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Glossary

Acute - Occurring over a short time [compare with chronic].

Agency for Toxic Substances and Disease Registry (ATSDR) - The principal federal public health
agency involved with hazardous waste issues, responsible for preventing or reducing the
harmful effects of exposure to hazardous substances on human health and quality of life.
ATSDR is part of the US Department of Health and Human Services.

Cancer Slope Factor - A number assigned to a cancer-causing chemical that is used to estimate
its ability to cause cancer in humans.

Chronic - Occurring over a long time [compare with acute]. A chronic exposure is one that lasts
for a year or longer.

Contaminant - A substance that is either present in an environment where it does not belong
or is present at levels that might cause harmful (adverse) health effects.

Dose - The amount of a substance to which a person is exposed over some time period. Dose is
a measurement of exposure. Dose is often expressed as milligram (amount) per kilogram (a
measure of body weight) per day (a measure of time) when people eat or drink contaminated
water, food, or soil. In general, the greater the dose, the greater the likelihood of an effect. An
“exposure dose” is how much of a substance is encountered in the environment. An “absorbed
dose” is the amount of a substance that actually got into the body through the eyes, skin,
stomach, intestines, or lungs.

Epidemiology - The study of the distribution and determinants of disease or health status in a
population; the study of the occurrence and causes of health effects in humans.

Exposure - Contact with a substance by swallowing, breathing, or touching the skin or eyes.
Exposure may be short-term [acute exposure], of intermediate duration, or long-term [chronic
exposure].

Groundwater - Water beneath the earth’s surface in the spaces between soil particles and
between rock surfaces.

Hazardous substance - Any material that poses a threat to public health and/or the
environment. Typical hazardous substances are materials that are toxic, corrosive, ignitable,
explosive, or chemically reactive.

Ingestion rate (IR) - The amount of an environmental medium that could be ingested typically
on a daily basis. Units for IR are usually liter/day for water, and mg/day for soil.

Inorganic - Compounds composed of mineral materials, including elemental salts and metals
such as iron, aluminum, mercury, and zinc.
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Lower Yakima Valley (LYV) - Includes portions of Yakima County, Benton County, and the
Yakama Reservation. The area of interest for this health assessment.

Lowest Observed Adverse Effect Level (LOAEL) - The lowest tested dose of a substance that has
been reported to cause harmful (adverse) health effects in people or animals.

Maximum Contaminant Level (MCL) - A drinking water regulation established by the federal
Safe Drinking Water Act. It is the maximum permissible concentration of a contaminant in
water that is delivered to the free-flowing outlet of the ultimate user of a public water system.
MCLs are enforceable standards.

Media - Soil, water, air, plants, animals, or any other part of the environment that can contain
contaminants.

Minimal Risk Level (MRL) - An ATSDR estimate of daily human exposure to a hazardous
substance at or below which that substance is unlikely to pose a measurable risk of harmful
(adverse), noncancerous effects. MRLs are calculated for a route of exposure (inhalation or
oral) over a specified time period (acute, intermediate, or chronic). MRLs should not be used as
predictors of harmful (adverse) health effects.

No Observed Adverse Effect Level (NOAEL) - The highest tested dose of a substance that has
been reported to have no harmful (adverse) health effects on people or animals.

Reference Dose (RfD) - An amount of chemical ingested into the body (i.e., dose) below which
health effects are not expected. RfDs are published by EPA.

Organic - Compounds composed of carbon, including materials such as solvents, oils, and
pesticides that are not easily dissolved in water.

Parts per billion (ppb)/Parts per million (ppm) - Units of measurement expressing
concentration of a contaminant in environmental media.

Route of exposure - The way people come into contact with a hazardous substance. Three
routes of exposure are breathing [inhalation], eating or drinking [ingestion], or contact with the
skin [dermal contact].

U.S. Environmental Protection Agency (EPA) - Established in 1970 to bring together parts of
various government agencies involved with the control of pollution.
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Foreword

The Washington State Department of Health (DOH) has prepared this health assessment in
accordance with approved methodologies and procedures for toxicological risk assessments
first established by the National Research Council (NRC; 1983) and EPA (2004). A standard
toxicological risk assessment evaluates the risk of a population from exposure to a contaminant
in environmental media. It represents a scientific analysis of nitrates in groundwater in the
Lower Yakima Valley (LYV). The findings in this report are relevant to conditions at the site
during the time of this health assessment. It may not be appropriate to rely on this health
assessment if site conditions or land use changes in the future.

Editorial review was completed by DOH.
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Summary

Infroduction

This health assessment evaluates potential human health hazards from nitrate contamination in
Lower Yakima Valley (LYV) groundwater. The LYV includes parts of Yakima and Benton counties,
and part of the Yakama Reservation. For this assessment, the area evaluated includes parts of
Yakima and Benton counties that coincide with the LYV. This health assessment also evaluates
potential human health hazards resulting from nitrate levels in public water systems in the LYV
for comparison to nitrate levels in groundwater. At Washington State Department of Health
(DOH), our top priority is to ensure communities have the best information to be healthy. We
prepared this assessment at the request of the Center for Food Safety, Friends of Toppenish
Creek, and Food & Water Watch (Petitioners).

Conclusions
For LYV drinking water systems, including public water systems and private wells, we conclude:

e Infants and pregnant people who consume water from private wells in Yakima and
Benton counties may be at risk for adverse health effects.

e Adults who are not pregnant who consume water from private wells in Yakima and
Benton counties are not at risk for adverse health effects.

e People who consume water from the public water systems in Yakima and Benton
counties are not at risk for adverse health effects.

Next Steps

1. DOH strongly advises residents of Yakima and Benton counties that use private wells for
drinking water to test nitrate levels at least once a year. If nitrate test results are 5
milligrams per liter (mg/L) or higher, re-sample in six months.

2. If drinking water concentrations exceed 10 mg/L nitrate-nitrogen, cease use and switch
to bottled water for drinking and food preparation.

3. DOH will send this health assessment to the public water systems in Yakima and Benton
counties, the local health districts and departments in the LYV, the Petitioners, and
Ecology. This health assessment will also be publicly available on
https://doh.wa.gov/community-and-environment/drinking-
water/contaminants/nitrate.

4. DOH will send a fact sheet summarizing the results and recommendations of this health
assessment to private well users and local health departments in the LYV. This fact sheet
will also be publicly available on https://doh.wa.gov/community-and-
environment/drinking-water/contaminants/nitrate.

5. Asrequested, DOH will review and evaluate any new data regarding contaminants in
drinking water from the LYV.

WASHINGTON STATE DEPARTMENT OF HEALTH
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More Information

Please feel free to contact DOH at 1-877-485-7316 or eha@doh.wa.gov or visit our website at
https://doh.wa.gov/community-and-environment/drinking-water/contaminants/nitrate if you
have any questions about this health assessment.

Purpose and Statement of Issues

DOH has prepared this health assessment at the request of the Center for Food Safety, Friends
of Toppenish Creek, and Food & Water Watch (Petitioners). The purpose of this health
assessment is to evaluate potential human health hazards posed by nitrate contamination in
the groundwater of the LYV. It evaluates the drinking water drawn from public water systems
and select private domestic wells in the area. This health assessment will also be used to
recommend appropriate actions to protect the public health of residents of the LYV.

This health assessment is a current and historical review (2018 — 2022) of DOH’s Washington
State Water System Data (Sentry Internet) and the Department of Ecology’s (Ecology’s)
Environmental Information Management System (EIM) (Sentry, 2022; Ecology, 2022a). The
Sentry Internet database documents public drinking water systems whereas EIM documents
private domestic wells and ambient groundwater monitoring wells.

This health assessment will be used in part to fulfill requests made by the Petitioners who
petitioned the United States (US) Environmental Protection Agency (EPA) for Emergency Action
under Section 1431 of the Safe Drinking Water Act (SDWA) on October 26, 2021 to address the
groundwater contamination with nitrates in the LYV. The request for the health assessment
was made during a meeting on December 9, 2021 between the Petitioners and the DOH Office
of Drinking Water.

Background

The LYV is part of the Yakima Basin, a 6,200 square mile area in Washington state that begins
on the upper eastern slope of the Cascades and includes the Yakima River (Vaccaro et al.,
2009). The Yakima Basin is divided into three portions: the upper valley, the lower valley, and
the upland benches (Foxworthy et al., 1962). The LYV includes the lower part of Ahtanum Creek
and Ahtanum Ridge, and contains a broad alluvial plain for fourteen miles west of the Yakima
River until it is met by bluffs and cliffs of lava rock, and is bounded by the Cascade Mountains to
the west (Foxworthy et al., 1962; EPA, 2013). Basalt ridgelines surround the LYV to the north
and south (EPA, 2013). The LYV includes portions of Yakima County to the north and northeast,
Benton County to the southeast, and the Yakama Nation to the west.

The LYV contains two aquifer types: a surficial unconfined to semi-confined alluvial aquifer and
a basalt aquifer under a sedimentary layer (EPA, 2013b). The basalt aquifer is located at greater
depths than the alluvial aquifer, and generally flows from the northwest to the southeast
parallel to the Yakima River (EPA, 2013b). The surficial aquifer discharges to the Yakima River

WASHINGTON STATE DEPARTMENT OF HEALTH
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whereas the basalt aquifer primarily discharges to the Columbia River, with some minor flow at
shallower depths discharging to the Yakima River (EPA, 2013b). The LYV aquifers have a slow
groundwater recharge rate of <12 mm/year because this area lies in a “rain-shadow” and
receives limited precipitation (also known as the orographic effect); however, human activity
has increased the recharge rate through increased rill irrigation and storage/diversion of
snowmelt to the aquifer (Jensen & Gazis, 2018).

