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Abstract: 
 Despite the outlawing of both leaded paints and gasoline decades ago, lead 

poisoning remains a severe health issue, particularly for children aged 5 and under due 

to their hand-to-mouth tendencies and underdeveloped gastrointestinal tracts. Lead 

from paint typically only presents itself as an issue when improperly handled in home 

renovation. Leaded gasoline exhaust settles upon soil and is available for transfer into 

homes on shoe soles or by physical contact.  The chemistry of lead oxides and salts has 

allowed soil-bound lead compounds to remain relatively inert and immobile in the 

environment but may be broken down in the human body. Volunteers collected 41 

unique soil samples from various locations in the City of Rochester, located in Monroe 

County, NY, a city with known prevalence of childhood lead poisoning. Soil samples 

were analyzed for total lead content via ICP-AES, yielding an average concentration 

of 288 ppm, a value below EPA standards for “residential play areas” (400 ppm) but 

well above literature suggestions. A prevalence rate for lead poisoning in children ages 

5 and under was determined and compared to experimentally determined lead 

concentrations along with other socioeconomic factors. Several significant correlations 

emerged, the most important being a strong positive correlation between lead measured 

in soil and prevalence rate (r = 0.715, p < 0.001). This calculation draws the conclusion 

that the lead found in Rochester soil unquestionably relates to the instances of 

childhood lead poisoning, a relationship that numerous literature sources have 

previously confirmed in other cities. As this experiment only investigated soil, the 

complex relationship between all sources of lead that residents are exposed to was not 

investigated, such as lead from water and plumbing or industrial discharge. 
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Introduction: 
The Issue: 

Prior to its ban for commercial use, lead (Pb) was widely incorporated into a 

number of household products, including but not limited to: plumbing systems, exterior 

house paints, and gasoline. Despite lead in pipes and plumbing systems leaching into 

water, the legacy effect of that lead fails to compare to the environmental impact that 

exterior paint and additives to gasoline have presented. In total, approximately 12 

million metric tons of lead was used in production of these goods (Zahran et al., 2013). 

Efforts made to curtail excessive lead levels in the environment have resulted in 

national declines in blood lead levels, yet instances of exceedingly high blood lead 

levels still occur, particularly in inner city areas of major cities, implying that the legacy 

effect of lead found in soils is significant enough to cause impairment, and that removal 

of additional sources of lead, exclusively, is not an aggressive enough remediation 

effort (Mielke et al., 1997). 

 
History of Lead as a Paint Additive: 

Lead-based paint use, until its ban in 1978 (Mielke et al., 1997), surged during 

the 1920s in the form of basic lead carbonate (2Pb(OH)2•PbCO3) white-lead paint 

pigments (Rabinowitz and Hall, 2002), were mostly used as protective coatings for 

structures, and have persisted to current times as thin layers that are prone to peeling 

and flaking (Mielke and Reagan, 1998). Various other forms of lead paint pigments 

were used throughout the years such as lead sulfate (2PbSO4•PbO), leaded zinc oxide 

(2Pb2SO4•PbO+ZnO), basic lead silicate (PbO•PbSiO2), and colored lead pigments 

(yellow and orange lead chromates, red lead oxides) but these only constitute 5% of 
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the pigments used in commercial production with the remaining 95% made up of the 

aforementioned basic white lead carbonate pigment (Rabinowitz and Hall, 2002). 

While historically presented as the main source of childhood lead poisoning, lead based 

paints generally only present themselves as an issue when they are disturbed through 

deterioration, negligent removal by scraping, sanding, other renovation efforts, or 

through demolition and subsequent dispersal via air currents (Zahran et al., 2013). 

 
History of Lead as a Gasoline Additive: 

Leaded gasoline saw peak usage in the 1970s until its ban in 1986 (Mielke et 

al., 1997) in the US, when industrial America heavily relied on automobiles for 

transportation. In order to prevent knocking in the engines of automobiles, 

organometallic compounds were added to gasoline to inhibit this noise and extend the 

lifetime of the gasoline engine; among the compounds employed, tetraethyllead proved 

to be most effective in knock inhibition with tetraphenyl lead inhibiting to a lesser 

degree (Dietmar, 2003). Automobiles would convert approximately 75% of the 

gasoline lead into a fine dust, leading to widespread contamination through air currents; 

the remaining 25% of gasoline lead remained bound to the internal engine and exhaust 

systems, which had the potential for future contamination should the engine be 

improperly disposed of. Leaded aviation gasolines are still employed by piston-engine 

aircraft and the EPA is currently investigating whether this contribution significantly 

impacts air quality; airborne particulate matter not only contaminates air quality but 

has the potential to settle atop soils and spread across transects of land far from the 

source (EPA, 2016). An estimated 4-5 million metric tons of lead were dispersed into 
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the environment via automobile exhaust with relatively equal amounts of lead used in 

both paints and gasoline in the United States during each of their peak usage timeframes 

(Mielke and Reagan, 1998).  

 
Standards, Pathways of Contamination, & Health Effects of Lead Poisoning: 
 Children are particularly susceptible to lead exposure due to their physiological 

need for essential minerals, continuing development of organ systems, and hand-to-

mouth tendencies until age 6; their small stature amplifies the adverse effects 

experienced by lead poisoning. In 1991, the US Center for Disease Control and 

Prevention (CDC) recommended the elevated blood lead level standard of 25 µg-

Pb/dL-blood be lowered to 10 µg-Pb/dL-blood (McClure et al., 2016), but children can 

display symptoms of exposure with blood lead concentrations as minute as 2 µg-Pb/dL-

blood (Mielke et al., 2011). As of May 2012, the CDC asserts that there is “no safe 

blood lead level” due to the combination of emerging health concerns at low blood lead 

levels and “an absence of blood lead levels without effects.” Concurrently, the CDC 

also established 5 µg-Pb/dL-blood as the upper threshold of elevated blood lead levels 

for children aged 1-5 as a compromise – method detection limit for blood lead is 2 µg-

Pb/dL-blood and so a threshold slightly higher is needed (McCLure et al., 2016).  

