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ABSTRACT
THE RELATIONSHIP OF NEIGHBORHOOD SOCIOECONOMIC DIERENCES AND
RACIAL RESIDENTIAL SEGREGATION TO CHILDHOOD BLOOD EAD LEVELS IN
METROPOLITAN DETROIT
By
Heather Moody
Lead poisoning in children in the United Statesagrs a persistent and prevalent

environmental threat, especially for children liyilm central city neighborhoods. These
neighborhoods typically contain disproportionatelyority children of low-income families,
older housing stock with a declining populationd @mne racially segregated. Further, recent
evidence finds no safe level of lead exposure witlioing irreparable neurological/
neurobehavioral and physiological damage. Pediblogd lead level data from the Michigan
Department of Community Health and socioeconondecators from the U.S. Census were
obtained for this study. Quantitative methods wesed to determine if average blood lead levels
of the children in the Detroit Metropolitan Areangeelated to composite socioeconomic
characteristics of the neighborhoods in which they: In addition, this research estimated the
effect racial residential segregation had on aweldgod lead levels in non-Hispanic black and
non-Hispanic white children living in similar andfdrent neighborhoods by socioeconomic
characteristics. Results of bivariate regressi@iyaes indicated that majority black
neighborhoods with lower socioeconomic characiesstnd high residential segregation from
white neighborhoods were predictors of higher ayetalood lead levels of the children who
lived there. Even more revealing, when black andendhildren resided in neighborhoods of
similar socioeconomic characteristics, the blacktevbap in blood lead levels disappeared. In a

more in-depth difference of means investigatioatsting children by age and socioeconomic



characteristics, children living in the same néigthood with the lowest socioeconomic
characteristics negated this gap but the same otasue when children lived in neighborhoods
with high socioeconomic characteristics (excepichuldren greater than six years old). Also,
when black children resided in neighborhoods ofttiglaest socioeconomic characteristics and
white children resided in neighborhoods of the Istxscioeconomic characteristics, white
children’s mean blood lead levels were greater thase of black children. These results have

implications for public health policy.



Copyright by
HEATHER MOODY
2014



ACKNOWLEDGEMENTS

| would like to express the deepest appreciatiamyacommittee members, who were
patient and giving generously of their time throtlgé entire dissertation process. | would like to

thank my committee chair, Dr. Joe Dardesno introduced me to geography and in particular

the study of urban social inequality and raciaildestial segregation. With great care and
passion he provided the needed encouragement @tahga throughout the entire process. |

would like to thank my committee member Dr. BruegdR?zi, for allowing me the opportunity

to work with the data prior to the dissertation kdtle provided the necessary enthusiasm and
spirit of adventure | needed to further investigateerlying exposure structures of residual
values. | want thank committee member Dr. Sue Gvaualy patiently corrected my writing and
provided invaluable detailed attention to the Heahture of my research. Her place-based and
public health outcomes expertise led me to appatglyi consider and deliberate about the

research. | also want to thank committee membeBS@ven Goldor his sociological expertise.

He introduced me to a new way of thinking abougfathnicity and ethnic economies in Detroit.

| am grateful for Dr. Robert Scottho not only provided me with the blood lead ledata but

was a sounding board for ideas and a wealth ofnmdition. | would like to thank Siena Heights
Universityfor encouraging and allowing me to fulfill thisgtee and especially my science
collegeswho, on several occasions, scheduled around my Btdgdule. Also, | am especially
grateful for my husbandvho has taken on extra duties and stress to sup@oand our children.

Finally, | am grateful to my two children AddisonddZackas well as my parents, sister, and

friendsfor their ongoing advice, encouragement, and suppo



TABLE OF CONTENTS

LIST OF TABLES ...t e e e et e e et e e e e e e e e e e e e e e e s s sannnnaeeaaeaaaeaaaens viii
LIST OF FIGURES . ....oeeiiiiiiiiiii ettt ettt e e e e e e aaeennsnssaeeneees iX
CHAPTER 1: INTRODUCTION . .. .utttiiiiiiiiiiiitiieee e e e ee e e e s as s s esnesraaaeaaaaaaaasaessasassnnsssssnssssseeeeees 1
Lead Poisoning and Spatial JUSHICE .......cceeeeeieiieeeeeeeeees s eere e e e e e e e e e e e s 3
Conceptual and Theoretical Framework for Relating Neighborhood Characteristics to
Childnood BIOOd LEAA LEVEIS.......coviiiiieiee et e e 6..
Study Objectives and HYPOINESES .........uuuiiiiiiie et e e 8
CHAPTER 2: LITERATURE REVIEW ...oooiiiiiiiiiiiii ettt 10
Neighborhood Effectsand Health.............ccoooo i 10
Residential Segregation Combined with Neighborhood Effects and I mpact on Health
L@ (00 1= PP 13
Race, Neighborhood Effects, and Lead Poisoning in Children................ouiiiiiiiiiieeeeeeeeee, 7.1
Summary and Significance of this Study in Understanding Pediatric BLLS...............ccceevenee. 23
CHAPTER 3: STUDY AREA ..ottt e e e e e as 25
CH A PTER 4 DA T A ettt e e e e e bbbttt ettt et e e e e e e e e e e e e e s s s arnnnreeeeeaaeeeas 27
= o = U g [l == To I - - LSRR SRR 27
AN [= Lo a] oo g gTo 0T I I 7 - VA 30
CHAPTER 5: METHODS ...ttt e ettt e e e e e e e e e e e e e e e e s snne e 32
=] fololo Iz o I Y B - - TP 32
Socioeconomic Position: The Darden-Kamel Composite Index of Area-Based Measures......35
CHAPTER 6: DESCRIPTIVE STATISCITCSAND PCA RESULTS......cooiiiiiiiiiiiiiiiiieeeee 39
S OSSP 39
o PP PP 39
RACEIETNNICITY ...ttt e e e e e e e e e e e e aeeeeeeaaeeeeeeeeennnnnnes 40
BLL COlECtion MENOQ .........uiiiiiiiiiiiiiiiice e e e e 40
[NSUFANCE COVEIBOE ... . e eeteeeiie e e et ettt e e e ettt e e e e e e emeetta e e e e eeeba e e e eeessa e eeeeessnnaaaaaaeaeennsnnns 41
BLL TS DAIES. ...eiiiiiiieeeeiii ittt e e e e ettt ettt e e e e e e e e e e e e e e e s sannn et e e e e e e e aaaaeaeas 41
P A e e e ettt et e eee e e e e e e e e e e e e e aa e ahn———ereaaeeeeeeeeaeaaaaaannrrrrrrraneeees 41
CHAPTER 7: HYPOTHESES RESULTS ... oottt aana e e e e e e e 46
Hypothesis 1. All Race BLL and CSI RESUILS........coiiiiiieiiciiiiceeeeeeee e e 46
Hypothesis 2. Racial Residential Segregation and BLL ReSUItS.............ccooiiiiiiiiiiiiiiiiiiiieeeeeee, 48
Hypothesis 3. Black-White BLL and CSI Part One ReSUItS ..........uvviiiiiiiiiii e 53
Hypothesis 3. Black-White BLL and CSI Part TWO ReSUILS..........uuueiiiiiiieiieieieeeceeiiiiiiiees 55
Hypothesis 3. Black-White BLL and CSI Part Three ResultS..........ccceevieiiieieeeiieieceeeeeiiiiiins h6

Vi



Hypothesis 4. Black-White BLLSaCrosS CSl RESUIT .........ccooeiiiiiiiiiiiiiiicceee e 60

HypothesiS 5. Map RESUILS. .......cco oo e e eeee e 62
CHAPTER 8: SUMMARY AND CONLCUSIONS ...ttt 81

ContribUtIONSTO tNE FT@IO. ....ueeieiie e e e 83

I nterpretation and Comparison to Previous Research .............ooovvvvveiiiiiiiciiiii e, 85

VUl =S = o o 88

I mplications of this Research for Public Policy and Future Study ...........cccooevviiiiieiiiiiiieieiiiiiins 90
BIBLOGRAPHY L.ttt e e e e e e e e e e e e r e e e e e e e e 93

Vil



LIST OF TABLES

Table 1. Demographic Characteristics of Childréh Bested and the Characteristics of their
BLL REPOIMS ACIOSS CSIS. . ittt e e s 42

Table 2. Demographic Characteristics of non-Hisp&tack and non-Hispanic White DMA
Children Tested and the Characteristics of theit BReports Across SEP Quintiles........ 45

Table 3. The Mean Social Structure of DMA’s Censtects from 2006-2010 Based on the
Modified Darden-Kamel Composite Socioeconomic INdeX........ccceevvveeeeeeiiieiieeeiinnnnnns 50

Table 4. Descriptive Characteristics of Childrendometric Mean BLLs and Total Population

and the Darden-Kamel SEP in Metropolitan Detro@@@010.............cccceeeiiiiiiieeeeeenieennn. 52
Table 5. Differences Between Mean BLLs for Blackl &dhite Children by SEP Quintile

Stratified by Age Group, Detroit Metropolitan Ar2806-2010 ...........eeeeiiiieeeeeeeeeeenennee. 58
Table 6. Differences Between Mean BLLs for Blackl &dhite Children Across SEP Quintile

Stratified by Age Groups, Detroit Metropolitan Ay@®06-2010............ccceeevvviviiieeeeeennnnn 61
Table 7. Growth and Decline of Detroit and Inned &uter Suburbs from 2000-2010.................. 70

viii



LIST OF FIGURES

Figure 1. Flow Diagram of Data Removed from the @lidataset .............cccccceeeeeeiiiiiimmmnn. 30
Figure 2. BLL All Race/Ethnicity Before Transfortita ...........ccoeeeeeeiiiiiiiiiiiiiiiiieeee e 34
Figure 3. BLL All Race/Ethnicity After Transforman .............ccccovveeeeeeieiiiiiieiieeii e 34
Figure 4. Plot of Residual Versus Predicted Val@=ometric Mean BLLs, 2006-2010............. a7
Figure 5. CSl and Geometric Mean BLLS, 2006-2010............cccoeiiiiiiiiiiiiiiiiiiiiieieeeeee s 54
Figure 6. Geometric Mean BLLs (ug/dL) all Race&Ciensus Tracts of SEP 1 of the DMA.......... 64
Figure 7. Geometric Mean BLLs (ug/dL) all Race&Ciensus Tracts of SEP 2 of the DMA.......... 65
Figure 8. Geometric Mean BLLs (ug/dL) all Race&Ciensus Tracts of SEP 3 of the DMA.......... 66
Figure 9. Geometric Mean BLLs (ug/dL) all Race&Ciensus Tracts of SEP 4 of the DMA.......... 67
Figure 10. Geometric Mean BLLs (ug/dL) all Rac&iensus Tracts of SEP 5 of the DMA.......... 68
Figure 11. Growth and Decline of Detroit and Inaad Outer Suburbs ............cccccvvviiiieeeennns 72
Figure 12. Percent of Housing Built 1939 or EarireCensus Tracts of the DMA .................. 11
Figure 13. Percent of Housing Built Before 196Znsus Tracts of the DMA....................... 78
Figure 14. Percent of Housing Built Before 197€nsus Tracts of the DMA....................... 79
Figure 15. Percent of Housing Built 2005 or LateCiensus Tracts of the DMA..................... 80



CHAPTER 1: INTRODUCTION

Regulations eliminating leaded gasoline, paint, ather lead-based products in the
United States have reduced the prevalence of doldifead poisoning (U.S. ATSDR, 2007).
However, lead continues to be emitted from indakptocesses and remains in paint and pipes
of older non-rehabilitated housing. These souréésanl have caused major public health
concerns especially for children who live in prokyrio industrial sources and reside in older
homes. Since older homes are typically locatecmtral city neighborhoods that are racially
segregated and disproportionately black or Latim @oor, minority children of low-income
families are at greatest risk of lead exposure (CPED5). For example, in the City of Detroit
approximately 56 percent of all housing stock waidt Iprior to 1950 (Detroit Department of
Health and Wellness Promotion, 2005). The Amerigeademy of Pediatrics (AAP) concluded
in a 1998 study that although pediatric lead parsphas declined (between 1976 and 1994),
lead remains a preventable, common, but continnesla@mental threat especially for African
American and urban children (American Academy dafi®ics, 1998). In 1991, The
Department of Health and Human Services’ StratBtaa called for the elimination of
childhood lead poisoning by the year 2010 (CDC,1)9m a nationwide 1999-2002 Center for
Disease Control and Prevention (CDC) survey (CD3D52, children aged one to five years (n =
30,297) had the highest prevalence (1.6%) of leasbping £10 ug/dL) compared to children
aged 6 to 19. They also estimated that an addIt&i@®000 children remained at risk for
exposure to harmful lead levels in the United Staide latest 2010 national incidence of
childhood lead exposure (CDC, 2012b), showed th4iG®3,420 children 0-72 months tested,
0.61 percent had lead poisonird.Q ug/dL) and 6.1 percent had blood lead leveld @lof 5-9

ug/dL Yet, in 2012, this same population of childstowed that greater than 200,000 were lead



poisoned*¥10 ug/dL) nationally. This number is unquestionablych higher because generally
only 15-35 percent of children <72 months are téstehe U.S. (from year to year Michigan
tests approximately 30 percent of its children g¥hths) and a majority (~61% in Michigan) of
these children are on Medicaid. Further, the lategement from the U.S. Environmental
Protection Agency reads “....there is no demonstra#ée concentration of lead in blood...” for
children ages 1-5 years (U.S. EPA, 2010; Michigaiidbood Lead Poisoning Prevention and
Control Commission, 2007). At these levels any otddhood health dilemma, especially one
causing permanent damage, would be treated agyantunational crisis. Many other recent
studies have found no safe level of blood lead entration without doing irreparable
neurological/neurobehavioral and physiological dgengschwartz, 1993; Lanphear et al., 2000;
Schnaas et al., 2000; Lidsky and Schneider, 20@8fi€ld et al., 2003; Chiodo, Jacobson, and
Jacobson, 2004; Téllez-Rojo et al., 2006; Surkal.eR007; U.S. ATSDR, 2007; Miranda et al.,
2007), demonstrating the importance of monitorinddeen’s potential exposure especially
among children on Medicaid and/or living in poorgidorhoods where the risk of lead exposure
is greatest.

Lead exposure in children shows a pronounced lidese-effect relationship (dosage
increases Yyields a proportional physiological dffe¢he individual) between blood lead levels
and this damage (Schwartz, 1993; Lanphear et@Q;2Zanfield et al,. 2003; Chiodo, Jacobson,
and Jacobson, 2004; Téllez-Rojo et al., 2006; Suetal., 2007; and U.S. ATSDR, 2007). As a
result, the CDC has changed the “level of concérntead poisoning several times40 ug/dL
in 1971,>30 pug/dL in 1975225 pg/dL in 1985, an&10 ug/dL in 1991) and as of January 2013,
lowered the 10 ug/dL level of concern=tb pg/dL. On January 4th, 2012, the CDC’s Advisory

Committee for Childhood Lead Poisoning Preventid@CLPP) submitted a report asking that
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the term “blood lead level of concern” be elimirthnd that guidance be provided to respond to
children with BLLs <10 ug/dL (ACCLPP, 2012). The BCPP recommended that a BLL
reference value based on the §7p@rcentile of children 1-5 years old (5 ug/dL)astablished
and that children with BLL&85 ug/dL be retested and provided follow-up serviGése CDC
stated that they would use the 5 ug/dL (1-5 yeds)devel in recommendations that involve
follow-up evaluations and services covered by Maidiand all other primary health care
providers (clinics/hospitals, private providers;.etThey would not label the 5 ug/dL as the
“lead poisoned” or “level of concern” referencew@but as the “elevated blood lead level”
(CDC, 2012a) because negative and irreversibldhe#iects have been well established below
this level. The CDC is under pressure to lowertheig/dL level of concern and has agreed to
seek additional research directed toward develojpitegvention capable of maintaining
children’s BLLs lower than 5 ug/dL (CDC, 2012a).

Lead Poisoning and Spatial Justice

Exposure to lead poisoning is a critical environtakjustice issue with racial and spatial
overtones. Children most likely to be effected linaneighborhoods of very low socioeconomic
status and in the oldest housing (Miranda, Doliramd Galeano, 2002; Krieger et al., 2003;
Bernard and McGeehin, 2003; Haley and Talbot, 2@/&4na and Margai, 2010; Vivier et al.,
2010; Kaplowitz, Perlstadt, and Post, 2010). Legubsure is higher in blacks because of racial
residential segregation in urban areas of the dr#ates. For example, in New York State,
African American children under age five were 8d@smimore likely to live in neighborhoods of
“high risk” for lead paint hazards compared to whiton-minority children (Hanley, 2011).
Further, racial residential segregation have leohi@-third of African-American children to live

within 36 ZIP codes identified as high risk fordgaaint hazards in the state (Hanley, 2011).
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These 36 ZIP codes (out of 1600) accounted for 4¥grercent of children (n= 44,205) lead
poisoned in the state outside of New York City (Blsgn2011). Racial residential segregation,
low socioeconomic status, older housing, and mipoace are predictors of higher BLLS in
children.