Yakima and Benton counties contain both Group A and Group B water service systems. Group A
systems serve 15+ service connections or serve 25+ people 60+ days per year, whereas Group B
systems serve fewer than 15 connections and fewer than 25 people per day (DOH, 2013; DOH,
2022).

Historical Land Use

Historically, the LYV was the site of wheat, corn, melon, potato, squash, pumpkin, and pea
production in irrigated gardens created by the Yakama Tribe in the mid-1800s (Drennan, 2013).
Over the following 50 years, ranching, farming, and irrigation were rapidly expanded in the area
(Drennan, 2013). As of 1925, about 20,000 dairy cows were reported in the agricultural census
of Yakima County (Drennan, 2013) as part of a growing milk producing region in Washington.
The number of dairy cows in the region stayed mostly stable until about 1974, when numbers
sharply increased, reaching about 90,000 dairy cows reported by the agricultural census
(Drennan, 2013). As of 2012, 99,532 cows were counted in Yakima County on 97 farms, and the
Yakima Valley contained over 110,000 cows (WSDA, 2018; Washington State Dairy Federation,
2014).

Figure 1 shows the trends in dairy cow numbers from 1925 to 2012.
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Figure 1: Cattle and dairy cows in Yakima County from 1925 to 2012 (adapted

from Figure 2 from WSDA, 2018)

Today, Yakima County is the leading agricultural county in Washington State for production of
apples, sweet cherries, pears, and is the leading county for hop production in the nation (WSU,

2022). Yakima County also leads the state in squash, pepper, and melon production (WSU,

2022). In addition to its agriculture, the Valley contains many dairies and concentrated animal

feeding operations (Sell & Knutson, 2002). As of 2013, Yakima County has the highest milk
production per cow ratio in the entire US (EPA, 2013b).

Previous Environmental Investigations and Regulatory History

The following environmental investigations have occurred in the LYV and are listed in

chronological order.

In 1991, the US Geological Survey (USGS) conducted a groundwater study in the Toppenish
Creek Basin of the LYV assessing the drinking water quality of almost 500 wells. Only about

0.4% of these wells had nitrate levels above EPA’s Maximum Contaminant Level (MCL) of 10
mg/L. Small seasonal variations in groundwater quality were linked to fertilizer use in the basin;
however, the overall health of the groundwater was not considered degraded (Sumioka, 1998).

The LYV aquifer has had areas with nitrate concentrations greater than the MCL since at least
2002 (Jensen & Gazis, 2018). In 2002, the non-profit Valley Institute for Research and Education
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(VIRE) tested private wells in the LYV and was the first study to assess the quality of the
groundwater in private wells in the LYV outside of the Toppenish Creek Basin. At this time, the
LYV also contained major agricultural operations growing corn, hops, apples, grapes, alfalfa,
asparagus, cherries, pears, spearmint, hay, wheat, and other grains, and 60 dairies with about
100,000 animals (Sell & Knutson, 2002). VIRE recommended the creation of a Groundwater
Management Area (GWMA) after a large proportion of wells in the southern section of the LYV
reported nitrate at concentrations greater than the MCL. VIRE linked the overuse of nitrogen
fertilizer as the main cause of nitrate contamination in the groundwater (Sell & Knutson, 2002).

RCW 90.44.400 and WAC 173-100, in 1985 and 1988 respectively, established the authority to
create a groundwater management area to address nitrate contamination greater than drinking
water standards in private domestic wells.

In 1998, the Dairy Nutrient Management Act (DNMA, Chapter 90.64 RCW) was enacted, giving
Ecology regulatory authority to address pollutant discharge from dairy farms (Drennan, 2013).
Ecology developed an inspection program under the DNMA which required licensed dairy
producers to develop a dairy nutrient management plan certified by their local conservation
district (Drennan, 2013). The legislature transferred the powers, duties, and functions of the
DNMA to WSDA in 2003. Under the DNMA, all licensed dairies are required to undergo
inspections, complaint investigations, and ensure that the dairy operation does not cause a
discharge of pollution to waters of the state, including groundwater. Dairy producers are also
required to keep records to show that use of nutrients, including but not limited to nitrogen
fertilizers, are applied at agronomic rates for the crops being grown, as well as annual records
of all nutrient and irrigation water applied (Drennan, 2013).

A cross-sectional epidemiological study was conducted in the LYV assessing the association
between methemoglobinemia in infants and nitrate levels in the drinking water (VanDerslice,
2007). Nitrate intake greater than 5 milligrams per kilograms per day (mg/kg-d) was positively
associated with methemoglobin levels greater than 3% in infants (VanDerslice, 2007). While
VanDerslice (2007) considered methemoglobin levels greater than 3% in infants to be
“physiologically significant,” symptoms of methemoglobinemia usually present when
methemoglobin levels elevate to at least 10% of total hemoglobin (California Office of
Environmental Health Hazard Assessment (OEHHA), 2018). None of the infants analyzed in
VanDerslice (2007) exhibited symptoms of methemoglobinemia.

The Groundwater Management Advisory Committee (GWAC) first met in 2012, and was
comprised of local community members, local health officials, EPA, WSDA, Ecology, DOH, USGS,
the Yakama Nation, the Dairy Federation, local conservation members, local university
representatives, and agricultural representatives (Yakima County, 2022a). GWAC established
the GWMA Program in 2012, which met for seven years and established 64 recommended
actions to reduce nitrate concentrations in groundwater. These actions were approved by
GWAC and were certified as a plan by Ecology in 2019 (Yakima County, 2022b). An

WASHINGTON STATE DEPARTMENT OF HEALTH
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implementation committee was established and currently oversees the implementation of the
64 recommended actions under the GWMA program.

EPA conducted a study examining potential sources of nitrate contamination in the
groundwater of the LYV which culminated in 2013. EPA measured nitrate concentrations from
residential drinking water wells, dairy supply wells, and wastewater treatment influent (as
surrogate for septic systems), as well as potential sources of nitrates including dairy lagoons,
dairy application fields, irrigated and fertilized crop fields, and dairy manure piles. EPA
concluded that dairies are a major source and that irrigated crop fields are a likely source of
nitrate contamination in the groundwater (EPA, 2013b). High nitrate levels were detected in the
drinking water wells downgradient of the dairies, and few nitrate sources were identified
upgradient of the dairies. Additionally, EPA concluded that dairy lagoons were likely leaking
large quantities of nitrogen into subsurface water, and WSDA reported high levels of residual
soil nitrogen in crop fields which use manure as part of their fertilizer regimen. EPA also
concluded that irrigated crop fields are a likely source of nitrate contamination in the
groundwater, because 30% of the nitrogen available for land application was accounted for
from the total acreage of irrigated crop fields in Yakima County. This study also identified septic
systems as a likely source of nitrate contamination in groundwater. Analysis of hormone and
pharmaceutical contamination in WWTP influent and residential wells showed that septic
systems impact the water quality of wells but did not provide evidence specific to nitrate
contamination (EPA, 2013b).

In 2013, a Consent Order was issued by the EPA under the SDWA to address nitrate
contamination originating from several dairy farms in the area. The Consent Order required
Respondents to supply residents with a safe, permanent source of drinking water if their well
tested at concentrations greater than the MCL, further control nitrate contamination sources at
the dairies, establish a network of monitoring wells to monitor nitrate source reduction, and
reduce nitrate contamination of the groundwater resulting from the dairies, or face financial
penalty (EPA, 2013a).

There is also a history of technical assistance provided to the agricultural sector in the region
from local conservation and university extension programs. For example, South Yakima
Conservation District and Whatcom County conducted dairy nutrient management training
programs in 2015, which taught best management practices for manure and other nutrient
application management to protect water quality (WSDA, 2016). Benton Conservation District
in collaboration with Benton-Franklin Health District, Benton County Commissioners, and the
Benton County Groundwater Stakeholder Committee also released a Groundwater Nitrate
Community Action Plan. This plan included irrigation water management guidelines, nutrient
application management guidelines, and urban and rural residential water and fertilizer
management recommendations intended to prevent further nitrate contamination of the
groundwater (Benton County, 2018). Washington State University Extension regularly publishes
best management practice and other technical assistance guides designed to improve nutrient
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management in the agricultural sector. For example, WSU published guidance for fertilizing
with manure and other organic amendments to assist with improving soil quality and protecting
groundwater quality (WSU, 2016).

In 2015, the Yakima County Public Services Department, GWAC, and WSDA conducted an
extensive nitrogen availability study in the GWMA of the LYV. The study assessed the potential
amount of nitrogen available for transport from activities within the LYV, with sources divided
between WSDA and Yakima County. WSDA evaluated concentrated animal feeding operations
(CAFOQs), irrigated agriculture, and atmospheric sources. Yakima County evaluated residential,
commercial, and industrial sources, consisting of residential, commercial, and large on-site
sewage systems, small-scale farms, and residential fertilizer. The study assessed nitrogen
availability under three scenarios (low, medium, and high rates of transport for all sources), and
used data specific to the region. Irrigated agriculture was identified as the primary source of
nitrogen in all three scenarios. Irrigated agriculture, CAFO lagoons, and CAFO pens comprised
80 — 96% of the total nitrogen available, with irrigated agriculture comprising 47 — 73% of this
total across all three scenarios. Atmospheric deposition was a notable source of nitrogen in the
low scenario, comprising of 11% of the nitrogen available. This study did not measure nitrate or
total nitrogen concentrations in groundwater (WSDA, 2018).

Figure 2 contains a chart illustrating estimated nitrogen availability in the medium scenario
from all sources. This chart shows that irrigated agriculture is the primary source of nitrogen.
The charts for the low and high scenarios can be viewed in WSDA (2018).