 The Environmental Protection Agency (EPA) maintains an acceptable soil lead 

standard of 400 ppm for “child play areas,” an undefined jargon. For all other “non-

play areas,” the standard is set at 1,200 ppm. Based on a study in 2011 in New Orleans, 

LA, it is recommended that soil standards not exceed 80 ppm in order to maintain a 

childhood blood lead level of 10 µg-Pb/dL-blood (Mielke et al., 2011). Since it is 



	

	

5 

known that adverse health effects can emerge at a fraction of that blood concentration, 

80 ppm is still too high and soil lead standards should ideally should be restricted 

further. The United States’ standards of 400 and 1,200 ppm are notoriously high when 

compared to international standards – for example, as reported in Mielke in 2007, the 

Norwegian standard was 60 ppm (Mielke, 2007).  

 The major pathways of lead uptake in humans are physical ingestion and 

inhalation, where lead then is absorbed in the intestines and dispersed to the rest of the 

body. Absorption and processing of ingested lead is largely age-dependent: typically, 

less than 5% of ingested lead in adults is taken up by the body, whereas children’s 

bodies can take up as much as 50% of the ingested lead due to their immature 

gastrointestinal tracts (Laidlaw and Filippelli, 2008). The average particle size for 

adhered common soils is 34 µm, which compares to the 36 µm average particle size 

that dermally adheres to humans and therefore, trace metals, such as lead, that are 

present in soils can easily be involuntarily ingested simply by children touching their 

faces after playing outside, either in the yard or in parks and playgrounds (Luo et al., 

2011). A 1989 study in Amherst, MA estimated that 50% of the children studied 

ingested 45 mg-soil/day or less and 95% of the children studied ingested 208 mg-

soil/day (Stanek and Calabrese, 1995). The EPA reports that average consumption for 

ages 1-20 is 100 mg/day and 60 mg/day for under age 1 (NSCEP, 2005). Contrarily, R. 

M. Barnes states that children ingest 5 g of soil per day from outside and 0.2 g per day 

from interior dust (Barnes, 1990). Besides direct contact when playing outside, it is 

also estimated that 30-40% of indoor dust is sourced from outdoor soil that can be 
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trapped in carpeting and floorboards, vastly increasing total exposure time, particularly 

for small children that play on the floor (Dixon et al., 2006). Soil lead concentrations 

have also been found to be highest in inner city areas of large metropolises, due to 

automobile and industry density, with soil samples collected within 1 m of houses or 

roads most accurately predicting childhood blood lead levels (Zahran et al., 2013). 

 Lead exposure generally leads to the typical battery of adverse health effects, 

including but not limited to: nausea, lethargy, weakness, loss of appetite, and 

irritability. Additionally, if lead absorbed by the body is deposited in a neuron, the 

neuron is subsequently inhibited and causes permanent neural differentiation, leading 

to diminished mental capacity, development of learning disorders, and behavioral 

disorders such as attention deficit hyperactivity disorder (ADHD). Lead deposited into 

bones transforms bones into chronic, long-term biological sources of lead; bones take 

months to years to regenerate, and until total regeneration occurs, a direct source of 

lead is available to leach into the bloodstream, rendering established medical treatments 

such as blood chelation ineffective (Laidlaw and Filippelli, 2008). Coinciding with 

behavioral impairments, latent surges of societal violence have also been linked to lead 

exposure – a study spanning multiple states has shown that a 1% increase in tonnage 

of airborne lead 22 years prior to investigation increased aggravated assault rates by 

0.46%, with 90% of variation in aggravated assault rates being explained by the annual 

variation in lead concentration (Mielke and Zahran, 2012 
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Previous Investigations: 
 In 1991, Clark et al. performed a case study in Cincinnati, OH to investigate 

the relationship between childhood blood lead levels and the type of housing they 

primarily come in contact with. Their study concluded that there is little difference in 

blood lead concentrations of children living in houses with paint lead concentrations 

between 0 to 2.0 mg-Pb/cm2 and between 2.1 and 6.0 mg-Pb/cm2. Therefore, houses 

with paint lead levels greater than 6.0 mg-Pb/cm2 that are in poor condition should be 

granted priority in remediation, as these structures pose the greatest risk of exposure, 

whereas other house types can benefit more from alternative remediation methods. 

Their efforts also corroborated the idea that lead in paint generally only presents itself 

as an issue due to scraping and pulverization, and have added the conclusion that house 

type also significantly impacts the prevalence of lead deposited to the environments, 

with houses built in the 1800s with minimal upkeep posing as the largest offenders 

(Clark et al., 1991). Regardless of housing conditions, nearly 30% of children, in 

general, have blood lead levels ≥5 µg-Pb/dL-blood (Mielke and Reagan, 1998).  

Dixon et al. have detailed early efforts in lead remediation in which the top soil 

layers of afflicted areas were removed and replaced, but this proved to ultimately be 

too expensive ($9,600 per yard in 1990, $17,600 when adjusted for 2016 inflation) to 

be viable. In its stead, budget alternatives of grass and mulch abatement were employed 

with mixed efficiency as success is entirely contingent on homeowner upkeep of the 

renovated yard. As a result, the Boston Lead Safe Yards Low Cost Lead in Soil 

Treatment, Demonstration, and Evaluation was developed to analyze these budget 

household remediations. Through in-situ X-ray fluorescence, yard abatement predicted 
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a 20% decrease in floor dust lead in common dwelling areas of the house, a 19% 

decrease in the rear dwelling areas, and no significant change in the main entryway 

(Dixon et al., 2006).  

Recently, as a result of Hurricanes Katrina and Rita, numerous childcare centers 

have been established in ex-residential buildings in New Orleans, Louisiana. These 

centers see a median value of 48 children and Mielke et al. investigated the notion that 

creating lead-safe playgrounds at these sites would serve as a starting point for lead 

exposure prevention. Playground soils were treated with a 15 cm-thick geotextile and 

river alluvium cover which resulted in a decrease in median lead loading from 488.7 

mg-lead/cm2 to 39.8 mg-lead/cm2. This drastic decrease in lead loading levels, 

combined with the fact that it was accomplished in mere hours and at an average cost 

of $100 per child, concludes that this effort is a strong contender for early budget-

conscious remediation efforts (Mielke et al., 2011).  

