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I. Introduction 
 

Racial disparities in test scores have declined significantly over the past forty years, though a 

substantial gap remains. As measured by National Association of Educational Progress (NAEP) 

scores for 9 year olds, the black-white test score gap represented 1.25 of a standard deviation in 

1971, falling to 0.71 by 2012, with the greatest gains made during the 1970s and 1980s  (US 

DOE, 2013).   In their review of the existing research on the factors responsible for the black-

white test score gap, Jencks and Phillips (2011) conclude that family income, school segregation, 

family structure, parenting practices, and the quality of educational inputs explain only part of 

the gap, leaving a large share unexplained.   

We consider an alternative explanation for the black-white test score gap:  Black 

children’s greater exposure to environmental toxins.  A long literature documents racial 

disparities in environmental quality, exploring multiple sources of the disparities.  These include 

differences in proximity to known hazards, exposure to air pollution, siting of landfills/other 

hazards, designation as Superfund sites, and other regulatory actions (Brown, 1995; Brulle and 

Pellow, 2006; Ringquist, 2005; Mohai and Saha, 2006). Currie (2011) demonstrated that even 

within zip codes, black mothers were more likely to reside near Superfund sites or plants with 

toxic emissions.    

Because African American students are disproportionately burdened by exposure to 

harmful environmental toxins, we argue that recent efforts to reduce exposure are likely to have 

the greatest impact on them. If exposure to environmental pollutants negatively affects cognitive 

development, it follows that environmental regulations that lead to disproportionate reductions in 

exposure among African American children are also likely to reduce racial disparities in 

educational outcomes.    
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To examine this hypothesis, we focus on the environmental toxin lead, for which there is 

strong neurobiological and epidemiological evidence of a negative relationship between early 

exposure and future cognitive and non-cognitive outcomes.  The major sources of lead in the 

environment today are residual lead in soil from past emissions and deteriorating lead-based 

paint remaining in old homes (Levin et al 2008), both of which are higher in urban areas.  

Because African American families are residentially segregated in older, urban areas, African 

American children suffer greater exposure to lead.    

We construct a unique dataset for the state of Rhode Island starting with all children born 

between 1997 and 2004, and matching in information about children’s blood lead levels 

measured from birth through age six, as well as test scores and educational outcomes for grades 

three through eight.  Using these data, we first document the greater lead burden born by African 

American and poor children in our sample.  African American RI children born in 1997, (the first 

birth cohort of our data), had lead levels of 6.1 micrograms per deciliter (ug/dl), on average, 

compared with 3.8 for white children; children on free lunch had lead levels of 5.1 on average, 

compared with 3.3 for those not on free lunch.  By the end of the sample, only seven years later, 

lead levels had declined to 3.5 for black children and 2.4 for white children, and 3.2 and 2.1 for 

children on free lunch and not, respectively. 

While there is an extensive literature documenting the negative relationship between 

elevated childhood lead levels and poor cognitive outcomes, identifying the causal impact of 

elevated lead levels on child outcomes is challenging for two reasons:  First, the presence of 

multiple confounders can lead to omitted variable bias, and second, measurement error in child 

lead levels leads to attenuation bias.  Confounding arises from the fact that children with higher 

lead levels are more disadvantaged: they are more likely to be African American, poor, live in 
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single parent homes, and have mothers with lower human capital – all of which are 

independently associated with lower test scores.  Measurement error arises primarily from the 

imprecision in each blood test, but also from the fact that blood tests capture only recent 

exposure that may or may not have been persistent, whereas lead that persists in the body in 

organs such as the brain still causes cognitive impairment.     

To identify the effect of elevated lead levels in early childhood on future cognitive 

achievement, we employ an instrumental variables strategy to address both omitted variable bias 

and measurement error.  Our instrument is based on two policies implemented in RI in 1997 that 

required landlords to ensure that their rental homes were free of lead hazards. These policies 

followed new CDC statements issued in 1997 urging states to target testing and remediation of 

the highest risk children (Jones et al, 2009). The first state policy required the owners of any 

building in which a child had an elevated lead level to mitigate any lead hazard or face 

prosecution by the state Attorney General.  The second state policy applied to all landlords, 

regardless of whether a child had tested positive for lead, and required them to obtain “lead-safe 

certificates” in order to rent their properties.   For the latter, the state targeted the oldest urban 

centers of the state. We document that neighborhoods with a greater share of old housing (the 

primary source of lead paint), and with higher initial child lead levels (as measured in 1997) 

witnessed the biggest gains in the number of lead-safe certificates issued, and the biggest 

reductions in child lead levels.1 These neighborhoods were also predominantly African American 

and poor.  By including neighborhood (census tract) fixed effects in our analysis, we focus on 

changes in the number of lead safe certificates over time within a tract to identify our effects. We 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
1"Previous work has documented that individual blood lead levels decline in a household after a certificate has been 
issued (Rogers et al, 2014). 
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assume that other underlying characteristics of the neighborhood did not change coincident with 

the growth in certificates, and provide empirical evidence to support our identifying assumption.  

Using this instrumental variable strategy, we find that an average lead level of 5 ug/dl 

(the level at which the CDC currently recommends intervention) reduces average reading test 

scores by 6 points, or 43 percent of a standard deviation.  This effect does not appear to fade over 

time, remaining strong by eighth grade, the last year for which we have data.  Moreover, the 

effects are greatest at the lower tail of the test score distribution, particularly for math test scores.  

The IV estimates are larger than the OLS estimates, consistent with the considerable 

measurement error in lead scores which we document.2   

Finally, we show that the policy change did disproportionately reduce lead levels in black 

children relative to white, with the black-white ratio in measured lead levels falling from an 

average of 1.61 for the 1997 birth cohort to 1.4 for the 2004 birth cohort.   Based on our causal 

estimates, we calculate that the falling racial gap in child lead levels over this period corresponds 

to a 1.56 point reduction in the black-white test score gap (12 percent of a standard deviation), 

thereby explaining half of the total decline in the black-white test score gap witnessed over this 

period in RI.   

These results do not simply reflect changes in lead exposure and scores among the 

disadvantaged more generally.  When we compare outcomes for children on free lunch or not, 

we find that both the baseline (1997) levels of lead were lower and more similar to those of other 

children and that the declines in disparities in lead levels and test scores were smaller. The 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
2"We explore whether African American children in addition to being more likely to be exposed, also suffer more 
harm from a given level of exposure.  For example, good nutrition and cognitive stimulation may be protective 
against the negative effects of lead poisoning, and African American children may be less likely to enjoy these 
protective factors (Environmental Protection Agency, 2015).   However, our data and identification do not allow 
such a breakdown.  

"
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greater effects for African American families are likely attributable to the fact that African 

American families are disproportionately located in urban areas of the state even conditional on 

poverty (89 percent of poor blacks relative to 60 percent of poor whites) and these areas are 

characterized by the highest (historical) lead-contaminated emissions, oldest housing and the 

highest baseline lead levels.  These were also the areas targeted by the state in its outreach 

efforts.  

 Our results suggest that African American children’s disproportionate exposure to 

environmental pollutants that affect child development can potentially explain a significant share 

of the black-white gap in educational outcomes.  Policies aimed at reducing the environmental 

burden borne by low income and minority households have the potential to be an effective tool in 

reducing disparities in educational outcomes and, by extension, future income.  