Scenario B (medium)

All septic (ROSS, LOSS, COSS), 2%

Residential fertilizer, 1%

Irrigated Agriculture Small scale farms, 0%

64% Atmospheric deposition, 2%

Figure 2: Medium scenario for nitrogen availability (adapted from Figure 11 in
WSDA, 2018)
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In 2017, USGS assessed the groundwater of the LYV in partnership with GWMA by sampling
wells and surface-water drains. More than 20% of the groundwater samples collected from
wells and 12% of the water samples collected from surface-water drains contained nitrate-N
concentrations greater than 10 mg nitrate-N/L. This study was intended to form a baseline of
nitrate concentrations in GWMA for comparison with future assessments, with a mean
concentration of 6.1 mg nitrate-N/L detected from groundwater samples collected from wells
(USGS, 2017).

DOH investigated a cluster of neural tube defects in infants in 2017 in part of the LYV, including
Yakima, Benton, and Franklin counties. Seventy cases of anencephaly, spina bifida, and
encephalocele were reported from 2010 — 2017. Fifty-three of these cases were from
residences served by public water systems, for which the mean nitrate concentration was 1.8
mg/L. Data from the private wells serving the remaining cases were not available, and so nitrate
levels in these wells were estimated. The combined mean public water system and private well
nitrate concentration serving the neural tube defect-impacted residences was 2.1 mg/L. DOH
did not find evidence that drinking water contaminated with nitrates caused the cluster of
neural tube defects detected in the LYV (DOH, 2017).

Nitrate

Nitrate (NOs") is a naturally occurring form of nitrogen and is commonly detected in shallow
groundwater at concentrations up to 1.1 mg/L in the US (EPA, 2013b). Nitrite (NOy) is also
naturally occurring, and both nitrate and nitrite are formed when microbes or lightning oxidize
nitrogen in soil, water, sewage, or the digestive tract (OEHHA, 2018; Fan et al., 1987).
Specifically, bacteria in the mouth convert nitrate into nitrite, but these bacteria are not able to
survive in the acidic conditions of the stomach (ATSDR, 2017a). Nitrate-N concentrations in
water above 1.1 — 3.0 mg/L indicate contamination from human activity (EPA, 2021a). An
estimated 8% of Washington state groundwater exceeds 5 mg/L nitrate-N (EPA, 2021a). Nitrite
converts to nitrate in the environment and so is uncommon in groundwater (Sigler & Bauder,
nd).

Nitrate results are typically reported by laboratories as either the nitrate ion or nitrate-nitrogen
(nitrate-N). Nitrate-N results generally represent the amount of nitrogen that is present,
excluding the oxygen in the nitrate ion. To calculate nitrate-N from results presented as the
nitrate ion, multiply the nitrate ion concentration by 0.226 (Anderson, 2016).

Manure, compost, and synthetic products are applied as fertilizer to supply crops with nitrogen
in its plant-available forms including ammonia, ammonium, and nitrate (WSDA, 2018).
Ammonia and ammonium are converted to nitrate via microbial metabolism (EPA, 2013b).
Ammonia is oxidized to nitrite and then nitrate at a rate that is reduced with low levels of
dissolved oxygen in the water (EPA, 2012). Nitrate is highly soluble, and so excess nitrate not
absorbed by plant roots may migrate to underlying groundwater via runoff or through the soil
when driven by downward force or capillary action in a process called leaching, thus

WASHINGTON STATE DEPARTMENT OF HEALTH
NITRATE HEALTH ASSESSMENT | 15



contaminating groundwater (Sell & Knutson, 2002; EPA, 2013a). Furthermore, nitrite and
ammonia are unstable, especially in oxygenated water, and so are easily converted to nitrate
(Yu et al., 2020; Fan et al., 1987). Nitrate can also leach from leaky lagoons (EPA, 2013a),
transferring to surface water and eventually to groundwater, although there is insufficient
evidence to conclude that this is happening at significant rates (WSDA, 2018; personal
communication with WSDA). Effluent flowing from septic system drain fields contains nitrate,
which can reach and contaminate groundwater (DOH, 2014). Irrigated crop fields, atmospheric
deposition, natural soil organic matter, and application of commercial fertilizers to residential
lawns are other potential major sources of nitrate contamination in groundwater (Ecology,
2022b; WSDA, 2018).

Nitrates were officially identified as contaminants of concern in drinking water in 1945 when
cases of cyanosis were linked to nitrate contamination in well water (Comly, 1945). Comly
suggested drinking water for infants should contain nitrate at concentrations no higher than 10
mg/L, or at the most 20 mg/L (Comly, 1945). In 1962, the US Public Health Service
recommended 10 mg/L nitrate-nitrogen and 45 mg/L nitrate as the maximum permissible
concentrations in drinking water (Fan et al., 1987). In 1991, the EPA set the MCL for nitrate at
10 mg/L nitrate-nitrogen, the MCL for nitrite at 1 mg/L as nitrite-nitrogen, and the MCL for total
nitrate-nitrite (expressed as nitrogen, or nitrate-nitrogen) as 10 mg/L (Fan & Steinberg, 1996).
The MCL is a legally enforceable standard that sets the maximum allowable level of a
contaminant in drinking water under the National Primary Drinking Water Regulations (EPA,
2022).

Nitrate is naturally present in its inorganic form in many foods such as leafy green vegetables,
radishes, beets, and carrots (Fan et al., 1987). Nitrite, commonly as sodium nitrite, is added to
meat as a preservative and curing agent (Fan et al., 1987). Sodium nitrite is regulated under 21
CFR 172.175, which allows the compound to be added as a color fixative in tuna up to 10 ppm
and in other fish up to 200 ppm. 21CFR172.175 also allows sodium nitrite to be added as a
preservative and color fixative to meat products up to 200 ppm. Sodium nitrate is also
regulated under 21CFR172.175 when added in combination with sodium nitrite, and is
permissible up to 500 ppm when added to fish and cured meat as a preservative and color
fixative (21CFR172.175). The intake of nitrates from food in the US is estimated to range from
40 — 100 mg/day, with a much lower intake rate of nitrite estimated to range from 0.3 — 2.6
mg/day (OEHHA, 2018). A systematic review assessing global dietary intake of nitrates,
including through both food and water, estimated the median daily nitrate intake at 108
mg/day (Babateen et al., 2018).

Ingestion of nitrate from drinking water and food results in urinary nitrate levels in a dose-
dependent manner (van Maanen et al., 1996). After ingestion, nitrate is excreted in the urine as
the nitrate anion. Table 1 shows urinary nitrate anion levels in the general population for 2015
— 2016 reported by the National Health and Nutrition Examination Survey (NHANES).
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Table 1: Urinary nitrate levels (mg/L) in the general population
(adapted from CDC, 2016)

Population Geometric mean 50" percentile 95 percentile
(95% Cl) (95% Cl) (95% Cl)

Total population 44.5 (42.4-46.7) 48.6 (44.9-50.6) 140 (125-155)

Age 3-5 years 46.6 (42.4-51.2) 48.1 (43.0-53.1) 147 (127-209)

Age 20+ years 43.2 (40.7-45.9) 46.8 (43.4-49.9) 139 (123-165)

Cl — confidence interval

Populations Evaluated in this Assessment

This health assessment focuses on characterizing potential exposures to populations that
could be exposed to nitrate-contaminated groundwater in the LYV. Several populations were
selected to represent a range of potential exposures. The populations evaluated in this health
assessment are:

e Infants of 0 to 3 months. This is the most sensitive population for methemoglobinemia,
and the first three months is when methemoglobinemia is most likely to occur (OEHHA,
2018; EPA, 1991).

e Pregnant individuals with a gestation period of 40 weeks. After infants, pregnant
individuals are the populations most at risk for health effects from elevated nitrate
exposure in drinking water (US Agency for Toxic Substances and Disease Registry
(ATSDR), 2014b).

e Adults with an average lifespan of the general population of 78 years (EPA, 2011). Adults
can be susceptible to methemoglobinemia from elevated nitrate ingestion, but aren’t as
sensitive as infants (OEHHA, 2018). The full lifespan of the general population was
assessed to be health protective.

The elderly population, defined as individuals 65 years and older, was not assessed as a
population of concern in this risk assessment. The age range of the adult population included in
this assessment is inclusive of the elderly population. No research has been conducted
examining the deleterious health effects of elevated nitrate levels in drinking water on the
elderly population. Most of the literature available examines the positive impacts of nitrate
supplementation on this age range. Nitrate and nitrite are metabolized in the body into nitric
oxide, and this process declines with age (Torregrossa et al., 2011). Decreased nitric oxide
production has been linked to multiple age-related diseases, and so nitrate supplementation is
thought to improve health outcomes in the elderly through this metabolic pathway
(Torregrossa et al., 2011). For example, older women who consume >89.0 mg/day nitrate
exhibited greater muscle strength and physical function compared to older women who
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consume less nitrate (Sim et al., 2019). A high nitrate diet can also improve blood flow in the
brain areas involved in executive functioning in older adults (Presley et al., 2011). Additionally,
supplementation with nitrates may help prevent senescence-related liver function decline, as
shown in animal studies (Wang et al., 2018).

There is limited evidence that children are a vulnerable population from elevated nitrate
exposure from drinking water. Drinking water containing up to 111 mg/L nitrate-nitrogen did
not result in methemoglobinemia in children in an epidemiological study conducted in the US
(Craun et al., 1981). Several studies found that children may be at elevated risk for
hypothyroidism, and more specifically goiter, from nitrate levels in drinking water of at least 51
mg/L or 75 mg/L (reported as nitrate, equivalent to 11.5 nitrate-nitrogen and 16.9 nitrate-
nitrogen, respectively) (Tajtakova et al., 2006; Gatseva and Argirova, 2008). However, an
analysis of these studies by OEHHA (2018) revealed multiple issues that disrupt interpretation
of the results, including lack of adjustment for confounders (such as nitrates in food, diet, age,
tobacco status), iodine status, potential measurement bias, lack of information about the wells,
and lack of information of other sources of nitrate exposure (OEHHA, 2018). Given the
uncertainty in these studies, the risk for children from the ingestion of nitrate in drinking water
was not calculated in this health assessment.

