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Executive Summary

Lead water service lines release low levels of toxin into the drinking water that lead to chronic

health issues for adults and children. Ohio has a particularly large problem with lead service

lines, with over half a million lead service lines transporting water to households throughout the

state.

We estimate as many as 8.1% of lead service lines in the country are located in Ohio

while only 3.6% of the U.S. population is in Ohio. This means lead service lines are having a

severe impact on Ohio’s public health and human capital development compared to other states.

Through recent efforts, federal state policymakers aim to replace lead service lines across the

state of Ohio. In this analysis, we estimate the net social benefits of replacing all lead service

lines across the state of Ohio over a 15-year time period.

We find replacing lead service lines would improve public health across a range of social

impacts. We estimate total removal of lead service lines across the state will lead to 150 fewer

cases of ADHD, 520 fewer cases of dementia, 3,800 cases of depression, 7,300 fewer cases of

anemia, 9,700 fewer deaths from heart disease, 2,400 cases of coronary heart disease, and 640

fewer infant deaths over the next fifteen years. Removing Ohio’s lead pipes will also lead to

higher wages due to higher IQs and significant reductions in statewide water waste.

The monetized social benefit of replacement of lead pipes will grow Ohio’s economy by

between $145 and $185 billion over the next 15 years. This means for every dollar

invested in lead pipe removal in Ohio, the state will see a social benefit of $32 to

$45.

Lead Service Lines in America

In the late 19th century, cities across America installed pipes as they developed their public

water systems.
1
A commonly-used material for those pipes was lead.

By 1900, more than 70% of cities with populations over 30,000 used lead service lines, despite

scientists and public health officials already suspecting that there were serious public health

impacts associated with their use.
2
By the 1920s, city leaders began to realize that the health

harms of lead pipes outweighed their advantages. They then began to change building codes to

restrict the installation of new lead service lines.

2 Troesken, Werner. The great lead water pipe disaster. Mit Press, 2006.

1 Rabin, Richard. "The lead industry and lead water pipes “A Modest Campaign”." American journal of
public health 98, no. 9 (2008): 1584-1592.
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In 1986, Congress amended the Safe Drinking Water Act to prohibit the installation of any new

lead service lines in the United States.
3
However, this change did not require existing service

lines to be replaced. This left millions of lead service lines in use across the United States.

More recent research has found that there are numerous severe health outcomes associated with

lead exposure. Much of this research is focused on the impact lead exposure has on young

children. The neurodevelopmental effects of lead exposure lead to a poor foundation for human

capital development, which snowballs into more serious economic, health, and social outcomes

later in life.
4

Some of the key long-term impacts of lead exposure are on early childhood development,

long-term physical health, mental health, education, and crime.
5,6
In adults, the most severe

impacts are related to physical and mental health.

Additionally, due to the age of the U.S. lead service line system, many lead service lines are not

efficiently transporting water anymore. There is evidence that suggests public officials can

improve efficiency in public water systems by replacing aging lead service lines.
7

The Prevalence of Lead Service Lines in Ohio

We identified two main estimates for the number of lead service lines in Ohio. First, the

National Resources Defense Council estimated that there were as many as 650,000 lead service

lines in Ohio.
8
If this is true, this means that Ohio has roughly 5.4% of the nation’s lead service

lines despite having 3.6% of the nation’s population. This number is likely an underestimate

because there are a large number of unidentified service lines, some of which may also be made

from lead. The National Resources Defense Council did not assume that any of these pipes were

lead, meaning their estimate is likely a low estimate of the true number of lead pipes in Ohio.

A more recent estimate by the Environmental Protection Agency suggests that there are over

745,000 lead service lines in Ohio.
9
If this is true, that would mean that as many as 8.1% of all

9 “An Initial Analysis of EPA’s New State Funding Allotment for Lead Service Line Replacement,”
Environmental Policy Innovation Center, June 2023, Available Online:

8 “Lead Pipes are Widespread and Used in Every State,” Erik Olson and Alexandra Stubblefield, NRDC,
July 2021, Available Online:
https://www.nrdc.org/resources/lead-pipes-are-widespread-and-used-every-state

7 Levin, Ronnie, and Joel Schwartz. "A better cost: benefit analysis yields better and fairer results: EPA’s
lead and copper rule revision." Environmental Research 229 (2023): 115738.