On two occasions, the Detroit Free Press dedidatddre news reports of the social
injustice associated with lead poisoning on itsi@@mrity children. The latest cover story and
three-part series (Lam and Tanner-White, 2010)nteda joint study conducted by the Detroit
Department of Health and Wellness Promotion andigteoit Public Schools. The joint study,
although not published, established a link betwdgher lead levels and poor academic
performance (Lam and Tanner-White, 2010). Thisystegorted that 60 percent of Detroit
Public School students who performed below gradel len 2008 standardized tests had elevated
lead levels during that same year (n = 7,255). (amagye, those with these higher lead levels had
generally lower MEAP (Michigan Educational Assesstrferogram) scores and children
receiving special education were more likely tddaal poisoned (>10 ug/dL) at that time.

Subsequently, Zhang et al. (2013) assessed tha effearly childhood lead exposure on
long-term academic achievement of Detroit Publikdat children from 2008-2010. These
authors linked individual blood lead surveillanaalfrom the Detroit Department of Health and
Wellness Promotion to each child’s respective Depablic school academic achievement test
results in math, science, and reading (gradesa&)dg8). Using multivariate linear regression
and controlling for grade level, gender, race, laage, maternal education, and socioeconomic
status, they found that children with blood leackle >10 ug/dL before age six, were more than
twice as likely (OR = 2.40, 95% CI math, 2.26 95%s€lence, 2.69 95% CI reading 95% CI) to

score “less than proficient” compared to thosedrkih with BLLs <1 ug/dL.
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In 2003 a five-part series and cover story (Askad Lam) run by the Detroit Free Press
claimed that state and local officials mismanagdtams of dollars of lead abatement funds
slated for renovation of homes containing lead tpaml children. Instead the funds were
allocated to renovate vacant apartments and/obedesom apartments occupied by elderly
people in Detroit and other Michigan cities (Askand Lam, 2003). The series further
investigated Master Metal, a battery smelter ptanmied by NL Industries, who improperly
operated pollution control equipment. This planiteed illegal amounts of lead dust for two
decades (Environmental Protection Agency (EPA)amland Windsor, 2003) exposing 8
schools, sixteen parks, and 5,000 children underyfears of age in Detroit’s poor and minority
east side to lead dust (Lam and Windsor, 2003)rbefeasing operations in 1984. After minimal
testing and cleanup by the EPA, the investigatias vlosed (Lam and Windsor, 2003). In
response, the Detroit Free Press hired soil expetest 97 samples up to 1.8 miles within the
vacated smelter site in November of 2002 (Lam amad@or, 2003). These experts found
contamination in 10 neighborhood yard sampleswvati$eas high as 5,811 ppm. These levels
would require the EPA to initiate cleanup by itsrostandards of 400 ppm. These samples also
exceeded many other EPA health standards (Lam andsef, 2003). Unfortunately, NL
Industries declared bankruptcy and due to a lackmidiation funding, the neighborhoods
remain contaminated today (Lam and Windsor, 20088¢. Detroit Free Press also used soill
technicians to test soils throughout the Metropalidrea and found dozens of soil samples
containing lead levels that have triggered cleamupsany other U.S. communities (Wendland-
Bowyer, 2003). However, since the national strategyreventing lead poisoning in children is
focused on lead-based paint, the soils in theseraonties remain contaminated (Wendland-

Bowyer, 2003).



Conceptual and Theoretical Framework for Relating Neighborhood Characteristics to

Childhood Blood Lead Levels

Research regarding “neighborhood effects” or tloejpendent causal effect of a
neighborhood on any number of health and socialoraoés (Oakes, 2004), has a relatively long
tradition. There are four basic research approathstsidy neighborhood effects including
concentrated poverty, social processes/mechangouis| observation, and space-time analyses
(Darden et al., 2010). This dissertation reseantlioe' conducted using the first approach within
the conceptual and theoretical framework of neighbod effects first conceptualized by
Wilson’s book,The Truly Disadvantageaf 1987. This approach studies the influence of
concentrated neighborhood poverty40 percent residents impoverished) on the creatnoh
continued existence of a social underclass. Thieratass is prevented from upward mobility
because it is isolated from socioeconomic oppoties)ia result of structural changes in the U.S.
urban economy that undermined economic supporaskltommunities leading to black male
joblessness and fatherless families (Wilson, 198fis phenomenon fosters increasing rates of
unemployment and poverty in urban neighborhoodas3dy and Denton (1993) continued this
research tradition in their bodkmerican Apartheid1993). The objective of their research was
to redirect the focus of the urban underclass feotalture of poverty to structural disarrange.
Their supported hypothesis stated that racial eedidl segregation and the black ghetto are the
key structural factors responsible for the perp@inaof black poverty in the U.S. More recently,
Ross and Mirowsky (2008) investigated the relatmm$&etween concentrated poverty and
adverse health outcomes. These authors demonstinatedithin Illinois neighborhoods (n =
2,592 census tracts), socioeconomic status mongisantly predicted adverse health outcomes

in the form of physical impairment than individwalhousehold socioeconomic status
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(regression coefficient = 0.036; p = <0.001). Agghborhood socioeconomic status increased,
physical functioning improved (regression coeffitie 0.027; p = <0.001).

From 1994-1999, the U.S. Department of Housing@riihn Development enacted a
program called Moving to Opportunity (MTO) partty $tudy what would happen to
metropolitan residents living in concentrated poywér40 percent in poverty) and concentrated
minority race as they moved to better quality, gnééed neighborhoods. A review article by
Acevedo-Garcia and others (2004) evaluated housmlgjlity programs such as MTO and their
impact on reduced health disparity. Mobility prdgemcluding the Gautreaux program
(Rosenbaum and Popkin, 1990), Yonkers scatteregasltlic housing program (Briggs, Darden,
and Aidala, 1999; Leventhal & Brooks-Gunn, 200@¢t®n 8 programs (U.S. Department of
HUD, 2003), and the Cincinnati Spatial Mobility Bram (Fischer, 1991) were also reviewed.
Although none of the studies explicitly tested thechanisms through which housing mobility
programs impacted health only, their studies havead that relocation to better neighborhoods
improved the residents’ overall social and econaroinditions as well as health.

Thus the social and economic characteristics @himrhoods have a strong relationship
between individual and neighborhood level healtttomes. The theoretical and conceptual
approach summarized above will be used to capanialrand socioeconomic health disparities
and more specifically disparities in average cloloith BLLs by neighborhood socioeconomic
position (defined below) and racial residentialreg@tion in the Detroit Metropolitan Area
(DMA). Following are this study’s objectives, a rew of health disparities research as it relates
to neighborhood effects generally, and then a vewkpediatric lead exposure research as it

relates to neighborhood effects specifically.



Study Objectives and Hypotheses

The purpose of this dissertation study is twofdlde first aim is to determine if census
tract average BLLs in children residing in the DMFe related to composite socioeconomic
neighborhood characteristics (composite socioecanordex). The DMA includes Wayne,
Oakland, and Macomb counties. The second aimdetermine the extent of racial disparities in
BLLs by census tract (herein referred to as neigintads) characteristics. This aim includes the
estimation of the effect racial residential segtegehas on mean BLLs in black and white
children resulting in neighborhoodsdifferentsocioeconomic characteristics. In this study
geometric mean (average) BLLs will be measuredrapdrted. These aims will be explored via
the following hypotheses:

1. Average pediatric BLLs will be higher in neighith@ods of lower socioeconomic

characteristics and lower in neighborhoods of higbecioeconomic characteristics.

2. Non-Hispanic black children will have higher eage BLLs than non-Hispanic white

children in metropolitan Detroit because a highergentage of non-Hispanic black

children than non-Hispanic white children live inighborhoods of very low

neighborhood socioeconomic characteristics.

3. When non-Hispanic black and non-Hispanic whitiédecen reside in neighborhoods of

similar socioeconomic characteristics, the blackit@lgap in geometric mean BLLS in

those children decrease.

4. Where non-Hispanic black children reside in idgrhoods of very high

socioeconomic characteristics and non-Hispanic bhildren reside in neighborhoods

of very low socioeconomic characteristics, the kbspanic white children’s mean BLLs

will be greater than the mean BLLs for that of tle-Hispanic black children.
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5. Depicted on maps of the DMA, higher average Bhilde more prevalent in very
low SEP neighborhoods which are located in thereg¢wtity, followed by middle SEP
neighborhoods which are most represented in tis¢ $mburbs (inner suburbs), and least

prevalent in very high SEP neighborhoods of theostiburbs.



CHAPTER 2: LITERATURE REVIEW

Neighborhood Effects and Health

The primary studies outlined below research healtcomes and neighborhood effect
pathways as opposed to individual behaviors or tyznelpability.

Kawachi (2000) in the booRocial Epidemiologyy Berkman and Kawachi, states that
area based socioeconomic inequalities researchviral’established the link between income
inequality and health; i.e., statistically decligilevels of income are directly related to declnin
levels of health. A fair number of cross-countnydsés have shown that equitable income
distributions equate to reduced premature mortaliy greater average life expectancies and
vice versa controlling for individual level diffarees in those populations (Kawachi, 2000).

In the same vein, Krieger et al. (2001) compareddsults of socioeconomic inequality
on all cause mortality and cancer incidence. Taigir was to discover geographic inequalities of
health in Massachusetts and Rhode Island. Thectgp®epartments of Public Health
provided mortality and cancer incidence data (n5BJ®) within 2 years of the 1990 U.S.
census. This data was geocoded to the censusii@k,group, and ZIP code level. Measures of
socioeconomic position (SEP) for each of these ggabgc areas including occupation, class,
income, poverty, wealth, education, and crowdingrentaken from the U.S. census. Some of
these variables were combined to form indices pfigation (Gini Coefficient, Townsend
Index, Carstairs Index, and Index of Local EconoRésources). Age standardized average
annual mortality rates and cancer incidence ratee wtratified by area based socioeconomic
measures at each level of geography. Changes imesotniomic status for each outcome for each
level of geography were calculated from 1989 tol1f® Rhode Island and 1989 to 1992 for

Massachusetts. Incidence rate ratios (IRR) werepcoaa comparing rates for people living in
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areas with the least resources versus those vatmtst resources. The authors also calculated
the relative index of inequality (RII) to compaeeconomic change. Across all levels, the
researchers found that IRR and RIl were elevateateas with lower economic resources,
excluding the measure using the Gini Coefficieras&specific median incidence rate ratios for
least versus greatest economic resources for Masseits at each geographic level showed that
mortality due to heart disease (IRR = 1.31, 95%4.3R-1.35), diabetes (IRR = 1.57, 95% ClI
1.54-1.67;), human immunodeficiency virus (HIV) RR= 3.05, 95% CI 3.25- 3.73),
homicide/legal intervention (IRR = 9.26, 95% CI1@3®- 9.55), and malignant neoplasm (IRR =
1.16, 95% CI 1.12- 1.17) were associated with fewe®nomic resources. The findings for
Rhode Island were similar to Massachusetts (Kriegeatf., 2001).

A multilevel statistical analysis of neighborho@te/ethnicity and poverty heterogeneity
in relationship to mortality was conducted by Sulaaian et al. in 2005 in Massachusetts. The
study asked what the mortality rate was like fdfedent racial groups, the magnitude of rates for
blacks versus whites, and if percent below povientgls accounted for racial variation in
mortality. Mortality, age, gender, and race dataensbtained from the Massachusetts
Department of Public Health from 1989-1991 and data per census tract and block group
were obtained from the 1990 U.S. Census. Mortahises (n=142,836) were geocoded to the
census tract (n = 1,307) and census block groap5i®32) levels. The dependent variable was
the crude death rate at each level of geographg.ifddependent variables in the multilevel
models were percent deaths by gender, age, andwaie, black, and all others) for each level
of geography. The percentage of the census trddbok group living below the poverty line
was studied (level-2). Specifically, Model | inckalonly the individual level characteristics of

residents (level-1) of age, gender, and ethni@sted within percent poverty at the block group
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level, nested within percent poverty census trectalculate mortality odds ratios. Model 2 was
similar to Model 1 but permitted the fixed raci#ferential on mortality so that they varied
across census tracts as the random portion toectitferential census tract level variation in
mortality for whites, blacks, and others contrdjlifor gender and age. This was used to test the
hypothesis of whether or not neighborhood levelatem in mortality was different among
different racial groups. Model 3, similar to Modklincluded a fixed cross level interaction
among census tract level poverty and individuag reantrolling for gender and age. This
allowed the study to determine the relationshipvieen neighborhood poverty and individual
race on mortality to an extent in which censusttieeel| poverty could account for the census
tract level racial variation in mortality, control§ for gender and race. All three level Models
employed logit binomial and extrabinomial regreasidodel 1 showed that mortality was
greater for men than for women (OR = 1.25, 95% .C111.41) and blacks versus whites (OR =
1.96, 95% CI 1.65-2.33); the OR for three, two-wagractions (age x race, gender x
race/ethnicity, and age x gender mortality) yieldaghificant results between census tract
variation in mortality. Model 2 found significan¢ésus tract level variation in the individual
relationship between mortality and race (black wemshite OR = 1.30, 95% CI 1.08-1.56). The
between census tract variation in mortality wastisnes greater for blacks than for whites (OR =
0.52, 95% CI) suggesting that racial disparitiesrauch greater in some neighborhoods than
others. Model 3 found that census tract percemvbelbverty accounted for the racial
heterogeneity in mortality at the census tractlléBetween census tract variation in mortality
from Model 2 to Model 3 (calculated using the staadderror) was slightly less for whites (S.E.
= 0.07, p =0.001) but between census tract poverty accounte@3f percent of the census tract

level mortality variation for blacks (S.E. = 0.K9.001). The black versus white mortality odds
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ratio increased with increasing neighborhood pdrbetow poverty (OR = 1.67, 95% CI 1.24 —
2.26) with 5-9.9% poverty, (OR = 2.34, 95% CI 1-78.12) with 10-19.9% poverty, (OR =
3.00, 95% CI 2.28 — 3.94) or with 20% or greatereguty (OR = 1.32, 95% CI1 0.95-1.84).
Subramanian et al. (2005) found that neighborhao@tion in mortality was much greater for
the black population than for the white populataod that difference was largely due to
increasing poverty rates.

To summarize, minorities, especially blacks, temtive in impoverished, poor quality
urban neighborhoods compared to whites. Thus, ppeentributes significantly to racial health
disparities and declines in neighborhoods of losieEconomic status. Poverty and low
socioeconomic status are thus pathways to dedlnesalth.

This dissertation study will build upon these néighhood effect health studies by
capturing a variety of neighborhood effect varialdeit within a unique composite
socioeconomic index. This index will be studiedefation to a unique health outcome, average
pediatric BLLs by neighborhoods in the DMA. Thisdy will also examine changes in BLL by
race and neighborhood socioeconomic index. The@soonomic variables will be gathered from
the U.S. Census at the census tract level and asaned previously, are surrogates for
neighborhoods, common to the above referenced beigbod effect health studies.

Residential Segregation Combined with Neighborhood Effects and I mpact on Health

Outcomes

Work by Polednak (1997) used literature reviews statistical analyses to describe the
epidemiology of the American apartheid. The purpafshis book Segregation, Poverty, and
Mortality in Urban African Americansvas to analyze the association between the defiree

black-white segregation (due to discrimination ausing) and all-cause mortality rates of blacks
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in large urban areas. More specifically, the autis®d multiple regression analyses to study
mortality in a selection of large metropolitan stital areas from the late 1980s to early 1990s
in the U.S. controlling for social class indicatdP®lednak found a significant association
between levels of residential segregation (indedisgimilarity) and black-white death rate
ratios as well as black crude death rates andtinfiantality rates. Data were obtained from the
U.S. Census Bureau, Vital Statistics of the U.B8d @e National Center of Health Statistics
(Polednak, 1997).

Acevedo-Garcia and LochnerNeighborhoods and Healthy Berkman and Kawachi
Berkman (2003) reviewed the literature on racialdential segregation and its impact on health.
These authors showed that in the United States/atmicity (especially African American) is
more strongly correlated with residential segreatr hypersegregation than social class.
Hypersegregation increased the negative effectegrfegation. High poverty in these segregated
cities led to lower quality/substandard housinghhinemployment, lower wages, teen
pregnancy, joblessness, and higher crime ratea (addtshown). Health consequence research of
racially segregated areas found that urban arghshwgh levels of racial residential segregation
experienced higher black mortality rates.