Other studies have concluded that lead displays a high (≥80%) bioavailability 

in contaminated soils despite subjugation to long-term aging and weathering processes 

whereas other heavy metal bioavailability decreases under the same conditions (Lamb 

et al., 2009). Elevated blood lead levels also generally follow seasonal trends – higher 

in the summer and lower in the winter, likely due to leaf litter and snow, where 

applicable, providing a barrier between the immediate environment and exposed soil. 

Once respectively decomposed and melted, airborne lead that settles atop leaf litter and 

snow is added to soil all at once and sharply increases soil lead concentration (Johnson 

and Bretsch, 2002). Lead contaminated soils have proven to be a difficult issue to tackle 
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due to lead’s persistence in the environment, mobile sources of contamination, expense 

of remediation, and variation in analytical methods for measuring blood lead levels 

(Kimbrough and Krouskas, 2012). As such, a definitive method for complete abatement 

in a practical, cost-effective method has yet to be established, hence why the severity 

of lead poisoning continues to persist despite 50+ years of research and remediation 

efforts. 

 
Goals and Objectives: 
 This project serves as a case-study for Rochester, NY, a city which has 

established elevated childhood blood lead levels. It is not necessary to prove that soil 

is a major source of blood lead loading, so rather, this experiment seeks to determine 

lead concentrations for collected soil samples and link the instances of elevated blood 

lead levels specifically to contaminated soils, rather than to other potential sources of 

lead such as industrial discharge or lead leached into water systems through lead piping. 

Establishing a map of elevated soil lead levels will provide homeowners with valuable 

information regarding their property that is not normally readily available, and can 

assist with decisions regarding their home and ideally incite remediation in 

contaminated communities. If desired, soil samples can also be analyzed to elucidate 

the isotopic signature of the lead contained within, therefore determining if the lead 

loaded into the soil was sourced from either gasoline or paint additives. 
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Methods: 
Site History: 

Rochester is a relatively large (estimated population: 209,983 as of July, 2014) 

city located in Monroe County in Western New York on the south shore of Lake 

Ontario, with approximate population density of 5,885 persons per square mile. An 

estimated 97,158 housing units and 86,025 households are present in the city of 

Rochester, with the number of businesses, industrial sites, and other establishments not 

being reported (US Census Bureau, 2016). Greater than 95% of residential homes in 

Rochester were built before 1980 (Monroe County, 2011), and therefore have the 

potential to still have leaded exterior paint. Rochester boasts numerous highly 

trafficked road systems, including I-390, I-490, and the Inner Loop, along with 

emerging industry. Greater Rochester International Airport (ROC) and the Genesee 

River also see high traffic. The sheer volume of establishments combined with the 

numerous transportation systems present Rochester with the two largest contributors of 

lead to the environment: lead in paint on historic housing and lead as an additive to 

gasoline for automobiles. Rochester’s high population density combined with the 

continued deposition of lead into the environment presents urgency in identifying 

highly contaminated areas and remediation efforts. 

Monroe County and the City of Rochester have several shortcomings in regards 

to making lead poisoning information available and prevention/screening methods. In 

2004, Monroe County published a map of prevalence of childhood blood poisoning per 

census block group that displays a distinct crescent-shaped trend through the city, 

particularly in the northern half. Despite Rochester being only one city in Monroe 
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County, 90% of children that tested positive for lead poisoning in all of Monroe County 

are concentrated in the northeast, northwest, and southwest of the city of Rochester. 

Despite 13 years since publication, another map has not been published, even though 

the relevant information has been collected annually. The New York Health 

Department also requires the screening of children aged 1 or 2 for lead poisoning, but, 

as Monroe County reported in 2009, only 64% of children in that age bracket were 

screened. In the same report, 283 cases of elevated (≥10 µg-lead/dL-blood) childhood 

blood lead levels were recorded for 2008 (Monroe County, 2011).  

 
Sample Container Preparation: 

Fifty 60 mL Nalgene bottles, with caps, were washed, rinsed with deionized 

(DI) water, and placed in a pH 2 hydrochloric (HCl) acid bath for 24 hours. Once 

removed from the acid bath, bottles and caps were rinsed three times with DI water and 

allowed to air dry for 24 hours. Dried bottles were capped, labeled with Fisher brand 

tape, and stored airtight until sample collection.  

One-hundred 50 mL plastic digestion tubes with caps, were washed, rinsed with 

DI water, and placed in a pH 2 HCl acid bath for 24 hours. Once removed from the acid 

bath, digestion tubes and caps were rinsed three times with DI water and allowed to air 

dry for 24 hours. Dried digestion tubes and caps were stored airtight until sample 

digestion.  
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Collection of Samples: 
 Soil samples were anonymously and randomly collected from various sites 

throughout the city of Rochester, NY by volunteers in the spring of 2016. At each 

sample site, soil was scooped into the prepared Nalgene bottle provided from 8-10 

random spots until full to the shoulder. Samples were collected at least 1 m from both 

the house and the roads in accordance with information provided by Zahran et al. 

(Zahran et al., 2013). The nearest intersection to the sample site was recorded on the 

bottle, and the samples were stored at 4°C until digestion. Volunteers were not 

informed of what the purpose of collecting the soil was for in order to avoid preferential 

sampling by volunteers invested in this issue and to prevent hesitation in collection. 

Nearest intersection was used in place of exact street address in order to protect 

volunteer identities and defer responsibility of remediation by homeowners or rental 

management should a tangible effort be developed as a result.  

 
Preparation of Samples for Analysis: 

Soil samples were prepared for analysis via a modified version of US EPA 

Standard Method 3050B: Acid Digestion of Sediments, Sludges, and Soils (US 

Environmental Protection Agency). In each prepared digestion tube, 0.1 gram of soil 

was added along with 5 mL of 50% nitric acid (HNO3) and placed in a DigiPrep Jr at 

95°C for 2 hours while covered by a disposable watchglass. Samples were cooled and 

1 mL of 30% hydrogen peroxide (H2O2) was added to each digestion tube to ensure 

total digestion of organic material. After effervescence, samples were vacuum filtered 

into prepared 50 mL digestion tubes using a 0.45 µm Teflon vacuum filter. Three 1 mL 

aliquots of DI water were pulled through each vacuum filter to ensure complete transfer 



	

	

13 

of sample. Filtered samples were diluted to 25 mL with DI water and stored at 4°C until 

chemical analysis. 