 

II.  Background 

A. Disparities in Educational Outcomes and Environmental Quality  

Jencks and Phillips (2008) provide a comprehensive review of the existing research on 

various factors that have been considered to explain racial disparities in test scores and their 

decline over time. These include family income, family structure, school segregation, cultural 

influences, test bias, stereotype threat, parenting strategies, and the quality of school inputs.3  

They conclude that together these factors explain some, but not all of the racial gap in test scores 

and that alternative explanations should be considered. More recently, Chay, Guryan and 

Mazumder (2009) have done just that. They examined the impact of relative improvements in 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
3"There is a long literature on this topic which includes Brooks-Gun et al (2003), Card and Rothstein (2007),Cook 
and Evans (2000),  Dee (2005), Figlio (2005), Fryer and Levitt (2004), Hanushek and Rivkin (2006), Krueger and 
Whitmore (2001), and Reber (2010) among others.  
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infant health among African American children due to hospital desegregation in the American 

south on black cognitive achievement.  They find that among cohorts born between 1963 and 

1971, increasing access to health care among African Americans during infancy and the resulting 

improvements in health explain a significant share of the closing of the black-white gap in 

cognitive achievement in the American South during the 1980s.  

This recent work underscores the importance of looking at factors beyond the educational 

system and even family characteristics to explain the racial gap in test scores – a strategy we 

pursue here. We focus on the role of racial disparities in environmental quality in explaining 

racial gaps in test scores.  

Debate over the cause of environmental inequalities remains.  While some argue that the 

pattern results from the deliberate placing of hazardous sites in minority communities (due to 

lack of organized opposition and/or low land prices), others argue that a more likely explanation 

is that housing prices reflect the quality of the environment (Chay and Greenstone, 2005; 

Banzhaf and Walsh, 2008; Currie et al., 2015).4  Since African American families are more 

likely to be poor, it is not surprising then that they tend to live in homes of lower environmental 

quality.  

Inequity in the regulatory response to pollution by race and/or class spawned new federal 

regulation in 1994 aimed at preventing discrimination in the “development, implementation, and 

enforcement of environmental laws, regulations and policies” (EPA), also referred to as 

environmental justice.  Since then, work examining the probability of a hazardous site receiving 

priority for clean-up efforts (ie, Superfund status) has found that sites in black and low income 

areas are still less likely to receive a Superfund designation (O’Neal, 2007).  But, conditional on 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
4 For example, Woverton (2009) finds that race and income predict current locations of manufacturing plants but to 
not predict the original citing of plants. 
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Superfund designation, there no longer appears to be any disparity in the duration of clean-up 

(Burda and Harding, 2014).  As part of our analysis, we examine both the burden of lead by race 

and income as well as the targeting of efforts to reduce lead exposure across groups.  

   

B. Lead Exposure in American Children and the National Policy Response 

In 1970, the US Surgeon General issued his first formal statement on lead poisoning, 

naming it a national health problem (US Dept of Health, Education and Welfare, 1970).  Since 

then, American children’s exposure to lead has declined dramatically, due largely to two major 

regulatory changes involving the elimination of lead in gasoline and in household paint.5 These 

regulatory changes have been credited with reducing the lead concentrations in the air from 2.5 

ug/dl in 1980 to less than 0.5 by 2012.6 Coincident with this decline, the share of pre-school age 

American children with lead levels in excess of 10 ug/dl has likewise declined from 8.6% to 

1.4% over the period 1988 -2004, with declines witnessed across all groups, but especially for 

historically high-risk groups of children (Jones et al, 2009). 

Using laboratory data from the NHANES, we examine average BLLs by race and birth 

cohort for children less than seven years old. After 1978, BLLs of all children declined, but they 

declined more for African American children (Appendix Figure 1, first panel).  For comparison, 

we also plot racial disparities in NAEP reading test scores for 9 year olds by birth cohort in the 

second panel.  Just as the racial gap in lead levels has fallen after 1978, so too has the gap in test 

scores, though a substantial gap remains.    

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
5 The key regulations and legislation that reduced exposure to lead included the 1970 Lead Paint poisoning 
Prevention Act, the Clean Air Act and EPA rules regarding leaded gasoline.  

6 (http://www.epa.gov/air/airtrends/lead.html). 
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Despite the removal of lead from gasoline and household paint in the 1970s and 1980s, 

lead has remained a significant hazard in the environment, particularly in urban areas where 

African American families are disproportionately located (Bajari and Kahn, 2001).7  This is due 

to the geographic concentration of three of the main sources of lead in urban areas: residual lead 

in soil near high traffic areas, lead in deteriorating paint found in old homes, and residual lead in 

soil at former industrial sites which were often located in central cities (Lanphear et al 1998; 

Levin et al, 2008).  With respect to past emissions, not only are urban homes located closer to 

major roadways where there are high levels of residual lead found in soil, but conditional on 

distance to roadway, urban areas are characterized by higher lead levels due to greater 

(historical) traffic volume (Filipelli et al, 2005).8  With respect to lead-based paint as another 

major source of exposure, urban areas are also more likely to be characterized by older housing 

that contains lead-based paint than non-urban areas.  But even conditional on living in an old 

home, there may be important differences in exposure to lead by socio-economic status since the 

hazards associated with lead-based paint can be reduced by painting over old paint and ensuring 

that living areas are free of paint chips and dust.  To the extent that more educated or wealthier 

families are more likely to take these precautions, similar exposures to old housing within an 

urban area are more likely to negatively affect the most disadvantaged.  

While child lead levels have declined dramatically over the past 30 years, the CDC still 

considers exposure to lead an important public health issue.  Current estimates suggest that 4.5 

million households in the US are still exposed to high levels of lead and a half a million 

preschool aged children have elevated blood lead levels (BLLs). Moreover, disparities by race 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
7 In 1990, among households living in metropolitan areas (75% of the US population), a black household was 31 
percentage points more likely to live in a metropolitan area’s center city than a white household (Bajari and Kahn, 
2001), and this is true even conditional on poverty.  "
8"High levels of residual lead found in soil near major roadways exhibit an exponential decay, declining by two 
thirds at a distance of 50 meters (Filippelli et al, 2005).  "
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and income, while smaller, still remain, with African American and poor children two to three 

times as likely to have elevated lead levels, defined as above 5 (CDC, MMWR 2013). 9   Indeed, 

the U.S. Public Health Service recently included the elimination of elevated blood lead levels as 

a goal in Healthy People 2020, the ten-year national objectives for improving the health of all 

Americans.  The CDC has also eliminated use of the term “level of concern” when referring to 

blood levels and lowered the threshold for which children should receive case-management 

services from 10 to 5 ug/dl in 2012 based on recent research that has found that even small 

amounts of lead in a child’s system can have deleterious effects (CDC, 2012).   

 

C. The Biology of Lead Poisoning 

Lead has no biological value and is toxic to the human body, regardless of the pathway of 

exposure (ingestion or inhalation). Lead is toxic because of its ability to inhibit or mimic the 

actions of calcium, thereby affecting all calcium-dependent or related biological processes.  

Many systems including the renal, endocrine and cardiovascular systems have been found to be 

affected by lead exposure but the nervous system appears to be the most sensitive target. Within 

the brain, lead levels lead to damage in the prefrontal cerebral cortex, hippocampus and 

cerebellum (Finkelstein, Markowitz, and Rosen, 1998). Many neurodevelopmental studies have 

concluded that infants, children, and the developing fetus are at the greatest risk of toxicity from 

low-level exposure (National Research Council, 1993).  This sensitivity is due to the fact that 

ingested lead is more likely to be absorbed from the gastrointestinal tract of children, and, 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
9"Based on analysis of the 1999-2002 NHANES, the CDC reported that the average blood level for children aged 1-5 
was 1.9 ug/dL, but for  African American children this figure was 50% higher (2.8 ug/dL) and  30% higher for low 
income households (2.5 ug/dL) (CDC MMWR, 2005).  "
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conditional on absorption, is more likely to affect the developing nervous system than the mature 

brain (Lidsky and Schneider, 2003).  