No studies were located examining the effects of nitrate ingestion in immunocompromised
individuals. Therefore, the immunocompromised were not assessed in this health assessment.
Furthermore, ATSDR (2017a) determined there is no significant evidence indicating
immunological or lymphoreticular effects in humans or animals following oral exposure to
nitrate or nitrite (ATSDR, 2017a).

While not examined in this health assessment, other health factors can increase an individual’s
vulnerability to methemoglobinemia from elevated nitrate ingestion. Anemia, cardiovascular
disease, lung disease, and sepsis all increase risk for methemoglobinemia (ATSDR, 2014b).
Additionally, genetic factors such as a deficiency in nicotinamide adenine dinucleotide (NAD) +
hydrogen (H) diaphorase, cytochrome b5 reductase, pyruvate kinase, red blood cell (RBC)
methemoglobin reductase, and/or glucose-6-phosphate dehydrogenase can lead to
methemoglobinemia (OEHHA, 2018; ATSDR, 2014b). Reduced gastric acidity can also increase
risk for methemoglobinemia, and infants suffering from diarrhea are also at increased risk for
methemoglobinemia (OEHHA, 2018). Substance abuse, such as with cocaine or drugs taken
with volatile nitrite inhalers, can also lead to methemoglobinemia (ATSDR, 2014b).

Exposure Pathways

For any contaminant to be a human health concern, the contaminant must be present at a high
enough concentration to cause adverse health effects, and there must be a defined route of
exposure. The exposure to contaminants in drinking water where someone has swallowed
(ingestion), breathed (inhalation), or had contact with their skin (dermal) would be a defined
route of exposure. This health assessment was conducted to respond to Petitioners who
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petitioned the EPA for Emergency Action under Section 1431 of the SDWA to address the
nitrate-contaminated groundwater in the LYV. To address the concerns of the Petitioners, the
ingestion route of exposure will be assessed in this health assessment. As described previously,
nitrate is highly soluble in water, and has been well characterized as a groundwater
contaminant in the LYV through multiple previous environmental investigations. Therefore, the
primary route of exposure is ingestion of drinking water.

A previous study conducted in the LYV reported that very few infants (14 out of 677), which are
the most vulnerable population to adverse health effects from nitrate exposure, consumed high
nitrate-containing foods (VanDerslice, 2007). Therefore, this health assessment does not
include ingestion of nitrates through food as an exposure pathway.

Inhalation of nitrates is not considered a significant route of exposure, unless the individual is
using inhalant drugs that contain nitrates. Dermal contact is also not considered a significant
route of exposure, unless the individual is using topical medications that contain nitrates
(ATSDR, 2014a). As drug use is not connected to groundwater contamination, this health
assessment will only address risk from nitrate exposure through ingestion.

Data Analysis

To assess risk for residents of the LYV from groundwater contaminated with nitrates, data
representing drinking water for Yakima and Benton counties was analyzed. This assessment
does not calculate risk for individual domestic drinking water wells but gives a more general
assessment of risk for Yakima and Benton counties for the populations of concern discussed in
the previous section. For each county, data from both public water systems and private
domestic wells was collected. While not representative of groundwater conditions, the nitrate
levels detected in public water systems were included to represent reference levels and
compare the resulting health risk estimates with those calculated from nitrate levels detected
in private domestic wells. Additionally, nitrate concentrations were available from groundwater
monitoring wells located in GWMA in Yakima County. Data statistics were calculated using a
widely accepted statistics calculation software product provided by the EPA, ProUCL (version
5.1) (EPA, 2016). To be health protective, the 95" percentile (upper bound) of the nitrate
concentration data for groundwater collected from wells is used in this health assessment.

Appendix B contains a summary of the nitrate concentrations for groundwater samples
collected from wells used in this health assessment.

Yakima County

Ecology’s EIM database was utilized to find data that characterizes nitrate concentrations in
Yakima County private domestic wells (Ecology, 2022a). Specifically, well data from the Ambient
Groundwater Monitoring Network (AGMN) was used. The AGMN was recommended by GWAC
and established by Ecology to evaluate the effectiveness of nitrate reduction practices in
Yakima County. The AGMN includes 34 groundwater monitoring wells that were installed for
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ambient groundwater sample collection in GWMA in Yakima County. The AGMN also sampled
136 private domestic wells available for sampling in the area. These combined wells that make
up the AGMN provide data to assess the ongoing health of the aquifer. The AGMN was initially
utilized to collect water quality measurements quarterly over two years and has been used
annually since to monitor groundwater quality.

Residents of the LYV do not consume water from the monitoring wells and are not expected to
drink this water in the future. Still, these samples were included to give a snapshot of potential
future impacts to groundwater and to private domestic well water quality. Water may travel
from the aquifer sampled by the monitoring wells to the groundwater that serves private
domestic wells. The monitoring wells are evenly distributed across the LYV GWMA, and so give
a broad snapshot of the health of the aquifer. Additionally, these wells sample water that is
impacted by surface activities that may contribute to nitrate contamination as it transitions into
the ground (Redding, 2021). Therefore, the monitoring wells can serve as an early warning
system for groundwater contamination for the private domestic wells.

Monitoring wells are constructed differently than private domestic drinking water wells. The
monitoring wells in this study are screened across the top of the aquifer, which allows
detection of nitrate concentrations as it enters groundwater. Impacts from land use activities
are observed sooner in monitoring wells than in the private domestic wells, which are usually
drilled deeper and screened across a wider depth of the aquifer. Water collected from private
domestic wells indicates the quality of the water that the residents are currently drinking. The
monitoring wells act as an indicator of the health of the aquifer and will likely show
improvements or deleterious impacts to groundwater quality sooner than the private domestic
wells.

The following filtering criteria were used in this dataset:

e Private domestic well samples and monitoring well samples were separated into their
own respective datasets. Monitoring well samples were identified according to “MW” or
“PS” in their location ID.

e Data were separated by season. July through September 2021 represents summer,
October through December 2021 represents fall, and January through April 2022
represents winter.

e Field replicates were removed.

e Result parameter was listed as “Nitrate + Nitrite as N.”

e Samples with comments including, “Well observed dry upon arrival” and “Listed as SS-
162 on LAR” were removed.

e Samples with U data qualifiers were included.

® Sample LYV-ZI-052 was removed because it is an irrigation well.

This resulted in data with characteristics captured in Table 2.
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Table 2: Statistical summary of nitrate-N concentrations in private
domestic wells in Yakima County

Season Type of Number of Minimum Mean g5th Maximum

well samples (mg/L) (mg/L) percentile (mg/L)
(mg/L)

Summer  Private 136 0.01 5.54 15.2 39.9
domestic

Summer  Monitoring 32 0.01 16.03 39.1 96.4

Fall Private 136 0.01 5.28 13.8 42.0
domestic

Fall Monitoring 32 0.01 16.3 38.7 90.4

Winter Private 136 0.01 5.56 14.3 40.6
domestic

Winter Monitoring 32 0.01 14.9 36.2 76.4

DOH’s Sentry database was utilized to find data that characterizes nitrate concentrations in
Yakima County public water system (Sentry, 2022). “Water Quality Data By County, Year And
Analyte Group” was downloaded for Yakima County for the years 2021 — 2022, and “10C —
Inorganic Contaminants” was specified as the analyte group.

The following filtering criteria were used in this dataset:

Transient Non-Community (TNC) water system results were removed. A TNC is “a public
water system that provides water in a place such as a gas station or campground where
people do not remain for long periods of time” (EPA, 2021b). Therefore, these data
ware removed because it characterizes water in areas where people do not remain for
long periods of time. Therefore, the exposure duration (ED) would not represent the
actual duration of exposure to this water system type.

Both Group A and B water systems were included.

Data were separated by season to match seasonal delineations in GWMA’s AGMN
private domestic well data. July through September 2021 represents summer, October
through December 2021 represents fall, and January through April 2022 represents
winter.

Result parameters included “Nitrate-suite” and “Total nitrate/nitrite.”

Pre-Treatment / Raw (PT/R) results were removed because this represents water that
will not be consumed.

This resulted in data with characteristics captured in Table 3.
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Table 3: Statistical summary of nitrate-N concentrations in public
water system wells in Yakima County

Season Number of Minimum Mean (mg/L) 95 Maximum
samples (mg/L) percentile (mg/L)
(mg/L)
Summer 53 0.07 2.47 8.45 9.05
Fall 23 0.06 2.31 7.18 8.10
Winter 20 0.10 2.35 7.15 7.76

Benton County

Ecology’s EIM database was utilized to find data that characterizes nitrate concentrations in
Benton County private domestic wells (Ecology, 2022a). Search criteria included: only locations
that have groundwater data, field collection dates from 2015 — 2022, and result parameter is in
the parameter group nutrients. 11 groundwater studies resulted from this search. Studies were
excluded if they used a small sampling area (such as one property), had fewer than 10 samples,
or assessed pretreated water. The only study remaining was the Groundwater Nitrate
Characterization, Monitoring and Stakeholder Engagement study (2015 — 2018). This study was
designed to characterize the nitrate concentrations, distribution, and extent in Benton County
groundwater (Ecology, 2015).

The following filtering criteria were used in this dataset:

e Result parameters and method included “Nitrogen (as Nitrate, NOs’).”

e Sample replicates were removed.

e Field replicates were removed.

e Sample composites were removed.

e Data qualifiers included J (“Analyte was positively identified. The reported result is an
estimate”) and E (“Reported result is an estimate because it exceeds the calibration
range”) (Ecology, 2022c).

e Dissolved-only fraction samples were removed. Total fraction samples, which are
unfiltered and so reflect total nitrate concentration (Ecology, 2015), remained.

e Samples with comments including, “analyzed outside of 48 hr holding time,” were
removed.

e Samples collected prior to 2018, the last year of the study, were removed.