 
Chemical Analysis: 
 Diluted samples were analyzed via inductively coupled plasma atomic emission 

spectroscopy (ICP-AES) on a Perkin Elmer Optima 5300 DV courtesy of The College 

of Environmental Science and Forestry, SUNY, for total lead content (mg/L). Total 

lead content was then converted to soil concentration (mg-Pb/kg-soil; ppm). Internal 

standards were provided by the institution and run every four samples to ensure quality.  

 
Disposal and Waste: 
 Sample waste was neutralized and flushed down the drain with adequate 

amounts of water in accordance with waste disposal policies enacted by The College 

at Brockport, SUNY. Raw soil samples are still maintained at 4°C should re-analysis 

be desired.  

 
Prevalence Rate and Mapping: 
 Prevalence rate was determined by taking the total population (2010) for an 

afflicted census block group, and adjusting that number to represent the population 

aged 5 and under (5.7%). Number of known instances of lead poisoning was divided 

by adjusted population to yield prevalence rate. Prevalence rates were then adjusted to 

be in terms of per 1,000 children to normalize values.  

 A map of 2004 prevalence rate of childhood lead poisoning provided by 

Monroe County was digitized using Esri ArcMap and known cases of childhood lead 

poisoning were manually added to the attribute table (Figure 1). In this map, a crescent 
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shape is apparent along the northern half of the city of Rochester – this crescent shape 

is a known phenomenon and it is expected that higher concentrations of lead will be 

found in that area. Sample sites were recorded in terms of nearest intersection to 

collection site. Longitude and latitude were determined for each intersection, and that 

coordinate data was used to create a point shapefile that was overlaid on top of the 

digitized prevalence map (Figure 2). Provided intersections are listed in Table 1, along 

with corresponding latitude and longitude. For samples with only one street, the street 

was searched in Google Maps and the latitude and longitude of the search result was 

used. For samples with an exact address provided, the latitude and longitude were 

recorded and house number was redacted in Table 1.    

 Several socioeconomic factors were also tabulated and mapped for each 

relevant Census block group, when applicable, in order to draw correlations upon. 

These factors are: median household income (Figure 3), median year home was built 

(Figure 4), median home value (Figure 5), and number of homes owned by Hispanic 

or Latino families (Figure 6). Other socioeconomic factors such as crime, number of 

homes owned by Black families, and square footage of homes were considered for 

analysis due to their relevance but a usable data set could not be obtained. 
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Results: 
 An average lead concentration of 287.6 ppm was determined for the analyzed 

41 samples with respective minimum and maximum of 4.831 and 536.2 ppm. Statistical 

outlier maxima of 1,229 and 3,245 ppm were also recorded, but were chosen to be 

included in average calculations as these points are indicative of the problem being 

investigated. Median lead concentration was determined to be 162.3 ppm. Of the 41 

samples analyzed to date, 11 (27%) have lead concentrations higher than the average 

of 287.6 ppm, 5 (12%) have higher concentrations than the EPA recommendation of 

400 ppm, and 27 (66%) exceed the recommendation of 80 ppm by Mielke et al. (2011). 

Given the history of the City of Rochester, it is assumed that all soils in Rochester have 

some level of impact by lead above the natural background. Should Mielke et al.’s 

recommendation be stricter (a simple proportion lowers the recommendation to 40 ppm 

to maintain 5 µg-Pb/dL-blood), all but two samples (95%) would then exceed the 

recommended level. As previously discussed, there is no “safe” level of acceptable 

lead, and so, regardless of how minute the experimentally determined lead 

concentrations are, all of these collected samples have the potential of causing harm. A 

large amount of collected samples with elevated concentrations fall along the 

problematic crescent trend previously described, as expected and as seen in Figure 2. 

Complete ICP-AES results and deduced lead concentrations are tabulated in Table 2.  
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Discussion: 
General: 

Since it has been previously established that soil lead is primarily sourced from 

automobile exhaust and pulverized leaded paints, it is without surprise that instances 

of elevated soil lead would occur frequently around major road systems and other 

transportation hubs and radiate gradually outward – an inference confirmed by Zahran 

et al. (2013); regardless of whether lead is sourced from buildings or automobiles, 

Zahran et al (2013). conclude that the erratic environment of roadways promotes 

atmospheric re-suspension of Pb particles and increases the risk of inhalation and 

ingestion by children. Since lead additives have been banned from use in gasoline, lead 

emissions to the immediate environment have sharply declined. Older, vintage vehicles 

likely have lead bound to the internal engine, and so, proper handling and disposal is 

necessary at the end of the vehicle’s life. Smaller recreational vehicles and aircraft still 

employ leaded gasoline which then leads to a release of a significant amount of leaded 

exhaust. Aircraft in particular deposit a sizeable amount of lead into the environment 

as without leaded fuel, aircraft could not attain the octane rating needed to remain 

airborne. To date, an effective alternative to leaded aviation fuel, known as avgas, has 

not been developed (Federal Aviation Administration, 2013). 

