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Highlights

e Multiple methods are used to monetize health damages in public water supplies.

o Inclusion of additional health conditions increases damages relative to previous
estimates.

o Non-fatal conditions comprise the greatest share of total damages.

o Nitrate-related damages disproportionately affect low income and rural
communities.

o Results suggest a need for greater investment in nitrogen mitigation.

Abstract

Nitrogen pollution of surface and groundwater remains largely unregulated resulting in
negative impacts to human health and the environment. Policy interventions designed
to internalize the negative externality of nutrient pollution have relied on low and highly

uncertain damage estimates. Here we address an important gap in monetizing the
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health costs attributable to drinking water nitrate contamination in public water
supplies. We consider fifteen adverse health conditions linked to elevated levels of
drinking water nitrate including cancers, birth anomalies, and other non-fatal
conditions. We apply our approach to public water suppliers in the U.S. state of
Minnesota, estimating the avoidable nitrate-attributable direct medical and quality of
life costs at $745 million (+82) annually statewide, a burden disproportionately
shouldered by poor and rural communities. We simulated marginal increases in nitrate
concentrations in over 600 public water suppliers, finding increasing nitrate
contamination in an average public water supplier by 1 mg nitrate-N/L is associated
with annual health damages of $4 million, while increasing nitrate concentration by

5 mg nitrate-N/L is associated with an additional $80 million in annual damages. We
find communities face significant monetized costs even with nitrate exposure levels
below the federal drinking water standard. Long-lived but non-fatal health conditions
account for the greatest share of damages, suggesting that valuation methods that look
only at avoided fatalities are likely to miss a substantial portion of the disease burden of

water pollution.

Introduction

Water pollution has ranked top in Americans’ environmental priorities for over two
decades (Gallup, Inc, 2021) yet economic analyses of water pollution policies often fail
to show that the benefits of these policies exceed their costs (Keiser, 2019; Keiser et al.,
2018; Keiser and Shapiro, 2019). One explanation given for this discrepancy is that
many potential benefits of improved water quality have not been monetized, limiting the
set of pollutants and associated economic values that can be considered in benefit cost
analyses (Keiser and Shapiro, 2019). As regulatory agencies around the world consider
additional policies designed to improve or protect water quality, additional research is
needed to fully quantify the potential economic benefits of water quality rules and

regulations.

Nitrogen is a pervasive water pollutant with known impacts on aquatic biodiversity,
recreation, and human health (Compton et al., 2011). Previous studies on the social

costs of nitrogen pollution have attempted to monetize the damages caused by changes



in the availability of reactive nitrogen (N) through various environmental pathways.
Studies of the economic damages associated with N pollution in the U.S. and E.U. have
estimated annual monetary damages in the tens to hundreds of billions (Sobota et al.,
2015; van Grinsven et al., 2013). However, monetary estimates remain highly uncertain,
with the greatest damages associated with the emissions of N-related air pollutants that
contribute to increased exposure to particulate matter (van Grinsven et al., 2013). Our
approach builds on efforts to estimate the social costs of nitrogen (SCN), extends a line
of research on the health costs of nitrate exposure in drinking water, and responds to
calls for better valuation estimates of non-fatal health damages (Del Rossi et al., 2023;

National Science and Technology Council, 2023).

By focusing our analysis on the U.S. state of Minnesota, we build on existing datasets
and demonstrate how the inclusion of additional damage functions can affect total
estimates of the health damages associated with exposure to nitrate in drinking water. A
first attempt to estimate the economic costs of N in drinking water quantified the
increased costs to households with private wells facing elevated nitrate levels in
groundwater including well replacement, bottled water purchases, and point-of-use
treatment costs (Keeler et al., 2014). A 2016 analysis expanded the scope of N-related
damages to include premature mortalities associated with exposure to N-related air
pollution, climate-related damages associated with nitrous oxide emissions, and water-
related damages associated with treatment or avoidance costs for public water supplies
and private wells (Keeler et al., 2016). Gourevitch and colleagues (2018) updated N-
related damage costs to include adverse health conditions associated with exposure to N
in private drinking water wells with a focus on cancers of the bladder, colon and thyroid.
Gourevitch et al. (2018) also integrated uncertainty analyses to produce ranges of values

and assess the sensitivity of model results to parameter estimates and key assumptions.