2021 and 2022 samples were available for Benton County and Yakima County public water
systems, as well as Yakima County private domestic wells and groundwater monitoring wells.
Additionally, these samples were evenly distributed between the seasons, allowing risk to be
calculated by season. Samples only up to 2018 were available in this Benton County
Groundwater Nitrate Characterization, Monitoring and Stakeholder Engagement study dataset,
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and they were not evenly distributed by season. Therefore, risk was calculated for the year
2018 only, rather than by season.

This resulted in data with characteristics captured in Table 4.

Table 4: Statistical summary of nitrate-N concentrations in private
domestic wells in Benton County

Number of Minimum Mean (mg/L) 95t percentile Maximum
samples (mg/L) (mg/L) (mg/L)
33 0.10 6.0 21.1 26.6

DOH’s Sentry database was utilized to find data that characterizes nitrate concentrations in

Benton County public water system (Sentry, 2022). “Water Quality Data By County, Year And

Analyte Group” was downloaded for Benton County for the years 2021 — 2022, and “IOC -
Inorganic Contaminants” was specified as the analyte group.

The following filtering criteria were used in this dataset:

e Transient Non-Community (TNC) water system results were removed. A TNC is “a public
water system that provides water in a place such as a gas station or campground where
people do not remain for long periods of time” (EPA, 2021b). Therefore, this data was
removed because it characterizes water in areas where people do not remain for long
periods of time. Therefore, the exposure duration (ED) would not represent the actual

duration of exposure to this water system type.
e Both Group A and B water systems were included.
e Data were separated by season to match seasonal delineations in GWMA’s AGMN

private domestic well data. July through September 2021 represents summer, October

through December 2021 represents fall, and January through April 2022 represents
winter.

e Result parameters included “Nitrate-suite” and “Total nitrate/nitrite.”

e Pre-Treatment / Raw (PT/R) results were removed because this represents water that

will not be consumed.

This resulted in data with characteristics captured in Table 5.
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Table 5: Statistical summary of nitrate-N concentrations in public
water system wells in Benton County

Season Number of Minimum Mean (mg/L) 95 Maximum
samples (mg/L) percentile (mg/L)
(mg/L)
Summer 27 0.05 3.66 5.40 32.2
Fall 17 0.05 3.03 8.67 9.01
Winter 40 0.50 3.53 7.77 8.80

Evaluating Non-cancer Hazards

To evaluate the potential for non-cancer adverse health effects that may result from exposure
to contaminated water or other media (i.e., soil, air), a dose is estimated for the contaminant.
These doses are calculated for exposure scenarios in which a person might be exposed to the
contaminated media. The formula for this dose is included in Appendix A.

The estimated dose for each exposure scenario is then compared to the minimal risk level
(MRL). MRLs are an estimate of the daily human exposure to a contaminant that is likely to be
without considerable risk of adverse health effects during a specified duration of exposure. If
MRLs have not been established for a contaminant, DOH uses EPA’s reference dose (RfD). RfDs
are doses below which non-cancer adverse health effects are not expected to occur.

MRLs and RfDs are derived from toxic effect thresholds obtained from epidemiological and
animal studies. These thresholds are derived from either the lowest-observed adverse effect
level (LOAEL), or preferably the no-observed adverse effect level (NOAEL) for the contaminant.
In human and animal studies, the LOAEL is the lowest dose of a contaminant that results in
adverse health effects, and the NOAEL is the highest dose of a contaminant that does not result
in any adverse health effects. To help account for uncertainty present in the epidemiological
and animal studies, the NOAEL or LOAEL is divided by uncertainty factors (UFs) to produce the
lower and more health protective MRL or RfD. The equation for an MRL or RfD is shown below.

NOAEL or LOAEL
UF

MRL or RfD =

If an exposure dose exceeds the MRL or RfD of that contaminant, it does not necessarily mean
that adverse health effects will occur, only that further toxicological evaluation is warranted.
This evaluation includes comparing the site-specific estimated exposure dose to doses from
animal and human studies that showed either an effect level or a no effect level. This
comparison, combined with other toxicological information, such as sensitive populations and
metabolism, is used to determine the risk for specific harmful effects. When the exposure dose
exceeds the MRL or RfD, this results in a hazard quotient (HQ) greater than one. The equation
for the HQ is shown below.
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HQ = Exposure dose
B RfD

Exposure assumptions, estimated exposure doses, and hazard quotients for estimating nitrate
exposures for drinking water sourced from the LYV are found in Appendix A.

A summary of the RfDs used in this health assessment are included in Table 6.

Table é: RfDs used in this health assessment

Population RfD Unit Reference
Infant 1.6 mg nitrate- EPA, 1991
nitrogen/kg-
d
Adult 1.6 mg nitrate- EPA, 1991
nitrogen/kg-
d
Pregnant 0.267 mg nitrate- Calculated, see section titled Derivation of RfD
individuals nitrogen/kg-  for Pregnant Individuals
d

Methemoglobinemia

Methemoglobinemia, which is frequently referred to as blue baby syndrome, is characterized
by elevated levels of methemoglobin in the blood. Methemoglobin is a type of hemoglobin in
which the iron is reduced to its ferric (3+) valence state, rendering it unable to transport oxygen
and leading to cyanosis and hypoxia (Avery, 1999). Cyanosis is a bluish color in the skin and
indicates hypoxia, which is when the blood contains insufficient levels of oxygen to support
function. Symptoms of methemoglobinemia usually present when methemoglobin levels
elevate to at least 10 to 20% of total hemoglobin (OEHHA, 2018). Infants are at particular risk
for methemoglobinemia because their stomachs are less acidic than adult stomachs (Ward et
al., 2018). The elevated pH of infant stomachs supports the growth of nitrate-reducing bacteria,
leading to increased levels of nitrites (OEHHA, 2018). Nitrite can then bind to hemoglobin and
convert it to methemoglobin (Ward et al., 2018). Additionally, infants have lower nicotinamide
adenine dinucleotide phosphate (NADP) (H+)-cytochrome b5 reductase activity, which converts
methemoglobin to hemoglobin, leading to reduced methemoglobin to hemoglobin metabolism
in infants (Johnson, 2019). Infants under three months of age also have increased susceptibility
to methemoglobinemia because fetal hemoglobin is more readily oxidized to methemoglobin
than adult hemoglobin during this age range (OEHHA, 2018).

The presence of nitrate in drinking water has been shown to increase the risk for the
development of methemoglobinemia in infants at levels above 10 mg/L, which is the current
federal MCL established by the EPA for nitrate-nitrogen. Fan et al. (1987) reviewed the
toxicological literature to examine the adequacy of the MCL for nitrate to protect against
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methemoglobinemia. Fan et al. (1987) reaffirmed that the MCL of 10 mg nitrate-N/L (and 45 mg
nitrate/L) is protective of infants against methemoglobinemia, with the observation that no
clinical methemoglobinemia was observed in populations with drinking water concentrations
less than 10 mg nitrate-N/L, and only 2.3% of the cases reviewed concerned infants consuming
water with 10 — 20 mg nitrate-N/L. Furthermore, Fan et al. (1987) found that neither nitrate nor
nitrite were detected in breast milk (Fan et al., 1987). EPA converted the MCL of 10 mg nitrate-
N/L to an RfD for methemoglobinemia of 1.6 mg nitrate-N/kg-d for infants (EPA, 1991). This RfD
is defined for nitrate-nitrogen, which is inclusive of nitrite.

A negligible amount of nitrates are transferred from mother to baby via breastfeeding,
especially if the mother is consuming water with a concentration of 100 mg NOs/L or less
(Dusdieker et al., 1996). Therefore, infant risk calculations will assume 100% of infants in the
LYV are formula-fed, and the drinking water intake rate will not be adjusted to account for
breastfeeding.

Methemoglobinemia can also occur in adults. About 1% of adult hemoglobin exists as
methemoglobin under normal physiological conditions; as with infants, levels of 10 to 20%
methemoglobin circulating in blood produce symptoms of methemoglobinemia (Fan et al.,
1987). For adults, this corresponds to daily doses estimated to be in the range of 33 - 150
mg/kg-body weight, as determined by the Joint FAO/WHO Expert Committee on Food Additives
(JECFA) (Sadler et al., 2016). JECFA determined an acceptable daily intake (ADI) of 3.7 mg
nitrate ion/kg-body weight-day is protective against methemoglobinemia caused by salivary
nitrite converted from nitrate added to food (European Food Safety Authority (EFSA), 2017).
The ADI is the amount of a compound that can be ingested either by food or in drinking water
over a lifetime without causing health effects. ADIs can only be derived for compounds without
genotoxic or carcinogenic effects; EFSA did not find evidence for genotoxicity or carcinogenicity
in in vitro and animal studies for nitrate, respectively (Mortensen et al., 2017). As the EPA RfD
for methemoglobinemia is specific to nitrate-nitrogen in drinking water, whereas the ADI is
specific to nitrate ion added to food, the RfD was used to characterize risk to the adult
population.

Estimated exposure doses, exposure assumptions, and hazard quotients for populations of
interest vulnerable to methemoglobinemia from nitrate ingestion are presented in Appendix A.
Based on exposure estimates calculated in Appendix A, infants are expected to be at risk for
methemoglobinemia by consuming drinking water from private domestic wells in either Yakima
or Benton County. However, infants are not expected to be at risk for methemoglobinemia by
ingesting water from public water systems in either Yakima or Benton counties. Risk estimates
for infants calculated using exposure parameters derived from VanDerslice (2007), a previous
study conducted in the LYV, are shown in the VanDerslice (2007) Risk Estimates section. This
study is described more in depth in the Standard vs VanDerslice (2007) Risk Estimates section.