 

D. Existing Evidence Regarding Elevated Lead and Child Outcomes 

There is a long epidemiological literature documenting the significant negative 

relationship between exposure to lead and child outcomes.  The negative health effects of lead 

ingestion have been known since at least Roman times.  But until the mid-twentieth century, 

health officials considered only severe cases of lead poisoning to be harmful.  This changed in 

the 1960s, when medical professionals recognized that less acute lead exposure also had harmful 

effects and began characterizing lead poisoning as epidemic (Berney, 1993).   

Recent research has focused on the impact of relatively low levels of lead during 

childhood on cognitive and behavioral outcomes.  Chandramouli et al. (2009), Canfield et al. 

(2003), Lamphear et al. (2005), McLaine et al (2013), Nigg et al. (2010) and Wasserman (1997) 

have all documented a significant relationship between relatively low levels of lead (<10 ug/ml) 

during childhood and cognitive and behavioral outcomes including ADHD and hyperactivity.10    

In addition to the above studies based on individual level data linking BLLs in early 

childhood with later outcomes, other research has relied on cohort level analyses.  Ferrie, Rolf 

and Troesken (2012) exploit variation in the use of lead water pipes across time and place in the 

early part of the 20th century to estimate a negative relationship between exposure to leaded 

water and later intelligence test scores among WWII army enlistees.  Interestingly, the effects are 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
10"McLaine et al. (2013) uses data on preschool BLLs to estimate the relationship between elevated BLLs and 
reading readiness at kindergarten, a marker for later school performance, among Providence, RI school children. 
They find an inverse relationship between school readiness test scores and BLLs: among children with BLLs below 
5, 68% scored above the benchmark levels, among children with levels between 5 and 9, 62% scored above the 
benchmark, and among children with a BLL of at least 10, only 49% exceeded the benchmark.  "
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greatest for children from low SES homes, consistent with work showing that good nutrition can 

reduce lead absorption.  The focus of much of the cohort-level analyses has been to link 

declining lead levels in US children in the 1970s and 1980s to the dramatic declines in crime 

witnessed since the mid-1990s, exploiting cross-area and cross-cohort variation in lead exposure, 

typically from the staggered timing of de-leading gasoline during this period. These studies are 

based on aggregate level data that link average lead levels in a given state or city during a 

cohort’s first years of life with crime levels 15-20 years later.  Examples include Masters et al. 

(1998), Reyes (2015), Nevin (2000 and 2007), Mielke and Zahran (2012), and Grönqvist, 

Nilsson and Robling (2014). This work supports a strong relationship between declines in lead 

exposure early in life and declines in crime later in life, but like all cohort-level analysis, has 

been subject to the criticism of ecological fallacy.  

 

E. Challenges to Estimation of the Impact of Elevated Lead on Child Outcomes 

Despite the large body of evidence showing a strong inverse relationship between 

elevated BLLs in childhood and later cognitive and behavioral outcomes, there is still uncertainty 

regarding the magnitude of the effect as well as its duration.  This uncertainty arises from two 

sources: the confounding of the relationship between lead exposure and child outcomes, and 

measurement error in child BLLs.  

Regarding the former, disadvantaged children are more likely to be exposed to lead 

through older, substandard housing as well as proximity to high traffic roadways where residual 

lead in soil is found in high concentrations, and, as a result, are more likely to have elevated 

BLLs.  While this is a concern we try to address, Bellinger (2008) argues that “Such confounding 

seems highly unlikely to account completely for the associations, given the wide range of 



13"
"

circumstances and settings in which they have been found. Evidence that so-called “subclinical” 

exposure to lead not only alters behavior but brain structure as well would make the argument of 

confounding even less tenable.” 

The second estimation challenge is measurement error in child lead levels obtained from 

blood samples.  Measurement error can arise from contamination of the blood sample especially 

when the sample is a capillary sample (also known as a finger prick), which is a common 

measure due to its lower expense and minimal discomfort to the child.  An alternative measure 

(venous) is more costly but less prone to sample contamination.  Even without contamination, 

there is significant error in measurement, with greater error characterizing capillary measures. 

According to the CDC, the “ratio of imprecision to measurement value, particularly at BLLs 

<10ug/dL, is relatively high” (MMWR, 2002).11  This can lead to considerable attenuation bias 

in the estimated effect of lead. Moreover, the half-life of lead in blood is relatively short (36 

days).  As such, BLLs only capture very recent exposure and will not necessarily capture the 

amount of lead that has settled in body organs and bone.12   Because over the first 72 months of a 

child’s life, a child is typically only sampled a small number of times, this problem introduces an 

additional source of measurement error, though with ambiguity with respect to the direction of 

any bias that may result.13 Below we discuss our strategy for addressing these potential sources 

of bias in estimates of the impact of BLLs on later child cognitive outcomes.  

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
11"According to the CDC guidelines “Federal regulations allow laboratories that perform blood lead testing to 
operate with a total allowable error of ± 4 ug/dL or ±10% whichever is greater” (MMWR, 2007).  
12 “Deleterious health effects of lead resulting from long-term lead exposure will only be correlated with current 
blood-lead levels if lead exposure has been relatively constant over a long period of time, up to the time of 
sampling.”  Moreover, “Physiologically, the measurement of lead in blood is not a direct assessment of target organ 
dose, since the red cell is not a critical target for lead toxicity. Kinetically, blood is not a good analog for critical 
targets, such as soft tissue, because of the relatively short half-life of lead in blood as compared to target organs or 
bone.” Mount Sinai School of Medicine.  Accessed on 12/16/2014:  http://research.mssm.edu/xrf/why.html 
13 If BLLs consistently underestimate the amount of lead in the child’s system, this problem would result in an 
overestimate of the impact of lead on child outcomes.  However, it is also possible that mismeasurement could result 
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III. Data and Empirical Strategy 

A. Overview of Estimation 

To explore the extent to which racial disparities in exposure to lead can explain the racial gap 

in test scores, we proceed in three stages.  First we document disparities in BLLs by race and 

income, examining both levels at the beginning of our period (1997) and trends over time. We 

then examine the relationship between BLLs in early childhood and later cognitive achievement 

as measured by scores on standardized reading and math tests. As part of this effort we address 

issues related to confounding and measurement error in BLLs, relying on instrumental variable 

techniques to identify the causal effect of lead levels on future cognitive achievement.  For 

identification, we exploit variation in lead safe housing over time induced by a policy change 

that required landlords to certify that their homes were lead safe.  Neighborhoods with old 

housing stock and high lead burden in 1997 were targeted, and lead levels declined significantly 

faster in these area than in others.  Importantly, neighborhoods that gained more lead-safe 

housing over this period (as measured by the number of certificates) do not appear to have 

changed over time in other dimensions that might influence child test scores.  

We conclude by examining the role of lead in explaining large changes in the racial gap in 

test scores over our sample, conducting two exercises. We calculate how much of the decline in 

the gap in black-white test scores can be explained by declines in the gap in black-white lead 

levels over this period using our causal estimates.14  We also directly examine the relationship 

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
in overestimates of the amount of lead in the child’s system if the measurement coincides with brief exposure that 
does not result in sustained BLLs.  
14 We find no evidence that the causal impact of lead exposure on test scores differs by race.  Therefore we use a 
single causal estimate of the effect for this calculation.  
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between the falling gap in child lead levels and the falling black-white test scores in each county 

in Rhode Island.  Below we describe the data we use for this analysis and our strategy for the IV 

estimates of the impact of lead on cognitive achievement in greater detail. 