6 Reyes, Jessica Wolpaw. "Environmental Policy as Social Policy? The Impact of Childhood Lead
Exposure on Crime" The B.E. Journal of Economic Analysis & Policy, vol. 7, no. 1, 2007.
https://doi.org/10.2202/1935-1682.1796

5 O’Connor, D., Hou, D., Ok, Y.S. et al. The effects of iniquitous lead exposure on health. Nat Sustain 3,
77–79 (2020). https://doi.org/10.1038/s41893-020-0475-z

4 Levallois, P., Barn, P., Valcke, M. et al. Public Health Consequences of Lead in Drinking Water. Curr
Envir Health Rpt 5, 255–262 (2018). https://doi.org/10.1007/s40572-018-0193-0

3 Act, Safe Drinking Water. "Safe drinking water act." In Enacted by the 93rd United States Congress.
Effective, vol. 88. 1974.
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U.S. lead service lines are in Ohio.
10
The Environmental Protection Agency tries to account for

unidentified service lines, which results in estimation of a much larger number of lead service

lines. According to this analysis, Ohio is the state that will be left with the largest percentage of

its lead pipes intact after use of federal funds allotted for lead pipe replacement.

For our central estimates, we use the Environmental Protection Agency’s more comprehensive

estimate, though we test both numbers in our sensitivity analysis.

Policy Options

This report explores what will happen if Ohio adopts a policy to replace all of its existing lead

service lines over the next 15 years. We compare this policy to a counterfactual policy where a

smaller number of lead service lines would be replaced by pre-existing programs.

● Status Quo: Under our baseline scenario, a portion of lead service lines in Ohio will be

replaced either by the H2Ohio program or by federal funding.
11,12

● Full Replacement: Under the full replacement scenario, every lead service line in Ohio

would be replaced over the next fifteen years. In our primary model, we assume that

1/15th of the lead service lines are replaced each year. Compared to our baseline, this

means we are only looking at the costs and benefits associated with lead pipes that would

not already have been replaced.

Impacts

When lead pipes are replaced, people no longer are at risk of consuming lead in drinking water.

According to the Environmental Protection Agency, drinking water can make up 20% or more of

a person’s exposure to lead.
13
We assume that full replacement of lead service lines leads to a

20% reduction in blood lead levels. This is a conservative assumption, meaning that benefits

could be even higher than we currently predict. More information about how we estimate how

blood lead levels are reduced can be found in Appendix A.

13 “Basic information about lead in drinking water,” EPA, July 2024, Available Online:
https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water

12 “An Initial Analysis of EPA’s New State Funding Allotment for Lead Service Line Replacement,”
Environmental Policy Innovation Center, June 2023, Available Online:
https://www.policyinnovation.org/blog/an-initial-analysis-of-epas-new-state-funding-allotment-for-lead-serv
ice-line-replacement

11 “About H2Ohio,” H2Ohio, Available Online: https://h2.ohio.gov/about-h2ohio/

10 “7th Drinking Water Infrastructure Needs Survey and Assessment April 2023,” EPA, April 2023,
Available Online:
https://www.epa.gov/system/files/documents/2023-04/Final_DWINSA%20Public%20Factsheet%204.4.23.
pdf

https://www.policyinnovation.org/blog/an-initial-analysis-of-epas-new-state-funding-allotment-for-lead-serv
ice-line-replacement
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We estimate the impact of lead service line replacement on nine separate benefit categories and

two cost categories. Benefit categories range from human capital to health to resource

management benefits. Costs focus on the infrastructure costs of lead service line replacement as

borne by customers and utilities.

Benefits

● Cognitive Impacts

○ Decreased ADHD

○ Decreased Dementia

○ Decreased Depression

○ Increased IQs

● Physical Health Impacts

○ Decreased Anemia

○ Decreased Coronary Heart Disease

○ Decreased Cardiovascular Mortality

○ Decreased Infant Mortality

● Decreased Water Waste

Costs

● Cost of pipe replacement to customers

● Cost of pipe replacement to utilities

All monetization estimates were made using figures from Levin and Schwartz’s 2023 cost benefit

analysis of the Environmental Protection Agency’s lead and copper rule revision.
14
We use

figures from tables 3 and 5 of their study and adjust them for inflation using the Bureau of Labor

Statistics inflation calculator.