Investigating birth outcomes only, Grady (2006)gdito compare the relationship
between NYC black women (n=96,882) in racially sggited neighborhoods versus racially
mixed neighborhoods and the effect of these neidgidmals on low birth weight (LBW) (infants
born <2,500 grams). Poverty and race data werengatdrom the U.S. census for the year 2000
at the census tract level. The spatial index datgmn was used to calculate racial segregation. A
value of 0 meant perfect interaction (no segregatrchile 1 indicated no potential interaction

(complete segregation). The dependent variableL\B&¢¥. Independent variables included
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individual characteristics of the mother, entersdlii@hotomous values (black/white,
married/single, foreign/native born, college/ndegé, Medicaid/no Medicaid, smoke/no smoke,
alcohol/no alcohol, substance abuse/non substdusehn All of this information in addition to
the mother’s age was obtained from birth certibsatf the NYC Department of Health and
Mental Hygiene for the year 2000. Census tractewentified to each birth/mother. In a
multilevel approach, Grady’s first hierarchical éwf analysis used a Bernoulli binomial
distribution model to estimate the effect of indwal level variables on the incidence of low
birth weight within and across census tracts. Resadlicated that black, unmarried, no college,
Medicaid, smoker, substance abuse, and nativerhothers were at increased odds of having
low birth weight babies. There were also statidlifcsignificant differences in low birth weights
between census tracts of varying levels of ras@lkition, controlling for these individual level
risk factors demonstrating the importance of segfieg in this study. The second Bernoulli
model level measured the effect of increasing rasudation on low birth weight, controlling for
individual level risk factors and poverty. Resudt®wed that residential isolation was
significantly and positively associated with lowthiweights when controlling for individual

risk factors and neighborhood poverty. Residemdi@ation accounted for increased low birth
weights across census tracts, not accounted faelghborhood poverty alone. The third
Bernoulli model level measured the effect of insreg racial isolation on the low birth weight
intercept and level 1 predictor slopes. Resultgcatdd increasing levels of racial isolation did
not significantly reduce or increase individuakriactors for low birth weights. Comparing the
same model to poverty, Grady found that increalgagls of neighborhood poverty significantly
eliminated the black-white race effect and redubedprotective effect of being foreign born (on

low birth weight incidence) controlling for locadeial isolation. Overall, neighborhood poverty
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and racial isolation operated at different spatales, increasing the odds risk of low birth
weight. At the neighborhood scale, racial isolaticas positively significantly related to low
birth weight, controlling for individual risk facte and neighborhood poverty however, at the
individual level, increasing segregation did ngingiicantly reduce the individual level risk of
low birth weight. Grady’s study, unlike others, damtrated that ethnic density was not
protective of low birth weights if neighborhoodsre&eacially isolated. Racial isolation appears
to induce stressors, thus lowering birth weight afisetting advantages of ethnic density for
mothers living in racially isolated neighborhoo@4dy, 2006).

Grady and Darden’s purpose in a 2012 study wakitidate the relationship between
low birth weight infants and independent varialdésegregation and socioeconomic position in
the Detroit Metropolitan Area. Census tracts weseduas surrogates for neighborhoods. These
neighborhoods were reestablished and merged ustogiated zone matching to capture at least
thirty contiguous low birth weight cases. A socimeomic position (SEP) index (Darden-Kamel
Composite Index) divided into quintiles was asstjteeeach zone (Darden et al., 2010). A
spatial cluster index was also assigned to each wastimate segregation or racial clustering.
A hierarchical linear regression model was usegréalict the dependent variable, low birth
weight via intrauterine growth restriction (IUGRY) greterm birth. Results showed low birth
weight incidence to be predicted by black versesgeniace. This incidence decreased in both
black and white infant groups with increasing SE@ardless of level of segregation. Zones of
low SEP were located in highly segregated zones.otus of IUGR and preterm births
increased with black race (compared to white) adlirig for individual factors such as maternal
age education, and smoking. After adding high bkeggegation at the lowest SEP quintile, SEP

was a better predictor for IUGR (OR = 1.97, 95%1@5-2.10) than segregation. As SEP
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increased, the gap in IUGR lessoned between bladkite infants (OR = 1.74, 95% CI 1.57-
1.93). High black segregation and very low SEm lppedicted preterm births (OR = 2.46, 95%
Cl1 2.34-2.59). As segregation decreased and SEPased, the gap in preterm births lessoned
between black and white infants (OR = 2.12, 95%4.84-2.33). The findings indicated that
segregation had a stronger impact on preterm thieth SEP. Factors underlying this relationship
appear to be due to institutional racism or urgalicies/practices in housing and other
institutions (Grady and Darden, 2012).

The above findings suggest that black-white sedgimgaxacerbates health disparities for
blacks but that segregation alone does not suffisigpredict health disparities by race.
Socioeconomic indicators of neighborhoods in whildtks and whites live are also important in
determining health disparities. Many of the neigihlood effects studies summarized above
found a census based approach useful in absemeeéivitiual socioeconomic data. Some of the
studies found high agreement amongst indexes opgosites of socioeconomic deprivation and
statistical gradients in health. These composiexes were successfully created to deal with
covariance of neighborhood level variables andufiptant lacking socioeconomic data of U.S.
medical records.

Race, Neighborhood Effects, and Lead Poisoning in Children

High rates of lead in children are one of the negdtealth effects/consequences of
living in racially segregated and poor neighbortmalso referred to as concentrated poverty.
Black children living in concentrated poverty aremnlikely to be lead poisoned than whites,
who are less likely to live in the same impovergheighborhoods. Housing age, value,
homeownership rates, and levels of rent have beanrsto be significant predictors of high

BLLs. In addition to race and class variables,dtuglies referenced below paint a broader
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picture of neighborhood effects. Most all of thédwing studies used either state or county
Childhood Lead Poisoning Prevention Programs’ (QRP$urveillance databases to obtain
blood lead levels (BLLS) per child.

Haley and Talbot (2004) geographically combined amalyzed elevated BLL&10
ug/dL) of New York State and New York City childrbarn from 1994 to 1997 and less than
two years of age. The sample data was obtained Iffew York State’s Department of Public
Health and included the child’s ZIP code. The oamethighest venous sample was used and if
not available, the highest capillary sample (n #&12). Several socioeconomic variables were
obtained by census block and census block groops tine U.S. Census and age of housing from
a private demographic corporate database. Geogragbrmation system (GIS) was used to
apportion this data based on the population amatilmt of the block centroids. The percentage
of African-American children was calculated for kadP code using the mother’s race as
derived from birth certificates. ZIP codes withde¢san 100 children screened were merged with
adjacent ZIP codes that had the closest expectedmage of elevated BLLs. The authors chose
the percentage of children with elevated BLLs pi& @de group as the dependent variable and
then log transformed this variable to achieve aradistribution and estimated the geometric
mean BLL by Zip code. Independent socioeconomi@bées were then applied using multiple
linear regression. Results indicated that the &d@uosing (percent of units built before 1940),
percent without high school diplomas, and percdntan-American children (adjusting for
mean level of education) explained an importantamof variance in elevated BLLS @& 0.63)
in both New York city and in upstate New York. Sitaneous auto regression results indicated

that the same variables were strong indicatorsevied BLLs (f = 0.52).
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In a nationwide study, Bernard and McGeehin (2@0&)lyzed socioeconomic and
demographic characteristics of one to five yeas alsing BLL grouped gradients. BLL data was
obtained from the Third National Health and NudrtiExamination Survey (NHANES Il —
1985-1994). NHANES collected a stratified multigagample survey of non-institutionalized
children aged2 months and analyzed by the CDC (National CemteHealth Statistics, 1996).
The sample population participated in a parent@jaarhousehold interview including taking of
a one-time venous blood sample. BLLs (n=2,529) weoeiped into three categoriefug/dL to
<10 ug/dL;>10 ug/dL to <20 ug/dL; and20 ug/dL. Descriptive statistics of the study fouhalt
BLLs >5 ug/dL represented 46.8 percent of non-Hisparackothildren, 27.9 percent of
Mexican American children, and 18.7 percent of kgpanic white children. Non-Hispanic
black children compared with non-Hispanic whiteldtgn were three times more likely to have
a BLL >5 and <10 ug/dL (OR =13.5, 95% CI 4.7-38.5) mdkely to have a BLI>20 ug-dL.

Also 42.5 percent of children lived in pre-1946 bimg, 38.9 percent of children in housing built
from 1946-1973, and 14.1 percent of children indnog built after 1973 had BLLs5 ug-dL
demonstrating the increased odds of lead expositineolder housing. Multivariate logistic
regression demonstrated that non-Hispanic bladkreim were more likely to be in the highest
BLL category (>20 ug/dL) compared to non-Hispanhiter children (OR = 13.5, 95% CI 4.7-
38.5). Mexican American children were more likeBR = 2.4, 95% CI 1.4-4.2) to be in the 5-10
ug/dL group than in the <5 ug/dL but not more hkel the higher groups (i.e. BLLs >10 ug/dL)
than non-Hispanic white children. Finally, childreesiding in housing built before 1946 were at
significantly higher odds of elevated BLLs in atheic groups. Children residing in housing

built between 1946 and 1973 were (OR = 2.2, 95%.843.8) more likely than children in
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newer housing to have BLI=bug/dL but not more likely to have BLESLO ug/dL (OR = 0.9,
95% CI 1.7-3.9).

As part of a broadd?ublic Health Disparities Geocoding Proje&rieger et al. (2003)
screened resident children 1-5 years in Rhodeddt@tween 1994 and 1996 (n = 62,514).
Pediatric BLLs were geocoded to the home of residemd spatially joined to the census tract,
block group and ZIP code. Eight measures of SER weed to establish and index of economic
deprivation for each level of analysis from the Q29S. Census. The proportion of children
screened who had high lead concentratienB)ug/dL) were calculated by individual SEP
variables and quintiles of socioeconomic indicdissteatified into each level of geography.
Calculating odds ratios, the authors found thatangpished (percent below poverty) children
were at increased odds of elevated pediatric Bltlbs#h census tract (OR = 9.49, 95% CI 8.50-
10.60) and block group (OR = 7.94, 95% CI 7.17-Ba&®@al units, significantly more so than
other socioeconomic measures (occupation, educatealth) or indices. In other words, the
authors showed that the “percentage of personglivelow poverty” performed as well as a
predictor of BLLs as more complex composite measafeeconomic deprivation. Finally,
census tracts were just as predictive as blockpgraurevealing BLLS. Zip codes were not as
predictive. Those living in census tracts (OR =0695% CI 5.83-7.69), block groups (OR =
6.02, 95% CI1 5.34-6.80), and ZIP codes (OR = 506% CI 4.25-5.92) witk27 percent pre
1950 housing also had significantly increased adddood lead concentrations. Combined with
poverty, the pre 1950 housing effect was more #dhtive (OR = 14.19, 95% CIl 12.25-16.43).

Oyana and Margai (2010) obtained BLL data (n = 288) by address in the city of
Chicago for the years 1997, 2000, and 2003. Thedeesses were aggregated by community

area and neighborhoods (census tracts, censusshblatt census block groups). The authors
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calculated the predicted prevalence rates by cerscis(number of children with elevated BLLs
divided by either the sample population or popalatged zero to 5) using optimal interpolation
kriging with associated Best Linear Unbiased EstoimaA local indicator of spatial association
(LISA) statistic was applied to the kriged prevaemates to plot hotspot clusters of elevated
BLLs (>10ug/dL) of children. Also, profiles of high-rislesus tracts were created based on
U.S. Census housing age and socioeconomic compo$ittors via discriminant analysis. The
LISA statistics identifying hot spots were superoaed onto this census geography of the
county. Discriminant analysis of the housing age swcioeconomic factors for the hotspots
found that median household income was the numtepeedictor of elevated BLLs followed
by housing age (constructed before 1950) and nminace (black then Latino and then Asian)
(Oyana and Margai, 2010). Although analyzing omdgisoned” lead reports, these researchers
incorporated housing age, race, and income inio shaly and found significant relationships
between these neighborhood characteristics andtelgyediatric BLLS.

A statewide study of Rhode Island pediatric BLLswanducted in 2010 (Vivier et al.)
for children up to 72 months from 1993-2005. Addesswere geocoded to residential addresses
and spatially joined to census block groups. Thdyspopulation was then reduced to the
proportion of children who were lead poisoned (Bt10 ug/dL) and organized in quintiles of
census block groups by their sociodemographic ckeriatics of block groups (pre-1950
housing and percent of persons below poverty) wbtained from the 2000 Census and also
organized into quintiles. A total of 204,746 chddrwithin 808 census block groups were
included in a multivariate analysis. The relatiapdtetween lead poisoning was significantly

associated with the highest quintile of poverty (©R.05, 95% CI 4.84-5.26) and the highest

21



quintile of pre-1950 housing (OR = 4.90, 95% CI%4%12) and decreased in a step wise manner
from there.

Kaplowitz, Perlstadt, and Post (2010) assesseapedBLLs in relation to
sociodemographic characteristics (from 1998-20@l 2002-2005) for the State of Michigan.
The highest venous or capillary BLL result from MBCH'’s database (children 0-5) was
analyzed. These BLLs were log transformed to aehi@mogeneity of variance. Self reported
race was missing for up to 36 percent of the casesa. result, the authors used U.S. Census data
to assume that children living in block groups wéhs than 10 percent African Americans were
non-black and assumed that children living in blgodups with more than 90 percent African
Americans to be black (justified based on high eggtion rates). The study employed
hierarchical linear modeling to estimate lead poisg risk, treated as a continuous variable,
within the entire state. By comparing the propaortod variability of BLL explained by block
group, census tract, and ZIP code (all nominaladeis) the study found that census block
groups explained more of the dependent variabte=(®352 for 1998-2001 and’R 0.278 for
2002-2005; p<0.00) BLL than did census tracts (0.80d 0.236) and ZIP codes (0.302 and
0.242). Dichotomizing ZIP codes into high versus lisk did not explain as much of the BLL
variance (0.107 and 0.076). For each block graummes were grouped as percentages below
the federal poverty level (FPL) and those blockugowith the lowest incomes (<185% FPL)
had the greatest bivariate association with BLE$R.377 for 1998-2001 andfR 0.212 for
2002-2005; p<0.00). Also, the proportion of house#t prior to 1940 (R= 0.808 and 0.694;
p<0.00) and black populations as calculated abB¥e (0.414 and 0.400; p<0.00) were

significantly associated with higher BLLs. As agereased (1, 2, 3, 4, 5 years), predicted BLLs
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decreased with declining’Respectively. The proportion of rental housing niid explain a
significant amount of variance with BLL {R 0.05; p<0.00) for both sets of years.

In an historical work, Markowitz and Rosner (2018)ized over 200 scientific and
historical pieces to expose the public health tgge childhood lead poisoning in the United
States. The lead industry, complicit in knowledf@ésomany dangers as early as 1914, protected
profits via marketing campaigns manufacturing dalimut the science of lead poisoning. The
report summarizes that campaign contributions aitigal pressure were used at the expense of
long term neurological damage to children. Pooraniy neighborhoods consisting of older
housing, had and have the highest lead poisonsitg Throughout history the lead problem has
led to civil disobedience in cities across the aouaspecially in the 1970s. Once the lead
industry faced the inevitable regulatory requirettereliminate lead in paint (1978) and
gasoline (1996), they successfully abrogated econmeaponsibility of a U.S. lead paint
abatement plan; remediation costs of approxim&®@lgnillion dwelling units would cost them
up to 35 billion dollars. Importantly, the lead usdry marketed paint poisoning as a problem of
the “slums” and “ignorant” “Negro and Puerto Ridamilies” demonstrating that racism was
prevalent amongst these industrial leaders. S poisoning is non-contagious and symptoms
are not obvious and immediate, there would be ritigad constituency for reform. As a result, a
public health epidemic by any definition of the waontinues.

Summary and Significance of this Study in Understanding Pediatric BLLS

Past research suggests that childhood lead expissgireater among black children than
other racial and ethnic groups and also associitidpoverty. Neighborhoods with higher
median household incomes, newer housing, and greatsing values were significantly

protective of elevated pediatric BLLs. These stadiewever, do not examine the relationship
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between lead poisoning and racial residential gggi@n to better understand the racial
disparities in elevated blood lead among blackdcan. Additionally, studying children of
different races who live in similar socioeconome@ghborhoods to determine if the BLL gap
still exists, has yet to be addressed and willhvestigated in this dissertation study.

A majority of the lead studies relied upon statafdyg Childhood Lead Poisoning
Prevention Programs’ (CLPPP) databases as theicesofiBLL data. The CLPPP
disproportionately tests those on Medicaid bec#hisgpopulation historically has above average
lead poisoning risk. This method introduces coliitgavhen measuring socioeconomic
characteristics such as percent race, area-lesetfria, and housing age and has been commented
upon as a weakness in several studies. Althoughezolty between race, segregation, and SEP
may also be a weakness in this dissertation resegtdre problem will be addressed to some
extent by using five years of BLL data, capturimgirgcreased number of non-Medicaid children
(and granted, more Medicaid children as well). HosveMichigan tests BLLs of approximately
90 percent of all children by the time they tura Hye of six, ensuring that non-Medicaid
children are represented as well. Another weakaepgevious studies is the lack of a
longitudinal follow-up in children. However, pediatBLLs peak at age two in which case,
following children from one address to another rhaycounterproductive. This dissertation
study will include BLL tests over five years, cabg all reported children tested in the DMA.