 
Experimental Assumptions & Limitations:  

Sample availability is dependent entirely upon voluntary participation and as a 

result, samples may be geographically clustered, preventing an accurate depiction for 

the city as a whole. Numerous samples collected are from areas in which there were no 

established cases of lead poisoning, and many census block groups that have recorded 
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instances of lead poisoning did not have a sample collected from the area. Similarly, 

some collected samples were from the same or adjacent neighborhoods, inadvertently 

clustering data points. Ideally, an adjusted number of samples to be collected from each 

census block group would be determined based on that census block group’s population 

– more populated census block groups would require more sample collections to 

provide a truly indicative representation. Samples would also be collected equidistant 

from each other and collected even in census block groups where there is no history of 

reported lead poisoning. This experimental design would yield an unbiased, accurate 

representation of the city of Rochester; however, this was not a practical nor reasonably 

attained goal. Since this study was a preliminary investigation into a controversial 

subject, the employed method of sample collection was determined to be best suited 

for the situation. Additionally, volunteers were not told what the purpose of these soil 

samples was – a volunteer with an interest or stake in this issue is more likely to 

participate, or collect samples from areas they know to be problematic. Similarly, if 

volunteers were told soil samples were collected to investigate lead, they may be 

inclined to collect from areas they suspect to have high lead concentrations, such as 

near industry, instead of residential areas. Volunteers living in rental properties may 

also be hesitant to collect samples. This method of sample collection also has an 

underlying assumption – one sample is sufficient representation of an entire census 

block group. Neighborhoods in census block groups in Rochester are similar enough to 

justify one house being representative of the majority; if the location the sample was 

collected from is in disrepair or adequate condition, it is highly likely that most homes 
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in the area are in a similar condition. There is always the possibility of several homes 

being in worse states than others in a neighborhood but as with any real-world samples, 

there are expected variances. 

A recurring issue for this investigation is the range of years that data was 

collected from – samples experimentally analyzed were from 2015-16, yet were 

compared against a map published regarding 2004 data. Usage of the 2004 map is 

justified based on the chemistry of lead. Once lead is bound in soil, it is highly insoluble 

in water. Therefore, precipitation will not dislodge lead chemically and soil-bound lead 

is relatively immobile. Any lead that is physically displaced by precipitation or 

landscaping is theoretically replaced by additional external sources of lead, such as 

airborne particulates settling or carried down by precipitation. Over time, only minimal 

changes in lead concentration are expected, unless known remediation has occurred in 

the sample site. An updated map would have been used for comparison and analysis 

should one have been made available – a freedom of information (FOIL) request was 

submitted to Monroe County, with the reply that an updated version has not been made 

available. Socioeconomic data compiled from Census datasets also vary in years, 

simply because of what datasets are available to the public through American Fact 

Finder. Using modern Census data regarding median year homes were constructed is 

not an issue as the year in which those homes were constructed does not change from 

Census to Census, however, median income is variable with time. Ideally, a dataset 

from the 2000 Census or a 2005 mid-Census estimate would have been used in order 

to reflect the conditions present at the time the map from Monroe County was 
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published. Adjusting for inflation would slightly alter the correlation coefficient for 

that comparison, but it is not expected to alter it enough to suddenly become a 

significant relationship.  

 
Correlations: 

In an effort to link incidence of the 2004 lead poisoning cases, a prevalence rate 

for each affected census block group (per 1,000 children aged 5 and under) was 

determined and plotted against several socioeconomic factors that typically influence 

the emergence of lead poisoning, including: median household income, median year 

home was constructed, median home value, and number of homes owned by Hispanic 

or Latino families. This socioeconomic data was pulled from 2015 Census data 

tabulated on American Fact Finder; note: median year home built is clustered due to 

how American Fact Finder groups data. Any homes built before 1940 are reported as 

1940, and so, an accurate representation using that parameter is not achieved. 

Experimentally determined lead concentration was also compared against prevalence 

rate and the four listed socioeconomic factors. Additionally, the lead concentration data 

points were log transformed to minimize the influence of very large values. Both the 

untransformed and transformed data sets were verified as normal by both Anderson-

Darling and Shapiro-Wilke tests. Untransformed data is preferred as it sheds insight to 

the issue at hand rather than masking the severity of the issue. Finally, all remaining 

relationships were investigated for completeness. Pearson correlation coefficients were 

calculated for all 15 relationships with a = 0.05 using Minitab 17 (Table 3). 
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 Experimentally determined lead concentrations correlates strongly with known 

prevalence rate of childhood lead poisoning (r = 0.715, p < 0.001) (Figure 7) and 

justifiably draws the most important conclusion of this study: lead bound in residential 

soil is directly linked to the emergence of childhood lead poisoning, a result 

corroborated by Mielke et al. (2007), Hooker and Nathanail (2006), and Mielke and 

Reagan (1998). When log transformed, lead concentration weakly correlates to 

prevalence rate and narrowly lies outside of statistical significance (r = 0.411, p = 

0.065) (Figure 8). Mielke et al. found that coincidence, strictly, cannot explain the 

relationship between soil lead and blood lead, and the driving mechanism connecting 

soil lead with blood lead is most likely the hand-to-mouth and teething tendencies 

exhibited by young children aged 6 and under, everywhere, as anticipated, whereas 

Hooker and Nathanail conclude that presence of soil lead shows a distinct possibility 

of an unacceptable risk to human health. Mielke and Reagan classify lead in soil as the 

primary causative source of lead regarding childhood lead poisoning. As this 

relationship is not a perfectly positive correlation, it is concluded that other factors are 

contributing to the instances of childhood poisoning. These outside factors can include 

genetic susceptibility, lead leached into water supplies from industrial discharge or 

from deteriorating lead pipes, and so on. Seasonality also influences the availability of 

lead, wherein lead is more easily re-suspended in air on drier, dustier days (Zahran et 

al., 2013). Days with precipitation carry airborne lead particles to the ground, where 

they can be tracked inside or transferred by hand-to-mouth tendencies. Visual graphing 

of these two data sets suggests a polynomial expression may best represent this 
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relationship and supplements the idea of a variety of factors influencing prevalence 

(Figure 7). Multivariate studies could be employed to definitively conclude the 

combination of sources of lead poisoning for Rochester, but as this study focuses 

strictly on soil lead, these tests were not performed. 

Significant negative correlations also emerged when comparing the number of 

Latino and Hispanic owned homes to both median income (r = -0.468, p < 0.001) 

(Figure 9) and median home value (r = -0.346, p = 0.001) (Figure 10). It has been 

established that this demographic generally lives in lower income housing (Morales  et 

al., 2005), and so, these correlations are without surprise and as a result, Latino and 

Hispanic families are more susceptible to lead poisoning due to diminished access to 

adequate housing. Laidlaw and Filippelli (2008) also confirm this demographic’s 

susceptibility to lead poisoning, reporting that children of color are nearly 4 times as 

likely to have elevated blood lead levels. However, despite these statistically significant 

relationships and corroboration by literature, number of Latino and Hispanic owned 

homes neither strongly nor significantly correlated to both determined lead 

concentration (r = 0.164, p = 0.477) (Figure 11) and prevalence rate (r = 0.114, p = 

0.265) (Figure 12).  