Cognitive Impacts

Long-term ingestion of low levels of lead can lead to negative cognitive and developmental

impacts. We estimated the benefit of decreased ADHD prevalence, dementia prevalence,

depression prevalence, and increased IQs on the Ohio population.

14 Ronnie Levin, Joel Schwartz, A better cost:benefit analysis yields better and fairer results: EPA’s lead
and copper rule revision, Environmental Research, Volume 229, 2023, 115738, ISSN 0013-9351,
https://doi.org/10.1016/j.envres.2023.115738.
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Decreased ADHD Prevalence

Today about 6 out of 10 children have moderate to severe ADHD
15
. This can result in costs to

individuals and families due to lost productivity, medication, and behavioral treatments.
16
One

of the causes for these cases is childhood lead exposure.

To quantify this impact on Ohio, we used figures from Donzelli et al.’s 2019 study on lead

exposure’s relationship with ADHD. This study found that children with blood lead levels over

2.30 μg/dL lead to a 2.5 times greater risk for developing ADHD.
17

To determine the number of children that have different ranges of blood lead levels, we use data

from the Center for Disease Control on the percentiles of blood lead levels among children to

construct a complete distribution of blood lead levels (more information available in Appendix

A). This allows us to use Census information on the number of children in Ohio and determine

what percentage of them fall into each category of blood lead level concentration.
18

We estimate each case of ADHD leads to an annual cost of $13,000 in medical, caregiver, and

family disruption following Levin and Schwartz.

We estimate full lead pipe replacement will lead to 150 fewer cases of ADHD in Ohio children

over the 15 years. This will lead to a benefit of $1.5 million in reduced medical, caregiver, and

family disruption costs over that 15-year time period.

Decreased Dementia Prevalence

Lead exposure has also been associated with higher rates of dementia.
19
According to research

out of Columbia University, 1 in 10 Americans over the age of 65 suffer from dementia.
20

Dementia can place serious financial and mental stress on both the victim and their families due

to treatment costs.

To quantify this impact, we used the findings from Horton et al.’s 2019 study which found that

those with a blood lead levels between 1.5 and 5 μg/dl had 1.2 and 1.4 times the rate of

Alzheimer’s Disease.
21

21 Horton, C. J., Weng, H. Y., & Wells, E. M. (2019). Association between blood lead level and subsequent
Alzheimer's disease mortality. Environmental epidemiology (Philadelphia, Pa.), 3(3), e045.
https://doi.org/10.1097/EE9.0000000000000045

20 Manly, Jennifer. “One in 10 Older Americans Has Dementia.” Columbia University Irving Medical
Center, 20 Oct. 2022, www.cuimc.columbia.edu/news/one-10-older-americans-has-dementia.

19 Reuben, Aaron. “Childhood Lead Exposure and Adult Neurodegenerative Disease.” Journal of
Alzheimer’s Disease, vol. 64, no. 1, 8 June 2018, pp. 17–42, https://doi.org/10.3233/jad-180267.

18 “Age and Sex,” Census Bureau, Available Online:
https://data.census.gov/table/ACSST5Y2022.S0101?q=S0101%20Ohio

17 See appendix A for methodology for estimating population-level blood lead levels.

16 CDC. “Data and Statistics on ADHD.” Attention-Deficit / Hyperactivity Disorder (ADHD), 15 May 2024,
www.cdc.gov/adhd/data/index.html.

15 ---. “Data and Statistics on ADHD.” Attention-Deficit / Hyperactivity Disorder (ADHD), CDC, 15 May
2024, www.cdc.gov/adhd/data/index.html.
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A case of dementia costs a family $33,000 per year, with costs stemming from caregiver, family

disruption, and out-of-pocket expenses.

Using these figures, we estimate full replacement of lead service lines will lead to nearly 520

fewer cases of dementia across the state over the next 15 years. This will result in an economic

benefit of over $13 million in reduced caregiver, family disruption, and medical costs over the

same time period.

Decreased Depression Prevalence

According to the CDC, over 2 million Ohioans over the age of 18 have experienced a diagnosis of

depression, 12th highest per capita among all US states.
22
Increasing lead exposure has often

been cited as a cause for cases of depression, in particular in relation to cognitive decline.
23

To estimate how depression cases would be impacted by full lead pipe replacement, we use

figures from Levin and Schwartz’s 2023 cost-benefit analysis, adjusting the nationwide impact

to estimate the likely impact in Ohio.