Finally, many of the lead studies compiled pedia®iLs into percentiles, reducing
possible fluctuation that may be gained from cardims values or means. This study will take

continuous pediatric BLLs and convert them intorgetric mean BLLs at the census tract level.
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CHAPTER 3: STUDY AREA

In terms of academic research, the Detroit MetlitpoArea historically and most
recently includes three counties; Macomb, Oaklarti\&ayne (Darden et al., 1987; Farley,
Danzinger, and Holzer, 2000; Darden et al., 20IBjs metropolitan area houses predominately
poor blacks in the central city of Wayne CountyfD#) and more affluent whites in the
suburbs of Macomb and Oakland counties (Dardeh,et987; Farley, Danzinger, and Holzer,
2000; Darden et al., 2010) (Figure 7). Censussradt be used as the level of analysis in this
study because this areal unit was found to suaadgssapture sociodemographic characteristics
of a neighborhood at a small scale (Krieger e28l03; Darden et al., 2010) while also
consistently capturing socioeconomic gradientssalth (Grady, 2006; Subramanian et al.,
2005). Because medical records in the U.S. laakimétion on the socioeconomic status of
patients, census tract socioeconomic data provetesarchers a quantitative way to best
represent these characteristics and their reldtiprie disparities in health (Krieger, 2006). They
have also provided a stable estimate of healthamgksocial interactions compared to block
groups because they contain on average 4,000 chdila (Krieger, 2006). The body of health
disparity research suggests that ecological fal{ataking inferences about individuals at the
ecological scale i.e. counties, cities) is overctayestimating socioeconomic gradients to the
census tract and have adequately representedduodivievel socioeconomic measures in
previous studies (Krieger, 2006). Other studieseHaund block groups to better capture social
concentration effects of social characteristicBalgh this has not been the case for cancer,
mortality, and lead poisoning studies. Consensasibéibeen reached regarding which level of
analysis to be used (block groups or tracts) sthiese reasons, social scientists and

epidemiologists have used census tracts as proxyeighborhoods with quantitative success
25



(Krieger, 2006). For purpose of this researchsasriracts were most useful because of the
expanse of data available and the ability to maialpdistribution of socioeconomic

characteristics.
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CHAPTER 4: DATA

Pediatric Lead Data

The Michigan Department of Community Health’s (MBXChildhood Lead Poisoning
Prevention Program has established a statewideifance data warehouse (State of Michigan,
2004; Michigan Childhood Lead Poisoning Preventiad Control Commission, 2007). The
MDCH'’s charge is to collect BLL tests from childretno are at above-average risk for lead
exposure; those enrolled in Medicaid. The MDCH alslbects BLL tests from non-Medicaid
children. All Michigan Medicaid enrolled childremearequired to be blood lead tested at 12 and
24 months of age or between 36 and 72 months oif age previously tested at the earlier ages.
In addition, any healthcare workers performing Bekts on non-Medicaid children (~20% per
given year) in the state must send the resulisedtDCH (MDCH, 2013; State of Michigan
2004; Michigan Childhood Lead Poisoning Preventiad Control Commission, 2007). The
MDCH collects these Medicaid and non-Medicaid Blesults and has maintained them in the
Childhood Lead Poisoning Prevention Program State\miatabase since January of 1998
(Michigan Childhood Lead Poisoning Prevention amthi@| Commission, 2007; State of
Michigan, 2004). This BLL data are individual redsireported in ug/dL. If additional follow-up
BLL tests were required of the same individual yahke highest value result was obtained for
each case child. These data were assigned ceastglentifiers along with other variables
described below.

Between 2006 and 2010 there were 277,676 chiléhgey less than one month to 16
years, who were BLL tested in the DMA. The BLL sd@spand reports were submitted from
clinics, hospitals, private providers, etc. to lediories for analysis and then to the MDCH and

made available to this study. Of these 277,676 pgsarts, 8,391 records did not have census
27



tract identifiers leaving 269,285 records for supsnt analyses. Then an additional 53,184
records were eliminated from the dataset becawseldéicked appropriate composite
socioeconomic index (CSI) values described beldvis Teft a total of 216,101 records in which
to test hypothesis one and five (See Figure 1)

From 2006-2010, the BLL tests were collected faosmall number of portable blood
lead test units that had detection limits of 3.8lugvhile most of the laboratory units were able
to detect 1.0 ug/dL or less. (Given that detechimit information is not linked/available to the
BLL report, a query of 3.0 ug/dL readings yieldeJ258 (14%) reports, a potential indication of
the number of BLL reports obtained from this popiolaof less accurate units). As a result, the
health department coded all non-detect valuesu@@L) and any BLL value below 1.0 and up
to 1.4 ug/dL, as 1.0 ug/dL. Otherwise, all othet tesults were rounded to the nearest whole
number by the MDCH. The “level of concern” was IfidL (it has since been lowered to 5
ug/dL) for the entire data collection period.

The MDCH receives BLL tests from the laboratorgentifying the case child by name
and address, sex, birth date, Medicaid recipienttist and self-reported race/ethnicity. This data
was obtained from the MDCH for the years 2006 tb®0 he child was assigned an ID and
addresses were geocoded by the MDCH to the accommgarensus year 2010 census tract.

Although not investigated in this dissertations eéthe child could be important because
it may determine the level of lead exposure ris& ttudifferences in behavior such as chewing
or playing outdoors (male (0), female (1), no-reégblank)). Of the 269,288ase BLL reports,
1,547 (0.06%) were missing a sex designation bue¢ wet removed from the analyses. These

missing data are dispersed fairly evenly acrossueetracts of all three counties.
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The birth date report rate was 100 percent arsddéiie was converted to age in months
as a continuous variable. Children ages 0-16 wetered into the database. A large majority
were less than 6 years-old and by the time Michidaldren are of age six, approximately 90
percent have been tested at least once and eitérdtie database, year dependent (MDCH,
2013). Controlling for age is important to thisdwas children typically produce the highest
BLLs at age two as a result of hand-to-mouth bedraamd playing on floors (U.S. ATSDR,
2007). Further, blood lead tests reveal fairly entrexposure conditions at the time of testing
because blood lead travels to the soft tissue®egahs where it is stored only for a period of
weeks. It is expelled later either though urinegfeor travels to teeth and bones for long-term
storage (U.S. ATSDR, 2007).

Racial and ethnic groups included non-Hispaniclbota African American (1), non-
Hispanic white (2), Hispanic (3), Native Hawaiianadher Pacific Islander (4), Asian (5), Arab
(6), American Indian or Native Alaskan (7), mixedte (8), and no-report (9). The MDCH finds
that patients’ parents report race approximatelp&t@ent of the time (MDCH, 2013) and most
Arab parents do not report race, resulting in argyort” designation. If Hispanic and another
race were both reported, the child was coded gzaHis. Importantly, the MDCH linked the
BLL reports on children with Medicaid to their Medid case records to achieve an 80-90
percent complete report on race in the database dgpendent. In total there were 34,984 cases
(16.19%) entered as “no-report” on race. Theseepoits were not eliminated from the dataset
to test the first and fifth hypotheses. These 34 @8ords with missing race data and an
additional 15,258 cases that were Hispanic, Asstm,however, were removed from the dataset
to test hypotheses two, three, and four. Thislleé®,859 records encompassing only non-

Hispanic black and non-Hispanic white race designat
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The MDCH reports BLLs for both capillary (0) anénous (1) methods of blood draw,
the later being more accurate because capillaty teay become more easily contaminated by
fingertips. If an elevated BLL presented in thefficapillary testX10 ug/dL during year of this
study), the child was administered a second vetesisand only this new venous BLL was
entered, overriding the capillary result. If thetteesult was above the level of concern, follow-
up tests were provided to the child on varying tiaddes depending on the blood lead
concentration. The database manager provided o@yest result for each child for the entire
2006-2010 period.

All of the proper non-disclosure data use agredrfems were approved to gain BLL
data from the MDCH. Mr. Robert Scott of the MDCH IBtesting program is the database
manager for the state apcbvided children’s BLL information and the aforemiened variables in the

DMA for the years 2006-2010. Michigan State Uniitgts Institutional Review Board has issued an

exenpt status, IRB# A41941039, for this work.

Figure 1. Flow Diagram of Data Removed from the 1@ildataset

277.676 total 5.391 cases 53,184 not 20242 vemoved
case reports without included in because neither
from the T 7| census tract |~ | theCSI = — | black or white
MDCH identifiers = 216,101 Iace =
2006-2010 269,285 165,859
Hypotheses 1
and 5 Hypotheses 2,
3.and 4
Neighborhood Data

There were 1,162 DMA census tracts mapped andingéd initial analysis of this study
while 1,046 DMA census tracts were used for latedygses. The census 2010 tract boundaries
were used in this study. The U.S. Bureau of thesGgnAmerican Community Survey provides

data per census tract on a variety of socioeconweariebles such as percent below poverty,
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unemployment rate, median household income, peafestcupied households with vehicle,
percent management/business/science/arts occupat@ncent of residents with bachelor
degrees or higher, median value of occupied dwglhrdollars, median gross rent of occupied
dwelling in dollars, and percent homeownership,dknihead of occupied household, housing
age variables, etc. for the DMA (U.S. Bureau of@ensus, 2010). The 5-year (2006-2010)
estimate data of these variables was used in asalygh corresponding years of BLL data.
Geographies of census tracts of the five yeardaaftblead data provided by the MDCH achieve
a 100 percent match rate with the Census Bureamsus geography for the 5-year estimate

data.
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CHAPTER 5: METHODS

Blood Lead Level Data

Blood lead level testing prevalence by the MDCHswalculated for those children less
than one month to two years old. Prevalence wasilzded as the proportion of children blood
lead tested divided by the 2010 5-year estimatsugenhildhood population as a whole per
census tract. The “In Households 0 to Less Thae&¥ Old” category (U.S. Bureau of the
Census, 2010 (Table BO9001)) was used for the ttoeeties during 2006-2010. This excluded
group quarters (college residence halls, resideinéiatment centers, skilled
nursing facilities, group homes, military barracgstrectional facilities, and workers’
dormitories) populations. This has little impacttbe prevalence testing calculations because for
the entire state of Michigan from 2006-2010, grgugrters consisted of only one percent of the
population of children less than 16 years old (B&eau of the Census, 2010 Table S2601A).

Blood lead levels obtained by the MDCH describleova were first transformed.
Methodological guidance by the Department of Heaitd Human Services, Centers for Disease
Control and Prevention (2009) recommends dividimagé concentrations that could be less than
the limit of detection by the square root of two éventual calculation of geometric means. In
this study the detection limits were not availdblerefore, those records that did not meet the
detection limit were coded as 1.0 ug/dL by theingsiaboratories. To account for the large
number of 1.0 ug/dL (n = 91,104, 42.16%) BLLs ie thataset, these 1.0 test results were first
divided by the square root of two as recommended@hnd then log-transformed prior to
performing subsequent analyses. All analyses requggregation of the BLLs at the census
tract level. As such, the arithmetic means of taagformed BLLs were first calculated and then

they were exponentiated to provide a geometric ni@ameaningful analyses. For example, a 1
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ug/dL BLL result was divided by the square rootwd to equal 0.707106781. These values
along with all other BLL reports greater than orereviog-transformed. The arithmetic means of
these log-transformed values were calculated pesusetract and then exponentiated, resulting
in a geometric mean per census tract. Geometriosng@a@vide a better estimate of the central
tendency of blood lead distribution, which tendsiéwe a long upper end distribution and is
influenced less by high values than is the aritihcrmaean (Department of Health and Human
Services, CDC, 2009). See Figures 2 and 3 bel@ictieg histograms of the individual BLL
data before and after log transformation. Log ti@msation yielded a slightly less skewed

distribution of BLLs.
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Figure 2. BLL All Race/Ethnicity Before Transformat
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Figure 3. BLL All Race/Ethnicity After Transforman

Frequency of BLLs Log Transformed All Race
110000

100000
Y0000
80000
70000
60000
50000
40000
30000
20000
10000

o

269,285)

Frequency(n

0.35
1.10
1.61
1.95
2.20
2.4D
2.56
2.71
343

Z 3.50
356

@3.61

~—3.04

283
2294
2314
£ 3.22
® 330
8337
£3.66
=3.71

=

P

—3.76
3.85
3.89
3.93
3.99
4.06
411
417
4.42

Source: MDCH 2006-2010

34




Socioeconomic Position: The Darden-Kamel Composite I ndex of Area-Based
Measures
This study utilized area-based indicators of samoemic position applied as proxy for
individual level measures of socioeconomic positiime composite socioeconomic index (CSI)
is defined based on the summation of nine censaracteristics of neighborhoods of residence
as follows:
1. Percent below poverty — the percent of all familidsse income
in the past 12 months is below the U.S. povertglleVhe poverty
thresholds vary depending on size of family, nundfeelated
children, and, for 1- and 2-person families, agbaifseholder by
the Bureau of the Census.
2. Unemployment rate — the percent of civilian sixtgears and
older who were neither at work nor with a job bat at work
during the reference week and who were activelitingenvork
during the last 4 weeks and available to starba jo
3. Median household income — the median income daalily
members sixteen years and older including thodeowttincome.
4. Percent of households with vehicle — percent otiped
households with a vehicle available will be caltedh
5. Percent of residents with management, businesnai and arts
occupations — percent of workers sixteen yearsotohet that hold
one of 194 positions codified by the U.S. BureathefCensus for

2006-2010 five year estimates.
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6. Percent of residents with bachelor degrees or higlpercent of
the total population 25 years and older that haldeast a
bachelor’s degree (for example four or more yeésshooling
beyond a high school education).
7. Median value of dwelling in dollars — the mediaruesof owner-
occupied housing which is the respondent’s estimab®w much
the property would sell for.
8. Median gross rent of dwelling in dollars — the ¢ant rent value
plus the estimated average monthly cost of utiitie
9. Percent homeownership — percent of owner-occupedihg
units regardless of mortgage status.
To standardize the contribution of each censusbbes included in the index, a Z-score was
created for each of the nine census tract varidblesibtracting the mean from the grand mean
for the DMA and dividing by the standard deviatmiithe respective variables for the DMA as a
whole. To insure that each variable contributed@ppately when calculating this index, the Z-
scores for two depreciating variables, percent pleyment and percent of the population
below poverty, were multiplied by -1 before theyrevadded to the remainder variables so that
they contributed appropriately to the area baseteoonomic characteristics (Darden et al.,
2010). The formula for the index follows:

k V. -V
CSi = i iDMA
Z S(VjDMA)

j=1

CSi = the composite socioeconomic Z-score irfdexensus tradt is the sum of Z-scores
for the socioeconomic status varialjle®lative to the DMA’s socioeconomic
status.
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DMA =  three counties Wayne, Oakland, and Macomb.
= the number of variables in the index
Vi = thejth socioeconomic position variable (Z-score) f@ivgen census tract
Vioma =  mean of th¢th variable in the three county DMA
S(Vipma) = standard deviation of the jth variable in theee county DMA

For hypotheses two, three (part two and threely, fand five the resultant indexes were
sorted and divided into quintiles of socioeconopusition (SEP) to create the Modified Darden-
Kamel Composite Index for the DMA from 2006-201a(Ben et al., 2010). This allowed for a
division of DMA census tracts of residence into @pgmately equal proportions in each
socioeconomic status, i.e. very high socioecongrasition (VHSEP), high socioeconomic
position (HSEP), middle socioeconomic position (MP3How socioeconomic position (LSEP),
or very low socioeconomic position (VLSEP).

Using the CSls (summed Z-scores of each of thied¥e variables) and/or their
subsequent SEP quintiles required removal of 1b8uetracts from the population above,
providing a total of 1046 (originally 1162) cendtects. Census tracts were excluded from the
index if the Census Bureau’s 5-year estimates geféwer than 100 people, housed only
juvenile institutions, or had Arab or Hispanic ptgiions consisting of more than 10 percent of
the census tract population. In 2010, census trapterting more than 10 percent of the
population as Arab or Hispanic race or ethnicigy the census were excluded from analyses
because this study mainly compared non-Hispanitkdad non-Hispanic white populations
given that there were too few members of other ggavailable for analyses. This left an
individual sample size of 216,101 children andrtiBtilLs as described above and in Figure 1.

Because lead poisoning in children is due primaadlenvironmental conditions of the

child’s residence with the most significant soupeéng chips, dust, and soil incorporated with

lead based paint used in and on housing strucfUr& ATSDR, 1988; U.S. ATSDR, 2007;
37



U.S. Department of HUD, 2003) and to ensure thatbpropriate variables were used in
predicting lead exposure to children, principle poments analysis (PCA) was used not only to
look within the Darden-Kamel index but also outsidis index. An additional seventeen
variables outside this index and suspected tommiead exposure risk through direct exposure

or an underlying socioeconomic condition, were adadethe PCA analysis.
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CHAPTER 6: DESCRIPTIVE STATISTICSAND PCA RESULTS

The MDCH census tract boundaries were derived ttee2010 census and all (100%)
BLL reports with census tract identifiers were cdbde those 2010 census boundaries (n =
1,162). There were 213 census tracts within Mac@uibnty, 337 in Oakland County, and 612
in Wayne County. Frequencies were generated on gie&xpbic characteristics of the children
tested and the characteristics of their BLL repossd to test the hypotheses. These frequencies
are described below. Census tracts with a frequehlgss than 20 cases tended to be the same
across characteristics due to low numbers of amidiving there. Analyses were performed
using SYSTAT 13.1 (Systat Software Inc., a subsyded Cranes Software International Ltd.,
2009).

The BLL proportion prevalence range for Oaklandrntg was 0 - 7.67 children (six
census tracts equaled 0), Macomb 0 - 2.17 chilfbea census tract equaled 0), and Wayne 0.02
—10.88 children. The following descriptive datarevgenerated for this study. See Table 1 for a
summary of these findings.

Sex

There were 110,788 (51.54%) male and 104,181 §48)4emale case BLL reports.

There were 8 (0.76%) and 9 (0.86%) census tradtsless than 20 males and females
respectively.