 

B. Data  

Our sample consists of all children in the state of RI born between 1997 and 2004 with at 

least one BLL measure before the age of six, and who are enrolled in any RI public school.  The 

data on BLLs comes from the RI Department of Health (RIDOH) and includes the age at each 

test, the test method (capillary or venous), the census tract in which the child lived at the time of 

the test, and the BLL.  Educational outcomes come from the RI Department of Education (RIDE)  

and include NECAP15 scaled test scores in grades three through eight, whether and when the 

child received an Individual Education Plan (IEP), and school lunch (free or reduced) status.  

The third source of data are birth certificate data for the child.  These include: birth order, child 

gender, maternal race, maternal age and marital status at birth, maternal education, the child’s 

birth weight and gestational age at birth as well as when the mother initiated prenatal care.  The 

birth certificate data include a mother identifier so siblings can be identified in the dataset.   

The final sample includes roughly 57,000 RI children born between 1997 and 2004 with 

linked BLL and educational test score data.  Details on construction of the sample can be found 

in Appendix Table 1. Three things are worth noting.  First, compared with a national lead 

screening rate of 25 percent, 80 percent of all children with a RI birth certificate are screened at 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
15 NECAP stands for the New England Common Assessment Program.  It is a series of exams developed 
collaboratively by the New Hampshire, Rhode Island and Vermont departments of education, with assistance from 
the National Center for the Improvement of Educational Assessments. The NECAP tests measure students’ 
academic knowledge and skills relative to Grade Expectations which were created by teachers from the three states. 
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least once and the screening rate remained constant throughout the study period, suggesting that 

the types of children screened also likely remained constant. Second, using vital statistics data to 

compare the maternal characteristics (race, education, and marital status) of children with a lead 

level (80%) against those without a lead level (20%), we find that those with a lead screen are 

slightly more disadvantaged along most measures with the exception of birth weight which is the 

same for the two groups.  Third, among those with a lead level, those matched with RIDE data 

are slightly more disadvantaged than those who we were not found in RIDE data (presumably 

because they attended private school). However, children with matched lead-RIDE data are 

representative of all children in the RIDE data.  

Children have on average 4.7 BLL measures over the first 72 months of life (median of 

4), after which they are typically not tested.16  To construct a single measure we calculate the 

arithmetic mean of all samples, but also consider alternative measures:  The maximum level, the 

geometric mean, the median BLL, a sum of all BLLs and an approximation of the “area under 

the curve” for which we assume a linear trend between two lead levels and calculate the mean 

over all 72 months.   

While all children in our sample have a third grade reading test score,  the number of 

children with 4th – 8th grade scores declines steadily so that only 18,000 children  (those born in 

1997 and 1998) have 8th grade test scores.  The decline in the availability of later test scores is 

due almost entirely to the age of the cohorts in 2010, the last year for which we have data.  There 

does not appear to be any other significant source of attrition (eg – migration out of the state or 

absence of scores for other reasons such as IEP). For example, of those children born in 1997, we 

have 3rd grade test scores for 7,084 students and of those, we have 8th grade test scores for 6,756 

of them, losing less than 5% of the sample.  
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
16 When there is a capillary and venous sample available for the same month, we drop the capillary measure. 



17"
"

To estimate the effect of early childhood lead levels on future child outcomes we exploit  

variation in BLLs induced by changes in policies and resources devoted to reducing exposure to 

lead among RI children over the period 1997-2010 in an instrumental variable (IV) framework.  

Below we discuss the nature of RI lead mitigation policies that underlie the exogenous variation 

we exploit for identification and the construction of our instrument.  

 

C. Background on Lead Mitigation Policies in RI  

Rhode Island, and particularly its urban areas, is characterized by old housing, with much 

of it (43 percent) built prior to WWII, and therefore containing the greatest concentration of 

leaded paint.   As a result, many of the state’s children are exposed to lead through deteriorating 

lead-based paint, with African American and low income children disproportionately exposed.17 

This disproportionate exposure is due largely to the residential segregation of the poor, and 

especially African Americans, in the core urban areas of the state located within the county of 

Providence.  US Census data reveals that 81 percent of the homes in Providence county were 

built prior to 1978 and 49 percent before WWII (Appendix Table 2).  Comparable numbers for 

the rest of the state are 68 and 27 percent.   Moreover, low income and African American 

families are much more likely to live in Providence than elsewhere: 86 percent of African 

Americans live in Providence compared with 51 percent of whites, while 77 percent of the poor 

live in Providence compared with 55 percent of the non-poor.  The disproportionate exposure of 

African American children does not just reflect poverty: Even conditional on poverty, African 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
17"Previous work has established that within RI, children living in high (top quintile) poverty neighborhoods are 
nearly four times more likely to have elevated BLLs than those in low (bottom quintile) poverty neighborhoods 
(Vivier et al, 2011). 

"
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Americans are more likely to live in Providence (89 percent of poor African Americans 

compared to 60 percent of poor whites).  

In an effort to reduce childhood exposure to lead through old deteriorating paint, RI state 

policy makers established two programs to encourage lead hazard mitigation in old homes.  The 

first required all owners of homes in which an elevated lead level was reported to the DOH to 

mitigate such hazards.  Once the home was mitigated, an inspection would be performed and the 

Department of Health would issue a certificate (DOH certificate).  Non-compliant landlords were 

referred to the state Attorney General for presecution. The second was administered by the RI 

Housing Resources Commission (HRC) and required all landlords to mitigate lead hazards in the 

homes they rented – regardless of whether an elevated lead level was reported.   In particular, the 

state provided landlords with training in the importance of lead hazard mitigation, information 

and training on how to reduce lead hazards in the homes in the least costly manner, and they 

required all landlords to get a lead-safe certificate (HRC certificate) for homes they planned to 

rent.  Section 8 voucher rentals and family day care centers were prioritized. There were no 

resources dedicated to enforcement and though non-compliance was illegal, landlords were 

typically not penalized for non-compliance.  However, low-cost loans were made available to 

landlords to help finance mitigation efforts.  Moreover, landlords could be sued in civil court 

when children living in their homes were found to have elevated lead levels if the home did not 

have a lead-safe certificate. 

Over the period 1997-2010, the total number of lead-safe certificates issued to landlords 

increased from 333 to over 41,000 (Appendix Table 3).  The state contracted with community 

based non-profit organizations to provide outreach to families and landlords in the four “core 

cities” of RI where the housing stock is the oldest, the families most disadvantaged and the lead 
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burden the greatest.  As a result, census tracts that witnessed the greatest increase in certificates 

issued per capita were characterized by older housing stock, a greater share of children with high 

lead levels in 1997, and a greater share of poor families (Figure 1).18  This growth in the number 

of lead safe certificates within a neighborhood over time provides the exogenously occurring 

variation in exposure to lead that is the basis of our empirical strategy.    

A potential concern over our ability to use certificates as an exogenous source of 

variation in area lead levels is that areas that saw greater growth in certificates may have been 

characterized by other changes in demographic composition, for example, that could also 

influence test scores.  This does not appear to be the case.  Tracts with the greatest increase in 

certificates do not appear to have experienced other demographic changes over the period 1997-

2010.  They are no different in terms of changes in the share black, the share poor, median 

family income or housing prices over this period than tracts that witnessed no or small changes 

in certificates per capita (Figure 2).  Regression results bear this out: increases in the number of 

certificates are not associated with significant (statistically or economically) changes in race, 

maternal education, marital status or income of families who live in the neighborhoods 

(Appendix Table 4).19 

 Our preferred specification relies only on the certificates issued by the RI DOH as 

instruments as there is less discretion in these certificates since they are required after an 

elevated lead level and the state’s Attorney General threatening prosecution for non-compliance.  