We estimate each case of depression costs $76,000 in both medical and productivity loss costs.

We estimate full replacement of Ohio’s lead service lines will yield a decrease of 3,800 cases of

depression, a benefit of over $290 million in reduced medical costs and productivity cost savings

over the 15 years of implementation due to reduced depression prevalence in the state.

Increased IQ scores

Lead as it occurs in nature is a toxic metal.
24
In the last century, lead exposure has been

estimated to have reduced the IQs of up to half the American population.
25
Lead exposure comes

from many factors, one of which is lead in drinking water.

25 Vahaba, Dan. “Lead Exposure in Last Century Shrank IQ Scores of Half of Americans.”
Today.duke.edu, 7 Mar. 2022,
today.duke.edu/2022/03/lead-exposure-last-century-shrunk-iq-scores-half-americans.

24 Heidari, Serve, Shayan Mostafaei, Nazanin Razazian, Mojgan Rajati, Anahita Saeedi, and Fatemeh
Rajati. "The effect of lead exposure on IQ test scores in children under 12 years: a systematic review and
meta-analysis of case-control studies." Systematic reviews 11, no. 1 (2022): 106.

23 Paterniti, S., Verdier-Taillefer, M., Dufouil, C., Alp ́erovitch, A., 2002. Depressive symptoms and
cognitive decline in elderly people: longitudinal study. Br. J. Psychiatry 181, 406–410.
https://doi.org/10.1192/bjp.181.5.406.

22 Lee, Benjamin. “National, State-Level, and County-Level Prevalence Estimates of Adults Aged ≥18
Years Self-Reporting a Lifetime Diagnosis of Depression — United States, 2020.” MMWR. Morbidity and
Mortality Weekly Report, vol. 72, no. 24, 16 June 2023,
www.cdc.gov/mmwr/volumes/72/wr/mm7224a1.htm, https://doi.org/10.15585/mmwr.mm7224a1.
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To estimate the impacts of lead exposure on Ohio IQs, we used the finding from Boyle et al.’s

2021 study.
26
In this study, researchers found that for children ages 5-10 with blood lead levels

between 2-10 μg/dL, 0.54 IQ points are lost for every 1 μg/dL of lead in blood.

We can determine how much blood lead levels will fall among children by using data from the

Center for Disease Control on blood lead level percentiles for children.
27
This allows us to

estimate the distribution of blood lead levels among children, and predict how much they will

fall after full replacement. More information on our approach can be found in Appendix A.

Higher IQs are associated with higher earnings in the long term. Using the figures from Levin

and Schwartz’s 2023 cost-benefit analysis, we estimated that each IQ point will generate

$30,000 in future earnings in 2024 dollars.

We estimate the full replacement of lead pipes in Ohio will prevent the loss of an average of 1.25

IQ points each for over 290,000 children in Ohio over the next 15 years. This will lead to a total

benefit of $8.35 billion in future earnings over the 15 year period.

Physical Health Impacts

In addition to cognitive health, ingestion of lead can have impacts on physical health. We

estimated the impact lead service line removal would have on prevalence of anemia, coronary

heart disease, cardiovascular mortality, and infant mortality in Ohio.

Decreased Anemia Prevalence

Anemia is the condition of not having enough healthy red blood cells or hemoglobin to carry

oxygen to the body's tissues.
28
Anemia can lead to complications ranging from exhaustion to

death. According to the CDC, in 2016, 2.8 million Americans sought medical assistance for

anemia
29
. Anemia has been found to have a causal relationship with excess lead exposure.

30

30 M. Ahamed, S. Singh, J.R. Behari, A. Kumar, M.K.J. Siddiqui,
Interaction of lead with some essential trace metals in the blood of anemic children from Lucknow, India,
Clinica Chimica Acta, Volume 377, Issues 1–2, 2007, Pages 92-97, ISSN 0009-8981,
https://doi.org/10.1016/j.cca.2006.08.032.

29 “FastStats - Anemia.” Centers for Disease Control and Prevention, 2020,
www.cdc.gov/nchs/fastats/anemia.htm.