 As correlation coefficients were calculated, several unexpected results surfaced. 

Soil lead concentration positively correlated to median home value (r = 0.732, p = 

0.001) (Figure 13), implying that homes of higher worth generally have more lead 

bound in the soil; the opposite was expected – lower value homes generally are in a 

state of disrepair, and so soil would be more readily loaded with lead, in this case from 
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negligent upkeep of leaded exterior paints. This strongly positive correlation can be 

explained in two ways: (1) higher value homes are generally larger and therefore would 

have more surface area covered by leaded paint, and (2) higher value homes may have 

been maintained better – leaded exterior paint would have been scraped and replaced 

numerous times over the years and the debris from the renovation likely settled upon 

the soil. When log transformed, this relationship disappears (r = 0.304, p = 0.236) 

(Figure 14). 

 The remaining significant correlations are as follows: (1) median year home 

built and median income (r = -0.210, p = 0.040) (Figure 15), (2) median home value 

and median income (r = 0.327, p = 0.003) (Figure 16), and (3) number of Hispanic and 

Latino owned homes and median year home built (r = 0.225, p = 0.027) (Figure 17). 

Median income and prevalence rate narrowly lies outside significance rejection (r = -

0.189, p = 0.066), but warrants discussion (Figure 18). Correlation (1) implies newer 

homes are typically owned by lesser earning homeowners. This could be a consequence 

of new home construction expenses, but even so, the relationship is weak. Median 

home value and median income are unsurprisingly positively related, albeit somewhat 

weakly. More affluent homeowners can be expected to possess higher value homes. 

Hispanic and Latino owned homes are also weakly suggested to be newer. Finally, the 

weak negative correlation between median income and prevalence rate was expected 

to be stronger – more affluent families are expected to have wider access to remediation 

efforts, should lead poisoning become an issue in their household. Higher income 

families theoretically have the means to improve their home and yard and remediate 
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these contaminated soils. But because a weak negative correlation was established for 

this comparison, several possible realities emerge: the median income for these Census 

block groups is too low to provide adequate remediation efforts, or, homeowners are 

taking only preliminary actions in abating the presence of lead in their property or are 

seeking medical attention, reducing the number of reported instances of childhood lead 

poisoning.  

The remaining non-significant correlations are tabulated for completeness in 

Figures 19 – 26.  

 
Public Awareness, Initiative, & Moving Forward: 
 Collectively, we have been aware of the issue that lead has posed on the 

environment for decades, yet its presence and consequences are still felt today. Given 

the severity of the permanent damage caused by lead exposure, a more galvanized 

approach to remedying this situation would and should be expected, but is nonexistent. 

Significant progress was made in the decision to outlaw leaded paints and gasolines, 

and noticeable improvements were documented; however, improving upon an issue 

and eradicating an issue are drastically different realities.  

 Simply put, the widespread occurrence of soil-bound lead combined with the 

myriad of other additional environmental sources of lead pose an environmental issue 

that is too large and daunting to curtail. The total removal of leaded soils is neither 

practical nor plausible. Excavating the top foot of topsoil from every residential home 

is not an attainable reality. Safe handling and disposal of that excavated soil is another 

challenge to overcome. The reality of lead loaded soils is a problem too large to handle 
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once and for all, and so, minor quality of life improvements are employed in place of a 

permanent solution, as suggested by Mielke et al. (2011) regarding their work in 

remediating playgrounds in New Orleans, LA. Longevity of household abatement is 

largely dependent on the diligence of the homeowner, and arguably more importantly, 

on the diligence of your immediate neighbors. If a homeowner were to have the means 

to completely remove soil-bound lead and every other source of lead in their home, it 

is a half-won battle – that yard is now safe for their children to play in, but the yard 

down the street where the child may play has not had abatement. Hand-to-mouth 

gestures will still introduce lead to the body. Lead from the grounds at the school they 

attend is another viable source. No matter how diligent a homeowner may be in 

preventing lead from entering their property, it is a temporary effort unless every 

homeowner assumes the same responsibility.  

 In order to make any improvements in this issue, the public must first be aware 

that an issue exists and to what extent. Many homeowners likely do not realize the 

amount of lead found in their soil, resolving themselves to the idea that because leaded 

paints and gasoline were outlawed decades ago, the issue disappeared then as well. The 

average layperson likely has an idea that their old home was painted with leaded paint 

at one point, but they likely do not realize the legacy and longevity of that lead. 

Government agencies such as the EPA provide a general user-end overview of the 

history, sources, and effects of lead (EPA, 2017), and while this information is readily 

available, unless you are specifically researching this, you would not ordinarily be 

aware of the specifics. The responsibility then falls upon the county to adequately 
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provide that information in a manner accessible to all homeowners and take action to 

begin remediation efforts. Therein lies the issue – lead data is and always has been 

collected, as in the case with Monroe County (2008), but publicly acknowledging the 

extent of the issue and the severity of lead concentrations demands a remediation effort 

that is simply not attainable. It is far easier to simply not acknowledge the problem than 

to draw attention to a jarring reality and have no reasonably attainable way to solve it. 

This purposeful disguising is ethically questionable, yet understandable from both 

perspectives – citizens have a right to know what risks are hiding in their own 

backyards, and public representatives would be under a media storm for bringing to 

light a situation without a foreseeable solution. Acknowledging the extent and 

detriment of lead presence has and always will be a hot-button issue, and has 

perpetuated this crisis to current day. It is unreasonable to expect an overnight solution 

to this issue, but by making the public aware, a collective effort can be made to maintain 

a manageable reality. The public needs to want to eliminate what lead they can, but 

needs to know the reality of the situation first.  
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Conclusions: 
 Given Rochester’s history of lead poisoning, higher concentrations of 

experimentally determined lead were expected; however, the correlation between lead 

concentration and established prevalence rate yielded a strong, statistically significant 

relationship and elevated lead concentrations were found along the problematic 

crescent as expected. These results unquestionably link the incidence of childhood lead 

poisoning to the physical composition of the soil in the area, and provide a solid 

foundation and starting point for targeted remediation. Despite this project being small-

scale, trends and conclusions in line with published literature are already emerging, 

implying that a fully-fledged case study for Rochester would yield comprehensive 

results, similar to those determined by Mielke et al.’s work in New Orleans (1997).  