Age

At the time of BLL testing, children’s birth datesre recorded and also rounded to age
in months. Additional data management transferinedd ages into years and age categories. The
number of children aged less than one month toywars equaled 101,617 (47.02 %). Those

aged over two and up to 6 years encompassed 8@ %) children and those greater than 6
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and up to 16 years consisted of 26,224 (12.14 %greh. The frequency of BLL tests in
children aged less than one month to two yearyielded 7 census tracts (0.67%) with fewer
than 20 reports compared to children 2.1 to 6 yg@ekling 73 census tracts with fewer than 20
cases (6.98%). Those children greater than 6 yeanprised 561 census tracts (53.63%) with
fewer than 20 reports. (The MDCH'’s emphasis ie#t thildren once and before the age of
two). Children aged older than 6 and up to 16 ygeisged 594 (51.12%) census tracts with
fewer than 20 reports.

Race/Ethnicity

The following lists the MDCH's coded self-reportexte for the children tested and
provides the racial composition of the test popafatNon-Hispanic black or African Americans
97,344 (53.75%) children, non-Hispanic whites 68,637.83%) children, Hispanics 5,408
(2.99%) children, Native Hawaiian or other Pacifilanders 99 (0.05%) children, Asians 4,701
(2.60%) children, Arabs 3,887 (2.15%) children, Ait&n Indian or Native Alaskans 569
(0.31%) children, and mixed races 594 (0.33%) ceildNon-Hispanic black cases yielded 518
(49.52%) census tracts with fewer than 20 casert®pod non-Hispanic whites had 303
(28.97%) census tracts with fewer than 20. All otinects had 20 or greater case reports.

BLL Collection Method

There were 45,202 (21.07%) and 169,365 (78.93%gren who were BLL tested using
the capillary and venous methods respectively.tAied above, if an elevated BLL presented in
the first capillary test{10 ug/dL during the years covering this study),¢hid was
administered a second venous test and only thisveewus BLL was entered, overriding the

capillary result. The frequency of the capillargdid collection method was less than the
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intravenous collection method. The capillary andowes methods yielded 221 (21.13%) and 21
(2.01%) census tracts housing fewer than 20 cases.

I nsurance Coverage

Medicaid tested cases equaled 153,890 (71.21%ha@amdedicaid cases 62,211
(28.79%) children. All cases (100%) were codeditheehaving Medicaid (1) or some other
non-Medicaid insurance type (0). There were 460%ynon-Medicaid and 66 (6.31%)
Medicaid cases with fewer than 20 cases per cdretts

BLL Test Dates

During the five year period from 2006-2010, theajest frequency of tests occurred
during the month of August (n = 26,699; 12.35%) &t during the month of December (n =
12,578; 5.82%). Tests were administered througabb@dur seasons.

PCA

Results indicated that eight of the nine DardemKkindex variables had the highest
degree of shared and orthogonal shared varianoérmaing the strength of this index and its

component variables.

Median household income, median dwelling valuecgetr households with a vehicle, percent with a blcts
degree or higher, percent in management, busiseissice, or art, and percent homeownership extdisiared
variance and orthogonal to equally weighted vaéalaf percent below poverty and unemployment Reecent
renter, not included in the Darden-Kamel Index, weactly opposite to percent owner (included initttkex).
Proportion female head of household and percergihguacking complete plumbing were the tenth aegenth
ranked variables not included in the index. Ferhaled of household, an indicator of poverty in theia science
literature, and percent housing lacking completantling, a potential sign of old, lead-based pigind/or lack of
dwelling renovation were considered for integratiothe Darden-Kamel Index. Then again, female hafad
household and percent below poverty variablesikedylredundant and component loadings of the dattere
strongly varied with the other index variables. Banhy, risk of lead exposure that may be capturgdhe lack of
complete plumbing variable is likely encompassethiwithe other socioeconomic variables that astotiaa
greater degree. Median gross rent, included ibdmrelen-Kamel index, followed this progression weégghclose in
value to the plumbing variable. The remaining Jalga such as children on Medicaid, race, housimgsgrental or
owner designation, etc. shared even less variaitbettve socioeconomic indicator variables of thed2sm-Kamel
Index. In all, this analysis confirmed the strengthhe socioeconomic variables used in the Datdamel Index.
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Table 1. Demographic Characteristics of Childréi. Bested and the Characteristics of their BIReports Across CSls

Variables n % of n Census Tracts <20 Mean of Reported Standard Deviation
Reported | Case Reports of Reported
Sex 0.49 0.50
Male (0) 110,788 51.54 8 (0.76%)
Female (1) 104,181 48.46 9 (0.86%)
No Report 1,132
Total 216,101 17 (1.63%)
Age* 38.89 months 34.31 months
0-2 101,617 47.02 7 (0.67%)
21-6 88,260 40.84 73 (6.98%)
>6 26,224 12.14 561 (53.63%)
Total 216,101 641 (61.28%)
Race/Ethnicity 2.88
Non-Hispanic Black 97,344 53.75 518 (49.52%)
Non-Hispanic White 68,515 37.83 303 (28.97%)
Hispanic 5,408 2.99
Native Hawaiian or other Pacific Islander 99 0.05
Asian 4,701 2.60
Arab 3,887 2.15
American Indian or Native Alaskan 569 0.31
Mixed Race 594 0.33
No Report 34,984
Total 216,101
Blood Collection Method 0.79 0.41
Capillary (0) 45,202 21.07 221 (21.13%)
Intravenous (1) 169,365 78.93 21 (2.01%)
No Report 1,534
Total 216,101 242 (23.14%)
1.0 ug/dL Reports 91,104 42.16
Reports > 1.0 ug/dL 124,997 57.84
Total 216,101
Insurance Coverage 0.71 0.45
Non-Medicaid 62,211 28.79 46 (4.40%)
Medicaid 153,890 71.21 66 (6.31%)
Total 216,101 112 (10.71%)
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Table 1. (cont’'d)

BLL Test Month 2006 -2010
January
February
March
April
May
June
July
August
September
October
November
December
Total

16,848
14,773
17,971
16,864
16,750
16,785
18,083
26,699
24,425
19,256
15,069
12,578
216,101

7.80
6.84
8.32
7.80
7.75
7.78
8.37
12.35
11.30
8.91
6.97
5.82

tGeometric Mean BLL = 1.0 *Range = 191 months

Source: MDCH 2006-2010
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In subsequent analyses and the second aim alitsertation (hypotheses 2, 3, and 4),
removal of all children of a race/ethnicity othleah non-Hispanic white or non-Hispanic black,
left a total individual sample size of 165,859 dhaéin, their census tracts, and BLLs (see Figure
1). Frequencies were generated of the non-Hisgdadak and white children tested across these
five quintiles as depicted in Table 2 below. Of fl6 census tracts, 209 to 210 fell into each of
one of the five SEP quintiles. Across all quintitesre was a range of 4 to 1036, mean of 159,
and standard deviation of 121 children per census. tEighteen tracts had less than 20 children.
In general there were a mean 207 children (rangel@69) and standard deviation equal to 140

children per census tract. Only one tract incluigheithis analysis had less than 20 children.
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Table 2. Demographic Characteristics of non-Higp8lack and non-Hispanic White DMA Children Tetend the Characteristics
of their BLL" Reports Across SEP Quintiles

Variables n (%) n Census Tracts <20 Case Reports (% of totaleabus tracts)
Quintile 1 2 & 4 5 1 2 8 4 5
Sex
Male 30,656 (50.76) | 21,676 (51.32) | 14,287 (51.67) | 10,870 (52.20) | 7,277 (52.18) | 1 (0.00) 4 (0.02) 7 (0.05) 12 (0.11) | 51 (0.70)
Female 29,740 (49.24) 20,561(48.68) 13,366(48.33) | 9,953 (47.80) 6,668(47.82) 0 (0.00) 4 (0.02) 8 (0.06) 19 (0.19) | 62(0.93)
Total 60,396 42,237 27,653 20,823 13,945 1 (0.00) 9 (0.02) 15 (0.05) | 31(0.15) | 113 (0.81)
Age
0-2 24,411 (40.14) 19.401 (45.69) | 14,251 (51.49) | 11,217 (53.73) | 7,598 (54.34) | 1 (0.00) 1 (0.00) 6 (0.04) 6 (0.05) 43 (0.57)
21-6 27,531 (45.27) | 18,019 (42.44) | 10,723 (38.68) | 7,690 (36.83) | 4,928 (35.25) | 3 (0.01) 3(0.02) 22(0.21) | 22(0.29) | 111 (2.25)
>6 8,872 (14.59) 5,041 (11.87) | 2,751 (9.92) 1,970 (9.44) 1,456(10.41) | 31(0.35) | 30 (0.60) 170 (6.18) | 170 (8.63) | 194 (13.32)
Total 60,814 42,461 27,725 20,877 13,982
Race/Ethnicity
Non-Hispanic Black 56,863 (93.50) 26,397 (62.17) | 7,670 (27.66) | 4,167 (19.96) | 2,247 (16.07)| 1  (0.00) | 46 (0.17) 114 (1.49) | 155 (3.72) | 177 (7.88)
Non-Hispanic White 3,951 (6.50) 16,064(37.83) | 20,056(72.34) 16,710(80.04) 11,735(83.93) | 173 (4.38) | 72 (0.45) 10 (0.05) | 15 (0.09)| 23 (0.20)
Total 60,814 42,461 27,725 20,877 13,982
Blood Collection
Method
Capillary 7,758 (12.79) | 8,241 (19.54) | 7,175 (26.12) | 5,779 (28.02) | 4,053 (29.27) | 60(0.77) | 44 (0.53) | 61(0.85) | 911.57)( | 97 (2.39)
Intravenous 52,913(87.21) 33,935(80.46) | 20,290(73.88) 14,844(71.98) | 9,793(70.73) 0 (0.00) | 3 (0.00) 2 (0.01) 9 (0.06) | 9 (0.09)
Total 60,671 42,176 27,465 20,623 13,846
1.0 ug/dL Reports 13,620 (20.13) 17,781 (26.28) ,315(22.72) 12,371 (18.28)| 8,514 (12.58
Insurance Coverage
Non-Medicaid 2,222 (3.65) 4,416 (10.40) | 6,101 (22.01) | 6,696 (32.07) | 6,604 (47.23) | 60 (2.70) | 44 (1.00) | 61 (1.00) | 96 (1.43) | 124 (1.88)
Medicaid 58,592(96.35) 38,045(89.60) | 21,624(78.00) | 14,181(67.93) | 7.378(52.77) | 0 (0.00) | 3 (0.01) |2 (0.01) |9 (0.08) | 35 (0.47)
Total 60,814 42,461 27,725 20,877 13,982
BLL Test Month 2006 -
2010
January 5,093 (8.37) 3,215 (7.57) 2,081 (7.51) 1,559 (7.47) 1,076 (7.70)
February 4,233 (6.96) 3,051 (7.19) 1,835 (6.62) 1,458 (6.98) 915 (6.54)
March 5,337 (8.78) 3,517 (8.28) 2,233 (8.05) 1,727 (8.27) 1,137 (8.13)
April 4,720 (7.76) 3,251 (7.66) 2,200 (7.94) 1,621 (7.76) 1,128 (8.07)
May 4,697 (7.72) 3,228 (7.60) 2,154 (7.77) 1,707 (8.18) 1,024 (7.32)
June 4,321 (7.11) 3,256 (7.67) 2,278 (8.22) 1,670 (8.00) 1,180 (8.44)
July 4,694 (7.72) 3,531 (8.32) 2,413 (8.70) 1,785 (8.55) 1,221 (8.73)
August 7,271 (11.96) 5,357 (12.62) | 3,512 (12.67) | 2,534 (12.14) | 1,733 (12.39)
September 7,418 (12.20) 4,921 (11.59) | 2,997 (10.81) | 2,202 (10.55) | 1,489 (10.65)
October 5,584 (9.18) 3,765 (8.87) 2,426 (8.75) 1,830 (8.77) 1,149 (8.22)
November 4,142 (6.81) 2,945 (6.94) 1,971 (7.11) 1,497 (7.17) 1,005 (7.19)
December 3,304(5.43) 2,424(5.71) 1,625(5.86) 1,287(6.16) 925(6.62)
Total 60,814 42,461 27,725 20,877 13,982
n=165,859

Source: MDCH 2006-2010
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CHAPTER 7. HYPOTHESESRESULTS
Hypothesis 1. All Race BLL and CSI Results
Average pediatric BLLs will be higher in neighbodlds of lower socioeconomic
characteristics and lower in neighborhoods of higbecioeconomic characteristics.
Bivariate regression analysis was used to teleifassociation between very low
socioeconomic position and geometric mean pediBlrics were significantly different from
zero by census tracts of the DMA. The geometricnrigals were associated with CSI values.

Geometric Mean BLL by Census Tract= 2.06  +0.05*CSI
(0.012) (0.002)

A regression slope coefficient estimate of -0.05 (2000; S.E. = 0.002) indicates that
for every unit increase in CSI, mean BLL decredseB8.05 units across the DMA. In other
words, those children living in neighborhoods ofmasing quality are at significantly higher
risk of elevated BLLs. The y-intercept estimatenirthe analysis was 2.06 with a correlation
coefficient of -0.68. Plots of residual frequengydstimated BLLs indicate a skewed pattern of
errors around the model intercept of 2.06 (seerEig) Therefore, unexplained variation
between neighborhood geometric mean BLL remainst abntrolling for CSI. Importantly,
upon mapping the positive and negative extremeluets, their spatial patterns appear to be
associated with average housing age by censusatndare explored in more detail in

hypothesis five.
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Figure 4. Plot of Residual Versus Predicted Val@G=ometric Mean
BLLs, 2006-2010
Plot of Residuals vs. Predicted Values

RESIDUAL

2
ESTIMATE
Source: U.S. Bureau of the Census, 2010 and MDG}-2010
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Hypothesis 2. Racial Residential Segregation and BLLs Results

Non-Hispanic black children will have higher aveeaBLLs than non-Hispanic white

children in metropolitan Detroit because a highergentage of non-Hispanic black

children than non-Hispanic white children live irighborhoods of very low

neighborhood socioeconomic characteristics.

The index of dissimilarity was used to computeléwel of racial unevenness by SEP
between non-Hispanic black and non-Hispanic whitelen of dissimilar neighborhood
characteristics. The five quintiles of SEP cluddezensus tracts and their children as depicted in

the following equation:

D{l/zﬁ[x —yi]j

k = 1 of 5 quintiles of SEP as clustered censuggnaithin the DMA

x; = percent of DMA'’s total reported non-Hispanicdi{ahildren in theth SEP

yi = percent of the DMA’s total reported non-Hispawigite children in the same SEP

D = half of the sum of the absolute differencesMeenn the proportional distribution of the black
and white children within the DMA.

The resultant values represented the minimum ptagerof children from either non-Hispanic

black or non-Hispanic white race/ethnicity that \Wbliave to move from one SEP cluster to

another to achieve an even spatial distributioossthe DMA (Darden, Tabachneck, and Raine,

1980).