28 Mayo Clinic. "Anemia." Mayo Clinic. Last modified December 13, 2022.
https://www.mayoclinic.org/diseases-conditions/anemia/symptoms-causes/syc-20351360.

27 “Age and Sex,” Census Bureau, Available Online:
https://data.census.gov/table/ACSST5Y2022.S0101?q=S0101%20Ohio

26 Boyle J, Yeter D, Aschner M, Wheeler DC. Estimated IQ points and lifetime earnings lost to early
childhood blood lead levels in the United States. Sci Total Environ. 2021 Jul 15;778:146307. doi:
10.1016/j.scitotenv.2021.146307. Epub 2021 Mar 9. PMID: 34030355.
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We quantified the impact of lead pipe replacement on anemia using figures from Disalvo et al.’s

2024 study, which found children ages 1-6 with blood lead levels above 5 µg/dL had three times

the risk of developing anemia as children below the threshold.
31

We applied an annual cost of $4,000 annually per case of anemia based on higher medical costs

for people suffering from anemia.

We estimate the replacement of all lead pipes in Ohio will lead to 7,300 fewer cases of anemia

over the next 15 years. This would mean a benefit to Ohio of $22 million in decreased morbidity

and mortality costs.

Decreased Coronary Heart Disease Prevalence

Today the CDC estimates that 1 in 20 American adults suffer from coronary heart disease.
32

Coronary heart disease can lead to many other heart conditions and is associated with higher

healthcare costs, medications, and premature death. The CDC estimates coronary heart disease

has an economic burden of $219 billion on the US economy each year.
33
Lead exposure has been

found to cause coronary heart disease.
34

For this impact, we used the findings from Levin and Schwartz’s 2023 cost-benefit analysis and

adjusted it to estimate the impact to Ohio.

From this, we found that over the 15 years of lead pipe replacement, 2,400 cases of coronary

heart disease would be avoided, a benefit of over $52 million over that same time period.

Decreased Cardiovascular Mortality

Exposure to lead has been causally linked to increased risk of cardiovascular mortality. Among a

sample of adults, 18% of the observed cardiovascular mortality was attributed to elevated blood

lead levels.
35

For this impact, we used the findings from Levin and Schwartz’s 2023 cost-benefit analysis and

adjusted nationwide impacts to estimate impacts in Ohio.

35 Lanphear, Bruce P., Stephen Rauch, Peggy Auinger, Ryan W. Allen, and Richard W. Hornung.
"Low-level lead exposure and mortality in US adults: a population-based cohort study." The Lancet Public
Health 3, no. 4 (2018): e177-e184.

34 Navas-Acien, Ana, et al. “Lead Exposure and Cardiovascular Disease—a Systematic Review.”
Environmental Health Perspectives, vol. 115, no. 3, 1 Mar. 2007, pp. 472–482,
www.ncbi.nlm.nih.gov/pmc/articles/PMC1849948/, https://doi.org/10.1289/ehp.9785.

33 ---. “Health Topics - Heart Disease - POLARIS.” Centers for Disease Control and Prevention, 17 Aug.
2021, www.cdc.gov/policy/polaris/healthtopics/heartdisease/index.html#:~:text=Economic%20Burden.

32 Centers for Disease Control and Prevention. “Heart Disease Facts.” Heart Disease, 29 Apr. 2024,
www.cdc.gov/heart-disease/data-research/facts-stats/index.html.

31 Disalvo, Liliana, et al. “Blood Lead Levels and Their Association with Iron Deficiency and Anemia in
Children.” Biological Trace Element Research, 3 Apr. 2024,
assets.researchsquare.com/files/rs-3514674/v1/9bc630cc-05f1-44b1-9ddd-42c6c0f37955.pdf?c=1712589
367, https://doi.org/10.1007/s12011-024-04163-y. Accessed 7 May 2024.
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Wemonetize the impact of decreased deaths from heart disease using FEMA’S value of a

statistical life estimate of $9 million per death avoided, a low-end estimate compared to other

federal value of statistical life estimates.
36

We estimate that upon full replacement of lead service lines throughout the state, this policy

would save over 9,700 lives from heart disease over the first 15 years of its implementation. This

will generate a total of $66 billion in risk of death reduction value over the time period.