Investigating common socioeconomic factors associated with the occurrence of 

lead poisoning returned mixed results, including some expected relationships not 

surfacing and counterintuitive relationships. Ultimately, because lead concentration 

positively correlated with prevalence rate and median home value, homeowners with 

the means to maintain their home and yard likely are unaware of the extent to which 

their property is loaded with lead and are, in reality, exacerbating the lead loading by 

renovating their home regularly. Because median household income weakly negatively 

correlates with prevalence rate, it is concluded that affluent homeowners are generally 

taking the preventative and precautionary steps to protect against adverse health effects 

of lead. Firsthand accounts with this subset of homeowners confirm that they are aware 

of the presence of lead and the potential harm it poses.   
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This project is a preliminary investigation into the state of the soils in Rochester 

and a much larger sample set is needed to more accurately represent the city as a whole. 

Should this issue be reinvestigated in the future, a more uniform method of sample 

collection needs to be implemented in which an adjusted number of samples from each 

census block group should be collected. Other socioeconomic data can be investigated, 

specifically parameters concerning African Americans as they are historically the most 

susceptible to adverse health effects of lead exposure. Seasonality investigations could 

be implemented to compare the effect of lead in the summer versus the winter. Isotopic 

analyses could be performed to determine the predominant source of lead for a property 

and suggest a targeted remediation effort. As previously mentioned, multivariate 

analyses and more specific mapping should be performed to gain a more complete 

picture of the situation. Additionally, and arguably most importantly, an adequate effort 

needs to be made to inform the public that their property is likely loaded with a harmful 

amount of lead. Not addressing this issue because it is not immediately solvable does 

not justify keeping the public ignorant of potential threats to their family’s safety. A 

problem cannot be solved if the problem is not known. Providing the public with data, 

figures, and maps of particularly problem areas can spark a citywide initiative to tackle 

this environmental issue.  
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Appendix: 

 
Figure 1: Digitized map of 2004 prevalence of childhood blood poisoning for 
Monroe County, NY. 
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Figure 2: Digitized map of 2004 prevalence of childhood blood poisoning for 
Monroe County, NY with experimentally determined lead concentrations overlaid. 
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Figure 3: Median household income (2015 USD) for Monroe County, NY by Census 
block group. 
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Figure 4: Median year home built for homes in Monroe County, NY by Census block 
group.  
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Figure 5: Median home value (2015 USD) for homes in Monroe County, NY by 
Census block group.  
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Figure 6: Number of homes owned by Hispanic and Latino families in Monroe 
County, NY by Census block group.  
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Figure 7: Scatterplot of lead concentration (ppm) vs prevalence rate (per 1,000 
children aged 5 and under) (r = 0.715, p <0.001) with linear regression created in 
Minitab 17. 
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Figure 8: Scatterplot of log transformed lead concentration (ppm) vs prevalence rate 
(per 1,000 children aged 5 and under) (r = 0.411, p = 0.065) with linear regression 
created in Minitab 17. 
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Figure 9: Scatterplot of median household income (2015 USD) vs number of homes 
owned by Hispanic and Latino families (r = -0.468, p < 0.001) with linear regression 
created in Minitab 17. 
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Figure 10: Scatterplot of median home value (2015 USD) vs number of homes owned 
by Hispanic and Latino families (r = -0.346, p = 0.001) with linear regression created 
in Minitab 17. 
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Figure 11: Scatterplot of lead concentration (ppm) vs number of homes owned by 
Hispanic and Latino families (r = -0.164, p = 0.477) with linear regression created in 
Minitab 17. 
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Figure 12: Scatterplot of prevalence rate (per 1,000 children aged 5 and under) vs 
number of homes owned by Hispanic and Latino families (r = 0.114, p = 0.265) with 
linear regression created in Minitab 17. 
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Figure 13: Scatterplot of lead concentration (ppm) vs median home value (2015 USD) 
(r = 0.732, p = 0.001) with linear regression created in Minitab 17. 
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Figure 14: Scatterplot of log transformed lead concentration (ppm) vs median home 
value (2015 USD) (r = 0.304, p = 0.236) with linear regression created in Minitab 17. 
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Figure 15: Scatterplot of median household income (2015 USD) vs median year home 
built (r = -0.210, p = 0.040) with linear regression created in Minitab 17. 
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Figure 16: Scatterplot of median household income (2015 USD) vs median home value 
(2015 USD) (r = 0.327, p = 0.003) with linear regression created in Minitab 17. 
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Figure 17: Scatterplot of median year home built vs number of homes owned by 
Hispanic and Latino families (r = 0.225, p = 0.027) with linear regression created in 
Minitab 17. 
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Figure 18: Scatterplot of prevalence rate (per 1,000 children aged 5 and under) vs 
median household income (2015 USD) (r = -0.189, p = 0.066) with linear regression 
created in Minitab 17. 
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Figure 19: Scatterplot of lead concentration (ppm) vs median household income (2015 
USD) (r = -0.249, p = 0.276) with linear regression created in Minitab 17. 
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Figure 20: Scatterplot of lead concentration (ppm) vs median year home built (r = -
0.078, p = 0.736) with linear regression created in Minitab 17. 
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Figure 21: Scatterplot of log transformed lead concentration (ppm) vs median 
household income (2015 USD) (r = -0.344, p = 0.127) with linear regression created in 
Minitab 17. 
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Figure 22: Scatterplot of log transformed lead concentration (ppm) vs median year 
home built (r = 0.013, p = 0.955) with linear regression created in Minitab 17. 
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Figure 23: Scatterplot of log transformed lead concentration (ppm) vs number of 
homes owned by Hispanic and Latino families (r = -0.056, p = 0.808) with linear 
regression created in Minitab 17. 
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Figure 24: Scatterplot of prevalence rate (per 1,000 children aged 5 and under) vs 
median year home built (r = -0.088, p = 0.391) with linear regression created in Minitab 
17. 
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Figure 25: Scatterplot of prevalence rate (per 1,000 children aged 5 and under) vs 
median home value (2015 USD) (r = -0.107, p = 0.335) with linear regression created 
in Minitab 17. 
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Figure 26: Scatterplot of median year home built vs median home value (2015 USD) 
(r = -0.073, p = 0.509) with linear regression created in Minitab 17. 
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Table 1: Intersections of sample collection sites as provided by volunteers with 
corresponding coordinates. Home addresses have been redacted if they were 
originally provided.  