The Darden-Kamel Index assigns a higher scormattstwith higher SEP. The mean
socioeconomic characteristics within SEP quin@espresented in Table 3. Frequencies were
generated of the children tested across the 9 R&hcteristics per census tract. Neighborhoods
of very low SEP had the highest unemployment ratesthose living below poverty. Median

household income was only $23,999, average dwelliahge $79,621, and median gross rent
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$730. Homeownership, vehicle ownership, profesdioremagerial occupations, and education
levels were the lowest values. Conversely, neigidimds of very high SEP had the lowest
unemployment rates and those living below povdvigdian household income was $98,228,
average dwelling value $290,870, and median gersts$1,294. Homeownership, vehicle

ownership, professional/managerial occupations,eahatation levels were the highest values.
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Table 3. The Mean Social Structure of DMA'’s Censteacts from 2006-2010 Based on the Modified Dardamel Composite
Socioeconomic Index

Neighborhood | % Below | % Median % % Residents | % Residents| Median Median | %
SEP Quintile Poverty | Unemployment| Household | Households | with Mgmt., with Dwelling | Gross Homeownership
Rate Income ($) | with a Business, Bachelor Value ($) | Rent ($)
Vehicle Science, Arts, | Degrees or
Occupations | Higher
Very Low SEP | 37.06 29.01 23,999 72.58 17.59 8.75 79,621 730 46.23
(Quintile 1)
Low SEP 14.63 16.42 40,013 89.46 2551 15.10 108,309 | 782 64.36
(Quintile 2)
Middle SEP 7.00 11.45 52,244 94.40 31.56 22.15 146,355 | 838 76.63
(Quintile 3)
High SEP 4.18 8.97 65,582 95.93 41.52 32.86 182,102 | 748 81.69
(Quintile 4)
Very High SEP | 2.33 7.05 98,228 97.86 54.80 53.77 290,870 | 1,294 89.26
(Quintile 5)
All Tracts 13.03 14.57 56,054 90.05 34.22 26.55 95D 914 71.65

n = 165,859 children c.t.n. = 1046 census trg&A9 to 210 each for each level of SEP)

Source: Computed by author from data obtained fitwerlJ.S. Bureau of the Census, 2010
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To provide perspective on the disparity betweeglb&nd white children’s BLLs, Table
4 displays their respective geometric mean BLLand#ard deviations, and percent populations at
each level of SEP. A difference of means test betvidack and white children’s BLLs at each
level of SEP will be performed in hypothesis thbeéow. In all levels of socioeconomic
position, black children had higher average BLLantkwhite children. Black children BLL
reports were greater and over represented in thela and low SEP neighborhoods and white
children BLL reports were lesser and overrepresemehe middle, high, and very high SEP
neighborhoods. Importantly, children of black r&eel higher predicted geometric mean BLLs
across all neighborhood SEP levels. Consideringptié as a whole, D = 56.32 demonstrating
that 56.32 percent of either black or white childvath reported BLLs would have to move
from one SEP cluster to another to achieve an spatial distribution across census tracts in the
DMA. The higher BLLs presented in children was teteto the neighborhoods in which they
lived. If black children lived in higher SEP neigithoods, their collective BLLs were lower.
Black children residing in very high SEP neighbarti® had lower geometric mean BLLs than
white children residing in very low SEP neighbortieoRegardless of the socioeconomic
position quintile employed, black and white childreere extremely segregated i.e. unevenly

distributed across neighborhood SEP levels.
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Table 4. Descriptive Characteristics of Children@xsometric Mean BLLs and Total Population
and the Darden-Kamel Index of SEP in Metropolitatrbit, 2006-2010

SEP Quintiles | Non-Hispanic White and non-Hispanic Black | Percent of | Difference in
Children’'s Geometric Mean BLLs (ug/dL) and| Tested Percent of Total

Standard Deviation per SEP Quintile Population| Population x-y
Very Low SEP n (%) Mean S.D. 52.65 [52.65]
(Quintile 1) White 3,951 (6.50) 274 1.32 5.77

Black 56,863 (93.50) 295 0.69 |58.41
Low SEP n (%) Mean S.D. 3.67 [3.67]

(Quintile 2) White 16,064 (37.83) 1.95 0.35 | 2345
Black 26,397 (62.17) 210 0.31 |27.11
Middle SEP n (%) Mean S.D. -21.39 [21.39]
(Quintile 3) White 20,055 (72.34) 1.80 0.25 | 29.27
Black 7,670 (27.66) 2.00 0.69 7.88
High SEP n (%) Mean S.D. -20.11 [20.11]
(Quintile 4) White 16,710 (80.04) 1.78 0.26 | 24.39
Black 4,167 (19.96) 1.92 0.41 4.28
Very High SEP n (%) Mean S.D. -14.82 [14.82]
(Quintile 5) White 11,735 (83.93) 1.73 0.15 | 17.13
Black 2,247 (16.07) 1.94 0.49 2.31

All SEP n (%) Mean S.D. Index of
White 68,515 (41.31) 1.94 0.58 |41.31 Dissimilarity
Black 97,344 (58.69) 2.11 0.53 | 58.69 56.32

n = 165,859 children c.t.n. = 1,046 census $ré29 to 210 each for each SEP)
Source: Computed by author from data obtained ftwerlJ.S. Bureau of the Census, 2010 and
MDCH 2006-2010
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Hypothesis 3. Black-White BLL and CSI Part One Results

When non-Hispanic black and non-Hispanic whitedreih reside in neighborhoods of

similar socioeconomic characteristics, the blackite/lgap in geometric mean BLLS in

those children decrease.

The following methods were employed to test thigdtliesis. First, in a descriptive
analysis, geometric mean BLLs of black and whitddcen were plotted separately against the
CSl for each census tract of residence in the DM#erestingly, Figure 5 below clearly displays
the similar slopes of the two regression linesbimth races as the hypothesis predicts. An
increase in CSI yields similar decreases in BLIrsblack and white children. The difference in
these slopes will be tested for statistical sigaifice in part two. However more interestingly,
mean BLLs for black children are at least approxetya0.2 units higher than mean BLLs for
white children across all CSl levels and this d#fece (in y-intercepts) appears to be magnified
as the slopes approach greater levels of SEP éyré&t). This second phenomenon will be

quantified in part three of this hypothesis and suarized on Table 5.
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Figure 5. CSI and Geometric Mean BLLs, 2006-2010
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Hypothesis 3. Black-White BLL and CSI Part Two Results

Bivariate regression analysis was used to quaneigtestimate the effect of CSI of
residence, stratified by black and white childrege®metric mean BLLs. Geometric mean BLLsS
for black and white children in the DMA for year@15-2010 were estimated by census tract and
CSl levels.

Geometric Mean BLL Black Race by Census Tract2z11 +  -0.035*CSlI
(0.015) (0.002)

Geometric Mean BLL White Race by Census Tractl=95 +  -0.036*CSI
(0.016) (0.002)

Sgy- Sgy = \fsgl +S7 — 2rSg, Sy,

S= standard error

X1= non-Hispanic black group

X 2= non-Hispanic white group

r = correlation between the two samples

The regression coefficients derived from this gsialshowed the predicted mean BLLs
for black and white children by CSI census traceleRegression slope coefficient estimates of -
0.035 (p = 0.000; S.E. = 0.002) and -0.036 (p £0;,&.E. = 0.002) indicates that CSI| explains a
small but significant and similar variation betwd#ack children’s and white children’s
geometric mean BLLs in neighborhoods across the DX every unit increase in CSI, mean
BLLs decrease by 0.035 units for black and 0.036Maite children. The y-intercept estimates
for the above equations were 2.11 and 1.95 resdgetiSubsequently, in an attempt to test the
hypothesis and verify the similar slope appeararfidégure 5, the standard error of the
difference between means was measured (Runyon aretl 1980). This method was used to

test the hypothesis and examine the slopes of &iglry examining the difference in the two
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significant regression coefficients of the bivagianhalysis outlined above. The standard error of
correlated samples was 0.0028 which did not indieagignificant difference between mean
BLLs for black and white children (z = 0.35; p &¥B). This demonstrates that increasing CSI
levels in neighborhoods have similar effects oruoatg the BLLs of black and white children
alike while also confirming the appearance of tleelk and white slopes of Figure 5, part one
above.

Hypothesis 3. Black-White BLL and CSI Part Three Results

In addition, differences of means tests wereagdito examine black-white BLLS within
neighborhoods of each level of SEP and to furtheestigate the apparent increasing gap in
BLLs of black and white children within increasi@@l depicted in Figure 5, part one. In this
analysis, black and white differences of geometrégan BLLs were measured within the very
high, high, middle, low, and very low SEP neighbmtis. All analyses stratified children by age
group as a control measure.

t=[(xX1-X2) — d])/SE
t= the difference between black and white mean Bl sample t-test

X1 = the geometric mean BLL for white children in tte SEP
X2 =the geometric mean BLL for black children in tHeSEP

d = null hypothesized difference between child nsaartheith SEP

SE = standard error in thth SEP

Table 5 displays the differences in mean BLLsdiack and white children at each SEP
level. For children 0-2 years old, the black-wliierences in mean BLL were significantly
different in low, medium, high, and very high SE¢tgihborhoods versus neighborhoods of very
low SEP; these differences in mean BLL were natifigantly different from each other.

Similarly, for children 2.1-6 years old, the blaskite differences in mean BLL were
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significantly different in low, medium, high, anény high SEP neighborhoods versus
neighborhoods of very low SEP; these differencea@an BLL were not significantly different.
For children greater than 6 years old, the blackeutfferences in mean BLLs were
significantly different in low, medium, and high BEBeighborhoods versus neighborhoods of
very low and very high SEP; these differences immBLL were not significantly different. To
summarize, black and white children in all age gsoliving in the very low SEP had the same
mean BLLs (t =0.91; p = 0.36 and t = 0.85; p 90aBd t=0.83; p = 0.41). Black and white
children greater than 6 years old living very h&fP neighborhoods also had the same mean
BLLs (t =1.92; p = 0.06). Black children living adl other levels of SEP (low, medium, and
high), regardless of age, had significantly greatean BLLs than white children. The mean
differences in black-white BLLs for children agee20and 2.1-6 years increased as SEP levels
improved. Black-white BLL disparity in children grer than 6 years old increased from SEP
one to SEP two but then decreased from there. Yeruigldren are more likely to inhale and
ingest lead because they play on floors and exh#nt-to-mouth behavior, breathing and eating
more lead laden dust than adults or older childees. ATSDR, 2007). Perhaps the oldest age
group is showing a reduced gap in black-white ni&ans because the older children are no

longer exhibiting these behaviors, reducing theposure to lead laden dust.
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Table 5. Differences Between Mean BLLs for Blackl &dhite Children by SEP

Quintile Stratified by Age Group, Detroit Metrop@ln Area 2006-2010
Groug Census Children BLL S.D. t-tes p-value
Tractr n Mear

SEP 1 Age -2
Black 20¢ 22,61( 2.9C 0.6¢ 0.91 0.36:
White 16€ 1,801 2.7€ 1.7¢

SEP 2 Age -2
Black 207 11,21¢ 218 0.4C 2.4C 0.017
White 204 8,18: 1.9¢ 0.7t

SEP 3 Age -2
Black 20C 3,46¢ 2.0C 0.6¢ 3.2 0.001
White 20¢ 10,78 1.82 0.3:

SEP 4 Age -2
Black 18¢ 1,977 1.9¢ 0.4¢ 4.4¢ 0.00(
White 20¢ 9,24( 1.77 0.2C

SEP 5 Age -2
Black 17¢ 1,011 1.9¢ 0.7t 4.1C 0.00(¢
White 20¢ 6,581 1.7¢4 0.1¢€

SEP 1 Age 2-6
Black 20¢ 25,58¢ 3.2¢ 0.8¢ 0.8t 0.39¢
White 163 1,68 3.07 2.2F

SEP 2 Age 2-6
Black 20¢ 11,75¢ 2.2C 0.6¢ 2.62 0.00¢
White 193 6,14 2.0Z 0.64

SEP 3 Age 2-6
Black 19¢€ 3,24: 2.1C 1.3C 3.4z 0.001
White 20€ 7,39¢ 1.7¢ 0.1¢f

SEP 4 Age 2-6
Black 17t 1,72( 2.0¢ 0.81 3.74 0.00(¢
White 20¢ 5,89/ 1.7¢ 0.2¢

SEP 5 Age 2-6
Black 16¢ 95¢ 2.0% 0.6¢ 5.61 0.00(¢
White 21C 3,928 1.7¢ 0.2%

SEP 1 Age >
Black 20¢ 8,66¢ 2.42 0.47 0.8: 0.41
White 113 463 2.5 1.64

SEP 2 Age >
Black 18¢ 3,42 1.9¢ 0.4: 4.91 0.00(¢
White 167 1,74C 1.7¢ 0.2¢

SEP 3 Age >
Black 154 95¢ 1.8% 0.6 3.02 0.00:
White 20z 1,87¢ 1.6¢ 0.2f

SEP 4 Age >
Black 117 47C 1.9: 0.9: 2.1z 0.03¢
White 203 1,57¢ 1.72 0.4:

SEP 5 Age >
Black 931 28 1.8% 0.82 1.92 0.057
White 96 1,22¢ 1.6¢€ 0.3¢

n = 165,859 children c.t.n. = 1046 census tracts
Source: Computed by author from data obtained fitwerlJ.S. Bureau of the Census, 2010
and MDCH 2006-2010

In an attempt to explain greater disparity in kiadite BLLs of younger children (0-2

and 2.1 — 6 years) in high and very high SEP nagidnds, two of the greatest ranked positive
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residual values of black children’s BLLs in bothFStour and five neighborhoods were
examined. The greatest SEP four black BLL resigizd located in Livonia City, Wayne County
(census tract 557200). Aerial examination of trasttindicates a lack of industry, roadways, etc.
that may pose an external environmental lead askdéuses in this neighborhood. There are
older farmhouses intermixed with newer subdividionsing. Overall, 82 percent of all housing
in this census tract was built before 1969, popoigntial exposure to lead paint (banned in
1978). This housing stock is on average older thartypical high SEP neighborhood housing
stock and the oldest housing may be resident torthetwo black children BLL tested in this
neighborhood (n = 30). Confirmation of this hypdatisevia census data would be ideal but this
information is not available at the census trae¢él@nd to draw any conclusions based on this
sample size would be erroneous.

The second greatest SEP four black BLL residulalaated in Trenton City, Wayne
County (census tract #594300). Upon aerial examoinatf this census tract, one mile to the
southeast is the Detroit Edison coal burning plamefinite contributor to atmospheric lead.
Perhaps the six black children’s homes are locateser to this facility (n = 89). Also, 69
percent of this subdivision’s housing was builinfrd950-1959.

The greatest SEP five black BLL residual is lodateTroy City, Oakland County
(census tract #196300). Bordering this census toattte southwest is highway 75, a possible
legacy contributor of roadside lead dust (leadexbliyae was not banned until 1996). This tract
contains mainly new housing but four percent oftfthasing stock was built in 1939 or earlier.
Again, small four percent may be resident to thig bmo black children tested in this
neighborhood (n = 33) but again, this sample si2eo small to make any conclusions about

residual causes.
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The second greatest black BLL residual valueifiégirmingham City of Oakland
County (census tract #152600) but again only tve@lokhildren BLL tested resided here (n =
54). Bordering this tract to the east is WoodwaxeAue (State Highway 1) another possible
roadside lead contributor. Also, most of its hogsiras built before 1939 (34%) and much of it
before 1969 (75%). This is just a sampling of reald and possible explanations to the black-
white BLL disparity that increases with SEP fouddive neighborhoods but inconclusive
without further investigation and larger sampleesiZThe next hypothesis compares mean BLLsS
across race and levels of SEP.

Hypothesis 4. Black-White BLLs across CSI Results

Where non-Hispanic black children reside in neigtioods of very high socioeconomic

characteristics and non-Hispanic white childrenidesin neighborhoods of very low

socioeconomic characteristics, the non-Hispanictevbhildren’s mean BLLs will be
greater than the mean BLLs for that of the non-Hrisp black children.

Differences of means tests were utilized to exambiack-white BLLs across different
levels of neighborhood SEP. In this analysis, diffees of geometric mean BLLs of black
children living in very high SEP neighborhoods weoepared to white children living in very
low SEP neighborhoods of the DMA, stratified foeag

Table 6 presents the differences of mean BLLs fackbchildren living in very high SEP
neighborhoods and white children living in the vy SEP neighborhoods. For all children,
the mean BLLs were significantly different from kaxther with whites having the greater mean
BLLs across all age groups. Those white childresda?) 1-6 years old experienced the greatest
disparity in mean BLLs compared to black childrer ¢(5.48; p = 0.00). The results indicate that

the socioeconomic position of neighborhoods mattaddition to race.
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Table 6. Differences Between Mean BLLs for Blackl &dhite Children Across SEP
Quintile Stratified by Age Groups, Detroit Metrofiah Area, 2006-2010

Group Census| Children| BLL S.D. t-test | p-value
Tract n n Mean

Age 0-2
Black Children SEP 5 168 1,011 1.97 0.76 -5.28 000.
White Children SEP 1 168 1,801 2.76 1.79

Age 2.1-6
Black Children SEP 5 169 956 2.07 0.68 -5.48 0.00
White Children SEP 1 163 1,687 3.07 2.25

Age >6
Black Children SEP 5 92 280 1.82 0.79 -4.21 0.000
White Children SEP 1 112 463 2.56 1.64

Source: Computed by author from data obtained fiwerlJ.S. Bureau of the Census, 2010 and
MDCH 2006-2010

Given all of these results, housing age was ingatgd in hypothesis five as a possible
contributing factor to unexplained variation andideal BLL results. Generally, housing age is
related to SEP of neighborhoods with the oldesshngustock concentrated in the poorest (very
low SEP) neighborhoods of the central city. Foradiess and in most part today, a duel model of
development within the DMA between the central aityl suburbs has transpired. Increasing
population, tax base, economic development, jobdshanising investment dollars and loans have
been made available to the inner and outer suburbgnAt the same time, public policy allowed
the central city to decline in population, tax hasmnomic development, jobs, and property
valuation with increasing housing loan restrictiamsl discrimination even for renovation
(Darden et al, 1987). Aside from historically reated homes located within wealthy suburban
neighborhoods (SEP 4 and 5), greatest pediatrinBeas may be related to this pattern of
concentrated aging housing stock of the central Eibusing age is captured in part by measures
of median value of dwelling, median gross rent, patent homeownership embedded within the

Darden-Kamel Index, but more thorough examinatibthis variable is presented below.
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Hypothesis 5. Map Results

Depicted on maps of the DMA, higher average BLIlIsb&imore prevalent in very low

SEP neighborhoods which are located in the certitgl| followed by middle SEP

neighborhoods which are most represented in tis¢ $mburbs (inner suburbs), and least

prevalent in very high SEP neighborhoods of theostiburbs.

Maps (Figures 6, 7, 8, 9, 10) of geometric mean 81dr all race/ethnicity groups were
reported by census tract at each SEP level. Anotlagr (Figure 11) displays the DMA'’s
incorporated cities (U.S. Bureau of the Census320érified bylncorporated Citiedist from
the Michigan Office of the Great Seal, Secretar$taite).and their designated inner or outer
suburban status. Included on this map is percarigdhin population values derived from
census 2000 and 2010 data. Additional maps of hgusge (Figures 12, 13, 14, 15) at the
census tract level were generated. Figure 12 wesdent to display percent occupied housing
built before 1939 or earlier, the oldest desigmatiwailable at the Census Bureau. Figure 13 was
created to display percent occupied housing builtd69 or before, important to inner suburb
designations of social science research detaillshvb&igure 14 displays the percent occupied
housing built in 1979 or before, chosen to encomplas ban of lead based paint in 1978. Figure
15 was created to display percent occupied housiiigin 2005 or later, the most recent
categorical designation available at the Census&u(U.S. Bureau of the Census, 2010).