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
18"Certificates are scaled by 100 
19"We can examine a limited measure of mobility in the first five years of life directly with our data since the census 
tract of residence is recorded at each blood draw.  Seventy two percent of the sample moves at some point during the 
first 72 months of life and movers are disproportionately disadvantaged with higher blood lead levels, 4.1 vs. 3.2 
(Appendix Table 5).  However, they appear to move to geographically proximate and very similar areas in terms of 
the underlying BLLs of children living there, the share poor in the neighborhood and the number of certificates 
issued (Appendix Table 5). That is, while there is a lot of mobility, movers seem to move to areas that are close and 
nearly the same.  

"
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We do however also use the RI HRC certificates and the amount of low interest rate loans made 

to landlords to help with remediation efforts as instruments in extensions shown below and the 

results are very similar.  

 

D. Instruments and First Stage 

We collected data on the date and address of all certificates issued in the state of RI from 

1997-2010. For each tract and year we calculated: the number of certificates issued by the DOH 

in the past 5 years (recall that these are required if a child tests above a certain threshold), the 

number of certificates issued by the HRC in the past five years, the total number of certificates 

(DOH and HRC) that had been issued, and the loan amount.  Based on this information, we 

constructed two measures to account for the fact that tracts differed in their lead burden and thus 

need for certificates.  The first measure scales the number of certificates or the loan amount by 

the number of housing units in the tract built before 1978 (Certificates/Housing Units Built Pre 

1978). The second multiplies the number of certificates by the average lead level of all tests of 

children in the tract in 1997 (Certificates*Average Lead Levels in 1997).20  Because these 

measures are linked with RI children based on the tract and year of birth, they are not a function 

of any (potentially endogenous) migration of the family after the birth of the child.  The first 

stage is: 

 

(1) Leadi= α0 + α1Certificatesnt-5 + α2 Xi
c
 + α3Xi

m + α4 Xn
tn + γn + γt + µi. 

 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
20 The average lead level is actually the leave-out average (ie, removing the focal child from the calculation of the 
average). 
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The vector Xc includes the child’s birth weight, gestation at birth, birth order, gender, measure of 

the child’s free/reduced lunch status, and the month in which the child’s mother initiated prenatal 

care (a measure included to capture prenatal investments).  The vector Xm includes maternal 

characteristics such as maternal age at birth, marital status at birth, race, and educational 

attainment (years of schooling).  The vector Xn includes time-varying neighborhood (tract) 

characteristics from census data including share poor, median family income, and the share 

housing built post 1978. 21  Year of birth and tract fixed effects are also included.   

The estimates reveal a strong negative relationship between the number of DOH 

certificates issued in the five years prior to birth over the number of old housing units and child 

lead levels (Table 1, column 1).   Moreover, the effects are concave in nature (Table 1, column 

2).  The results are also strong when we interact the number of certificates with the baseline lead 

level in the tract in 1997 (column 3).  We present additional first stage estimates based on the 

number of certificates issued by the HRC (columns 4-6) and total certificates (columns 7-10).  

Finally, we include the amount of loans provided for lead hazard mediation and find a negative 

relationship between the loan amount and average lead levels in the neighborhood (columns 11 -

12). The F statistics on the excluded instruments range from 41 to 133 depending on the 

specification. We focus on results using the first instrument (column 2) because it is the most 

arguably exogenous, but also present second stage estimates based on the other instruments for 

comparison in the robustness section.  

To interpret the magnitude of the coefficients, we calculate the relationship between lead 

certificates and average lead levels in the tract based on the average increase in certificates from 

1997 to 2004, and the increase in the lead certificates among the top 10% of tracts, because of 

the skewed distribution of certificates.  An average increase in DOH certificates reduced the 
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
21 Values for intercensal years from linear interpolations between census years.  
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average lead levels by 0.36 ug/dl, while a large increase in DOH certificates reduced lead levels 

by 0.69 on average.  For HRC certificates, the equivalent reductions are 0.30 and 0.85 

respectively.  

 

IV. Results 

A. Lead Levels and Child, Family and Neighborhood Characteristics  

In RI, disadvantaged children are characterized by higher lead levels, as they are 

nationally.  Among those born between 1997 and 2004 in RI, African American children have 

average lead levels of 4.8 compared with 4.2 for Hispanic children and 3.1 for white children.  

Likewise, children of less educated mothers have lead levels of 4.6 on average, compared to 

children with more educated mothers whose lead levels are 3.2.  The same patterns are true if we 

classify children by whether they are eligible for free lunch or not (4.1 vs. 2.7), their mothers are 

single or married (4.2 vs. 3.0) and whether they live in a poor neighborhood (Table 2, column 1).  

For comparison, we present differences in third grade reading test scores for these same groups.  

Groups with high lead levels are characterized by lower reading test scores across all types 

(Table 2, columns 3 and 4).22  But these aggregate measures mask significant heterogeneity in 

declines over time, which we characterize in the next section.    

 

B. Trends in Lead Levels Over Time 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
22 The higher lead burden born by disadvantaged children is not due entirely to neighborhood segregation. Even 
within a neighborhood, disadvantaged children are more likely to have elevated lead levels.  
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Overall, average lead levels have fallen dramatically since the 1997 birth cohort (Figure 

3A). The average blood lead level for those born in 1997 was 4.25, falling to 2.5 for those born 

in 2004, a remarkable decline in only seven years.23  The declines in lead levels over this period 

were greatest for the most disadvantaged children: Black children as well as those eligible for 

free lunch witnessed greater declines over this period than other groups, reducing, but not 

eliminating, the gap in lead levels (Figure 3B).  However, inspection of the figures show that not 

only were the initial BLLs of free lunch students considerably lower than they were for African 

American children, but that the decline over time was also less steep.  This is likely due to the 

fact that both generally and among the disadvantaged population in RI, African American 

children are disproportionately located in the four core cities which is where the highest 

concentration of old housing is located and the state targeted its efforts.   

We investigate the role of the intervention in explaining the decline in these disparities. 

Figure 1 shows that neighborhoods with a greater share of African American and poor families 

received more certificates, with a stronger relationship for the former than the latter.  We also 

estimate whether the certificates appear to have had a greater impact on the lead levels of certain 

groups within a neighborhood or tract.  To do so we repeat the first stage stratifying by race and 

then interacting certificates with the following child characteristics:  Race, free-lunch status, 

maternal education and child gender.  The results suggest that in addition to certificates being 

disproportionately issued in neighborhoods with a high share of black families (Figure 1), 

conditional on the neighborhood, the certificates did disproportionately reduce the lead levels of 

African American children, consistent with their living in housing with greater risk of lead 

exposure (Table 3, columns 1-3).  Interactions with free lunch (column 5) suggest that poorer 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
23 Changes in the distribution of average lead levels for the 1998 vs. 2004 birth cohort are in Appendix Figure 2. 
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children are also disproportionately affected, but interactions with gender and maternal education 

are smaller and imprecisely estimated (columns 6 and 7).  

 

C. Lead Levels and Future Child Cognitive Achievement – Preliminary Evidence 

Visual inspection reveals a strong linear relationship between child BLLs in the preschool 

years and reading test scores as averaged over grades 3-8, when the children were aged 9 to 14 

(Figure 4).  Children with an average BLL of 0 ug/dl score nearly 5 points higher (36% of a 

standard deviation) than those with BLLs of 5.  Similar patterns are observed for math test 

scores, as well as for the probability of having an IEP which increases from 20 percent for those 

with 0 BLLs, to 27 percent for those with a BLL of 5 and over 30 percent for those with a BLL 

of 10.  

