending on whether
children have been chronicaly or acutdy exposed to lead** One study reports a half-life
of lead in the body for children who have been chronicdly exposed, and present high
BLLs, to be between 20 and 38 months, while for children who have been acutely
exposed to lead, the same study indicates a half-life of 10 months*? Researchers
conclude that these variations are largely due to the uptake and leaching characterigtics of
children’s bones®® Early in childhood, lead in bone and blood are labile because of a
high turnover rate — meaning that lead is more easly absorbed and released from

children’s bones. Once returned to circulation, lead can either be reabsorbed by the bone,

39 Some industries at risk for occupational lead exposure include those involved in the production and
smelting of lead, lead soldering, and the manufacturing and recycling of batteries. MacRoy, P. In Search of
Safe Housing: Blood Lead Levels of Past Occupants as an Indicator of Present Lead Safety. Master's
Thesis. Brown University Center for Environmental Studies. 2001.

“0 National Health Service (NHS) Direct Online Health Encyclopedia. Lead Poisoning. Available at
http://www.nhsdirect.nhs.uk/nhsdoheso/print.asp?sT opi c=L eadpoisoning. Accessed on 03/05/03.

1 Mushak, P. Lead Remediation and Changes in Human Lead Exposure: Some Physiological and
Biokinetic Dimensions. The Science of the Total Environment. 2003. 303: 35-50.

2 Manton W1, Angle CR, Stanek KL, Reese YR, Kuehnemann TJ. Acquisition and Retention of Lead by
Young Children. Environmental Research. 2000. 82: 60-80.

43 O’ Flaherty, EJ. Physiologically Based Models for Bone-Seeking Elements. V. Kinetics of Lead
Deposition in Humans. Toxicological Applied Pharmacology. 1995. 131 16-29.



or excreted from the body.** However, once children reach adolescence, the rate of bone
turnover begins to decrease, and bones become a reservoir for lead.”® Another study,
examining the amount of time required for children's BLLs to drop below 10 nyydL,*
found that children with BLLs between 25-29, 20-24, 15-19, and 10-14 ng/dL, required
24, 20,9, 14.3, and 9.2 months, respectively, to present BLLs below 10 ng/dL.*’*® The
sudy aso concluded that the mean time for BLLS to decline was drectly proportiona to
the pesk BLL of children, but the time for 50% of the BLLSs in children to decline to less

than 10 ng/dL was not linear, and varied according to children's pesk BLLS.

Both studies report rates of lead decay as a function of the degree of the exposure. Their
research shows that children presenting BLLs above 20 ng/dL may take up to two years
to exhibit BLLs that fall below the Center for Disease Contral's (CDC) leve of concern.
One researcher concluded that because of this dow decay, lead remediaion benefits have

agreater benefit for future children that have not been exposed to lead.*®

4 | bid.
5 | bid.

“ Thisisthe current lead poisoning 'threshold— known as the Center for Disease Control's (CDC) level of
concern. According to the CDC, achildwithaBLL 3 10nmg/dL islead poisoned.

47 Asacaveat, these children were also enrolled in case management services. Roberts JR, Riegart JR,
Ebeling M, Hulsey TC. Time Required for Blood Lead Levelsto Decrease in Non-chelated Children.
Journal of Toxicology — Clinical Toxicology. 2001. 39(2): 153-60.

“8 | mportant to note is that 438 of 1148 children were excluded in this study because their BLLs had not
dropped below 10 ng/dL, either due to a short-follow up time or aslow declinein BLL. Had these children
been included in the analysis, the number of days required for BLLsto fall below 10 ng/dL would likely
differ. Ibid.

49 Mushak, P. Lead Remediation and Changes in Human Lead Exposure: Some Physiological and
Biokinetic Dimensions. The Science of the Total Environment. 2003. 303; 35-50.



Though lead is a confirmed neurotoxicant, with high exposure levels inversdly corrdated
with cognitive functioning, the absolute lowest levels of blood lead concentration,
asociated with deficits in cognition and academic achievement have yet to be adequatdy
defined.®® In the 1960's, lead toxicity was defined as a BLL of 60 nydL — alevd that
now is trested by chdation.® Since then, acontinued exploraion into the effects of lead
poisoning on children's environmenta hedth has resulted in the periodic lowering of the
accepteble BLL in children (Figure 2).°> The CDC's most recent reduction in 1991
redefined the level as 10 pg/dL. This reduction was based on epidemiological studies
and models that indicated BLLs between 10 and 20 pg/dL could have adverse effects on
the neurologica development of children.>®>*°®  However, recent evidence indicates that

leed remains toxic to children a even lower levels. Therefore, child advocates are

0 Lanphear, BP. The Paradox of Lead Poisoning Prevention. Science. 1998, Sept. 11. 281(5383): 1617-18.

®1 Chelation isatype of chemical treatment for children with severely high BLLs. The chemicalsin the
substance bind with lead in the body to increase the urinary excretion of lead in the blood and decrease total
body burden. Available at http://www.hsph.harvard.edu/Organizations/DDIL/chelation.html. Accessed on
04/15/03.

52 |_andrigan, PJ. Pediatric Lead Poisoning: Is There a Threshold? (commentary on Lanphear, BP,
Dietrich K, Auginer P, Cox X. Cognitive Deficits Associated With Blood Lead Concentrations <10ng/dL
in U.S. Children and Adol escents. Public Health Reports. 2000 Nov/Dec. 115(6):521-9). Public Health
Reports. 2000 Nov/Dec. 115: 530-1.

%3 Lanphear BP, Dietrich K, Auginer P, Cox X. Cogpnitive Deficits Associated With Blood Lead
Concentrations <10ng/dL in U.S. Children and Adolescents. Public Health Reports. 2000 Nov/Dec.
115(6): 521-9. Public Health Reports. 2000 Nov/Dec. 115: 530-1

>4 Schwartz, J. Low-level Lead Exposure and Children’s 1Q: A Meta-Analysis and Search for a Threshold.
Environmental Research. 1994. 65: 42-55.

5 Needleman HL, Gastonsis CA. Low-level Lead Exposure and the 1Q of Children. JAMA 1990(263):
673-8; and Lanphear BP, Dietrich K, Auinger P, Cox C. Cognitive Deficits Associated With Blood Lead
Concentrations <10 pg/dl in US Children and Adolescents. Public Health Reports. 2000 Nov/Dec. 115(6):
521-9.
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recommending that the CDC lower its level of concern from 10 pg/dL to 5 pg/dL, if not

even lower. %8
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Figure 2: Evolution of Children's BLLs Considered to be Poisoned by the CDC.>’

Lead exposure dso inteferes with socid adjudability and may lead to impulsive
behavior. Once anecdotd, recent sudies are finding an evidentiary link between low-
level lead exposure and behaviora disorders, including Attention Deficit Hyper-activity
Disorder (ADHD) and crimindity.®® A study conducted in 1996 examined bone lead
concentrations in children ages 12-18, and discovered, after controlling for confounders,

ggnificantly higher bone lead concentrations in children who were convicted of

%% |bid.

" Adapted from Preventing Lead Poisoning in Y oung Children. Atlanta: Centers for Disease Control. 1991.
Asseen in Rogan, WJ and Ware, JH. Perspective: Exposureto Lead in Children— How Low is Low
Enough? New England Journal of Medicine. April 17, 2003. 348(16): 1515-16.

%8 \Wakefield, J. "The Lead Effect?' Environmental Health Perspectives. 2002 Oct. 110(10): A575-580.
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ddinquency than in those devoid of such convictions®®  Similaly, past crime rate
fluctuations highly correlate with periods of lead exposures in the past. For example,
ressarchers believe that the decrease in crime rates during the 1990's might be a
reflection of the sharp decline in the number of childhood lead poisonings that occurred
during previous periods®® Although these studies are controversid, they are particularly
noteworthy since the societal and individua cods of lead poisoning might be severdy

underestimated.®*

Given the criticd impacts of lead poisoning, perhaps the mog tragic issue surrounding
this disease involves urban and minority children who are dready facing enormous
societd disadvantages and have the highest risk for lead exposure. The areas in which
these populations resde are more likely to have deteriorating homes constructed prior to
1978, credting an exceptiondly high risk for lead exposure. Even more troubling is that

these same children are likdy to have other risk factors, such as inadequate nutrition and

% | bid.
%0 | pid.

61 One estimate indicates a $9,600 societal loss for each 1Q point lost due to lead poisoning (translated from
afuturelossin earning potential). Daniel Swartz, Executive Director of the Children's Environmental

Health Network. Lecturein Environmental Studies 171: Environmental Health Policy. Brown University,
fall 2002. Other estimatesindicate aloss of $10,569 per year in special education costs. Brown, MJ. Costs
and Benefits of Enforcing Housing Policiesto Prevent Childhood Lead Poisoning. Medical Decision
Making. 2002 Nov/Dec: 482-92. These estimates do not include costs of medical treatment, remediation,
relocation, and inspection, and more importantly, they do not include costs attributed to delinquency and
criminality.

12



anemia® which further increases their susceptibility to lead poisoning and its adverse

effects®3

Lead Poisoning and Rhode Island

Of the many aress in the nation plagued by high rates of lead poisoning, few are worse
than those Stuated in the Northeastern portion of the United States, including the State of
Rhode Idand, where childhood lead poisoning rates have reached epidemic proportions.
Recent estimates indicate that Rhode Idand has a lead poisoning rate dmost four times
the nationd rate of childhood lead poisoning.®* According to the U.S. Department of
Housng and Urban Deveopment (HUD), approximately 39 million homes, or 40% of
the nation's housing stock, contains leaded paint.®® Some estimates indicate that 50-80%
of Rhode Idand homes have lead paint covering their surfaces®® Of these homes, further
estimates are that nearly 30,000, mostly low-income housing units®’ present a high risk

of lead poisoning and have a pressing need for remediaion.® In 2002 done, nearly

%2 The effects of lead poisoning and anemia are reported to be synergistic and devastating. Poor nutrition,
on the other hand, prevents the intake of specific mineralsthat can help increase the uptake rate of lead.

%3 Rhode Island Kids Count. Issue Brief: Childhood Lead Poisoning. February 2003. p 3.

64 | ead Poisoning in Rhode Island: The Numbers (2002). Providence, RI: Rhode Island Department of
Health.