Traditional suburbs of the 1950s are considereditste(inner) suburbs of today and are
experiencing a filtering process. As this housitoglk aged, it filtered to low-income families
while higher income families moved into new housimgthe suburban fringe (Bier, 2001,
Voinovich and Darden, 2013). First or inner subuatesdefined as those with more than 50

percent of their housing stock built before 1966 are experiencing the negative effects of
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deindustrialization. Newer, outer suburbs are defias those where more than 50 percent of the
housing stock was built after 1969. Between 19802000, racial and ethnic minorities became
one-third the population of U.S. inner suburbs agevpopulations moved out. Nationally,
blacks and Hispanics are two and three times nikeby/ Ito be poorer than whites but this racial
divide is increasingly true of inner suburbs (Hanla008). This information is important
because housing age may explain a portion of #idual outliers described above; older
housing stock is likely to harbor lead-based pamd expose children living in these homes.

Within the DMA, suburbs were defined by the threamty area (Wayne, Oakland, and
Macomb) as excluding census tracts of the cenityab€ Detroit. Inner suburbs of middle aged
housing stock border the central city of Detrodr{taining the oldest housing stock) and/or are
less than five miles from the city. Outer suburbthe newest housing stock include
disproportionately professional, middle, and upgass populations of incorporated places
located five or more miles away from the City oftidd.

Census tracts’ mean BLLs and SEP quintiles ardadisd on Figures 6, 7, 8, 9, and 10.
As hypothesized, the highest mean BLLs are founemy low SEP neighborhoods which are
located in the central city of Detroit, followed loyver mean BLLs in middle SEP
neighborhoods, which are mostly located in the tdburbs (inner suburbs), and the lowest
mean BLLs are located in very high SEP neighborbarddhe outer suburbs. These maps can be
compared to the defined central, inner, and outeurban rings of the DMA, Figure 11,
demonstrating that the greatest mean BLLs occurimvthe central city of Detroit followed by
the inner suburban ring. The least mean BLLs waratkd in the outermost suburbs

predominately of the highest SEP neighborhoods.
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Figure 6. Geometric Mean BLLs (ug/dL) all Race nGus Tracts of SEP 1 of the DMA
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Figure 7. Geometric Mean BLLs (ug/dL) all Race&Census Tracts of SEP 2 of the DMA
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Figure 8. Geometric Mean BLLs (ug/dL) all Race&Ciensus Tracts of SEP 3 of the DMA
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Figure 9. Geometric Mean BLLs (ug/dL) all Race&Ciansus Tracts of SEP 4 of the DMA
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Figure 10. Geometric Mean BLLs (ug/dL) all Rac&€iensus Tracts of SEP 5 of the DMA
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Table 7 below defines the incorporated cities fulithin the three counties of the DMA
and provides their percent change in populatiomf2900-2010 (U.S. Bureau of the Census,
2000, 2010, 2013). Only incorporated cities werduded in this summary as unincorporated
places hold little control over the acquisitionnagfw housing. All bordering suburbs had 50
percent of their housing stock built before 1966nMbordering inner suburbs less than five files
from the city also had greater than 50 percenheif thousing stock built before 1969 with the
exception of three places; Flat Rock City, Woodimeéy, and Farmington Hills City (U.S.
Bureau of the Census, 2010). These inner suburles aga whole, declining in population while
the outer suburbs were generally growing in popataty.S. Bureau of the Census, 2000 and

2010).
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Table 7. Growth and Decline of Detroit and Inned &uter Suburbs from 2000-2010
Total Population Total Population 2006- Percent
2010 5-Year Estimate Change

DMA Place

City of Detroit

INNER SUBURBS
Allen Park City
Berkley City

Center Line City
Dearborn City
Dearborn Heights City
Eastpointe City

Ecorse City
Farmington City
Farmington Hills City
Ferndale City

Flat Rock City

Fraser City

Garden City City
Gibraltar City

Grosse Pointe City
Grosse Pointe Farms City
Grosse Pointe Park City
Grosse Pointe Woods City
Hamtramck City
Harper Woods City
Hazel Park City
Highland Park City
Huntington Woods City
Inkster City

Lathrup Village City
Lincoln Park City
Livonia City

Madison Heights City
Melvindale City

Oak Park City
Pleasant Ridge City
River Rouge City
Riverview City
Rockwood City
Roseville City

Royal Oak City

St. Clair Shores City

2000
951270

29376
15531
8531
97775
58264
34077
11229
10423
82111
22105
8488
15297
30047
4264
5670
9764
12443
17080
22976
14254
18963
16746
6151
30115
4236
40008
100545
31101
10735
29793
2594
9917
13272
3442
48129
60062
63096
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28542
15063
8374
98392
58066
32944
9845
10380
80191
20286
9666
14739
28199
4601
5478
9561
11755
16357
22594
14296
16876
12714
6209
26311
4101
38595
97915
29954
10759
29892
2556
8299
12640
3323
47830
57741
60776

-25.00

-2.84
-3.01
-1.84
0.63
-0.34
-3.32
-12.33
-0.41
-2.34
-8.23
13.88
-3.65
-6.15
7.90
-3.39
-2.08
-5.53
-4.23
-1.66
0.29
-11.01
-24.08
0.94
-12.63
-3.19
-3.53
-2.62
-3.69
0.22
0.33
-1.46
-16.32
-4.76
-3.46
-0.62
-3.86
-3.68



Table 7. (cont’'d)
Southfield City
Southgate City
Taylor City
Trenton City

78296
30136

65868

19584

Village of Grosse Pointe Shores Cit823

Warren City
Westland City
Woodhaven City
Wyandotte City
TOTAL

OUTER SUBURBS
Auburn Hills City
Belleville City
Birmingham City
Bloomfield Hills City
Clawson City

Keego Harbor City
Lake Angelus City
Memphis City
Mount Clemens City
Northville City

Novi City

Orchard Lake Village City
Plymouth City
Pontiac City
Richmond City
Rochester City
Rochester Hills City
Romulus City

South Lyon City
Sterling Heights City
Sylvan Lake City
Troy City

Utica City

Walled Lake City
Wayne City

Wixom City

TOTAL

Source: U.S. Census Bureau, 2000 and 2010

138247

86602

12530
28006
1585173

19837
3997
19291
3940
12732
2769
326
1129
17312
6459
47386
2215
9022
66337
4897
10467
68825
22979
10036
124471
1735
80959
4577
6713
19051
13263
580725
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72949
30160
63833
19051
2976
135791
84832
12862
26368
1544329

21162
4000
19962
3879
11995
2929
294
1132
16616
6063
53823
2127
9136
60982
5630
12312
70606
23874
11072
129687
1803
80987
4757
6941
17924
13456
593149

-6.83
0.08
-3.09
-2.72
5.42
-1.78
-2.04
2.65
-5.85
-2.58

6.68
0.08
3.48
-1.55
-5.79
5.78
-9.82
0.27
-4.02
-6.13
13.58
-3.97
1.26
-8.07
14.97
17.63
2.59
3.89
10.32
4.19
3.92
0.03
3.93
3.40
-5.92
1.46
2.14



Figure 11. Growth and Decline of Detroit and Inaad Outer Suburbs
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Table 7 and Figure 11 indicate that the City ofrDighad a 25 percent decrease in
population from 2000 to 2010. The inner suburbseenced a total decline of 2.58 percent and
the outer suburbs experienced a total growth of petrcent. Comparing this map with the
housing age maps of Figures 12, 13, 14, and 15ntiez suburbs and especially the city of
Detroit, had declining populations with some of theest housing stock. Remembering that the
most significant exposure to childhood lead is fiead based paint, and that older homes are
typically located in inner cities that are also maacially segregated, poor, and minority (CDC,
2005), it is important to compare these housingragps with the BLL maps. Hypothesis three
results found that the gap in black-white BLLs weo significantly different in the very low
SEP neighborhoods, controlling for age. The magikate heterogeneity in housing age of the
central city (see Figure 12), the lowest SEP nesghdods. As indicated by the population
decline and housing age statistics, the city andrisuburbs were not likely to have experienced
significant renovation and thus childhood expogsaread may have became more of a risk
geographically in these areas. By comparing FigueFigures 12 and 14, one can see that little
renovation has taken place since 1939 and espesiatie 1979 within the city and many inner
suburbs, corresponding to the highest mean BLLs.dler suburb’s younger housing stock
(Figure 15) has benefitted from increased poputagi@wth and presumably subsequent
renovation and new house construction, posingdéadead exposure risk to the children living
there (predominately SEPs 3, 4, and 5 of Figu®& 8nd 10). Housing age is much more
variable in the outer suburbs and possibly the ugwaobility of black families into better SEP
neighborhoods does not completely translate idcsttfest and newer lead free housing,

explaining higher BLLs of younger black childrenaspecially the very high SEP areas.
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Although the highest mean BLLs exist in the centigl, there appear to be two areas of
high mean BLLs (see Figure 6) on the outskirtsudside the city center that can be explained
by geographic location in the very low SEP neighioods. For example the arrow pointing to
the census tract in Oakland County (#142400) iatkgtin Pontiac City and has children with
mean BLLs of 2.26 ug/dL. This census tract had peraent housing built during the year 2005
or later, 18.4 percent built in 1939 or before, 88d7 built before 1969/1979 (see Figures 12,
13, 14, and 15). Its annual median household inocoase$28,169 and percent below poverty
30.1 based on the 5-year 2006-2010 estimates fiemmdnsus (U.S. Bureau of the Census,
2010). The second location in Wayne County is digtwathin the city of Detroit (census tract
#524800) with a very similar childhood mean BLL2a27 ug/dL. It had the same housing age
statistics as the Pontiac census tract, its mdwasehold income was $26,962 and percent
below poverty 33.2 (U.S. Bureau of the Census, 200iiis further evidences the fact that
neighborhoods matter in determining health outcoimésad exposure. Also, most of the
housing stock in these two census tracts was lbeiitire lead paint was banned. Population
declines (Pontiac -8.07 and Detroit -25.0) likebntributed to the lack of new housing from
2000 to 2010. Conversely, there are two censutstvath lower than average mean BLLs that
also rank as the first and second most negativeuas from the bivariate regression results of
hypothesis one. These residuals may be attribotdtetnewer than average housing age atypical
of these very low SEP neighborhoods. The firshigviayne County within the city of Detroit
near the city center (census tract #518900) witami_Ls of 2.11 ug/dL (75.00% non-Hispanic
black; 20.28% no report on race; 3.30% non-Hispuaiiite; 0.47% Hispanic; 0.47% Arab). This
census tract had over one percent of its housiilgduring the year 2005 or later, only 3.9

percent built in 1939 or before, 18.6 built bef@@69/1979 and most of it built from 1990-1999.
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Its annual median household income was $14,33Garaent below poverty 64.7, based on the
5-year 2006-2010 estimates from the census (U.&duof the Census, 2010). The cluster of
census tracts, also with lower mean BLLs contiguangsto the north, consists of industrial areas
and parking lots. The second and southern mosgi®d census tract (#584800) with a lower
than average mean BLL of 1.91 ug/dL (67.32% norpéiisc black; 21.30% non-Hispanic
white; 4.63% no report on race; 3.45% Arab; 0.34%pkinic; 0.35% Native Hawaiian or other
Pacific Islander; 0.17% American Indian or Nativiagkan) is also located in Wayne County.
This census tract had over five percent of its hmgubuilt during the year 2005 or later, only 1.4
percent built in 1939 or before, and 42.6 percefdte 1979. Its annual median household
income was $19,141 and percent below poverty 58s2dbon the 5-year 2006-2010 estimates
from the census (U.S. Bureau of the Census, 2@fQjourse, discussion of these residuals
could be improved if census data were availabléherracial composition of children living in
relatively younger versus older housing.

There are other census tracts of high mean BLltksarhigh and very high SEP
neighborhoods (Figures 9 and 10) that cannot baievgal by lower SEP but partially explained
by housing stock age. Again, these higher thanageemean BLL outliers were top ranked
amongst the positive residuals resulting from higpsis one’s bivariate regression. For example,
Figure 9 has three noteworthy census tracts in W&wunty. The far northeast tract (#550200)
is located in Grosse Pointe Park, a high SEP neidfildod with childhood mean BLLs of 2.27
ug/dL. This tract had zero percent housing buitirduthe year 2005 or later, 71.8 percent built
in 1939 or before, and 91.2 built before 1969/19%3annual median household income was
$58,722 and percent below poverty 8.9 (U.S. Buddahe Census, 2010). This community had

older housing stock than the communities in the V\@wv SEP neighborhoods of Pontiac and
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Detroit above, possibly historic homes that hadumatergone lead paint removal. Just to the
south, two remaining high mean BLL census traci82800 and #515400) are located in the
city of Detroit. The southeastern most neighborhlbad children with mean BLLs of 3.55
ug/dL, zero percent housing built during the ye2®02or later, 77.1 percent built in 1939 or
before, and 100 percent built before 1969/197%rtsual median household income was
$48,534 and its percent below poverty was zero.\Wédstern most neighborhood (census tract
#515400) had children with mean BLLs of 2.97 ug/gkro percent housing built during the year
2005 or later, 76.8 percent built in 1939 or befared 98.6 percent built before 1969/1979. Its
annual median household income was $63,889 anémdvelow poverty 15.9 (U.S. Bureau of
the Census, 2010). Grosse Pointe Park (-5.53) ameiD(-25.00) had experienced a negative
percent change in population from 2000-2010. Tweoexamples can be found in very high
SEP neighborhoods (see Figure 10). To the easbth@r community in Grosse Pointe Park
(census tract #550100) almost double the annualamégcome of $109,073 and with less
poverty (4.8 percent below poverty) than the comityudescribed above. Their children had
comparable 2.32 ug/dL mean BLL values and comparablising stock ages (0% built 2005 or
later, 49.3% built in 1939 or earlier, and 93.8geeit built before 1969/1979). To the west is a
very high SEP neighborhood in the city of Detra#rf{sus tract #538400) whose children had
mean BLLs of 2.20 ug/dL. Zero percent of the hogsitock was built in 2005 or later, 53.8
percent built in 1939 or earlier, and 98.4 perdrnlt before 1969/1979. They had a median
household income of $74,987 and percent below ppweér2.2 (U.S. Bureau of the Census,
2010). These few neighborhood BLL anomalies malgditer explained by the older housing

stock and declining populations rather than SE®@heighborhoods.
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Figure 12. Percent of Housing Built 1939 or Earlie€Census Tracts of the DMA
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Source: U.S. Bureau of the Census, 2010
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Figure 13. Percent of Housing Built Before 196@ensus Tracts of the DMA
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Figure 14. Percent of Housing Built Before 197@ensus Tracts of the DMA
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CHAPTER 8: SUMMARY AND CONLCUSIONS

The purpose of this dissertation was twofold. Tir&t &im was to determine if average
BLLs in children in the Detroit Metropolitan Areaeve related to composite socioeconomic
neighborhood characteristics where they live. Téead was to determine the extent of racial
disparities in BLLs by neighborhood characteristi®art of this aim was to estimate the effect
residential segregation of black and white childogar neighborhoods dalifferent
socioeconomic characteristics had on exposing dadkwhite children to different levels of
lead.

Well defined racial and socioeconomic inequalityniatropolitan Detroit exists. In an
environment where exposure to lead were not depmesocioeconomic status, one would
expect to find equal mean BLLs across all SEPseAnronment where race was not a factor,
researchers would find equal mean BLLs betweerkldad white children.

Unfortunately, the level of neighborhood SEP inakichildren lived was a factor in
predicting mean BLLs. Hypothesis oneeeage pediatric BLLs will be higher in neighborliso
of lower socioeconomic characteristics and lowen@ghborhoods of higher socioeconomic
characteristicavas accepted using bivariate regression anall/sere was a significant amount
of variation between mean BLLs in neighborhoodes&the DMA. As neighborhood CSI
declined, mean BLLs increased significantly forraltes.

Unfortunately too, race was a factor as evidengetth® greater mean BLLs of black
children as opposed to white children residinghm$ame SEP neighborhoods. The acceptance
of hypothesis twonon-Hispanic black children will have higher aveeaBLLs than non-
Hispanic white children in metropolitan Detroit lscse a higher percentage of non-Hispanic

black children than non-Hispanic white childrendiin neighborhoods of very low neighborhood
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socioeconomic characteristiegas tested by comparing mean BLLs of black-white racross

all levels of SEP. Not only did black children hangher mean BLLs in all quintiles of SEP, but
black children were over represented in the loweslity neighborhoods of SEP; white children
were over represented in the middle to very higk 8Bighborhoods. The uneven distribution
(segregation) of black and white children acroesRMA and their mean BLLs was confirmed
using the index of dissimilarity. Being a blackldhpredicted higher mean BLLs across all
neighborhood SEPs. High black-white segregationvang low SEP neighborhoods predicted
the greatest geometric mean BLLs for both races.