Decreased Infant Mortality

From 2019 to 2021, nearly seven of every 1,000 births in Ohio resulted in the death of the

child.
37
This problem disproportionately impacts minority households, with 13 of every 1,000

births of black children leading to a death in the state. Increased lead exposure has been found

to increase the risk of infant death.
38

Our estimate for the impact of lead service line replacement on infant morality is based on a

2014 study by Clay, Troesken, and Haines.
39
This paper finds that cities with some combination

of lead and non-lead service lines had infant mortality rates that were 4.5% higher than cities

with no lead service lines.

We monetize the impact of decreased infant death using FEMA’s value of statistical life estimate

of $9 million per death avoided, a low- end estimate compared to other federal value of

statistical life estimates.
40

We estimate full replacement of lead pipes in Ohio would lead to nearly 650 fewer infant deaths

in its first 15 years. This would lead to a monetized benefit of $4.4 billion in reduced risk of

death over that time period.

Decreased Water Waste

Because all lead service lines are at least 38 years old, a large number of them no longer work

efficiently as a way to transport water, health outcomes aside. As a result, there are significant

benefits to be gained simply from updating an aging infrastructure system. Examples of avoided

40 FEMA Benefit-Cost Analysis (BCA) Toolkit 6.0 Release Notes. 2020.

39 Clay, Karen, Werner Troesken, and Michael Haines. "Lead and mortality." Review of Economics and
Statistics 96, no. 3 (2014): 458-470.

38 Troesken, Werner. “Lead Water Pipes and Infant Mortality at the Turn of the Twentieth Century.” The
Journal of Human Resources, vol. 43, no. 3, 2008, pp. 553–75. JSTOR,
http://www.jstor.org/stable/40057359. Accessed 7 Aug. 2024.

37 “Infant Mortality Rates by Race/Ethnicity: Ohio, 2017-2019 Average.” March of Dimes | PeriStats,
www.marchofdimes.org/peristats/data?reg=99&top=6&stop=92&lev=1&slev=4&obj=1&sreg=39.

36 FEMA Benefit-Cost Analysis (BCA) Toolkit 6.0 Release Notes. 2020.
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costs are reductions in the amount of treated water lost because of leaks in pipes and reduced

maintenance costs.
41

For this impact, we used the findings from Levin and Schwartz’s 2023 cost-benefit analysis, and

adjusted it to estimate the impacts to Ohio. Levin and Shwartz estimate a low- and high-end

estimate of the cost of lost water due to lead service lines. We used the average of the two to

prevent extreme results and analyzed impacts of high and low estimates using sensitivity

analysis.

We estimate a 15-year benefit of saved water waste of $82 billion.

Cost of Service Line Replacement

Per-unit costs for replacing lead service lines come from exhibit 5-9 of the Environmental

Protection Agency’s Economic Analysis appendix of the revised Lead and Copper Rule.
42
In our

base model, we assume that utilities will pass utility-side costs of replacement on to ratepayers

and require property owners to replace the remainder of the service line. This is a conservative

assumption leading to higher costs than would be incurred if full service lines could be replaced

through local programs.

After adjusting for inflation, we find that replacing all lead service lines will have an expected

cost of $2.7 billion to utility rent payers and $2.3 billion to property owners over the 15 years of

implementation

Payer Low-End Median Estimate High-End

Utility $2.2 billion $2.7 billion $3.3 billion

Customer $2.2 billion $2.3 billion $2.3 billion

Total $4.4 billion $5 billion $5.5 billion

Table 1: Total discounted cost of lead pipe replacement if split equally between 15 years.

We assume that service line removal will happen in even increments over the next 15 years. In

this case, costs will be steady as the same number of pipes are replaced each year, but benefits

continually grow since the benefits accrue year after year.

The faster utilities and customers replace lead service lines, the faster consumers of water will

accrue the benefits of replacing those service lines. After 15 years, annual costs of the policy drop

to zero since the replacement mandate deadline will be reached but benefits remain at their

maximum value, and continue to accrue for future years. Insufficient implementation or delay

42 “Economic Analysis for the Final Lead and Copper Rule Revisions,” EPA, May 2024, Available Online:
https://www.regulations.gov/document/EPA-HQ-OW-2022-0260-0136

41 Levin, Ronnie, and Joel Schwartz. "A better cost: benefit analysis yields better and fairer results: EPA’s
lead and copper rule revision." Environmental Research 229 (2023): 115738.
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would push costs and realization of benefits past the 15-year mark. We test the implications of

slower uptake in our sensitivity analysis section below.