8 Wakefield, J. The Lead Effect? Environmental Health Perspectives. October 2002. 110 (10): A575-580.

%8 Rhode Island Childhood Lead Poisoning Prevention Program (CLPPP). Housing: Best Practices.
Available at http://www.healthri.org/family/lead/housing.htm A ccessed on 03/05/03.

87 A housing unit will be defined as any room or group of rooms located within a dwelling and forming a
single habitable unit with facilities which are used, or intended to be used for living, sleeping, cooking, and
eating. State of Rhode Island and Providence Plantations Department of Health. Rules and Regulations for
L ead Poisoning Prevention [R23-24.6-PB]. February 1992, as amended January 2002.

%8 Rhode I'sland Childhood L ead Poisoning Prevention Program. Housing: Best Practices. Available at
http://www.healthri.org/family/lead/housing.htm Accessed on 03/05/03.
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2,500 children under the age of dx in the State were diagnosed as having a BLL greater
than 10 ng/dL, of whom hundreds having dgnificantly eevated levels (BLLs 3 20
mydL).%° Of these children, those with the greatest risk for lead exposure, as discussed in
the aforementioned section, include poor, minority, and urban children. In 2001, the
DoH reported that Black, Adan, and Hispanic children were two to three times as likely

to have devated BLLSs as were White children in the State.”°

Rhode Island's Lead Poisoning Prevention Policies

The CLPPP is the DoH program that is largdy responsble for the crestion and
coordination of a comprehensive program for the prevention of childhood lead poisoning,
including, but not limited to: the screening and detection of lead in children, the
education about lead and its effects on children, lead hazard reduction efforts, and the
enforcement of its policies’* State regulations require that al children under six be
screened annualy for lead’® — one of the most comprehensive testing requirements in the
country.”®  Once children are screened, the samples are sent to the State laboratory or to

one of two State approved hospitas for processing.”* Test reslts are immediately

%9 Rhode Island Kids Count. Issue Brief: Childhood Lead Poisoning. February 2003. p 1.
©1bid.

"1 Rhode Island Lead Poisoning Prevention Act. § 23-24.6-5: Environmental Lead Program.
"2 | bid. § 23-24.6-7: Screening by Health Care Providers.

3 Rhode Island's current lead screening rate is nearly 80%. Lead Poisoning in Rhode Island: The Numbers
(2002). Providence, RI: Rhode Island Department of Health.

" bid.
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reported to the CLPPP, where state licensed certified inspectors™ are dispatched to the
homes of children whose tests report devated BLLs (BLLs 3 20 ng/dL, or persstent
BLLs between 15 and 19 ng/dL’®’") to conduct comprehensive environmenta leed
ingoections.”® I a resident grants the inspector permission to conduct an inspection, the
inspector performs severd tests to verify the presence of lead hazards.”® In the event that
lead hazards are discovered during the inspection, the property owner is issued a notice of
violation (NOV) that requires the remediation of identified lead hazards within 90 days
after the NOV was issued.®® The actud method of remediation that a homeowner must
undergo for their home to be consdered safe for re-occupancy, however, is loosely
defined®* The DoH describes remediation as:

. . . Any activity that reduces the risk of human exposure to lead-based paint
through environmenta modification.  Activities indude, but are not limited to:

> Rhode Island Lead Poisoning Prevention Act § 23-24.6-20: Licensure or Certification of Environmental
Lead Inspectors and L ead Contractors, Supervisors, and Workers.

"8 |nspectors are sent to homes when a child presents a BLL between 15-19 pg/dL for two tests (venous or
capillary) at least 90 days, but less than 365 days apart. A single BLL of 15 pg/dL, however, will be
referred for case management. 1f the home does not meet the DoH inspection criteria, then the case
management agency will perform an environmental inspection that will not be enforced by the DoH.
Patrick MacRoy. Personal Correspondence. 04/18/2003.

7 Animportant noteis the discrepancy between the DoH intervention threshold and the CDC level of
concern. The DoH intervention level is much higher due to resource constraints. If the DoH were to use the
CDC'slevel of concern for itsintervention level, the number of children poisoned in the state would
substantially increase.

8 A comprehensive environmental lead inspection is a surface-by-surface investigation for the presence of
current, or potential future, lead hazards in paint, dust, soil, and water, conducted by a certified lead
inspector. State of Rhode Island and Providence Plantations Department of Health. Rules and Regulations
for Lead Poisoning Prevention [R23-24.6-PB]. February 1992, as amended January 2002.

" Testsinclude avisual inspection of exposed surfaces, dust-wipe tests, X RF (X-ray fluorescence) tests,
and if needed, soil and water tests. Ibid.

8 Ibid.
81 Each option in the ensuing text presents specific guidelines that have to be followed in order to meet

lead-safe standard. However, the term loosely defined implies that multiple methods can be used to meet
the DoH standards.
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repair, enclosure, encgpsulation, removal, and/or replacement of lead based paint
or panted surfaces, materia, or components in a building or sructure. It shadl dso
include any messures that reduce the concentration of lead in lead contaminated
dust, soil, or drinking water.®
Once the homeowner corrects the cited violations, the inspector conducts a post-
remediation lead clearance test to assure that the property has achieved compliance in

accordance to the DoH’s lead-safe requirements®®  Upon satisfying the requirements, a

lead- sife cartificate isissued for the home®

This process, however, does not aways occur in the manner depicted above. Instead, it is
commonly hindered by resdents within the homes. For example, tenants will often
refuse to dlow the inspectors into their homes to conduct a comprehensive environmenta
lead inspection — preventing the detection of lead hazards, and more importantly, the
remediation process. Although state inspectors can obtain a court order directing tenants
to comply with inspection requirement® (upon a showing of probable cause for

conducting the ingpection) this practice is rardy conducted because of the DoH's fear

82 | bid.

8 A post-remediation clearance inspection shall determine that: all painted surfaces (of concern), aswell as
samples of soil and water, are not above permitted levels of lead. They will also assure that no visible dust
or paint chipsremain in the home. A lead-free environment is defined asalevel of lead < 20 ng/sg. ft. on
any surface, whilst alead-safe environment is defined as alevel of lead between 40-400 no/sqg. ft.,
depending on the surface. 1bid. 88 4.2-6.2.

84 A lead-safe certificate implies that at the time of certification, the regulated environment did not contain
any significant lead hazards (see above footnote), and would not be expected to pose asignificant health
threat to children under six. More importantly, alead-safe certification does not require the complete
removal of lead (lead-safe ! lead-free), but it does require routine maintenance and annual reinspection.
Ibid.

8 Rhode Island Lead Poisoning Prevention Act. § 23-24.6-13; State Inspectors.
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that the presence of a sheriff’s deputy and a court order at people’'s doors will make

parents reluctant to getting their children tested for lead &

Inspection is dso avoided when the owner of the home where the child has been
poisoned is the parent or guardian of that child. Here, the DoH will conduct an
ingpection, assuming the parent or guardian has granted permisson, but violaions are not
enforced.®”  To help explain this process, the hierarchica chart in Figure 32 illustrates the
flow of dl cases in 2001 that were referred for comprehensve environmentd lead

inspections.®®

8 additionally, the State of Rhode Island has a minimal number of inspectors and cannot afford to allocate
scarce resources obtaining court orders when they could be inspecting other homes suspected of |ead-based
paint hazards. Patrick MacRoy. Personal correspondence. May 2003.

87 The DoH assumes that the parent or guardian of the poisoned child will assume responsibility for
mitigating the suspected |ead hazards.

8 Data obtained from the DoH’ s CLPPP. Chart developed by the author.
8 Data included in the chart appears different than the 2001 data in Lead Poisoning in Rhode Island: The

Numbers (2002). Providence, RI: Rhode Island Department of Health, because the status of cases are
continually changing, and some cases are grouped together.
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Figure 3. Hierarchical Chart for all Cases Referred for a Comprehensive
Environmental Lead Inspection by the DoH, 2001.

The chart illustrates that 105 cases, or 30% of the tota cases referred in 2001, refused the
DoH's comprehensive environmental lead ingpections®®  Figure 2 aso indicates that
agpproximately 10% of the cases referred for inspection were parent homeowner cases.
This meaning that the cases were refered for a comprehensve environmenta leed
ingpection, but violations were never enforced. Together, these figures indicate that in
just 2001 aone, 40% of the referred cases were never enforced by the DoH. Even more
troubling is that the number of tenants who refused comprehensive environmenta lead

inspections in the past three years has increased substantidly.®*  With the average cost of

% The chart actually indicates 58 cases refusing inspections, however, for research purposes; the three
groups (moved, refused, and no response) are categorized as all having refused DoH services. The“Other”
category includes cases that are in various stages of compliance (i.e., first or second NOV has been sent and
the DoH is awaiting compliance, or cases have been sent to the Attorney General for further prosecution).

%1 1n 1999, 19% of the total cases referred for inspection resulted in a tenant refusing services. In 2000, that
number increased to 22%, and in 2001 it was 30%. Meanwhile, the parent-owner cases have remained
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remediation roughly $6,000 per unit, and $16,000 per building,?? it is believed that some
landlords are pressuring their tenants to refuse remediaion services, or dternatively, face
eviction. As a result, these tenants, when faced with the threat of retdiatory eviction and
the pressure of locating a home in a tight market for safe, affordable housing choices, are

likely opting to continue to live in homes that contain lead-based paint hazards.*?

Question Formulation

Despite Rhode Idand's comprehensive lead prevention polices intended to decresse the
incidence of childhood lead poisoning, this disease continues to thresten children's hedth
and wdfare throughout the Stater Based on the figures presented throughout the
introduction and background sections of this thess, the efficacy of Rhode Idand's current

lead hazard remediation program is questioned.

An examination of the literature on the effects of remediation on children's BLLS reveds
a range of conclusons. One study messured the impact of lead-based paint hazard

remediation on children's BLLs in &. Louis, Missouri, and discovered that remediation

relatively static — representing 10-20% of the total cases referred for inspection between 1999-2001. Lead
Poisoning in Rhode Island: The Numbers (2002). Providence, RI: Rhode Island Department of Health.

92 Brown, MJ. Costs and Benefits of Enforci ng Housing Policiesto Prevent Childhood Lead Poisoning.
Medical Decision Making. 2002, Nov/Dec. 482-92.