Race alone is insufficient to explain health digpes in BLLS as revealed using area
based methods to test black-white childhood mealnsBiithin and across neighborhood SEP.
Hypothesis threayhen non-Hispanic black and non-Hispanic whitedraih reside in
neighborhoods of similar socioeconomic charactesstthe black-white gap in geometric mean
BLLs in those children decreaseas supported. Geometric mean BLLs of black andewhi
children per census tract in the DMA for years 22080 were associated and stratified across
neighborhood SEP. As neighborhood quality (CSl)rompd, mean black and white BLLs
decreased significantly. Using the standard erfaooelated samples, the estimated difference
between the two regression lines were not sigmfigalifferent from each other indicating that
decreasing neighborhood CSI levels have similacggfon increasing the BLLs of black and
white children. Importantly, using differences oéams tests stratified across age, living in the
same very low SEP neighborhoods lessoned the vadke-BLL disparity gap but not
significantly so in the medium, very high, and higBP neighborhoods (except children >6
living in very high SEP tracts). Being black wagradictor of greater mean BLLs compared to

white children but being black and living in bet&EP neighborhoods exacerbated the racial
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divide in mean BLLs. This phenomenon will be exptbin more depth in the conclusion chapter
below.

Where non-Hispanic black children reside in neigtioods of very high socioeconomic
characteristics and non-Hispanic white childrenidesin neighborhoods of very low
socioeconomic characteristics, the non-Hispanictevbhildren’s mean BLLs will be greater
than the mean BLLs for that of the non-Hispanicklehildren.This fourth hypothesis was
accepted after comparing the geometric mean BLIdawk children living in very high SEP
neighborhoods with that of white children livingtime very low SEP neighborhoods; white
children had significantly greater mean BLLs thdacks. The socioeconomic positions of
neighborhoods mattered in addition to race.

Hypothesis fivedepicted on maps of the DMA, higher average BLlso@imore
prevalent in very low SEP neighborhoods which acated in the central city, followed by
middle SEP neighborhoods which are most represanttte first suburbs (inner suburbs), and
least prevalent in very high SEP neighborhood$efduter suburbg/as tested using ArcGIS.
Geographic analysis of mean BLL data and censasfaan the U.S. Bureau of the Census
revealed that the highest mean BLLs existed ircédmdral city with the oldest housing and
declining population. This scenario was true ofitireer suburbs but to a lesser extent. The outer
suburbs housed the lowest mean BLLs, youngest hgssock, and a growing population.

Contributionsto the Field

This research built upon neighborhood effects hdd#rature by capturing a variety of
neighborhood effect variables within a unique cosifgosocioeconomic index to study a unique
health outcome, mean pediatric BLLs of neighborlsoodhe DMA. Building upon the social

science lead literature, the index incorporatedi#isihed predictors of higher BLLs (poverty,
83



income, home value, etc.) providing results thatewaore predictive than any one variable
alone as attempted by Krieger et al. (2003). Awghano found that socioeconomic position of
the neighborhoods in which children lived was @adam predicting health outcomes were the
following: Krieger et al. (2001) found higher mdityfor a variety of illnesses as neighborhood
economic resources decreased in Massachusettshaale Bsland. Ross and Mirowsky (2008)
determined that Illinois neighborhood socioeconostatus significantly caused adverse health
outcomes controlling for individual measures. Qfsakioeconomic variables, Krieger et al.
(2003) found that childhood poverty was most priggecof elevated BLLsX10 ug/dL) at the
census tract level in Rhode Island. Median houskimzlome was the number one
socioeconomic predictor of elevated BLE4.(Q ug/dL) by hot spots in Chicago (Oyana and
Margai (2010). In Rhode Island, Vivier et al. (20f0@ouped lead poisoned childrerlQ ug/dL)
into quintiles and found poisoning to be signifittgarcorrelated with the highest quintile of
poverty. Kaplowitz, Peristadt, and Post (2010) bunMichigan that block groups with the
lowest incomes had the greatest significant bivamarrelation with BLLS.

This dissertation was the first study to use fieang of BLL data and to focus on the
Detroit Metropolitan Area to examine changes inrbeghborhood SEP associated with changes
in mean pediatric BLLs by race. A collection ofdies found too that race was a factor in health
no matter the quality of neighborhood in which thegd. Subramanian et al. (2005) found in
Massachusetts, mortality odds ratios were muchigréar blacks than for whites. Haley and
Talbot (2004) found an important amount of variamceensus tract BLLs>(0 ug/dL) as the
African-American children population increased iM@Gland upstate New York. Bernard et al.
(2003) similarly found an increase in individual Binationwide with an increase in non-

Hispanic black children.
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This dissertation study exclusively examined thewem distribution of mean BLLs of
black and white children living in lower qualityggregated neighborhoods. Also using the index
of dissimilarity, Polednak (1997) found spatial ueeness between levels of residential
segregation and black-white death rate ratios afaohi mortality rates in the U.S. Acevedo-
Garcia and Lochner’s review article (2003) foundrtaldty rates to be greater for blacks with
greater racial residential segregation. Grady aadlén (2012) found that high black segregation
and very low SEP significantly predicted pretermitbiLikewise, this dissertation study found
that high black-white segregation and very low $Edticted greater mean BLLs.

| nterpretation and Comparison to Previous Research

This research filled a methodological void in lestddies by comparing race, quality of
place, and mean values of pediatric BLLs by neightod. Thegapin black-white mean
pediatric BLLs was tested within and over differ&&P neighborhoods where these children
lived. This exposed new associations between neitjolod childhood BLLs, socioeconomic
status, and residential segregation between bladkvhite children who were lead tested in the
DMA. Other neighborhood socioeconomic health digpaesearch exposes the DMA as racially
and socioeconomically disparate. Grady and Dar@déh2) found that low birth weight
incidence was increased by black versus white aadethis incidence decreased in both groups
with increasingsocioeconomic position in the DMA. In addition,SEP increased, also using
the Darden-Kamel Composite Index, the gap in inéi@oe growth restriction (leading to low
birth weights) lessoned between black and whitents. In agreement, Subramanian et al., 2005
found that black versus white mortality odds ratregeased with neighborhood poverty.

These results are contrary to a more detailed sisady the BLL outcomes of this study. Overall,

when black and white children lived in similar SE€tghborhoods, the black-white gap in mean
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BLLs ceased to exist. But when these children w&agified by age group and SEP, significant
findings were revealed; as neighborhoods improwsabd the very low SEP, mean BLL
differences increased between black and white i@nldged zero to two and two to six years
old. Then again, Grady (2006) found that increasewgls of neighborhood poverty significantly
eliminated the black-white race effect on low biteight incidence in NYC. The same was true
for the gap in black-white BLLs of this dissertatistudy; the lowest socioeconomic position
neighborhoods eliminated the black-white mean Bhp.grhis may be partly explained by the
homogeneity of older housing stock (likely contamiead based paint) of very low SEP
neighborhoods, equally increasing exposure to amldiving there, especially the youngest
playing on floors. Examination of housing stock ageensus tracts of high and very high SEP
neighborhoods and each with the two greatest adkresidual values, produced a
hodgepodge of housing ages atypical of SEP foufiasadThis may explain in part why the
black-white mean BLL gap is greater in youngeraraih as SEP improves; black families may
not be able translate their increased socioeconstarding into newer/renovated housing. It
may also explain why this disparity lessons indf@h greater than six years old; regardless of
housing age, when no longer playing on floors the®Bof black and white children become
more similar.

Review of other lead studies find poverty type ables to be most predictive of BLLs or
lead poisoning, more so than housing age. Hougiegreay not be a detectable independent
variable at the census tract or block group leseékaplowitz, Peristadt, and Post, 2010
confirmed. Regressing a variety of housing ageades alone or in combination with CSI was
not predictive in determining mean BLLs in thissdigation study. A likely explanation is the

historic older homes of SEP four and five neighlboxds investigated above and the rare new
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construction of housing in SEP one and two neighdods, diluting the effect of this variable.
This invites further, more localized analysis a ihdividual level scale to capture the linear
relationship between housing age and pediatric BRlssexample, Troy City, an SEP four
census tract examined in hypothesis three, hasett@end largest black mean BLL residual and
contains just four percent of its housing builtdref1939. Greater mean black BLLs would not
be detected as related to exposure to lead-basstdpalder housing without individual level
analysis. Another explanation may be living moesely to outside environmental contributors
such as lead laden dust of old, historic freewaygext to coal burning plants and other lead
emitting industries. Other contributors may lieoider/un-renovated structures of public
schools/day care centers within very high SEP rmgioods. Perhaps wealthier, white children
are commuted to newer schools or day care cent#sgle the census tract. For example, the
Cranbrook Institute of Science, a private pre-kmgdeten through high school institution, is
located in an adjacent census tract of the very BigP neighborhood of Birmingham City. This
census tract was examined in hypothesis threevasghthhe second largest black mean BLL
residual. Regardless of the contributors to thelblahite BLL gap, it seems that segregation
into lower quality housing, environments, etc. asceven in the wealthiest neighborhoods and
at geographic levels as fine as census tracts.

This dissertation study’s novel geographic anaysfanetropolitan Detroit revealed that
the highest mean BLLs existed in the central citty\the oldest housing and declining
population. This scenario was true of the inneusi but to a lesser extent. The outer suburbs
of the DMA housed the lowest mean BLLs, youngesitsigg stock, and a growing population.
Similarly but in New York State, Hanley (2011) fauAfrican American children under age five

were 8 times more likely to live in neighborhoodstogh risk” for lead paint hazards compared
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to white, non-minority children. Followed by incomeusing built before 1950 was the second
best predictor of elevated BLLsX0 ug/dL) in BLL hot spots of Chicago (Oyana andriyée,
2010).

Indeed research regarding lead poisoning in Metigm Detroit has been limited even
though Metropolitan Detroit was tied with Metrogah Milwaukee as the most residentially
segregated metropolitan area in the United Stateade in 2010 (Darden and Thomas, 2013).
Detroit has also continued to experience extremgsctegregation (Darden et al., 2010).
Although childhood lead poisoning is a preventab$éease, these factors have led to a ranking
of 10" in the nation for the highest percentage of el&LL children (CDC, 2012b).

Future Research

Limitations of this study include using the CLPRRd surveillance database. As
illuminated by Kemper et al. in 2005, the authasdithis database to calculate the overall rates
of blood lead testing in children in Michigan. Thegted that in urban areas, testing protocol is
biased toward minorities who are Medicaid enroll&drther, Kaplowitz, Perlstadt, and Post
(2010) claim that Michigan was not fully compliamith testing protocol as required by Centers
for Medicare and Medicaid Services (Michigan ChddHd Lead Poisoning Prevention and
Control Commission, 2007) resulting in an incompleatabase sample. This study relied on the
MDCH'’s 50 percent report rate on race for both Medicaid and Medicaid children. The
Medicaid children were cross-listed to Medicaidomels yielding an approximately 90 percent
report rate to provide a greater number of obsemat However, this presented another
problem; patients reporting race were over-represkey Medicaid recipients, exacerbating the
sampling protocol preference of Medicaid childrgrtiee MDCH. These weaknesses were

addressed to some extent by gathering five yedsd bfsurveillance data and thus capturing
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more non-Medicaid children as well. Also, as of ylear 2012, approximately 33 percent of
children less than six years old were tested irDIMA for any given year and Michigan tests
BLLs of approximately 90 percent of all children twe age of six, ensuring that a large number
of non-Medicaid children were represented in thislg (MDCH, 2013). By running sample size
and power calculations of the populations testad,study ensured there were sufficient
numbers of children per census tract, even in tegly SEP neighborhoods. The large sampling
sets increased precision and margins of errors.

Other limitations of the BLL data dealing with idity are that only the highest venous
blood lead level was entered into the database iéwamediate re-tests or chelation therapy (a
medical lead extraction procedure that elevatesclead for a time) had been conducted. If a
venous result was unavailable, the highest capillatue was entered. And as discussed in the
methods section above, detection limits of theydital equipment varied (although most of the
laboratory units had detection limits of 1 ug/dUess) and values were rounded to the nearest
integer from 1 to 164 ug/dL. A BLL test of zero wargtered as a 1.0 ug/dL and to account for
the large number of 1.0 ug/dL results, the lategi@nce methodology from the U.S. Department
of Health and Human Services was used. These 1dQ 8} L values were divided by the
square root of two and all of the BLLs were logagtormed to achieve a less skewed BLL
distribution prior to performing any of the analgse

Another limitation of the data was discovered whdempting to perform multiple linear
regression models and controlling for age to tgpbthesis three. Many of the children were
BLL tested on or near their birthdates. As a reantt in combination with value BLL rounding,

a clumping of ages (12, 24, 36, months etc.) anohplng of BLLs (1, 2, 3, ug/dL etc.) resulted
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in a pattern of errors that were not normally distred. Instead, differences of means tests were
conducted and provided meaningful results to hygmghthree.

Also, because the MDCH BLL records lack informatamnthe socioeconomic status of
the children’s parents, census tract socioecondati& provided a quantitative way to best
represent these characteristics as relates tordispan BLLs. The ecological fallacy was
overcome by estimating socioeconomic position @tcénsus tract while obtaining individual
level BLLs, race, gender, and age variables. Despése limitations, this surveillance data is
the only source available to determine disparitiemean BLLs.

Finally, a finer geographic level of analyses, Ijeat the individual level, may uncover
explanation of the highest and lowest BLL outliatgpical of the SEP neighborhoods in which
they reside. Investigation of housing age, renovasitatus, external environmental contributors,
etc. may capture some of these imperfect assoegbetween pediatric BLLs and neighborhood
socioeconomic position.

I mplications of this Research for Public Policy and Future Study

| have argued that the effects of black concemtmnata very low SEP neighborhoods and
racial residential segregation have contributetthéogap in childhood black-white mean BLLs in
metropolitan Detroit. An examination of this stumlyd a body of previous research conducted
across the country has demonstrated the importribe childhood lead problem.

Even though lead poisoning is a preventable enmental threat that has long term
effects, federal agencies responsible for its elaton lack congressional will or budgets to
eliminate this hazard. The Department of Health ldnchan Services’ CDC was charged with
elimination of childhood lead paint hazards byykar 2010 during the Clinton Administration

(CDC, 2000). Under this program, the U.S. Departnoéilousing and Urban Development
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(HUD) provided Lead Hazard Grants to cities mostaeed. (The City of Detroit received such a
grant but State/local officials mismanaged the Bani dollars slated for children’s lead laden
homes and instead renovated vacant and/or onedradapartments (Askari and Lam, 2003)).
This funding was cut so badly under the Obama adination in 2012 that the grants have
virtually been eliminated (Markowitz and Rosner13Q) A second national effort is the CDC'’s
Healthy Homes and Lead Poisoning Prevention proghatsupports state and local lead
screening, inspection of homes, and removal of $manices in addition to maintaining the
national BLL surveillance system. Annual fundingyipically precarious. Fortunately it received
15 million dollars this year, a drastic increasarlast year's appropriation of 2.45 million. (The
prior year's funding was 29 million dollars). Expeatly this increase will resume support for
local lead identification and abatement efforts (CR2014). A third federal agency, the U.S.
Environmental Protection Agency, has been stiffechfregulating environmental dangers of
thousands of chemicals including lead from a vardtindoor and outdoor sources (Markowitz
and Rosner, 2013). National policy ought to redatesthe HUD Lead Hazard Grants, allocate
increased and consistent funding for healthy hoes provide the EPA with necessary
regulatory and enforcement power to ensure childrerprotected from outdoor emissions of
lead. On a broader scale, future research shouicgbsliated into national health policies,
mandating the abatement of lead contaminated hgusspecially in disparate low income and
segregated communities

Locally, a Detroit city ordinance requires thatldren with a BLL test result 0f10
ug/dL (as reported by the MDCH) have their homepéatted for lead. Inspectors may cite a
homeowner/landlord for peeling lead paint. Thos® wh not comply may be issued a fine

however, these penalties are rarely enforced aaré tre few staff members (1-2) to inspect
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these homes. Surrounding counties have similananties and staffing/enforcement issues.
(Askari and Lam, 2003). Stricter housing regulasiocordinances, and penalties should be
promulgated and enforced under Michigan law, reggilandlords and homeowners to abate
lead based sources bef@rehild becomes lead poisoned.

This information invites research investigatingineshce enforcement action per
neighborhood or county and a comparison with cloitghBLLs. Changing BLLs may also be
associated with the housing market crises and llnéden housing values/housing investment. In
combination, transience, a predictor of poverty paodr housing conditions, might also be
compared to BLLs. Immigrant children’s environmemigsy be another variable correlated with
higher or lower BLLs.

This dissertation may be translated to affectedroanities using the spatial maps
developed and fostering intervention strategieselbas eventual abatement of pockets of lead
contamination, as the CDC’s Healthy Homes and [R@doning Prevention program is aimed
to do. | have agreed to present the results ofréisisarch to the MDCH'’s Michigan Childhood
Lead Poisoning Prevention and Control Commission.

Such a national public health threat and educdtioiss would normally be treated as
an epidemic. However, because the epidemic is natagious and the children most affected
are minority and live in segregated and poor s@anemic neighborhoods, little has been done
on a national scale. As lead exposure is relatedd® through place of residence and
neighborhood characteristics, it has become aalisipatial justice and environmental racism

issue.
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