Results

In our base model, we assume pipes will be removed at an equal pace over the fifteen-year

period before the deadline for lead pipe removal. Below are the quantified and monetized impact

of the fifteen-year benefits of this program. These are a conservative estimate of the benefits

given the fact that the entirety of costs will be borne over the fifteen-year period and benefits will

continue to accrue for decades into the future.
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Benefits

Impact Quantified Impact Monetized Impact

Decreased ADHD 150 ADHD Cases $1.5 million

Decreased Dementia 520 Dementia Cases $13 million

Decreased Depression 3,800 Depression Cases $290 million

Increased IQs
1.25 Average IQ-point

increase for 290,000 children
$8.4 billion

Decreased Anemia 7,300 Anemia Cases $22 million

Decreased Coronary 
Heart Disease

2,400 Coronary Heart

Disease Cases
$52 million

Decreased Cardiovascular

Mortality

9,700 Deaths from Heart

Disease
$66 billion

Decreased Infant Mortality 650 Infant Lives $4.4 billion

Decreased Water Waste - $82 billion

Total Benefits - $160 billion

Costs

Impact Monetized Impact

Utility $2.7 billion

Customer $2.3 billion

Total Costs $4.9 billion

Total

Net Present Value $160 billion

Benefit-Cost Ratio 31:1

Table 2: Total Quantified and Monetized Benefits and Costs, Base Scenario

Figure 1 is a treemap of the impacts we monetized under our base model. This gives a visual

representation of benefits and costs estimated under our base model.
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Figure 1: Decreased water waste and deaths from heart disease make up a large proportion of

total benefits.

Figure 1 demonstrates the size of the benefits of this legislation in comparison to the costs. We

expect the majority of benefits to be drawn from reduced water waste (51% of total benefits) and

reduced mortality due to better heart health (41% of total benefits). Increased IQs (5% of total

benefits) and decreased infant mortality (3% of total benefits) will also generate substantial

benefits. While costs are large in an absolute sense, they are relatively very small compared to

the large benefits of lead pipe replacement.

Sensitivity Analysis

In our model, we utilized conservative assumptions to avoid extreme estimates. Conducting

sensitivity analysis helps us further understand how the future might pan out if we adjust

assumptions made in our model.

Monte Carlo Simulation

We conducted a Monte Carlo Simulation: a simulation with 10,000 trials, varying the inputs to

our model for each scenario. Within each trial of the Monte Carlo simulation we randomized the

variables outlined in table 3.
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Variable Lower Bound Upper Bound Source

Ohio Adjustment

Multiplier
1.08 1.31 ---

Decrease Rate in

Dementia per
1.2 1.4

Figures from Horton

et al. (2019)

Value of Statistical

Life
$9 million $13.25 million

Our lower bound is

taken from FEMA

and upper bound

from the Department

of Transportation.

Decreased Water

Waste
$4.16 billion $13.47 billion

Figures from Levin

and Schwartz (2023)

adjusted for inflation

Cost Per Lead pipe

replacement
$5,800 $8,080

Figures from

Environmental

Policy Innovation

Center

Number of Lead

Pipes Replaced By

OH Tax Dollars

515,000 705,000 ---

Table 3: Ranges used in Monte Carlo simulation

Table 4 shows the results of the Monte Carlo Simulation.

Impact 5th Percentile Average 95th Percentile

Net Present Value $140 billion $160 billion $180 billion

Benefit-Cost Ratio 32:1 37:1 45:1

Heart Disease

Deaths Prevented
8,100 8,800 9,600

Coronary Heart

Disease Cases

Prevented

2,600 2,900 3,100

Depression Cases

Prevented
525 575 625

Table 4:Monte Carlo Simulation Results

In our Monte Carlo simulation, 90% of the scenarios simulated resulted in a net present value of

$140 to $180 billion to Ohio’s economy over the next 15 years. This results in a benefit-cost ratio

that ranges between $32 and $45 in benefits for every $1 in costs in 90% of forecasted scenarios.
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In addition, looking at unmonetized impacts, we can see that in 90% of scenarios this legislation

will prevent between 8,060 and 9,600 heart attack related deaths.