93 Rhode Island Housing estimated in 2000 that 17,867 families were living below the poverty level, and
37,337 low-income, non-elderly, renter families were in search of housing, but only 12,745 units existed
for low and moderate-income families. Rhode Island Housing. State of Rhode Island Consolidated Plan.
2000-2005. January. 2000. Asseenin: Tobin-Tyler, E. Safe and Secure: Enforcing the Rights of Low-
income Tenants and their Children to Lead-Safe Housing. Brief for Children's Friends & Service and the
HELP Lead Safe Center. June 2002.
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efforts were effective in lowering children's BLLs that were initidly above 34 ng/dL.%
The S. Louis study was a retrogpective anayss, usng S. Louis, Missouri, City Hedth
Department records, to anayze both the changes in B_Ls of poisoned children who were
resding in homes tha underwent remediaion, and the changes in BLLs of children living
in dwellings that did not undergo leed hazard remediaion. Of the 185 children who met
the sdlection criteria® only 71 children had a blood lead test in the period 10-14 months
after the initid diagnoss. In this period, the BLLs of the cases and the controls were
ggnificantly different.  Specificdly, the mean BLL of children resding in homes that
underwent remediation dropped from 34.9 noy/dL to 26.7 ng/dL (a 23% decrease from the
garting BLL (95% Cl: -30 to -16)), compared with a drop from 35.1 ng/dL to 30.9 ng/dL
(95% Cl: -18 to -5) for children living in homes that did not undergo lead hazard
remedigtion (t-test, p = 0.07). Together, these estimates indicate that the effect of
remediation is a 13% decline (95% CI. -25 to 1; p = 0.07) in BLLs. However, &fter
adjusing for confounders, the study suggested an effect of remediaion closer to -16%
(95% CI: -25to -7; p = 0.002). The S. Louis study aso reported that the BLLS of
children in both groups were above the CDC's level of concern 10-14 months after
diagnoss, and little benefit was evident in children with initid BLLS between 25 and 34
ny/dL (-13%, 95% CI: -19 to -6; p = 0.02). Although the St. Louis study reports
differences amongst the cases and controls (t-test, p = 0.07), the control group aso

presents a drop in mean BLL in the 10-14 month follow-up period. The researchers posit

9 Staes C, Matte T, Copley CG, Flanders D, Binder S. Retrospective Study of the |mpact of Lead-Based
Paint Hazard Remediation on Children’ s Blood Lead Levelsin &. Louis, Missouri. American Journal of
Epidemiology. May 15, 1994. 139(10): 1016-1026.

9 Most of the children that did not meet their selection criteriamoved from their homes before the 10-14
month blood lead measurement. | bid.
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that this might be due to secular tends, the education of parents, aging of their subject, or
some combination of factors, and therefore, “the change in BLLs after remediation
cannot be atributed soldy to the remediation, and control populations must be used to

assess fully the impact of remediation on children’s BLLs” %

Another study atempting to assess the effects of remediation on BLLS, and determine if
declines can be attributed to other factors besdes remediation, estimated the natura rate
of BLL dedine via a meaandyds of severd control populations used in different
sudies®”” The meta-andyss of controls esimated the one-year change in BLLs for
populations that had not experienced any intervention efforts to reduce exposure to lead-
based paint hazards, and concluded that an average 9% dedline in BLLs during the firgt
year after remediation could be attributed to ‘naturd’ factors unrdlaed to intervention
(i.e, age and season), and a 16% decline in BLLs could be attributed to ‘unnaturd’
intervention drategies like lead remediaion.  Together, these results indicate that
children would be expected to exhibit a 25% decline in BLLs during a period of one-year
after intervention that is due to both ‘naturd’ and ‘unnaturd’ factors. These findings
support the observations in the S. Louis dudy that show BLLs in the cases fdling for
reasons both related and unrelated to the effects of intervention, and BLLSs in the controls

faling for reasons unrdlated to intervention.*®

% |bid.

7 Niemuth NA, Wood BJ, Schultz BD. Estimated Change in Blood Lead Concentrationsin Control
Populations. November/December 2001. 56(6): 542-51.

%80nce again, theinitial BLLs of children will impact these reductions significantly.
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A dudy by Taha €. d. examining the effects of environmentd and educaiond
intervention on children with BLLs between 25 and 44 ug/dL,* is consistent with the
findings in the above dudies, showing a dgnificant difference (p < 0.05) in the decline of
BLLs between the case and control groups. Specificaly, the mean decline of case
children’'s BLLs is 6 ng/dL, or -18%, of the initid BLLs for the period 26 months after
intervention (95% CI: -29.3 to -14.6). The control group BLLS, on the other hand,
declines 1.6 ng/dL, or -1.8% (95% ClI: -4.3 to 5.1), of the sarting BLLS, for the same
period. The researchers note that the findings for the intervention change in BLLS is
conggtent with the percentage changes in the St. Louis study, while the percent decline in

the control group is less than that in the retrospective St. Louis study. 1%

In contrast, other studies present results that are contrary to the St. Louis and Taha et. d.
dudies An examination of the BLLs of poisoned children in Toronto in 1990 following
remediation strategies'® observed that children's BLLs, like those in the above studies,
decreased in both the case €6.4 ng/dL; 95% CI: -5.9 to -6.9) and control (4.2 ny/dL;
95% Cl: -3.8 to -4.6) groups, but concluded that their results could neither strongly
support, nor refute, the beneficid effects of lead remediaion.’® In other sudies,

investigations into the effects of lead dust control measures on children's BLLs, found

% TahaT, Kanarek MS, Schultz BD, Murphy A. Low-Cost Household Paint Abatement to Reduce
Children’s Blood Lead Levels. Environmental Research. 1999. Section A. 81: 334-38.

190 | bid.

101 strategies of remediation in the study included soil replacement and professional housecleaning for lead
remova. Langlois P, Smith L, Gould R, Goel V, and Gibson B. Blood Lead Levelsin Toronto Children

and Abatement of Lead Contaminated Soil and House Dust. Archives of Environmental Health. 1996. Jan.-
Feb. 51(1): 59-67.

102 | i,
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that an intervention consding soldy of providing deaning supplies and educationd

methods to tenants is not effective in reducing the BLLs of poisoned children. 103104

Perhaps even more relevant to this research are studies that use Rhode Idand data to
examine the effectiveness of intervention, and report no sgnificant differences amongst
case and control groups. A dudy by the DoH, examining the effects of case management
services on children's BLLS, reports no sgnificant differences in the BLLs amongst those
recelving and completing case management services, versus those receiving partid, or no

case management services 1%

Knowing tha conclusons on the effects of remediatiion in reducing poisoned children’s
BLLs are divided, | have analyzed the DoH lead data, as previoudy discussed, to assess
the efficacy of Rhode Idand's lead hazard remediation program. It is important to
recognize that the previous studies, including the St. Louis and Taha, et. a. Sudies, used
relatively smal numbers of children within their case and control groups. In contrast, a
wedth of data exigs for Rhode Idand, which can help to better portray the efficacy of
lead remediation in reducing poisoned children’'s BLLS, and moreover, produce results
that have more datisticd power than those in the literature.  Figure 3 outlines the

differences amongs the data used in these studies.

103 anphear BP, Winter NL, Apetz L, Eberly S, Weitzman M. A Randomized Trial of the Effectiveness of
Children’s Blood Lead Levels. Pediatrics. 1996. 98(1): 35-40.

104 Tohn ER, Dixon, LR, Wilson JL, Galke WA, Clark, SC. An Eval uation of One-Time Professional
Cleaning in Homes with Lead-Based Paint Hazards Journal of Applied and Occupational Hygiene. 2003.
18(2): 138-43.

105 MacRoy, P. Evaluation of Case Management for Lead Poisoning in Rhode Island. Rhode Island
Department of Health's Childhood L ead Poisoning Prevention Program. 2003.
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Study Statistic St. Louisstudy*®® | Taha, et. al. study Present Study

Size of 49 37 862
Case Group
Size of 22 65 590
Control Group
Study Type Retrospective Retrospective Retrospective
Covariates Age, Season Age, Season None

Table 1. Comparison of Case and Control Groups in Three Studies Assessing the
Effects of Lead Hazard Remediation on Children’sBLLSs.

Data Source

Data for this study were derived from two sources obtained from the DoH's CLPPP. The
Statewide Blood Lead Levd Daabase (SWBLL'), and the Comprehensve
Environmenta Lead Inspection Database (‘'Pb Inspect). The firs source — the SWBLL
database — contains, among other fidds ‘BLL, ‘Sample Type'!°’ ‘Birth Date,
‘Gender, ‘Sample Obtained Date’ and a unique child identification number — *Child ID’

— for dl children screened between January 1993 and October 2002. The second source —

198 These numbers include the number of children that met specific selection criteria, including afollw-up
test ayear after cases were opened. In comparison, this study has 451 children in the case group and 257 in
the controls ayear after cases were opened.

197 sample Type' refers to the different methods of blood lead sample collection: acapillary (“fingerstick”)

test and avenoustest. Venous tests generally provide a more accurate measure than capillary tests because
they can limit any 'noise' that could accompany the sampling process.
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the Pb Inspect database — contains fields that depict: the current status of dl cases, the
dates that cases were opened by the DoH, and where applicable, the dates that cases were
closed by the DoH, for dl comprehensve environmentd lead inspections offered
between January 1993 and October 2002.1% Using Microsoft Access, Excd, and SPSS,
for manipulation and analysis purposes, these sources were used as data in the analyses of

thisthess.

Overview of Study Design

An essatid god of lead hazard remediation is to lower the rate of childhood lead
poisoning as much as possble. One of the few measures to gauge such success is to
andyze children's BLLs over time. Therefore, this research will use children's BLLS as
an indicator of past and present lead safety — akin to the method developed in a Magter's
thess by Patrick MacRoy that used BLLs of past occupants — children as indicators of
present lead safety.’®® Like the limitations in using BLLs as an indicator of lead safety
discussed in MacRoy's thess, the same limitations will gpply here.  For example, BLLS
are gpt to change according to the age of a child and the season of the year, producing
results that are actudly attributed to natural processes, as opposed to any red changes in

a childs physicd environment!!%'!  Recognizing these limitations BLLs reman the

108 Databases provided to Brown University for these research purposes spanned January 1993 to October
2002. The CLPPP's versions, however, are continually updated and include present data.