For comparison we also graph average maternal years of schooling by child lead levels in 

the final panel of Figure 4.  One also observes a clear linear and negative relationship between 

maternal schooling and elevated BLLs.  This can be indicative of confounding, but could also 

potentially be another source of exposure if low-income mothers have higher lead levels that 

they pass on to their children in-utero (Dort, Hurlbut and Hoyer-Hassen, 2004; Bellinger, 2005). 

 

D. Lead Levels and Future Child Cognitive Achievement – OLS and IV Results 

We present estimates of the impact of preschool BLLs on future academic achievement 

as measured by NECAP scaled scores.   The equation estimated is as follows: 

 

(2)    Yi= β0 + β 1Lead + β 2 Xi
c
 + β 3Xi

m + β 4 Xn
tn + τn + τt + εi. 
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Where Yi is a measure of test scores (in reading or math, in grades 3-8), Xc, Xm and Xn are 

defined as above and year of birth and tract fixed effects are also included.  In the IV regressions, 

child lead levels are instrumented based on the first stage described above.  For the first set of 

results, the outcome is the average reading test score over all grades for which a score is 

available (grades 3 through 8).  The OLS results with no controls except cohort fixed effects 

suggest that going from a lead level of 0 to 5 (the threshold at which the CDC recommends 

action), would decrease test scores by 5 points or 38% of a standard deviation (Table 4A, column 

1).  Adding a set of controls that includes race, maternal education, marital status, free lunch, 

gender, birth order, birth weight, gestation, and prenatal care reduce the estimated coefficient 

from -1.029 to -0.283 (column 2), adding neighborhood characteristics from census data (column 

3) reduces the coefficient only slightly to -0.264 and the inclusion of tract FE does little to the 

estimated coefficient (column 4).    

IV estimates of the impact of average lead levels on child reading test scores are larger 

than the tract FE estimates and suggest that going from a lead level of 0 to 5 would decrease 

average test scores by 6 points, or 46% of a standard deviation (Table 4A, column 5).  This 

larger IV estimate is consistent with considerable measurement error in lead levels. We explore 

the potential attenuation bias inherent in a mis-measured lead level by constructing an additional 

measure of lead based on a single, randomly drawn lead BLL for each child.  This measure 

should reflect greater classical measurement error than the one based on multiple measures and 

this should be reflected in attenuation of the OLS estimate. When we regress test scores on this 

measure (Table 4, column 6), the relationship between lead levels and test scores is significantly 

lower  (-0.161) than the estimate based on a lead level constructed from an average of multiple 
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test scores (-0.275). These results are consistent with considerable attenuation bias from 

mismeasurement of lead levels, which we explore further in a later section.24   

We consider two additional specifications that include school FE and mother FE. The 

school FE results (columns 7 and 8) are similar in magnitude to the tract FE.  When we include 

mother FE, we limit our comparison to differences in lead levels across siblings which are 

considerably smaller than cross-sectional differences in lead levels.  Including a mother FE 

significantly reduces the coefficient estimate to -0.105 (Table 4A, column 9).  This lower 

estimate is consistent with both omitted variable bias in the estimates that include only tract FE, 

but also with previous work showing that the inclusion of a maternal FE can exacerbate the 

attenuation bias from measurement error (Griliches and Hausman, 1986).  When we include the 

maternal FE and instrument for lead levels, the estimate is considerably larger than the maternal 

FE estimator, -2.3 (Table 4A, column 10).  Given the potential for exacerbating measurement 

error in the estimates and the loss of precision with mother FE, we focus on IV with tract FE in 

what follows. 

We also consider one falsification test: estimating whether childhood lead levels in the 

first 72 months of life affect birth weight in OLS and IV settings.  The results (Table 4B) suggest 

a negative relationship between childhood BLLs and birth weight in an OLS regression with tract 

FE and a full set of controls. This is consistent with negative selection into high lead levels. 

However, once we instrument for child BLLs, the estimated effect is essentially zero and 

imprecisely estimated.  We interpret this result as support for our identification strategy based 

since it suggests that the instrument meets the exclusion restriction.  

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
24 Though the average is itself a noisy measure, if we consider it to be the true measure and the randomly drawn 
measure to be the noisy measure, this would suggest a reliability ratio of 0.58 and downward attenuation bias of 
42%.  
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E. Extensions: Achieving Proficiency, Math Scores and Changes Over Time 

The NECAP tests are used primarily to assess the extent to which students have met certain 

benchmarks. A score of at least 40 indicates “proficiency” in the subject (71% of students for 

reading), while a score below 30 indicates “substantial deficiency” (10%) and a score of greater 

than 56 indicates “passing with distinction” (21%).   We examine the extent to which lead levels 

affect a student’s reaching each of these three benchmarks in both reading and math test scores 

as well as changes in the effects of lead over time.   

We find the largest effects of elevated lead in the lower tail of the distribution of test scores.  

Elevated lead levels are associated with a greater likelihood of substantial deficiency in both 

Reading (Table 5, panel A, columns 1 and 2) and Math (Table 5, Panel B, columns 1 and 2).  

Specifically, students with a lead level of 5 are 39 percent more likely to be substantially 

deficient in reading and 20 percent more likely to be substantially deficient in math.  They are 60 

percent less likely to meet the standard of proficiency in reading (Table 5, Panel A, columns 3 

and 4).  There are no effects found at the high end of the distribution of test scores for either 

reading or math.  

We also explore the extent to which these estimated effects increase or decrease over time by 

examining the impact of lead on test scores (Table 6 Panel A) as well as reaching proficiency in 

3rd and 8th grade (Table 6 Panel B).  When we reduce the sample size for this analysis to children 

with third and eighth grade test scores (birth cohorts 1997 and 1998), the estimates become less 

precise in the IV setting.  But the point estimates show that the negative effects of lead either 

remain the same or increase slightly over this period.  
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 Finally, we explore whether the effects are heterogeneous across children. Specifically 

we estimate whether the estimated effect of lead on reading scores differs by child race or school 

lunch status.  The results, not presented here, are too imprecisely estimated (particularly for the 

IV estimates) to say definitively whether the results vary by race or school lunch status.   

In the next section we consider additional specifications to assess the robustness of our 

results.    

F. Robustness 

Alternative Measures of Lead 

First we consider alternative measures of lead.  To rule out the possibility that the results are 

being driven by outliers, we trim observations with lead levels in excess of 25 and the results are 

unchanged (Table 7 columns 1 and 2).  We try to account for the timing of the lead measures in a 

second alternative measure.  To do so we assume that between two lead measures, lead decays 

(or increases) linearly, interpolate lead measures for non-tested months based on this assumption, 

and calculate a mean over imputed values for all 72 months (we refer to this measure as the “area 

under the curve”).  These results (columns 3 and 4) are smaller but still large. We also consider 

the sum of all lead levels which is designed to capture persistence (column 5 and 6).  A fourth 

measure is the single highest measure recorded for each child (Max lead level). This measure is 

negatively and significantly associated with children’s test scores though the estimates are lower 

in magnitude in both the FE and IV FE specifications (columns 7 and 8).  We also calculate the 

geometric mean of lead as is sometimes done in this literature, which yields somewhat larger 

point estimates in both the FE and IV specifications (columns 9 and 10).   Finally we consider 

the median lead level (column 11 and 12) which reduces the influence of outlier values and the 
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results are similar to the average lead level.  In sum, regardless of how we measure lead levels, 

the estimated relationship between lead levels and test scores is unchanged.     