Sample Street 1 Street 2 Latitude (º) Longitude (º) 
1 Brunswick St Park Ave 43.14715 -77.57441 
2 Emerson St Santee St 43.17387 -77.64304 
3 Goodman St N Norton St 43.18763 -77.57630 
4 Lexington Ave Dewey Ave 43.17931 -77.63945 
5 Mead St -- 43.17636 -77.61195 
6 E Main St Goodman St N 43.16204 -77.58363 
7 Rogers Ave Otis St 43.16899 -77.64587 
8 Fernwood Ave -- 43.17782 -77.58309 
9 E Ridge Rd Carter St 43.19707 -77.59243 

10 Clinton St Hudson Ave 43.18652 -77.59956 
11 Laser St -- 43.18242 -77.60508 
12 Brambury Dr Carter St 43.19466 -77.59228 
13 Seneca Manor Dr -- 43.19372 -77.60031 
14 Seneca Manor Dr Hudson Ave 43.19379 -77.60001 
15 Flower City Park -- 43.19274 -77.63728 
16 Emerson St Dewey Ave 43.17388 -77.63945 
17 Rosewood Ter -- 43.16841 -77.56514 
18 Ave E St Paul St 43.18114 -77.62519 
19 Flint St Seward St 43.13983 -77.62418 
20 Hudson Ave Upper Falls Blvd 43.17079 -77.60083 
21 Rosewood Ter -- 43.16802 -77.56505 
22 Clifford Ave Baycliff Dr 43.17587 -77.57384 
23 Fillmore St West Ave 43.14996 -77.64985 
24 Highland Park -- 43.13046 -77.60643 
25 Hudson Ave E Ridge Rd 43.19614 -77.60015 
26 Hart St St. Paul St 43.17009 -77.61987 
27 Rosewood Ter -- 43.16802 -77.56505 
28 Glendale Park -- 43.17608 -77.63592 
29 Jay St Glasser St 43.15932 -77.63981 
30 Roycroft Dr Carter St 43.18156 -77.59148 
31 Brooks Ave Maxwell Ave 43.13102 -77.64425 
32 Monroe Ave Goodman St 43.14587 -77.59251 
33 Crossfield Rd Costich Rd 43.18548 -77.56218 
34 Rockingham St S Clinton Ave 43.13572 -77.59287 
35 Bay St Culver Rd 43.17152 -77.55989 
36 Hudson Ave Ernst St 43.18269 -77.59930 
37 Fourth St -- 43.16734 -77.58461 
38 Bay St Fourth St 43.17089 -77.58478 
39 Webster Ave -- 43.16435 -77.58144 
40 Quincy St -- 43.16121 -77.56967 
41 Maple St -- 43.15523 -77.64395 
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Table 2: Total lead concentration determined by ICP-AES and converted units for 
relevance and ease of interpretation.  

Sample ICP-AES Reading 
(mg-Pb/L) 

Lead Concentration 
(mg-Pb/kg-soil) (ppm) 

1 0.209 46.13 
2 0.275 62.50 
3 0.643 150.2 
4 1.821 442.0 
5 1.150 245.7 
6 0.617 141.4 
7 1.598 366.4 
8 0.020 4.831 
9 1.128 263.4 

10 0.259 63.48 
11 0.772 162.3 
12 1.099 247.4 
13 0.061 12.82 
14 0.196 40.06 
15 1.439 321.2 
16 0.303 65.87 
17 0.654 145.9 
18 1.587 339.1 
19 0.605 129.2 
20 1.554 353.1 
21 0.773 149.7 
22 1.199 245.7 
23 0.926 199.6 
24 0.867 176.1 
25 1.099 259.1 
26 0.219 47.20 
27 0.640 144.0 
28 1.781 377.3 
29 1.829 404.5 
30 1.603 377.9 
31 0.230 49.08 
32 0.953 227.0 
33 0.180 40.27 
34 1.041 230.4 
35 0.227 48.40 
36 2.251 536.2 
37 0.179 41.81 
38 0.354 81.14 
39 15.71 3245. 
40 5.750 1229. 
41 0.342 79.08 
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Table 3: Pearson Correlation coefficients and associated p-values. Values computed 
in Minitab 17. Significance was determined using a = 0.05. 

Parameter Lead 
Conc. 

Log(Lead 
Conc.) 

Prevalence 
Rate 

Median 
Income 

Median 
Year 
Home 
Built 

Median 
Home 
Value 

Prevalence 
Rate 

r = 0.715 
p < 0.001 

r = 0.411 
p = 0.065     

Median 
Income 

r = -0.249 
p = 0.276 

r = -0.344 
p = 0.127 

r = -0.189 
p = 0.066    

Median 
Year Home 

Built 

r = -0.078 
p = 0.736 

r = 0.013 
p = 0.955 

r = -0.088 
p = 0.391 

r = -0.210 
p = 0.040   

Median 
Home 
Value 

r = 0.732 
p = 0.001 

r = 0.304 
p = 0.236 

r = -0.107 
p = 0.335 

r = 0.327 
p = 0.003 

r = -0.073 
p = 0.509  

No. of 
Hispanic 

and Latino 
Owned 
Homes 

r = -0.164 
p = 0.477 

r = -0.056 
p = 0.808 

r = 0.114 
p = 0.265 

r = -0.468 
p = 0.000 

r = 0.225 
p = 0.027 

r = -0.346 
p = 0.001 

 