199 MacRoy, P. In Search of Safe Housing: Blood Lead Levels of Past Occupants as an Indicator of
Present Lead Safety. Master’s Thesis. Brown University Center for Environmental Studies. 2001.

110 A5 children age they are less likely to engage in hand-to-mouth behaviors, consequently limiting the
ingestion of lead-contaminated dust. Studies have also indicated that BLL s are highest during warmer
months, perhaps the result of shutting windows during colder months and limiting the area of
contamination and dispersal of lead from wind and fans. Ibid.

25



most accesshle measurement of the success of Rhode Idand's current lead hazard

remediation system. 12

Approaches to Answer the Primary Question

As discussed in the aforementioned text, current DoH policy requires that cases be closed
when an ingpection is refused, or when the parent of a poisoned child is established to be
the homeowner. These cases can be used as control groups against which to compare the
group of cases that are closed by the DoH due to the successful remediation of lead

hazards.

Using the refusd (REFS) and the parent home owner (POs) groups as the ‘controls,” and
the group that accepts DoH lead hazard remediation services, and remediates lead

hazards (HA) as the ‘cases!'®

a series of four gpproaches are used to test whether
decreases in children's BLLs are ddtidicaly different amongst the cases and controls,
thereby providing a measure of the effectiveness of Rhode Idands lead hazard

remediation program. Three gpproaches in this thesswill examine and compare:

1) The BLLs of poisoned children in the case and control groups at various
periods after cases were opened.

11 yiin LM, Rhoads GG, Lioy PJ. Seasonal Influences on Childhood Lead Exposure. Environmental
Health Perspectives. 2000 Feb; 108(2): 177-82.

12| deally, continual comprehensive environmental lead inspections in homes of poisoned children are the

most accurate indicators of present lead safety, and moreover, the effectiveness of the current lead hazard
remediation system. However, resources obviously constrain such measures.

113111 epidemiology, acase group is also known as an intervention group.
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2.) The BLLs of poisoned children in the case group who move from remediated
addresses to addresses that do not have a record of remediation, versus those
who remain at remediated addresses.

3.) The BLLs of children in the case and control groups, resding a the initid

addresses of the case and control groups three years before and after cases were

opened.
The fourth andyss differs from the previous gpproaches in that it whether the
current lead hazard remediation program causes property-owners to engage in practices
that deny housng to families with children under sx years of age.  Specificdly, it
examined:

4.) The number of children resding in HA and REF homes before and after

ingpections were offered to these homes.

Approach 4 teds the hypothess that some landlords, having just experienced, or been
threatened with an expensve remediaion process, will be likedy to discriminate againgt
future tenants with children under six, for fear that their property may once again poison
a child, consequently requiring compliance with cosly lead-safe standards, or even

worse, prosecution. !

The four andlyses are discussed below. Each section includes, the goad, methodology,

results, and the discussion for the four approaches.

114 The recently amended |ead poisoning prevention act considers the repeated poisoning of achild after a
property-owner has refused to comply with DoH requirements afelony.
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Approach 1

Approach 1- Goal

In gpproach 1, | andyzed the BLLs of children in the case and control groups sampled
during five periods after which cases were opened by the DoH. Specificdly, these
periods were: 0-60 days, 61-120 days, 121-365 days, 366- 730 days, and >730 days. This
approach tests whether accepting DoH services a some homes (or dternatively, refusing
savices, or faling to enforce the remediation of hazards a others) has a dgnificant effect

on the BLLs of children.

More specificdly, this gpproach tests with more datistical power than the St. Louis and
Taha, et. d. dudies, if Rhode Idand’'s lead hazard remediation program has a beneficid
effect on poisoned children that can be datisticdly vaidated. According to the literature,
if aleed hazard remediation program benefits the hedth of poisoned children, then | can
expect to see ggnificantly different BLLs in the cases when compared to the controls
during the five periods after which cases were opened by the DoH. More importantly, |
expect the direction of the differences to show that BLLS in the cases are sgnificantly

higher than they arein the contrals.
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Approach 1 - Methodology

Since the 'Pb Inspect’ database contains multiple records per case, the fird sep of
approach 1 involved extracting al 'new' case records occurring between January 1993'°
and October 2002'® — identified in the Pb Inspect database by having a “02” or
dternatively, a “C’ in the ‘Ingpection Type fidd*!” Upon identifying the 'new' cases,
any child that resided at a HA, REF, or PO addresses at the time they were closed by the
DoH — identified according to the datus of their last ingpection — were extracted from the
above query, and isolated into separate tables. Cases that were closed due to the
remediaion of lead hazards (HA) and PO satus were identified by a “03” and a “10” in
the ‘last address status field respectively, while the presence of a “04,” “05,” or “06,” in
the 'last address status field identified cases that were closed due to tenants refusing DoH

sarvices.

This method of extraction and isolation created a table for each group that included,
among other fiedds ‘Child ID,; Case Open Date; ‘DoH Inspection Date’ and where
appropriate, ‘DoH Close Date’!'®  These tables were then linked to the 'SWBLL'
database, via matching ‘child ID' fidds, to obtain the BLLs of each child sampled after

the dates a which the DoH had opened their cases. Once extracted, the BLLs were

115 The universal screening law was passed in late 1991 and it took time to set-up the basic surveillance
system, so 1993 isthefirst full calendar year of data. Patrick MacRoy. Personal Correspondence. 04/26/03.

118 Records are established in the Pb Inspect database each time an inspector visits ahome undergoing
intervention. By extracting all new cases from 1993-2002, the data becomes much easier to manipulate.

172" and "C" are the codes for the initial inspection for a poisoned child. Other codesin the subsequent
text are follow-up codes. Patrick MacRoy. Personal Correspondence. 04/27/03.

118 The control cases (REF and PO) rarely contain case closed dates since their dates of inspection are
generally the same as the dates they were closed by the DoH.
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further partitioned into periods according to the dates that the respective BLLsS were
obtained: 0-60 days, 61-120 days, 121-365 days, 366-730 days, and > 730 days, after
cases were opened by the DoH. In cases where children had multiple blood lead tests per
time period, their respective levels for said period were averaged together to create a
mean BLL per child!®® The mean BLLs per child were then averaged together to
produce a group mean BLL for each of the time periods. These vaues were then

compared using an Independent t-test (p < .05).

To provide further andyss of BLL decline amongst the cases and controls, the
percentage of BLL decline, per group, per period, were dso determined. The first step
used to cdculate the percentage of BLL dedine smilaly involved extracting the three
groups (HA, REF, and PO) from the 'Pb Inspect’ database. These groups were then
linked to the 'SWBLL' database via the 'Child ID' field to obtain dl the BLLs per child —
having a sample type of "2" — that were sampled: 0-60 days, 61-120 days, 121-365 days,
366-730, and >730 days after cases were opened by the DoH. From this query, al BLLsS
per child, occurring within the particular periods, were averaged to produce a ‘BLL
Table containing the sngle mean BLL per child, per time period. The dating BLLS
were then obtained from a series of queries involving both the 'SWBLL' and 'Pb Inspect’
databases and placed in separate tables. The BLL for each child was then linked to the
‘BLL tableé — via ‘Child ID’ — and an expresson was generated that calculated the

percentage of BLL decline in children sampled during the five periods from the origind

119 the results of capillary tests are above 20 ng/dL, avenous test is often conducted to confirm the result

that was obtained from the capillary test. Therefore, in cases where the query reported several tests per
child per time period, only the venous tests were averaged together. The venous tests are distinguished in
the database by a*“2"in the Sample Type Field, while the capillary test hasa“1” in the samefield.
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devaied BLL.'*° These vaues were then averaged to produce a single percentage of
BLL decline per group, per period. Statistical comparisons were then conducted on the

means of the groups using t-tests (p < .05).

Approach 1 - Results

The reaults of gpproach 1 indicate tha mean BLLs of children in both the cases and
controls decline throughout dl follow-up periods (Table 2).1*' The mean percentages of
BLL decline amongst the groups support this finding, but aso show tha the largest
percentage of BLL decline occurs in the firs sixty-day period for al groups. Table 4, for
example, shows that BLLs drop 9.6% for the HA group in the first period, and then only
another 3.1% in the second sixty-day period. The REF and PO groups show smilar
results; respectively showing percent declines of 24% and 21% in the first period, and
then another 5% and 9.1% in the second period. The latter periods dso show large
percent declines, but ther time intervas are not sandardized (they are larger than 60

days) and are therefore expected to show large percent declines.

The findings of this andyss dso show tha mean BLLs of the cases and controls remain
above the CDC's level of concern for over two years after cases were opened by the

DoH. These reallts, including the number of children tested in each group and ther

120 The BLL that triggered the DoH inspection was divided by the mean BLL per child, per period (i.e. 121-
365 days), and the result was again divided by the BLL that triggered the inspection. The result was then
multiplied by 100.

121 B) Lsare expected to decline with time due to the natural decay of lead in blood. Further declinesin
BLL can occur when children age, becoming less likely to crawl on contaminated surfaces and engagein
risky hand-to-mouth behaviors.
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confidence intervas, are shown in numerica and graphica form in Table 2. The results

dso show that the mean BLLs of children in the controls are lower than the cases for dl

five periods — with the REF group presenting the lowest mean BLLs in four out of the

five periods (Table 2)
0-60 days | 61-120 days | 121-365 days|366-730 days| > 730 days
22.2 20.8 18.6 15.5 12.6
Hazards | (21.3-23.2) | (19.9-21.8) | (17.8-19.4) | (14.8-16.3) | (11.9-13.4)
Abated (N =379) (N =303) (N = 488) (N =408) (N = 280)
20 18.6 15.9 13.6 10.9
(185-21.4) | (17.1-20.1) | (14.9-17) | (12.2-14.9) | (9.4-12.4)
Refusal (N =127) (N =113) (N = 167) (N = 100) (N = 64)
20.8 18.5 16.9 14.4 12.2
(19-225) | (165-206) | (15.7-18.2) | (13-15.8) (10.3-14)
I(D)ar ent- (N =102) (N =87) (N =124) (N =85) (N =48)
wner

Table 2. Mean BLLs and Confidence Intervals of Poisoned Children in the Case and
Control Groupsat Various Periods After Cases Were Opened.