Alternative Instruments 

We also present IV estimates based on alternative sets of instruments: certificates at 

birth*initial(1997)lead level (Table 8 column 1),  the number of certificates/pre-war housing 

units (column 2), the number of HRC certificates/old housing (columns 3 and 4), HRC and DOH 

certificates (columns 5 and 6) and the total number of combined certificates (columns 7 and 8).  

Finally we include as instruments the number of certificates/all homes and the share of all homes 

that are old (column 9) as well as the amount of loans offered to landlords for remediation 

(column 10). Estimates across all specifications range from -1.32 to -1.623 and the precision also 

varies.  However, even the smallest point estimate suggests a strong relationship.  

Mean Reversion/Convergence 

An alternative explanation for our finding that areas with the greatest number of certificates 

issued witnessed the largest declines in lead is one of mean reversion or convergence.  More 

specifically, since the areas (or groups of children) that received the greatest number of 

certificates were also the areas or groups with the highest lead levels, one would expect that over 

enough time, the high lead levels would eventually converge to the average lead levels, 

regardless of the number of certificates. In other words, even in the absence of the certificates, 

one might expect the higher lead levels of African American and poor children to eventually 

converge to the lower levels characterizing other children.  

 To address this possibility, we consider a number of alternative specifications.  The first 

addresses convergence by race by including race*year FE in the econometric specification to 
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account for different time trends by race (Table 9 column 1-2).  This specification allows for 

black and white children to have different trends, which might be the case, for example, if there 

were other measures that affected black children’s test scores differentially.25  However, this 

change in specification has little effect. 

To rule out that convergence of high lead levels to low lead level areas is driving the results, 

we consider another specification includes an interaction between 1997 lead level in the tract and 

year of birth.  The results (Table 9, columns 3-4) show that the inclusion of different (linear) 

time trends for low vs. high lead areas does not alter the findings.   

We also consider limiting our sample to those areas with the highest lead burden in 1997 

(defined as the top quartile).  The idea underlying this test is to take areas that have initially 

similar high lead levels and show that lead falls more where there are more certificates.  In 

contrast, mean reversion would suggest that the places with the highest initial lead levels would 

experience large declines with or without the certificate program.  The IV point estimates are 

actually greater in magnitude but not statistically distinguishable from those generated from the 

full sample (Table 9, columns 5 and 6).  Finally, we predict the number of certificates that a tract 

should receive based on 1997 lead levels as well as demographic characteristics of the tract and 

then limit our sample to those tracts predicted to receive the greatest number of certificates.  

Again, the results are very similar (Table 9, columns 7 and 8). 

Measurement Error in Lead Levels and Attenuation Bias 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
25"For example, it has been suggested to us that black test scores might have been differentially affected by No Child 
Left Behind, which was signed into law in Jan. 2002.  Dee and Jacob (2010) review the literature on NCLB and find 
little evidence that the effects were greater for inner city black children, or black children at all.  Moreover, what 
improvements were seen were found throughout the test score distribution, not only towards the bottom of the 
distribution as we find.  It is important to keep in mind that the 3rd grade test scores we examine were measured 
between 2007 and 2013, well after the implementation of NCLB in any case. 
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We assess measurement error in lead levels by comparing OLS estimates based on more and 

less noisy measures of underlying lead levels.  As noted previously, lead levels from capillary 

tests are noisier than venous tests.  For our subsample of children for which we have both 

capillary and venous test results (n=10,235), we present two sets of estimates: one based on an 

average of all capillary measures and another on the average of all venous measures.  This 

exercise is similar to the previous results using the randomly drawn measure that resulted in a 

significant downward bias on the order of 50 percent (Table 4A column 6, reproduced in Table 

10, column 1).  We find that the “noisy” capillary measures yield an estimated effect of -0.137 

(Table 10, column 2) whereas the less noisy venous measure yields an estimate of -0.328 (Table 

10, column 3), nearly three times greater.  These results are consistent with significant 

measurement error in lead levels leading to attenuation of OLS estimates.  

Finally, we follow the work of Ashenfelter and Krueger (1994) in which they assess the 

extent to which measurement error in reports of schooling biases estimates of the returns to 

schooling using a sample of twins in an IV framework.  To do so, they exploit multiple measures 

of educational attainment: One self-reported and the other reported by the twin.  With these two 

measures, they calculate reliability ratios and use a twin’s report of his sibling’s educational 

attainment as an instrument for the self-report.  Other similar work includes Chalfin and 

McCrary (forthcoming) in which the authors use multiple measures of police force size to 

estimate the impact of policy on crime in an IV framework.  

Like Ashenfelter and Krueger (1994) and Chalfin and McCrary (forthcoming), we have 

multiple measures of our variable of interest – lead exposure in early childhood.  Our exercise 

differs not only because we typically have more than 2 measures for each child, but also because 

these multiple measures were often taken at different times and therefore the underlying child 
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lead levels may have differed.    However, each measure can still be interpreted as an (imperfect) 

measure of the underlying level of lead exposure during early childhood.  

Following these two papers, we present estimates of the impact of child lead exposure on 

future academic achievement based on a single BLL (not the average) and instrument for that 

measure with other BLL measures for the same child.  More specifically, we limit our sample to 

those with at least two BLLs (n=45,663), draw a single BLL at random, then instrument for it 

with either a second randomly drawn BLL or with an average of all other BLLs for that child.  

The first finding is that the correlation between two randomly drawn lead levels is roughly 

0.463 (the coefficient on the second randomly drawn BLL in the first stage regression). This can 

be interpreted as the reliability ratio and suggests that nearly 54 percent of the measured variance 

in a single BLL is error. Interestingly, when we repeat the first stage instrumenting for randomly 

drawn BLL with an average of all other BLLs, the coefficient increases to 0.65, consistent with 

the average of multiple measures being a more reliable (less noisy) measure.  

As expected, the estimate of the impact of the randomly drawn BLL increases from -0.168 in 

the tract FE specification to -0.384 in the IV specification that relies on a second randomly 

drawn BLL as an instrument (Table 10, column 4), representing an increase of 139%.  The 

estimated coefficient increases to -0.395 when the average of the remaining BLLs is used as an 

instrument (column 5), though statistically these are indistinguishable.    These estimates, while 

highly statistically significant, are considerably smaller than those obtained using instruments 

derived from the certificate programs.  One reason is that these IV estimates represent the effect 

of lead on any child with multiple lead measures, whereas the IV estimates shown earlier 

represent the “treatment on the treated” effects of lead mitigation on children living in the 



33"
"

targeted areas.   Thus, these different estimates may suggest heterogeneity in the effects of lead 

on test scores and/or greater ex poste mitigation by families of more advantaged children.   

Recall that areas targeted for the certificates were overwhelmingly urban, poor, and African 

American. Some previous studies have suggested that disadvantaged children may be more 

negatively affected by lead exposure due to the fact that nutrition and cognitive stimulation, 

which are both weaker among disadvantaged children, may each help to counter the negative 

effects of lead on cognitive functions.   For example, Ferrie, Rolf and Troeskin (2012, 2014) find 

that the introduction of leaded piping has negative effects on the IQ of sons born to low SES 

families, but not high SES families, which may reflect these children’s better nutrition 

(especially calcium and iron) or greater cognitive stimulation. In animal studies, Guilarte et al 

(2002) has shown that an “enhanced environment” can reverse the negative effects of lead on 

cognitive functioning in rat pups.  Recent work by Billings and Schnepel (2015) found that an 

intervention in North Carolina targeting children with very high levels of lead with a treatment 

that consisted of a bundle of medical and nutritional assistance as well as lead remediation 

reversed some of the negative effects of lead on cognition and behavior.   We take this as 

evidence that the negative effects of lead on cognitive development may well be higher among 

the most disadvantaged children, thus potentially explaining why the IV estimates based on the 

targeted treatment are greater.  