Additionally, as mentioned previously, samples from groundwater monitoring wells in Yakima
County were included to give a snapshot of and assess risk for future private domestic well
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conditions. While infants are not expected to directly consume water from these monitoring
wells, hazard quotients indicate the concentrations in the groundwater would constitute
increased risk to infants for methemoglobinemia.

Exposure estimates and risk for methemoglobinemia were also calculated for adults exposed to
drinking water in Yakima and Benton counties. For all seasons and all types of wells, adults are
not expected to experience methemoglobinemia from exposure to nitrate.

Reproductive Effects

The ingestion of drinking water containing elevated levels of nitrate during pregnancy has been
considered a risk factor for adverse pregnancy outcomes such as birth defects, premature
births, and low birth weight in epidemiological studies (Ward et al., 2018). However, several
reviews examining these relationships have found issues in the currently available
epidemiological studies, such as multiple confounding factors, the absence of dose-response
relationships, unsubstantiated self-reports of water ingestion, inadequate analysis of
potentially confounding toxicants other than nitrates/nitrites, and lack of accounting for dietary
nitrate/nitrite ingestion (OEHHA, 2018; ATSDR, 2017a). Therefore, ATSDR determined the
results of these studies are not adequate to be used for quantitative risk assessment (ATSDR,
2017a).

Pregnant individuals are expected to be most at risk for health effects from nitrate exposure
around the 30th week of pregnancy due to several reasons. Around the 30t week of pregnancy,
blood volume peaks where plasma concentrations are greater than red blood cells, resulting in
anemia (ATSDR, 2017c). Additionally, oxidative stress peaks at the 30" week, and because
pregnancy increases oxygen demand in the body, reduces the rates of methemoglobin to
hemoglobin conversion (ATSDR, 2017c).

Due to inadequate data concerning whether levels of nitrates less than the federal MCL of 10
mg/L nitrate-nitrogen can cause adverse pregnancy outcomes, Manassaram et al. (2010)
conducted a longitudinal study examining 357 pregnant women consuming water with nitrate
levels less than the MCL in Minnesota. The authors did not find any association between
methemoglobin levels in pregnant women and exposure to nitrate in drinking water at levels
less than 10 mg/L nitrate-nitrogen. Additionally, the pregnant women followed throughout
pregnancy showed a decrease in methemoglobin levels with increasing gestational duration,
providing counterevidence to the hypothesis that methemoglobin levels increase throughout
pregnancy and peaking at the 30" week (Manassaram et al., 2010).

Despite the inconsistencies between the studies examining adverse reproductive outcomes
from elevated nitrate ingestion, to be health protective, pregnant individuals were considered a
vulnerable population for this health assessment. Additionally, due to the equivocal evidence
concerning whether increased susceptibility for health effects occurs at the 30t week, the
entire gestational period of 40 weeks was assessed for risk in this health assessment.
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EPA and ATSDR have not developed MCLs or MRLs for reproductive effects from nitrates,
respectively. Therefore, an RfD was calculated for pregnant individuals based on the MCL of 10
mg/L nitrate-N. This calculation is shown in the Derivation of RfD for Pregnant Individuals
section.

Estimated exposure doses, exposure assumptions, and hazard quotients for populations of
interest vulnerable to reproductive effects from nitrate ingestion are presented in Appendix A.

Based on exposure estimates calculated in Appendix A, pregnant individuals are expected to be
at risk for reproductive effects by consuming drinking water from private domestic wells in
either Yakima or Benton County. Additionally, as mentioned previously, samples from
groundwater monitoring wells in Yakima County were included to give a snapshot of and assess
risk from future private domestic well conditions. While pregnant individuals are not expected
to directly consume water from these monitoring wells, hazard quotients indicate the
concentrations in the groundwater would constitute increased risk to pregnant individuals for
adverse reproductive effects.

Exposure estimates and risk were also calculated for pregnant individuals exposed to drinking
water from public water systems in Yakima and Benton counties. For all seasons, pregnant
individuals are not expected to experience adverse reproductive effects from exposure to
nitrate from public water systems.

Thyroid

Nitrate may impact thyroid function by competitively inhibiting iodide uptake by the sodium-
iodide symporter (NIS) (Ward et al., 2018). Uptake of iodide by the NIS results in the production
of trilodothyronine (T3) and thyroxine (T4) thyroid hormones, and disruption of this uptake can
lead to hypothyroidism (OEHHA, 2018). Indeed, a study concerning children consuming nitrate-
contaminated water with levels ranging from 11 to 61 mg/L nitrate-nitrogen showed an
increased prevalence of hypothyroidism (Radikova et al., 2008). However, epidemiological
studies such as Radikova et al. (2008) and others examining the impact of elevated nitrate
intake via drinking water have been shown to contain issues such as a lack of adjustment for
iodine status, lack of adjustment for confounders such as dietary intake of nitrate or iodine, and
lack of adjustment for individual well contamination with nitrate, making interpretation difficult
(OEHHA, 2018).

To remove the impact of dietary iodine intake on the effect of nitrate ingestion via drinking water
on the thyroid, volunteers consumed an iodine-restricted diet in a study by Hunault et al. (2007).
After exposure to 380 mg/L nitrate (85 mg/L nitrate-nitrogen) a day, no evidence of uptake
inhibition of radioactive iodine was observed, and T3, T4, and other thyroid hormone levels were
not impacted (Hunault et al., 2007). Levels as low as 2.46 mg/L nitrate-nitrogen in drinking water,
in a study in which dietary nitrate intake was accounted for, have been shown to have no
association with hypothyroidism or hyperthyroidism (Ward et al., 2010).
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EPA and ATSDR have not developed MCLs or MRLs, respectively, for adverse effects on the
thyroid from nitrate ingestion. As nitrate levels less than the MCL have not been shown to
impact thyroid function, this health assessment does not estimate risk for health effects on the
thyroid from nitrate contamination in the LYV.

Evaluating Cancer Hazards

The consumption of processed meats is considered to increase the risk for gastric cancer due to
the formation of carcinogenic nitrosamines, such as N-nitrosodimethylamine (NDMA) (Song et
al., 2015). Nitrosamines are formed in processed foods through a reaction of secondary or
tertiary amines with a metabolite of nitrite, nitrous anhydride (Scanlan, 1983). The addition of
nitrates to processed foods can also lead to nitrosamine formation (Song et al., 2015).
Nitrosamines can also form in the gastric environment after the addition of nitrates and foods
such as milk, cheese, and slurried meals of fried eggs, bread, butter, cheese, biscuits, milk, and
luncheon meat (OEHHA, 2018).

The carcinogenicity of ingested nitrate has been assessed by multiple public health agencies
and in epidemiological studies. According to a recent assessment of health effects from
ingested nitrates, JECFA does not consider nitrate to be genotoxic nor carcinogenic (EFSA,
2017). EPA considers the literature showing an association between exposures to nitrate and
cancer in adults and children to be conflicting and inadequate (ATSDR, 2017b). Specifically, the
literature examining cancer risk from nitrate exposure via drinking water is also considered
inadequate (Fan & Steinberg (1996). IARC also concluded there is inadequate evidence for the
carcinogenicity of nitrate in food or drinking water, but that the ingestion of nitrate under
endogenous nitrosating conditions is probably carcinogenic to humans (2A) (IARC, 2010). EPA
has not determined a cancer slope factor for nitrate. The NRC Subcommittee on Nitrate and
Nitrite in Drinking Water concluded that nitrate (and nitrite) in drinking water is unlikely to
increase risk for cancer (NRC, 1995). Their conclusion was based on the inadequate evidence
from epidemiological studies, as well as a lack of evidence from animal studies when the
carcinogenicity of nitrate was assessed in the absence of exposure to nitrosatable amines (NRC,
1995).

The association between stomach cancer and ingestion of nitrates has been examined. A meta-
analysis of 19 studies examining the carcinogenicity of nitrates did not find a significant
association between nitrate ingestion and stomach cancer (Song et al., 2015). A dose-response
analysis indicated reduced risk for stomach cancer from ingestion of nitrate concentrations
ranging from about 66.4 to 220 mg/day (about 15 to 49 mg/day nitrate-nitrogen) (Song et al.,
2015). Another meta-analysis of 48 studies found a positive association with stomach cancer
and nitrate in drinking water; however, this significance disappeared when the odds ratios were
pooled (Essien et al., 2022). Temkin et al. (2019) conducted a meta-analysis of eight studies
assessing the association between nitrate-contaminated drinking water and colorectal cancer,
and found a positive association corresponding to a one-in-one million cancer risk level at 0.14
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mg/L nitrate in water. A dose-response analysis was conducted using the studies in the meta-
analysis, resulting in a relative risk (RR) of 1.04 (95% Cl 1.01-1.07). However, this meta-analysis
included studies (Espejo-Herrera et al., 2016; De Roos et al., 2003) that did not control for red
meat consumption, which is a known risk factor for colorectal cancer. These two studies
conveyed the highest study weights in the overall risk estimate of the meta-analysis (10.28%
and 14.77%, respectively). As the RR was close to one, and the two studies that included
consumers of red meat carried the most weight in the meta-analysis, this indicates the RR for
drinking water contaminated with nitrate and colorectal cancer may drop to less than one if the
two studies were removed from the analysis (Temkin et al., 2019). Taken together, the results
of these meta-analyses indicate the association between drinking water contaminated with
nitrate and colorectal cancer is inconclusive. Additionally, JECFA concluded that there is no
evidence for a positive association between ingestion of nitrate and esophageal cancer, gastric
cancer, and colorectal or colon or rectum cancer (Mortensen et al., 2017).