0-60 days | 61-120 days | 121-365 days| 366-730 days| > 730 days
HA v. REF .012 .016 <.001 .012 .052
HA v. PO 135 .036 027 153 644
REF v. PO 519 957 226 .399 283

Table 3: Ttests (p < .05) Comparing the Mean BLLs of Poisoned Children in the

Case and Control Groupsat Various Periods After the Opening of Cases!?

122 The critical viaue for the HA v. REF groupsduring the period >730 days is borderline significant andis
therefore considered significant.
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The t-tests comparing the mean BLLs amongst the case and control groups reved
gonificant differences, at the .05 apha-levd, in dl five periods (Table 4). Specificdly,
ggnificant differences occur amongst mean BLLs between the HA and REF groups a: G
60 days, 61-120 days, 121-365 days, 366-730, and >730 days. Significant differences
also accur between mean BLLs in the HA and PO groups for tests sampled 61-120 days
and 121-265 days after the DoH opened cases. Results dso show that no significant

differences occur between the mean BLLs of the controls during dl five follow-up

periods. These comparisons, including the criticd vaues for the t-tests (p < .05), are

shown in numericd formin Table4. The datidtica differences are highlighted

0-60 days | 61-120 days | 121-365 days | 366-730days | > 730 days
9.6% 12.7% 23.5% 36.5% 49.8%
Hazards | (5.6-12) (7.9-17.5) (20.2-26.9) (33.5-39.5) (46.5-53.1)
Abated | (N=319) | (N =256) (N =427) (N = 375) (N = 256)
24% 29% 34.8% 44.6% 57.1%
(19.9-28.1)| (24.4-33.5) (30.2-38.7) (39.3-49.49) (51.4-62.8)
Refusal | (N=117) | (N =105) (N = 149) (N = 95) (N =62)
21% 30.1% 38.2% 48.1% 58%
Parent- [(14.8-27.3)| (22.8-37.4) (32.8-42.1) (42.8-53.4) (52.1-63.9)
Owner (N =88) (N=67) (N =102) (N =80) (N = 46)

Table 4. Percentage of BLL Decline, and Confidence Intervals, for all Children in
the Case and Control Groups at Various Periods After Cases Were Opened by the

DoH.
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0-60 days | 61-120 days | 121-365 days|366-730 days| > 730 days
HA v. REF <.001 <.001 .001 .009 .031
HA v. PO .001 <.001 <.001 <.001 .018
REF v. PO 420 .789 .359 .359 .815

Table 5: T-tests (p < .05) Comparing the Percentage of BLL decline Amongst the
Caseand Control Groupsat Various Periods after the DoH Opened Cases.

Results on the mean percentages of BLL decline in the groups pardld the results in the
above text. Here, the case group shows the lowest mean percent decline amongst the
groups in the five periods, while the control groups show smilar percent declines. These
results, including their confidence intervas are shown in numericad and grgphica form in

Table 4.

The t-teds examining the percentages of BLL decline amongst the groups show

gonificant  differences in four out of the five periods Soecificaly, sgnificant
differences, a the .05 dpha-level, occur between the case and control groups in the first
four periods (Table 5), but not during the period that tests were sampled > 730 days.
These comparisons, including ther criticd vaues, are shown in numericd form in Table

5. The sgnificant differences are highlighted.

Approach 1 - Discussion
As expected from literature reports on the body burdens of lead, the BLLs in dl groups

remain above the CDC level of concern for at least two years after cases were opened —



indicating that lead remains in children's bodies for extended periods of time regardiess

of being in the cases or the controls.

Also expected, the results show that the mean BLLs amongst the cases and control are
detidicaly different. However, the mean BLLs of a lesst one of the two controls are
lower than the casg's mean BLLs in four out of the five periods, including the first period

of 0-60 days, where BLLs were anticipated to be similar.'?3

In this period, one of the
controls (the REF group) shows BLLS that are datigticdly lower than the cases at the .05
dpha-levedl. Important to note is that children's BLLs in the furthest time category, >730
days, tend to not have as many differences between groups as those BLLS in the earlier
caegories.  One explanation for these results may lie in this bias in who is tested, while
other explanations may have to do with children 'aging out,’ or the effects of the

interventions becoming more gpparent.

The results of gpproach 1 also show that children exhibit smilar BLLs when the parent of
a poisoned child is the homeowner, when DoH sarvices are refused, or when individuds
within the home accept DoH services and have lead hazards remediated. These results, in
addition to the results showing that poisoned children's BLLs fal a the same rate at
which lead naturdly decays in children, indicate tha the remediation of lead hazards does

not benefit poisoned children.

123 B| Lswere anticipated to be similar to since children are required to have minimal BLLs of 20 ug/dL to
be offered a DoH inspection.
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One posshility for these unexpected findings is that they are confounded by child
mobility. For example, children who are assumed to ke in the case group might move to
non-remediated homes, where the risk for re-poisoning might be higher — resulting in
BLLs for the case group that mirror the BLLs of children in the controls. | tested this
possihbility in gpproach 2 — which explores the effects of mohility on children's BLLs. If
mobility is not found to increese BLLs in goproach 2, then approach 1's results
accurately represent the of lead hazard remediation on children's BLLs. On the other
hand, if the results indicate that mobility does influence BLLS, then gpproach 1's results

may misrepresent the affect of Rhode ISand’s lead hazard remediation program. 4

Approach 2

Approach 2 - Goal

In agpproach 2, | analyzed whether the BLLs of children who move from remediated
addresses to addresses that lack a record of remediation™®® differs from the BLLs of
children who remain in remediated addresses. This issue is worth exploring since high

rates of mobility have been proven to corrdate with higher BLLs'?® This gpproach will

124 1 addition to impacting the mean BLLs of the case (HA) group, mobility may also confound the mean
BLLs of the control groups (REF and PO).

125 The term 'non-remediated’ shall be synonymous with 'no record of remediation.’ However, the absence
of arecord of remediation does notimply that remediation measures have not occurred. Thislimitationis
present throughout the research's entirety, and shall be further in the Uncertainties and Limitations section
of thethesis.

126 Brown MJ, Gardner J, Sargent JD, Hu H, and Timperi R. The Effectiveness of Housing Policiesin
Reducing Children's Lead Exposure. American Journal of Public Health. 2001. 91(4): 621-24.
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dso determine whether the movement of children from remediated addresses to non-

remediated addresses potentially confounds the results of approach 1.

Since the . Louis and Taha et. d. sudies indicate that groups residing in homes that
underwent remediation present BLLs that are datisticaly lower when compared against
controls, | expect that children who move from remediated addresses to addresses with no
record of remediation will have BLLs that are Sgnificantly higher than those who remain
in remediated homes — therefore indicating that mobility influences BLLs and confounds

the results of approach 1.

Approach 2 — Methodology

The methodology of approach 2 was three-fold. The fird part distinguished between
children who moved from, and those who remained in, remediated homes. The second
dep determined the BLLs of those children, while the third step tested whether darting
BLLs were datidticaly different amongst the groups to ensure that differences in BLLS

were not due to factors such as varying socio-economic status.

Unlike the methodology of approach 1, the initid query in gpproach 2 extracted dl
children from the 'new case' table — created in gpproach 1 — that had ever lived a an
address where lead hazards were remediated (HA) — again, identified by a “03” in the

‘Last Address Status field. This query, containing the ‘Child 1D, ‘Case Open Date’
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‘Case Closed Date’ and ‘Soundex 1D’ fields, was linked to the SWBLL database,
where al blood lead tests, sampled after the last ingpection date of an HA property, were
extracted. The next step required that the ‘Soundex ID’ and ‘Child ID’ fidds be
grouped’®® to produce unique combinaions of ‘Soundex’ and ‘Child IDs. Once
grouped, ‘Child IDS discovered to be listed more than once were identified as children
who moved from remediated homes after the remediation process was completed, while
‘Child IDS that were liged only once were identified as children who remaned at

remediated after the remediation process was completed.

The two groups of children (those who moved, and those who remained) were then
placed into separate tables and linked back to the origind query containing BLLS — via
‘Child ID’ — so that the BLLs of the children sampled during the five periods could be
extracted. Using the same steps performed in gpproach 1 to produce a single mean BLL
per group, per time period, these levels were averaged. The results were then compared

using an Independent t-test (p < .05).

In case the comparison revedled Sgnificant differences in the mean BLLsS of the groups

during the firg period, an additiond andyss (BLLs —60 to O days) was conducted to

127 A Soundex 1D is agenerated code that corresponds to the address of a home. It containsinformation
specific to the addresses' city/town code, the street number of the home, the first three letters of the street
name, and in rare cases, aunit number. For example, ‘28135ANG’ trandatesto 135 Angell Street in the
City of Providence. Since unit numberswere inconsistent in the data, the unit numbers have not been
included in these analyses. In cases where they were present, they were extracted from the ID.

128 Grouping afield in Microsoft Access produces a unique record if several recordsin afield areidentical.
For example, grouping ‘ Soundex’ and ‘ Child IDs' will yield results that produce unique combinations of
the ‘Soundex ID’ and ‘Child ID’. In this case, we'd expect that a“ Child ID’ having two or more different
‘Soundex IDs’ indicates that a child has moved at |east two times after remediation.
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determine whether the groups had dSatidticaly different BLLs before the close date so

comparisons could be made amongst the groups.*°

Approach 2 — Results

Similar to the results of gpproach 1, the mean BLLs of children in both groups decline as
time progresses’®®  The mean BLLs of children who remain in remediated homes are
lower than the mean BLLs of children who move from remedisted homes in dl five
periods. These resaults, including the confidence intervals of the mean BLLS, as well as
the number of children tested in the two groups during the five periods, are shown in

tabular and gragphica formin Table 6.

-60-0 0-60 61-120 121-365 366-730 > 730
days days days days days days
28 21 18.7 17.7 14 114
(26.8-29.4) | (19.5-225) | (17.4-20) | (16.5-18.9) | (13.1-14.9) | (10.4-12.9)
Stayed| (N=255) | (N=177) | (N=124) | (N=221) | (N=168) | (N=103)
30 23.3 221 19.4 16.7 13
(29.3-32.3) | (22.1-24.5) | (20.8-23.4) | (18.4-20.4) | (15.7-17.7) | (12-14)
Moved (N=271) | (N=209) | (N=190) | (N=288) | (N=262) | (N =206)

Table 6: Mean BLLs and Confidence Intervals of Children who Remained in and
Moved From Remediated Homes at Various Periods After Cases Were Closed by
the DoH.