As epidemiological and public health research on nitrate has advanced, researchers have
expanded the range of potential health damages associated with exposure to N in
drinking water (Ward et al., 2018). Whereas the preceding papers focus on Minnesota,
Temkin and colleagues report results of a national effort to assess the health damages of
drinking water nitrate in the U.S. (Temkin et al., 2019). They include five forms of

cancer (colorectal, ovarian, thyroid, kidney and bladder) alongside nitrate-attributable



cases of neural tube defects, very low birth weight, and very pre-term birth. The analysis
includes direct medical costs for all conditions, lost productivity estimates derived from
IQ reductions associated with low-birth weight, and morbidity and pre-mature mortality
for cancers. Temkin et al. (2019) estimate annual economic costs from medical
expenditures associated with nitrate-attributable cancers at $250 million to $1.5 billion
U.S. dollars. Mathewson and colleagues (2020) apply the modeling approach described
in Temkin et al. (2019) to the U.S. state of Wisconsin, estimating statewide annual
health costs of $23 to $80 million.

Recent guidance from the U.S. National Science and Technology Council specifically
identifies the valuation of non-fatal health effects as one of five research priorities
needed to advance benefit cost analysis of federal rules and regulations (National
Science and Technology Council, 2023). The authors note that non-fatal health effects
may affect more people than changes in mortality risk and that the public salience of
non-fatal health effects may also increase over time (National Science and Technology
Council, 2023). Our work helps to advance this frontier by monetizing previously un-
accounted non-fatal health effects associated with nitrate in drinking water including

early age-related macular degeneration and subclinical hypothyroidism.

We build on a body of evidence accumulated by epidemiologists over the last two
decades that links nitrate (NO;-), a common water pollutant, to potential human health
impacts, providing cost estimates for those damages. We broaden the scope of health
conditions considered, adding eight not yet analyzed conditions and differentiating
between sub-types of premature birth. Second, we extend the application of valuation
methodologies that capture reductions in quality of life, applying the Quality Adjusted
Life Year (QALY) methodology to all fifteen of the health states we consider. As some of
these are non-fatal, this allows us to monetize diminutions of quality of life that have not
yet been incorporated into disease burden calculations. We employ simulation methods
for our calculations that allow us to characterize model uncertainty and assess the
relative contribution of each of our parameters. Finally, we explore the distribution of
estimated damages by rurality and income. While uncertainties remain, we find
substantial health costs are likely, materialize at levels of drinking water contamination

well below regulated thresholds, and unequally burden poor and rural communities.



Section snippets

Methods

In the following section we describe the data sources and methodological approaches
used to estimate how potential changes in exposure to elevated nitrate in drinking water
may increase the incidence of N-related health conditions and associated monetized
damages. Extended explanations, notation, and additional detail on parameter
estimates are provided in the supplementary materials. The necessary data and code to
replicate our analysis are published in publicly accessible data libraries
[//doi.org/10.13020/3y0c-ws10

Current damages

We estimate the current costs of nitrate-attributable health conditions in Minnesota
valued using direct medical costs and quality-adjusted life years at $745 (+82) million
annually. This damage estimate considers only the populations served by municipal
public water supplies and excludes private wells and smaller community systems. Over
85 % of these damages are associated with direct medical expenditures. Premature

mortalities from birth anomalies and cancers are associated with $246 million

Discussion

Our analysis of the damage costs of N contamination of drinking water monetizes the
most comprehensive set of adverse health conditions associated with N in public water
suppliers. Previous valuation of N-related damages has focused on cancers, most of
which are rare, short-lived, and tend to afflict older individuals. A national analysis by
Temkin et al. (2019) expanded the suite of monetized health conditions associated with

nitrogen to include birth anomalies and two categories of pre-term

Conclusion

This paper contributes to a needed literature on the social costs of N pollution that can

be used in policy evaluation where the private benefits of N application are known, but
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social costs are externalized and uncertain. Despite limitations and uncertainties, our
study demonstrates a replicable method for the incorporation of additional health
damages into assessments of the social costs of drinking water N pollution. Our method

could also be applied to other water-related contaminants,
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