The literature examining risk for bladder cancer from exposure to nitrates is also inconclusive.
Jones et al. (2016) analyzed a cohort of postmenopausal women who consumed nitrate above 5
mg/L in drinking water for over 10 years and found an increased risk for bladder cancer.
However, Jones et al. (2016) did not find an increased risk of bladder cancer from the ingestion
of dietary nitrate (Jones et al., 2016). Espejo-Herrera et al. (2015) conducted a case-control
study examining the association of bladder cancer in residents of Spain with nitrate levels from
2.1 mg/Lto 12.0 mg/L in drinking water, and did not find a positive association (Espejo-Herrera
et al, 2015). A recent study examining ingested nitrate from drinking water and bladder cancer
in New England also observed a positive association of increased risk of bladder cancer with
nitrate concentrations above 2.07 mg/L; however, this was not significant (OR = 1.5, 95% Cl =
0.97, 2.3) (Barry et al., 2020). A meta-analysis of five studies found no association between
bladder cancer and chronic exposure to nitrate concentrations ranging from 0.21 to 3.09 mg/L
(Arafa et al., 2022). JECFA concluded that there is insufficient evidence for a positive association
between ingested nitrate and bladder cancer, and there is no evidence for a positive
association between ingested nitrate and renal cancer (Mortensen et al., 2017).

The risk for thyroid cancer has also been examined. A meta-analysis of three studies found no
association between thyroid cancer and nitrate ingestion above 5 mg/L nitrate-nitrogen in
drinking water and food (Bahadoran et al., 2015). Interestingly, a recent geospatial analysis in
California found a positive association between thyroid cancer and contaminated wells
containing above 5 mg/L nitrate-nitrogen (Tariqi et al., 2021). JECFA concluded there is
insufficient evidence for a positive association between ingested nitrate and thyroid cancer
(Mortensen et al., 2017).

Overall, the literature is inconsistent or insufficient to conclude that ingesting nitrate in drinking
water will increase risk of cancer. Additionally, a cancer slope factor established by a public
health agency was not located for nitrate. EPA has not determined a cancer slope factor for
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nitrate. Therefore, this health assessment does not calculate the risk for cancer from ingesting
nitrate-contaminated groundwater in the LYV.

Discussion

Public Health Implications

This health assessment calculated risk for vulnerable populations exposed to nitrate
contamination in the groundwater of the LYV. Specifically, risks for methemoglobinemia to
infants and adults, as well as adverse reproductive outcomes in pregnant individuals were
calculated. Nitrate concentrations from private domestic wells and public wells in Yakima and
Benton counties were used. Additionally, nitrate concentrations for groundwater samples
collected from monitoring wells, which may predict private well water quality in the future, in
Yakima County were also used. While residents of the LYV are not expected to ever consume
water from the groundwater monitoring wells, these samples were included to give a snapshot
of potential future private domestic well conditions as well as context on the health
implications of the aquifer.

Exposure assumptions were used to estimate exposure doses and hazard quotients from the
LYV. These are found in Appendix A.

Hazard quotients were calculated for adults and pregnant individuals drinking water from
public water systems in Yakima and Benton counties using standard exposure parameters. They
indicate that there is no risk for adverse health effects for these residents drinking water from
the public water system for all seasons sampled (summer, fall, winter) (see the table below and
Table 23, in Appendix A).

Table 7: HQs calculated for adults and pregnant individuals ingesting
water from public wells

County Season Population HQ
Summer Adults 0.15
© Fall Adults 0.13
£ Winter Adults 0.13
E Summer Pregnant individuals 0.85
Fall Pregnant individuals 0.72
Winter Pregnant individuals 0.72
Summer Adults 0.09
c Fall Adults 0.15
S Winter Adults 0.14
E) Summer Pregnant individuals 0.54
Fall Pregnant individuals 0.87
Winter Pregnant individuals 0.78
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Infant risk estimates were calculated in this health assessment using the standard exposure
parameters used to derive the EPA RfD (EPA, 1991). These risk estimates indicate no adverse
health risks are expected for infants exclusively drinking water from public water systems in
Yakima and Benton counties (see the table below and Table 23, in Appendix A). For comparison,
hazard quotients for infants for methemoglobinemia were estimated using alternative exposure
parameters derived from the VanDerslice (2007) study in the LYV. Further discussion of this
study is included in the Standard vs VanDerslice (2007) Risk Estimates section, and hazard
guotients are shown in VanDerslice (2007) Risk Estimates section.

Table 8: HQs calculated for infants ingesting water from public wells

County Season Population HQ
@ Summer Infants 0.85
-_g Fall Infants 0.72
o Winter Infants 0.72
s Summer Infants 0.54
= Fall Infants 0.87
@ Winter Infants 0.78

Hazard quotients calculated for infants and pregnant individuals for methemoglobinemia and
adverse reproductive outcomes, respectively, using standard exposure parameters for residents
drinking water from private domestic wells in Yakima and Benton counties indicate increased
risk for these health effects, for all seasons sampled (summer, fall, winter) (see the table below
and Table 22, in Appendix A).

Table 9: HQs calculated for infants and pregnant individuals
ingesting water from private wells

County Season Population HQ

Summer Infants 1.52

© Fall Infants 1.38

£ Winter Infants 1.43

E Summer Pregnant individuals 1.52
Fall Pregnant individuals 1.38
Winter Pregnant individuals 1.43

< All seasons Infants 2.11

]

c

@ All seasons Pregnant individuals 2.11
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Hazard quotients calculated for adults drinking water from private domestic wells in Yakima
and Benton counties indicate no risk for methemoglobinemia, for all seasons sampled (summer,
fall, winter) (See the table below and Table 22, Appendix A).

Table 10: HQs calculated for adults ingesting water from private wells

County Season Population HQ
g Summer Adults 0.27
=z Fall Adults 0.25
= Winter Adults 0.26
S
‘q:'; All seasons Adults 0.38
[~

Hazard quotients calculated for infants and pregnant individuals for methemoglobinemia and
adverse reproductive outcomes, respectively, using standard exposure parameters for
hypothetical water consumption from groundwater monitoring wells in Yakima County for all
seasons sampled (summer, fall, winter) indicate elevated risk for adverse health effects for
these populations (see the table below and Table 24, Appendix A). The sample results from the
groundwater monitoring wells resulted in the highest risk estimates calculated in this health
assessment for infants and pregnant individuals. As discussed previously, the monitoring wells
sample from a depth that is shallower than the depth that private domestic wells are located,
and so don’t necessarily represent future private well conditions. Still, these results indicate
that users of private domestic wells, particularly vulnerable populations, in the LYV should
closely monitor the water quality for increasing nitrate concentrations.

Table 11: HQs calculated for infants and pregnant individuals
hypothetically ingesting water from monitoring wells

County Season Population HQ
Summer Infants 3.91
© Fall Infants 3.87
£ Winter Infants 3.62
E Summer Pregnant individuals 3.91
Fall Pregnant individuals 3.87
Winter Pregnant individuals 3.62

Hazard quotients calculated for adults hypothetically drinking water from groundwater
monitoring wells in Yakima County indicate no risk for methemoglobinemia, for all seasons
sampled (summer, fall, winter) (see the table below and Table 24, Appendix A).
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Table 12: HQs calculated for adults hypothetically ingesting water
from monitoring wells

County Season Population HQ
© Summer Adults 0.69
£ Fa Adults 0.69
S Winter Adults 0.65

Overall, DOH concludes that using water from the public water systems in Yakima and Benton
counties is not expected to cause health effects. DOH also concludes that using water from
private domestic wells in Yakima and Benton counties may cause adverse health effects in
infants and pregnant individuals.

Environmental Justice Implications

As of 2013, over 20% of the population of Yakima County was at or above the poverty level, and
at least 41% of the population identified as Hispanic/Latino (EPA, 2013b). The proportion of the
population at or above the poverty level is now at least 14%, and the proportion has increased
to at least 51% of the population that identifies as Hispanic/Latino in Yakima County in 2021
(United States Census Bureau, 2021). In Benton County, at least 9% of residents are below the
poverty level, and 24% identifies as Hispanic/Latino (United States Census Bureau, 2021).

Residents living in rural areas of the counties are more likely to be served by private domestic
wells rather than public water systems. Indeed, 34% of residents in the LYV use private well
water (VanDerGeest et al., 2020) for domestic water uses, including drinking. A recent study
found that private well water users of the LYV, who are predominantly Latino, were concerned
about well water contamination but were also unaware of the current government nitrate/total
coliform testing recommendations (VanDerGeest et al., 2020). Specifically, residents were
unaware of the recommended testing frequency, testing costs, who to contact for testing, and
how to test on their own without the aid of a government agency (VanDerGeest et al., 2020).
Given the results of this health assessment indicating that private well users are at increased
risk for methemoglobinemia, increased and robust outreach needs to be conducted within
these communities to educate and assist residents on how to deal with the contamination.

As shown by the risk estimates calculated in this health assessment, vulnerable populations
such as infants and pregnant individuals consuming water from private domestic wells are at
increased risk for adverse health effects. Combined with the high proportions of minorities
residing in the LYV, and the high proportion of residents living below the poverty level, this
indicates the groundwater contamination likely constitutes a matter of environmental injustice
for these populations.

Historical Comparisons
Nitrate concentrations were assessed in private well samples taken from Yakima and Benton
counties in this health assessment. Nitrate concentrations were also assessed in samples
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collected from groundwater monitoring wells in Yakima County. The statistical summaries of
these samples are included in the tables below for comparison with results from previous
environmental studies conducted in the LYV.

Table 13: Statistical summary of nitrate-N concentrations in private
domestic wells in Benton County

Number of Minimum Mean (mg/L) 95t percentile Maximum
samples (mg/L) (mg/L) (mg/L)
33 0.10 6.0 211 26.6

Table 14: Statistical summary of nitrate-N concentrations in private
domestic wells in Yakima County

Season Type of Number of Minimum Mean g5th Maximum

well samples (mg/L) (mg/L) percentile (mg/L)
(mg/L)

Summer  Private 136 0.01 5.54 15.2 39.9
domestic

Summer  Monitoring 32 0.01 16.03 39.1 96.4

Fall Private 136 0.01 5.28 13.8 42.0
domestic

Fall Monitoring 32 0.01 16.3 38.7 90.4

Winter Private 136 0.01 5.56 14.3 40.6
domestic

Winter Monitoring 32 0.01 14.9 36.2 76.4

Previous environmental investigations have detected nitrate levels in the groundwater of the
LYV.