1291 BLLsof the children in these groups were statistically different at this point, then it could explain why
BLLsaredifferent between groups at all periods beyond thisdate. To obtain this estimate, BLLs of
children sampled at dates surrounding the date cases were closed (3 60 days and £ 60 days) were extracted
and compared.

130 The mean BLLsin approach 2 are lower than mean BLLs in approach 1 because they were derived after

cases were closed by the DoH. While, in approach 1, BLLswere obtained after cases were opened by the
DoH.
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The ttests of gpproach 2 show that the mean BLLs of children who remain in remediated
homes ae datidicdly different than the mean BLLs of children who move from

remediated homesin al five periods. Theseresultsare shownin Table 7.

More importantly, the results show that mean BLLS amongs the groups are daidticaly
different before case closed and moved dates (-60 to O days)™' — indicaing that
differences in BLLs after cases were closed are not due to mobility. These comparisons

are dso shown in Table 7 with the sgnificant results highlighted.

-60-0 0-60 61-120 121-365 | 366-730 > 730
days days days days days days
Stayed v. .009 .009 <.001 .03 <.001 .02
Moved

Table 7: T-tests (p < .05) Comparing Mean BLLs of Children who Remained in and
Moved From Remediated Homes at Various Periods Before and After Cases Were
Closed by the DoH.

Approach 2 —Discussion

The results of approach 2 do not support my expectation that mean BLLs of children who
move from remediated homes will be ggnificantly higher than those who reman in
remediated homes. Ingead, the results show ggnificantly different BLLS amongst the

groups before they moved or stayed in remediated homes. This finding suggests that

131 Equally important is that the movement of children occurred after the closing of cases.
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differences in BLLsS are not due to remediation, but insead suggests that there are
inherent differences between these groups. This finding dso indicates that mobility does
not confound the results of approach 1, and therefore the results presented in gpproach 1
accurately portray the effectiveness of Rhode Idand's lead hazard remediaion program.
Together, these findings are congstent with the results of approach 1, which indicate thet

lead hazard remediation does not benefit poisoned children.

Approach 3

Approach 3- Goal

Approach 3 further assess the efficacy of the DoH's lead hazard remediation program by
andyzing the BLLs of dl children redding a the addresses of the case and control
groups both three years before and three years after cases were opened by the DoH.1%?
More specificdly, this approach tests whether dgnificant differences exis amongst BLLS
of children residing in the addresses of the cases and controls. If Sgnificant differences

exigt, this approach aso determines the direction of the difference.

Based on dudies in the literature, | expect, if remediaion benefits children's BLLS, that
the BLLs of children redding a the ‘case addresses to be dgnificantly lower than the

BLLsof children residing at the ‘control addresses.’

132 performing an address-based analysisincludes the BLLs of both poisoned and non-poisoned children
into my analysis.
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Approach 3 - Methodology

Approach 3 compared the BLLs of children residing in the addresses of the cases and
controls three years before and three years after cases were opened by the DoH. The first
gep in this gpproach involved extracting HA, REF, and PO addresses from the 'Pb
Inspect’ database. Next, only the addresses that were opened by the DoH between 1996
and 1999 were obtained.**® These addresses were then linked to the 'SWBLL' database —
via ‘Soundex 1D’ — to obtain the BLLs of children residing at these addresses three years
before and after cases were opened. Records were then divided into separate tables,
based upon the dates at which samples were drawn. One table contained the BLLsS of
children resding in the 'case and control addresses before they were closed (1993 to
1996), while the other contained al blood lead tests sampled after cases were opened at

these addresses (1999 to 2002).

Approach 3 - Results

The mean BLLs of the cases and controls, as expected, are sgnificantly lower than those
observed in gpproach 1 since this method incorporates the BLLs of poisoned and nor:
poisoned children into the same group. Approach 3's results dso show that mean BLLS

of children resding in the addresses of the cases and controls are lower during the three-

133 Extracting addresses that were closed due to the remediation of lead hazards, the refusal of inspections,
or parent-owner status from 1996-1999 allows me to gauge the BLLs of children at the addressesin these
groups both three years before, and three years after the opening of DoH cases (data spans 1993-2002). If |
wereto look at cases opened from 1996-2000, | do not have three years worth of data after cases were
opened closed to compare against three years worth of data before cases were opened.
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year period after which cases were opened than they are in the three-year period before

(Table 8). Thet-tests comparing these levels dso show sgnificant declines (Table 8).

The results show the PO group with the highest mean BLL in the three-year period before
cases were opened, and the REF group with the lowest mean BLL in the three-year
period after cases were opened. Despite the REF group showing the lowest mean BLL

after cases were opened, the PO group exhibits the largest difference in BLLS before and

after cases were opened (Table 8).
Three Years ThreeYears Diff. In Mean Critical
Before Open After Open BLLs Value
Dates Dates (my/dL) (P=.05)
(moy/dL) (mgy/dL)
16.8 14.4
Hazards (15.9-17.7) (13.5-15.2) 2.4 <.001
Abated (N =301) (N = 290)
16.7 12.8
(15.6-18.1) (11.5-14.1) 3.9 <.001
Refusal (N =157) (N =137)
18.1 13.2
Parent- (16.2-20.1) (11.9-15.2) 49 <.001
Owner (N=74) (N=77)

Table 8 Mean BLLs and Confidence Intervals of Children residing at the
Addresses of the Cases and Controls Three Years Before and After They Were
Opened, and the results of a t-test comparing the mean BLLs of the groups before
and after they were opened (p < .05).
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BLLsThreeYearsBefore BLLsThreeYearsAfter
Cases were Opened Caseswere Opened
HA v. REF .958 041
HA v. PO 217 .168
REF v. PO 267 .609

Table 9. T-tests comparing the Mean BLLs of the Children resding at the
Addresses of the Cases and Controls Three Years Before and After They Were
Opened (p < .05).

The results of the t-tests show no ggnificant differences amongs the mean BLLs of
children residing at the addresses of the case and control groups n the three-year period
before cases were opened by the DoH (Table 9). However, the mean BLLS amongst
children resding at the addresses of the HA and REF groups during the three-year period

after which cases were opened show a significant difference.

Approach 3 - Discussion

Unexpectedly, the results do not show a dgnificant difference amongst the BLLs of
children residing in the 'case and control addresses three years before and after they were
opened by the DoH. This finding indicates that the remediation of lead hazards does not

benefit children.

Assuming that remediaion benefits children, 1 would expect the HA group to show a
greater decline in mean BLLs than the REF group. Ingtead, my findings show the
opposte. The REF addresses, who | assume have not undergone remediation, show a

gregter decline in BLLs the HA group. This result, in addition to the result that shows



remediation does not benefit poisoned children, indicates that Rhode Idand's lead hazard

remediation program is broken.

Approach 4

Approach 4 — Goal

Unlike the previous approaches, approach 4 anayzes DoH data for evidence that might
be a sgn of ‘housng discrimination,’ or, the practice of property-owners to exclude
families with children under sx from rentd housng. More specificdly, this gpproach
examines the vdidity of anecdotd evidence that property-owners, fearing the cosly
requirements of remediation, or even worse, prosecution for faling to comply with DoH
lead-safe sandards, intentiondly deny renta housing to families with young children. If
property-owners do deny rentd housng to families with young children, then | can
expect fewer children to resde in HA and REF addresses after the remediation of hazards
and the refusd of ingpections, than the number of children found to reside in these same

addresses before remediation and refusal.

Approach 4 — Methodology
Approach 4 was accomplished by comparing the number of children (tested) resding in
homes before remediation and refusd to the number of children resding in the same

homes after remedigtion and refusd. The fird sep in determining these differences
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involved extracting cohorts of HA and REF addresses that were opened'®* by the DoH
between 1996 and 1999.*° The cohorts were then linked to the SWBLL database — via
‘Soundex ID’ — to obtain the dates that blood lead tests were sampled for the above
children. Records were then divided into separate tables, based upon the date at which
samples were drawn. One table contained al tests before the open date of cases, while
another contained al tests made after the open dates of cases. The ‘Soundex’ and ‘Child’
IDs were then grouped together to produce records that depicted unique combinations of
address (‘Soundex ID’) and children (‘Child ID’), and the number of children per
“Soundex’ in each table was determined. These tables were then linked — via * Soundex
ID — and the difference in the number of count of children per ‘Soundex ID’ was

determined and datistically compared with an Independent t-test (p < .05).

Approach 4 — Results

Approach 4 reveds a meokurtic digribution with a dightly negative skew for HA
addresses (Figure 4). This means that the mgority of differences in children residing in
addresses before and after remediation are distributed closely around the median (0) but
more negaive, than pogtive, differences exist. Specificdly, 87 addresses present an
increese of a least one child resding in HA addresses after remediaion, while 108

addresses reved a decrease in the number of children resding in them post-remediation.

134 Choosing to look at the opening date of cases, rather than the close date of cases, assumes that property-
ownerswill switch behaviors once they are required to meet |ead-safe standards.

135 Extracting addresses that were opened due to the acceptaince of DoH inspection, or refusal of DoH

services from 1996-1999 allows one to gauge the number of children at these addresses both three years
before, and three years after the opening of DoH cases (data spans 1993-2002).
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The remaining 87 addresses show the same number of children resding in them before
and after remediation. Mogt importantly, however, is the result that reports that only 28
out of 310 addresses (9%) report a presence of children (as detected by blood lead tests)
in these addresses before remediation, but none afterwards — a probable sign of ‘housing

discrimination.’
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Figure 4: Didribution of Differences in the Number of Children Resding in
Addresses Before and After Remediation.

Approach 4 dso reveals a mesokurtic distribution with a negetive skew for addresses
that refused DoH sarvices (Figure 5), again indicating that the mgority of differences in
children residing in homes before and after refusd are didributed closdy around the

median of -1. Specificaly, 21 addresses show an increase of at least one child residing
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in addresses after the refusal of services, while another 70 addresses show a decrease in
the number of children resding in them pos-refusd. The remaining 36 addresses show
no difference in the number of children resding in them before and &fter the refusa of
services.  Additiondly, 36 out of 163 addresses (22%) report the presence of children
(as detected by blood lead tests) at these addresses before refusal, but none afterwards —

again, aprobable sgn of 'housing discrimination.'
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Figure 5: Digribution of Differences in the Number of Children resding in Homes
Before and After the Refusal of DoH | nspections.