 

V. Implications for Disparities in Child Educational Outcomes 

Finally we explore whether and to what extent African American children’s greater lead 

burden can explain racial disparities in test scores.  We previously documented how RI state 
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efforts to reduce lead levels among RI children disproportionately targeted urban neighborhoods 

with a greater initial lead burden and thus a greater share of African American and low income 

families (Figure 1).  Even within neighborhoods, African American children’s lead levels appear 

to have been disproportionately affected by state efforts to ensure that homes were lead safe 

(Table 3) and as a result of these efforts, the lead levels of African American, and to a lesser 

extent, low income children, have fallen disproportionately faster (Figure 3B).  

The decline in racial disparities in lead levels over this period was accompanied by a 

decline in racial disparities in test scores as well.  We present the distribution of third grade 

reading scores by race and year of birth (1997 vs. 2004) in order to examine how the gap has 

changed over time (Figure 5).  These scores were measured over approximately 2006 to 2013, 

when the children would have been about 9 years old.  We are not aware of other measures in 

Rhode Island that would have been expected to have a differentially large effect on the test 

scores of black children in inner city neighborhoods over this seven year time period.   

The test scores of white children have improved slightly, but black test scores have 

improved considerably more, thereby sharply reducing the racial gap in test scores.  Calculating 

disparities based on average grade 3 test scores by race, we find that the racial gap in test scores 

fell from 9.2 points for those born in 1997 to 6.3 for those born in 2004, while the gap in lead 

scores fell from 2.2 to 0.9 over this period.  Based on our causal estimates of the impact of lead 

on test scores, we calculate that the falling disparity in lead levels would correspond to a 1.56 

point decline in the racial gap in test scores, explaining 54 percent decline in the racial test score 

gap witnessed over this short interval.   While we do not have the data to directly examine the 

effect of lead mitigation on the racial gap in test scores, our work would appear to confirm 

speculation by others (c.f. Lang, 2006) that lead abatement could be responsible for a third or 
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more of the narrowing of the black-white test score gap over the 80s and 90s.  It has not 

previously been possible to examine this hypothesis rigorously. 

This narrowing does not simply represent trends in lead levels and test scores by family 

income.  When we examine trends in disparities in lead and test scores by free lunch status, the 

declines in both are considerably smaller: over this same period, the income gap (linear 

difference) in lead levels fell from 1.83 to 0.99, while the test score gap fell from 9.3 to 8.4 (67%  

of a standard deviation to 60%).  That the decline in the disparity in lead levels by race was so 

much larger than the decline by income is likely due to two factors: that African American 

children bore a much greater lead burden in 1997 than poor children more generally, and that 

African American children were more likely to reside in areas of the state that were targeted for 

lead hazard mitigation – the four core urban centers.26    

We examine the relationship directly, relating racial gaps in lead levels to racial gaps in 

test scores at the municipality level.  To do so, we calculate for each of the 40 municipalities in 

RI and birth cohort, the racial disparities in lead levels and test scores, as measured by the ratio 

of average levels by race.27  We then regress disparities in test scores (the ratio of white/black 

test scores) on disparities in lead levels (the black/white ratio) including municipality and year of 

birth fixed effects, as well as controls for some time varying characteristics of mothers residing 

in the municipality for each birth cohort (average maternal age, education level, marital status 

and free lunch status). These estimates show that as the racial gap in lead levels increases, the 

gap in test scores likewise increases. Over this period, the ratio of black/white lead levels 
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
26"These differences in trends by income and race are comparable to national trends.  According to the CDC, the 
share of BLLs above 5 ug/ul fell more quickly for African Americans than for poor children over the period 1999-
2010.  In particular the share of African American children with BLLs above 5 fell from 18.5 to 5.6 of the national 
population, while for children below 130% of the FPL, the share fell from 12.9 to 4.4.  (MMWR, 2013) 
27"The total number of observations, 187, is much lower than the 320 municipality*birth cohorts (40 municipalities x 
8 birth cohorts) because of the many municipality*birth cohorts with no black children with lead levels. Moreover, 
because of the large number of cells with very few blacks, we weight the regressions by the number of black 
children with lead levels in our data.  
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declined from 1.6 to 1.4, which would, according to the OLS estimate in Table 11, column 1, 

correspond to a decline in the white/black test score ratio of 0.015.28 Over this period, the 

white/black test score ratio declined from 1.25 to 1.15 (a difference of 0.10), and the decline in 

racial disparities in lead explains 15% of this decline. When we instrument for that black-white 

gap in lead levels with the number of certificates (Table 11, column 2), the resulting estimates 

are larger and suggest that the decline in lead levels witnessed over this period resulted in a 

decline in the ratio of white/black test scores of 0.06, or 63% of the observed decline, which is 

similar to our estimate that was based on coefficients obtained from the individual-level data.  

Lead remediation in Rhode Island was implemented in a way that was relatively 

inexpensive.  The annual spending on the programs we analyze here was approximately a half a 

million dollars annually, or $4 million over an eight year period.   Thus, the cost per African-

American child in our sample was about $679.  This expenditure resulted in an improvement of 

.2 standard deviations in African American test scores relative to white test scores.   Relative to 

other education expenditures that have yielded similar or smaller improvements in test scores, 

this is a very inexpensive intervention.  For example, the Tennessee STAR experiment, which 

reduced class sizes from about 22 to 15 in the treatment group, cost more than $8000 per child.  

This intervention also increased test scores by .2 standard deviations in the short run, though the 

longer run effects were smaller (unlike the longer run effects of lead remediation) (Krueger, 

2003). 

 

 

 

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
28 We do not present the first stage estimates, but the instrument does significantly predict reductions in lead levels 
within tract and county over time.  
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VI. Conclusions 

The racial gap in family income has, depending on the measure considered, either held steady 

or increased over time. 29   As a result, one would not necessarily have expected the racial gap in 

child test scores to decline, but it did.  We consider a new explanation for both racial disparities 

in test scores and their recent decline – African American children’s disproportionate exposure to 

environmental toxins that can affect cognitive achievement. We find that since 1997, when the 

state of RI instituted measures to reduce lead hazards in the homes of RI families, lead levels fell 

across the state, but significantly more so for African American children.  This differential effect 

is likely because their lead levels were considerably higher than other children in the state in 

1997, including other low income children, and African American families were 

disproportionately located in the areas where lead abatement outreach efforts were focused.  We 

find that this policy led to reductions in lead exposure that can explain a large fraction of the 

reductions in the black-white test score gap in RI witnessed over this period. 

 Jencks and Phillips (2008) have argued that eliminating black-white disparities in test scores 

would dramatically reduce not only educational inequality but economic inequality as well. 

Moreover, they argue that traditional sources of the gap (eg, inequalities in school inputs or 

family income), likely explain only a small share of the racial gap in test scores, and alternative 

sources of the gap should be considered.  Our results suggest that environmental regulation, 

when targeted to those children at greatest risk, is effective in reducing environmental exposure 

to toxins and that declines in racial disparities in exposure, test scores, and, ultimately, economic 

outcomes, could follow.    

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
29 The share of African Americans in poverty increased from 23 to 28% between 2000 and 2011, after years of 
steady declines and for whites it increased from 7 to 10% (Pew Research Center).  The ratio of White to Black 
income increased from 1.8 to 1.9 over the period 1983-2010; however, the wealth ratio has increased from 5.3 to 5.7 
(Urban Institute, Interactive Race Graphic).  
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