Stress Testing

Our standard model yields high net benefits. To stress test the model, we adjust all assumptions

to their most pessimistic possible values. In this case, we find a scenario where net present value

is equal to $130 billion and benefit-cost ratio is equal to 23 to 1. This scenario is extremely

improbable, but helps demonstrate the robustness of our results: benefits of this policy are very

certain according to our model.

Partial Sensitivity Analysis

To estimate how robust our findings were, we varied key variables to see how much our analysis

of proposals to replace lead pipes relied on certain assumptions.

We found that even if VSL were to shrink to $0, meaning the legislation has no impact on the

prevention of deaths from heart disease or infant mortality, the legislation would still have a net

benefit of over $91 billion over the 15 years and a benefit-cost ratio of 18:1.

Furthermore, we found if we eliminated the benefit of decreased water waste, there would still

be a 15-year benefit of $79.5 billion, a benefit-cost ratio of 16:1.

These demonstrate that these results are robust to different assumptions about impacts that are

much more pessimistic than those suggested by the literature.

We also tested different scenarios for the speed full replacement occurred. Our base model

forecasted 1/15 of the project being completed each year over the 15 year period, but we also

wanted to test what would happen if lead pipe replacement was implemented more slowly. Our

findings on the impacts of slower implementation are shown in table 5.

Scenario Net Present Value Benefit-Cost Ratio

20% of replacements take place

in first 5 years
$130 billion 28:1

20% of replacement takes place

in first 8 years
$100 billion 22:1

20% of replacement takes place

in first 10 years
$82 billion 18:1

Table 5: Partial sensitivity analysis of speed of implementation

As can be seen from our partial sensitivity analysis, high social benefits accrue over the next

fifteen years even if replacement is delayed significantly.
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Appendix A: Distribution of Blood Lead Levels

National-level data on the distribution of blood lead levels is available through the Center for

Disease Control’s Biomonitoring Data Tables for Environmental Chemicals.
43
This tells us what

the 50th-, 75th-, 90th-, and 95th-percentile blood lead levels are for the total population, and for

specific age groups.

We make three assumptions in order to create a complete distribution of blood lead levels across

Ohio’s population.

1. The distribution of blood lead levels in Ohio is the same as the national distribution.

2. Between reported percentiles, the change in blood lead levels is linear.

3. The 0th percentile blood lead level is 0 μg/dL.

43 “Biomonitoring Data Tables for Environmental Chemicals” CDC, Blood Lead (2011 - 2018), Available
Online:https://www.cdc.gov/exposurereport/data_tables.html?NER_SectionItem=NHANES
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Appendix B: Scaling Nationwide Benefits to the Ohio Context

Our analysis largely follows the methodology of Levin and Schwartz’s 2023 cost-benefit analysis

of the Environmental Protection Agency’s Lead and Copper Rule.
44
For the following four

indicators, we were unable to find the state level data needed to replicate their methods.

1. Reduced cases of depression

2. Reduced cases of coronary heart disease

3. Reduced adult mortality

4. Reduced water infrastructure damage

Because these categories represent a large portion of the total benefits, we would be greatly

underestimating the net benefit of lead pipe removal if we simply excluded them from our

analysis. Instead, we use estimates for national level benefits to model state-level benefits to

Ohioans.

To do this, we weight the total benefits calculated by Levin and Schwartz by Ohio’s population

and the percentage of lead pipes that exist in Ohio. The Lead and Copper Rule does not mandate

full lead service line replacement. As a result, the benefits outlined only represent a fraction of

the total benefits we expect from full replacement. We assume that the total benefits are

proportional to the number of lead pipes removed.

This assumption may lead to some overestimation of benefits in these categories if the pipes that

needed to be replaced under the Lead and Copper rule are marginally more harmful than an

average lead service line. However, given the lack of reliable data about the location and amount

of lead service lines, it might be reasonable to suspect that the pipes replaced under the Lead

and Copper rule more closely represent an average outcome.

44 “An Initial Analysis of EPA’s New State Funding Allotment for Lead Service Line Replacement,”
Environmental Policy Innovation Center, June 2023, Available Online:
https://www.policyinnovation.org/blog/an-initial-analysis-of-epas-new-state-funding-allotment-for-lead-serv
ice-line-replacement
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