Approach 4 —Discussion
The results show that the number of children resding in addresses prior to the

remediation of lead hazards and the refusd of DoH sarvices is Smilar to the number of
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children resding in the same addresses after remediation and refusd.  This finding
indicates that the mgority of property-owners do not exclude young children from renta

homes to escape future liability from lead hazards.

These results, however, do not establish that property-owners do not deny rental housing
to families with children under six. Ingead, property owners of addresses in the tails of
the didribution, showing deficits of -13, -11, and —10 children, as wdl as the 9% of
remediated addresses and the 22% of refusd addresses that report children in them before
remediaion and refusd, but not afterwards, might intentionally exclude housing to young
children. Although it is entirdly possbly that these homes can no longer provide for the
occupancy of children, it is important that these addresses be investigated to assure that

'housing discrimingtion’ is not occurring.

Equdly important is the result showing the REF group with over twice the percentage of
addresses with children resding a them before intervention, but none afterwards, than
the HA group. Although speculative, it is possble that property-owners in the REF
group will be more exclusve than the owners in the HA group since they pressure tenants
to refuse ingpection and therefore assume that hazards reman in ther properties. The
HA property-owners, on the other hand, will be less likdy to deny housing to families
with young children, since they do not pressure tenants to refuse and therefore assume

that the risk for lead exposure islow having met DoH lead-safe standards.
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Uncertainties and Limitations

As with dl sdentific inquiry, it is important to note the sources of uncertainty involved in
one's resarch.  Therefore, the ensuing text will discuss the limitations of my sudy, as

well asthe uncertainties that may have entered the analyses of the four gpproaches.

BLLs as an Indicator of Lead Safety

Since confounders such as age and season eesily skew BLLS the BLLs of children may
not be the gold standard to anayze the efficacy of Rhode Idand's lead hazard remediation
system.’®®  Seasond variations that can raise or lower BLLs make it difficult to
diginguish if re-poisonings are due to the presence d lead-based paint hazards, or rather,
naurd vaiaion.®” BLLs can dso be skewed by the 'regresson to the mean'
phenomenon — where children with extremely high or low BLLs have follow-up tests that
indicate resuits that are less extreme than their initid measurements'®®  Perhaps a better
measurement of lead hazard remediation would be its effects on cognition. However,
Despite its flaws, BLLs reman one of the few indicators, asde from continud invasve
comprehengve environmenta lead inspections, that can provide a redigic window into
the safety of homes. Moreover, these potentid confounders are present in each of the

groups, and therefore would be expected to compensate for each other.

138 MacRoy, P. In Search of Safe Housing: Blood Lead Levels of Past Occupants as an Indicator of
Present Lead Safety. Master's Thesis. Brown University Center for Environmental Studies. 2001.

137 Season may influence BLLs because children are more likely to play indoors during colder months,
thereby increasing their risk for exposure. Alternatively, the opening of windows in warmer months may
also increase therisk of lead exposure.

138 Niemuth N, Wood BJ, and Schultz BD. Estimated Change in Blood Lead Concentration in Control
Populations. Archives of Environmental Health. 2000. Nov/Dec. 56(6): 542-52.
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Data Error

Ohbvioudy, these results can only be as accurate as the data provided to me by the DoH's
CLPPP. Certanly some data errors occurred during the data input processes performed
by the DoH's inspectors or by individuas a the DoH laboratories. My research, for
example, has reveded address misspdlings, the absence of unit numbers for dwelings

located in amulti-unit structure; and the lack of ingpected and closed dates.

Fortunatdy, a larger number of erors than those found were limited in pat to the
‘cleaning’ efforts of past researchers who have dso andyzed the CLPPP's lead poisoning
records. As a result, it is unlikely that these errors will sgnificantly impact the outcome

of this study.

Uncertainty in Matching Blood Lead Tests to Dwelling Units

An additiona source of uncertainty inherent in the anadyses of the approaches involves
the difficulty in meatching the results of children's blood lead tedts to their dwelling units.
Current DoH policy only enforces the units where poisoned children resde. The
remaining units located a an address may contain lead-based paint hazards®®
Difficulties arise because the SWBLL database does not include the gpartment, unit, or
floor number, where a tested child resides, or where a DoH ingpection occurred, with any

regularity — making the street address the only available identifier.!*®  This method of

139 gtate law requiresthat all dwelling units meet lead-safe standards, however only unit where a poisoned
children resides, aswell as the common areas and exterior of buildings, are enforced. Personal
Correspondence. Patrick MacRoy. 05/04/03.

140\MacRoy, P. In Search of Safe Housing: Blood Lead Levels of Past Occupants as an Indicator of Present
Lead Safety. Master's Thesis. Brown University Center for Environmental Studies. 2001..
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recording, or lack thereof, becomes problematic when multiple units are present in a
single sructure and units have different risks associated with them.**'  For example, if
one unit in a multi-unit dructure contaning severa unsafe units achieves lead-safe
requirements, it will appear as if the entire multi-unit structure has met DoH lead-safe

requirements 142

This uncertainty can cause the mean BLLs of groups to be higher and
lower than they should be had the databases accurately recorded blood lead tests by the
unit-level.  Unfortunately, little can be done to correct this uncertainty until recording

procedures are changed.

Uncertainty Amongst the Case Group and Control Groups

Although the case group is the only group of that is known to have had lead-based paint
hazards remediated, the assumption that the controls do not remediate lead hazards may
be erronecus. PO cases, for example, are given the results of the ingpection but the
hazards are not enforced, however, the parents will often do some of the work thet is
needed to address the hazards'®® Other forms of ‘unrecorded intervention, such as
phydgcian intervention and educationd outreach, may dso hep to lower the BLLs of the

controls. On the other hand, the remediation of lead hazards does not establish that

141 pid.

142 Alternatively, atenant refusing DoH inspectionsin a structure composed of multiple unitswill present
results that indicate that the entire address has refused DoH inspections.

143 Some PO cases are given the PO (“10”) status, but upon meeting |ead-safe requirements, their ‘last

address status’ in the Pb Inspect database is changed to a“03,” — where they’ d then be grouped into the HA
cohort.
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hazards are non-existent in the case group,*** or as previoudy discussed, non-existent in
the remainder of a structure. **°  Another limitation is the possibility that fundamental
differences exis amongst those who refuse and accept inspections.  For example, those
that refuse ingpections may actudly be in a better podtion to address the problem
themsdves and make some substantia improvements, while those who accept services
may do so because they are not capable of addressing lead hazards in their homes. In an
effort to limit this uncertainty, some basc comparisons amongst the demographics of the
different groups were conducted. The results are shown in Table 10 and show minimd

differences amongst the groups in regards to ages and location of poisonings.

Group Statistics HA REF PO
Mean Age at Open 245 2.6 2.18
Date (years)
% Children with 62% Providence 68% Providence 51% Providence
Elevated BLLs 7% Central Falls 5% Central Falls 2% Central Falls
inRI's 10% Pawtucket 8% Pawtucket 8% Pawtucket

Cities 5% W oonsock et 6% W oonsocket 5% W oonsock et

16% Other 13% Other 34% Other

Table 10: Comparison of Mean Age of Children in Case and Control Groups and
the Percentage of Elevated BLLsin the State's Core Cities.

144 Remediation efforts may have consisted solely of keeping paint intact, and in the days following the
remediation of hazards, damage may have occurred to the surface, increasing the risk for lead exposure.

145 see previous section in the Uncertainties and Limitations portion of the thesis entitled, Uncertainty in
Matching Blood Lead Tests to Dwelling Units.
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Behavioral Uncertainties

As discussed, another form of uncertainty may be the result of behaviord changes that
might occur in tenants once they are offered ingpections by the DoH. For example,
merdly offering inspections may be a catayst which causes tenants in the REF and PO
groups to engage in lead hazard reduction measures that help to decrease the risk of lead
exposure and subsequently, lower the BLLs of poisoned children.  Alternatively, those in
the HA group who believe that children in their homes are a a lower risk for lead
exposure, may engage in behaviors that continue to place children at risk. These parents

may be lesslikely to keep us basic risk reduction measures.

One method to address these uncertainties is to create another group of poisoned children
that are denied dl intervention services and not offered ingpections. Practical and ethica
reasons, however, prevent the denia of interventions that may reduce children’s exposure

to lead, and more importantly, their BLLs.

Uncertainty in Approach 3

Limitations are dso evidet in andyzing the average BLLs of dl the resdents of the
group's addresses before and after cases were opened. In approach 3, for example, |
neglected to determine if the BLLs were from the same child or multiple children before
and after cases were closed. Additiondly, there lso may be problem in messuring BLLS
that might have come from other places. Although it most likely does not happen as much
as it should, one can make an argument that some poisoned children are going to be

seeking out lead-safe houses. Therefore, the lack of decline amongst the HA addresses



may be a factor of the house being lead-safe and having children poisoned esewhere
seeking it out. To show the benefit or not of remediation on future children, 1 would need
to identify populaions of children moving into the HA and REF houses who ather had
no record of a BLL in the past, or whose past BLLs were al <10, and then see the

relative changein BLL amongst these children.*4

Uncertainty in locating Evidence of Housing Discrimination

Although the didribution of differences in the figures in gpproach 4 exhibit dightly
negaive skews by showing large negdive tals, this observation may adso be due to
uncertainty that has entered the andyss. For example, tenants who reside in remediated
homes and bdlieve that their children are a a lower risk for lead exposure may neglect to
have ther child screened for lead as frequently, consequently resulting in a negative
difference of tests — thereby credting the illuson that families with children under sx are
excuded rental housing. It is dso possble tha the children in these homes have aged
enough so tha they are not required to be screened for lead, again creating the fase
gopearance that families with children under six are excluded housing at this property.
Ladly, in addition to the remediation of lead hazards, other invesments may have been

made a these properties, resulting in the 'marketing out' of families with young children.

148 patrick MacRoy. Personal Correspondence. 05/03/03.
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Conclusions

The results show that cases and controls, with mean BLLs (020 pg/dL, take over two
years for BLLs to drop below 10 pg/dL. These findings pardld the results of dudies
examining the naurd rate & which lead decays in children who are removed from
sources of lead exposure. However, since recent studies suggest that BLLS remain toxic
a levels much lower than the CDC's levd of concern and the Rhode Idand action
Ia/d'147,148

more extensve BLL reduction measures are needed to help children who

have aready been poisoned.1*°

Secondly, with reaively few exceptions, the andyses indicate that the mean BLLs of the
cases do not datidicdly differ from the mean BLLs of the controls for dl periods after
which the DoH opened cases. In the follow-up periods where sgnificant differences do
exig, the directions of the differences are unexpected, with the controls exhibiting BLLS
that are lower when compared to the cases.  Although it is possble that BLL reductions
are confounded by a number of factors, there is no definitive explanation as to why cases
exhibit smilar (and often higher) BLLs than the controls. One posshility for these
findings is tha children in the case group are exposed to lead for longer periods, reside in

riskier-neighborhoods, have worse nutrition, or come from poorer families than those in

147 schwartz, J. Low-level Lead Exposure and Children’s 1Q: A Meta-Analysis and Search for a Threshold.
Environmental Research. 1994. 65: 42-55.

148 Canfield RL, Henderson CR, Cory-SlechtaDA, Cox C, Jusko TA, Lanphear BP. Intellectual
Impairment in Children with Blood L ead Concentrations Below 10 ng/dL The New England Journal of
Medicine. 348(16): 1517-1526.

149 These measures will be discussed in the ensuing Recommendations section.
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the controls — consequently creeting BLLs that mirror the BLLs of children in the control

groups.

Another conceivable theory is that remediation occurs in both the cases and controls.
Parents in the controls, for example, knowing that their children are lead poisoned and the
homes in which they reside are hazardous, may opt to receive case management services
or physcian intervention to ensure the hedth and safety of their children. Alterndively,
the acceptance or refusa of DoH services, as previoudy discussed, may dter the
behavior of parents, which can either protect or jeopardize the hedth of ther children.
Parents in the control group, for example, not having lead hazards enforced within ther
homes, may comply with proper housekeeping and nutritiond recommendations to help
lower their children's risks for lead exposure. On the other hand, parents who accept
DoH ingpections and resde in homes that have met DoH lead-safe standards, believing
that ther children have low risks for lead exposure, may engage in behaviors that can
increese BLLs or dow the rates a which they decline.  Although concelvable, these
theories are purdy speculative and do not provide any red explanation for my findings.

Moreover, they are unlikely to explain the entirety of my results.

Therefore, despite the above confounders, the lack of dgnificant differences amongst the
cases and controls in gpproaches 1 and 3 indicates that Rhode Idand's lead hazard
remediation program does not benefit poisoned and non-poisoned children.  If current
lead hazard remediation efforts were to benefit children's hedth, then | would expect to

see — assuming that controls do not remediate lead hazards — children in the case group
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with BLLs that are sgnificantly lower than those of in the control groups. Ingtead, the

results show otherwise.

Although these results conflict with sudies that show hedth benefits from lead hazard
remediation, it is important to recognize that many of these dudies show benefits in
subjects with severdy high or low BLLs Alternaively, the smdl sample szes within
these studies do not provide a redigtic window into the relationship between lead hazard
remediation and BLLs. While in comparison, the wedth of data on lead poisoning in
Rhode Idand, as previoudy discussed, produces results with greater datistica power,
which more accurately depict the effects of lead hazard remediation. On the other sde,
those studies were more controlled in terms of assuring that populations between the

various groups were Ssmilar.

Other ggnificant findings in this research do not support the anecdotd evidence that
mobility adversdy affects children's BLLs ~ Although children who move from
remediated homes present higher BLLs than the children who reman in remediated
homes, the BLLs differed amongst the groups prior to the case closed dates — indicating

that the differences are not likely due to mobility.

Results of this sudy further indicate that the remediation of lead hazards & some
addresses and the refusa of services at others does not readily encourage property-
ovnes to engage in practices that intentiondly deny rentd housng to families with

young children. Instead, the results show that 9% of HA addresses and 22.1% of REF
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addresses potentidly have property-owners that engage in ‘housing discrimination.’
These addresses were identified by the presence of children before intervention (as

detected by blood lead tests at these addresses), but not afterwards.

The remainder of this thess will provide recommendations that can help take advantage

of the results shown in my study.

Recommendations

Based on my finding that Rhode Idand's current lead hazard remediation efforts do not
reduce the BLLs of poisoned children, | recommend that the State shift its emphasis away
from the treetment of children with dgnificantly e€levated BLLsS to a draegy tha can
effectivdly combat Rhode Idand's leed burden.*®® Since we know that most cognitive
damage in children occurs a concentrations well below the current Rhode Idand action
level (20 ng/dL), and that once a child has reached this level reducing BLLS does not
reduce cognitive damage, the logica drategy is to prevent childhood lead poisonings
from occurring in the firg place via primary prevention. More rigorous lead hazard
remediation standards — perhgps in some cases including the complete remova of leed —
may be necessary to address the disproportionate burden that Rhode Idand's children

face.

150 Canfield RL, Henderson CR, Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP. Intellectual Impairment
in Children with Blood Lead Concentrations Below 10 ng/dL The New England Journal of Medicine.
348(16): 1517-1526.
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A recent sudy by Canfidd et. d., exploring the cognitive effects of lead in children with
BLLs less than 10 ng/dL, reports that children's intellectud functioning a 3-5 years of
age is inverssly associated with BLLS, even when their pesk BLLs are bdow the CDC's
level of concern.® This study suggests that considerably more children in Rhode Idand
ae adversdy affected by lead than previoudy projected®®> This study, in addition to
research that suggests chelation therapy does not improve children's scores on cognitive,
behavioral, and neuropsychologica tests™® supports the recommended shift to primary

prevention.

Patrick MacRoy, former DoH epidemiologist, identified the wisdom of a primay
prevention strategy in his thess when he wrote, “ . . . severd scholars have hypothesized
that the prevented increase in BLLs in future occupants . . . would be much greater than
the decrease shown by those aready poisoned’ and therefore "it would clearly be more
efficent (than remediation) to practice primary prevention and remediate resdences

154

before they result in poisoning.

Additiondly, whether implicit or explicit, | recommend that the message tha remediation
benefits poisoned children be corrected. It is essentid that State agencies and lead

advocacy groups, like the DoH and Childhood Lead Action Project (CLAP), as wdl as

L pid.

152 |pid.

153 Rogan WJ, Dietrich KN, Ware JH, et. al. The Effect of Chelation Therapy with Succimer on
Neuropsychol ogical Development in Children Exposed to Lead. New England Journal of Medicine. 2001.
344 (19): 1421-26.

154 1 pid.
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families of poisoned children, recognize that current lead hazard remediaion efforts do
litle to benefit childrens hedth. Continuing to accept this misguided assumption risks
that individuds will not take the appropriate steps to prevent poisoning from occurring.
Additiondly, the recognition that current remediation is ineffective in reducing BLLS
provides a powerful agument for the State to immediatdy begin cracking down on the
homes with the highest risk for lead exposure. To prevent poisonings from occurring in
the first place, it makes the most sense to teke the homes with the highest risks for

poisoning children out of the market.

Once again, based on my finding that Rhode Idand's current lead hazard remediation
efforts do not reduce the BLLs of poisoned children, | caution the Housng Resource
Commisson (HRC) and the DoH who have been granted the respongbility of
implementing the portion of the 2002 Lead Hazard Mitigation Act that refers families to
housing thet is lesd-safe, lead hazard mitigated, or abated.®® Instead, | recommend that
these bodies direct families with young children to lead-free and low-risk homes (or, the
homes where children have been tested for lead, but none have tested postive for lead
poisoning) identified in a thesis by Patrick MacRoy.'*®  However, before sending families
with young children to these low-risk homes, further study should invedigate these
homes since the precise reason for ther safety remans unknown (and for dl we know,

the children in these homes may be poisoned, but their levels are below 10 ng/dL).

15 The General Laws of Rhode Island. § 42-128.1-6. Lead Hazard Mitigation Act; Education.

156 MacRoy, P. In Search of Safe Housing: Blood Lead Levels of Past Occupants as an Indicator of Present
Lead Safety. Master's Thesis. Brown University Center for Environmental Studies. 2001.
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| dso recommend that the State investigate the homes and ther respective property-
owners that are suspected to be engaging in ‘housng discrimination.”  This invesigation
will likely reved whether homes have been torn down, renovated, or are vacant and can
therefore explan why children are no longer resding in these homes, or dternatively, it
may aso reved that some property-owners are in fact denying renta housing to families
with young children. In the event tha this invedigation supports my initid suspicions,
property-owners who are proven to have engaged in these practices should be heavily

prosecuted since federd law prohibits discrimination based on oné's family satus.

| aso recommend for any future remediation that ingpectors record the types of
remediation that are used in these homes s0 dudies can discriminate anongst the effects
of different types of remediation. This recommendation may show that children resding
in homes that have windows replaced have dgnificantly lower BLLs than children who

resdein homesthat have painted over and encgpsulated existing lead hazards.

Since this suwdy soldy andyzed the effects of remediation on children with initid BLLS
in the ‘center’ of the BLL digtribution curve (=20 ng/dL), | further recommend that the
effects of remediation in children with severdly high and low initid BLLs — children in
the 'talls of the BLL distribution curve — be studied to assess benefits from remediation.

Although dudies indicate that children with BLLS bdow 10 ng/dL exhibit cognitive
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deficits®®” other studies, as previoudy discussed, indicate benefits from remediation in

children with BLLs3 30 ng/dL.™®

157 Canfield RL, Henderson CR, Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP. Intellectual Impairment
in Children with Blood Lead Concentrations Below 10 ng/dL The New England Journal of Medicine.
348(16): 1517-1526.

158 Staes C, Matte T, Copley CG, Flanders D, Binder S. Retrospective Sudy of the Impact of Lead-Based

Paint Hazard Remediation on Children’s Blood Lead Levelsin &. Louis, Missouri. American Journal of
Epidemiology. May 15, 1994. 139(10): 1016-1026.
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