VanDerslice (2007) assessed the association between methemoglobinemia in infants and
nitrate-N levels in the drinking water of the LYV (VanDerslice, 2007). Table 5 of this study
includes tap water nitrate-N levels for private wells, small water systems, and community
systems. 95 percentile nitrate-N concentrations were not calculated in this study. Average and
maximum nitrate-N levels reproduced from Table 5 of VanDerslice (2007) are shown in Table
15.
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Table 15: Nitrate-N levels in tap water adapted from Table 5 of
VanDerslice (2007)

Source of water n Mean (mg/L) Maximum (mg/L)
Private well 399 4.6 35.6
Small water system 190 2.8 15.3
Community system 129 1.2 14.8

By comparing the nitrate-N levels in VanDerslice (2007) and this health assessment, it becomes
clear that average and maximum nitrate-N levels in private domestic wells are similar between
the two analyses, with slightly elevated nitrate-N levels in this health assessment. This health
assessment did not separate nitrate-N levels in public water systems by small water system or
community water system, so these concentrations cannot be compared.

EPA (2013b) conducted a study examining potential sources of nitrate contamination in the
groundwater of the LYV. EPA measured nitrate concentrations from multiple land use areas.
Samples were taken from two residential wells, from which nitrate-nitrogen was detected at
concentrations of 23.4 and 72.2 mg/L nitrate-nitrogen (Table Al in EPA, 2013b). The second
sample concentration is much higher than the greatest maximum nitrate concentration
detected in this health assessment a private domestic well of 42 mg/L for Yakima County in the
Fall. However, comparison is difficult due to the small sample size taken in EPA, (2013b). Table
Alin EPA (2013b) also includes results of samples taken from wells upgradient of dairies,
downgradient of dairies, dairy supply wells, downgradient of septic tanks, and downgradient of
farms. These concentrations range from 0.05 to 72.2 mg/L nitrate-nitrogen.

USGS (2017) measured nitrate concentrations from 892 samples taken from 156 domestic
drinking water wells in GWMA of Yakima County. Table 6 shows the concentrations in these
wells ranged from 0.4 to 45.2 mg/L nitrate-nitrite. Further summary statistics aren’t provided in
USGS (2017). For comparison, the nitrate concentrations sampled from private domestic wells
in Yakima County in this health assessment produced a range of 0.01 to 42 mg/L, which is about
equivalent to the range produced in USGS (2017). This indicates nitrate concentrations have not
changed much in scope between 2017 and the present in Yakima County.

Standard vs VanDerslice (2007) Risk Estimates

EPA used a standard drinking water ingestion rate and standard body weight in their derivation
of the RfD (1.6 mg nitrate-nitrogen/kg-d) for methemoglobinemia in infants less than 3 months
of age (EPA, 1991). This health assessment uses these exposure parameters to calculate the
estimated daily dose of exposure to infants from nitrate-N.

A previous epidemiological study was conducted in the LYV assessing the association between
methemoglobinemia in infants and nitrate-N levels in the drinking water (VanDerslice, 2007).
VanDerslice (2007) includes exposure parameters derived from survey data focused on infants
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living in the LYV from September, 2004 to October, 2005. For comparison’s sake, this health
assessment also calculated risk for infant methemoglobinemia using the exposure parameters
described in VanDerslice (2007).

Specifically, VanDerslice (2007) provided body weight for infants living in the LYV. Table 9 in
VanDerslice (2007) provides body weights per month of age for a total sample size of 632
infants. The vulnerable age range for methemoglobinemia is the first three months of an
infant’s life (OEHHA, 2018; EPA, 1991). Therefore, an average body weight was calculated for
infants aged 0 to 3 months using the data in Table 9 of VanDerslice (2007) for use in this health
assessment. Table 9 includes mean body weights for infants aged 1 - <2 months, and 2 - <3
months (5.1 and 5.9 kilograms (kg), respectively), and a weighted average body weight of 5.58
kg was calculated. While body weights were not provided for infants aged 0 - <1 months to
include in this calculation, 5.58 kg was considered proxy for the 0 to 3 months age range. This
resulted in an average body weight of 5.58 kg for infants (0 to 3 months) residing in the LYV for
this health assessment. This value is higher than the infant body weight used by EPA to
calculate the RfD for infant methemoglobinemia (EPA, 1991).

VanDerslice (2007) also provided drinking water ingestion rates for infants living in the LYV.
Table 10 in VanDerslice (2007) provides data on water consumption by month of age in 677
infants. Notably, while VanDerslice (2007) did survey if infants were breastfed in the LYV, only
water that was in ingested food or formula was included in the drinking water ingestion rate.
While it is never directly stated in this report, it does not appear that nitrates transferred via
breastfeeding were accounted for in drinking water ingestion rates in Table 10. It has been
shown that elevated levels of nitrate in drinking water do not transfer to breast milk (Dusdieker
et al., 1996). Therefore, it is safe to assume that nitrate transfer via breastfeeding is an
insignificant pathway and does not need to be accounted for in the derivation of drinking water
ingestion rates for infants. The average drinking water ingestion rate for infants up to 3 months
of age was calculated using data found in Table 10 of VanDerslice (2007). Table 10 includes
mean ingestion rates for infants aged 1 - <2 months, and 2 - <3 months (0.27 and 0.35 L/d,
respectively), resulting in a weighted average ingestion rate of 0.32 L/d. While ingestion rates
were not provided for infants aged 0 - <1 months to include in this calculation, 0.32 L/d was
considered proxy for the 0 to 3 months age range. For context, this value is lower than the
drinking water ingestion rate for infants used by EPA to calculate the RfD for infant
methemoglobinemia (EPA, 1991).

A comparison between VanDerslice (2007) and the standard exposure parameters used by EPA
(1991) is included in Table 16.
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Table 16: VanDerslice (2007) and EPA (1991) exposure parameters

Parameter VanDerslice (2007) EPA (1991)
Ingestion rate (L/d) 0.32 0.64
Body weight (kg) 5.58 4

These two sets of exposure parameters were used to calculate estimates of risk for infants for
methemoglobinemia in the LYV. A comparison of these risk estimates is included in Table 17.

Table 17: Comparison of infant methemoglobinemia HQs Using
parameters from VanDerslice (2007) and EPA (1991)

County Description VanDerslice (2007) EPA (1991) HQs
HQs

Summer private wells 0.547147 1.518
Fall private wells 0.498487 1.383
Winter private wells 0.516509 1.433

@ Summer monitoring wells 1.409317 3.91

'E Fall monitoring wells 1.393818 3.867

> Winter monitoring wells 1.305871 3.623
Summer public wells 0.304715 0.8454
Fall public wells 0.258795 0.718
Winter public wells 0.257786 0.7152

c Private domestic wells 0.759085 2.106

] Summer public wells 0.194637 0.54

¢§ Fall public wells 0.312645 0.8674
Winter public wells 0.280061 0.777

As shown in the table above, risk estimates for infant methemoglobinemia are lower when
calculated using parameters derived from the VanDerslice (2007) study, compared to risk
estimates using the EPA (1991) exposure parameters. To provide context for this comparison,
VanDerslice (2007) was a cross-sectional epidemiological study which surveyed families with
infants aged 6 months or younger who lived in the LYV. Due to the cross-sectional nature of this
study, exposure parameters were taken during the survey period of September 2004 to
October 2005 and are representative of that period of time. Additionally, the study was
conducted fifteen years ago. Therefore, the exposure parameters of the infants surveyed in this
study do not necessarily represent the exposure parameters of infants residing in the LYV
today.

The ingestion rate used by EPA (1991) is referenced from Davidson (1975). Specifically, the
body weight and ingestion rate are derived from “an infant's normal requirements” of formula
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or breast milk, which is 160 mL/kg-d (Davidson, 1975). EPA (1991) assumes a standard 4 kg
body weight, which when applied to 160 milliliters per kilogram per day (mL/kg-d) results in an
ingestion rate of 0.64 L/d. While the 160 mL/kg-d of formula in Davidson (1975) is referred to as
“an infant's normal requirement,” it is not specifically stated to be an average, so it is not
directly comparable to the average ingestion rate calculated from VanDerslice (2007).

Ultimately, the exposure parameters used by EPA (1991) are more conservative than those
derived from VanDerslice (2007). This resulted in higher HQs calculated using the EPA (1991)
parameters. Additionally, the use of these exposure parameters stays consistent with the
values used to calculate the RfD for infant methemoglobinemia. Therefore, the HQs calculated
using EPA (1991) parameters were used in this health assessment.

Conclusions

DOH concludes that consuming water from private domestic wells in the LYV may increase risk
for methemoglobinemia in infants and adverse reproductive outcomes in pregnant individuals.
Current nitrate levels in public water systems in Yakima and Benton counties are not expected

to harm people’s health. Additionally, nitrate levels in all well types in the LYV are not expected
to increase risk for methemoglobinemia in adults.

Recommendations

DOH has several public health recommendations resulting from this health assessment to
protect and improve the health of the LYV.

e More source control actions should be implemented to address nitrate contamination
of the groundwater originating from irrigated and fertilized agriculture, CAFOs, septic
systems, and other sources in the LYV.

e We recommend residents of the LYV who use private domestic wells for drinking water
to get them tested for nitrate every year. If nitrate test results are 5 mg/L or higher, we
advise re-sampling in six months.

e We recommend users get wells tested for nitrate more frequently than once a year if
well construction and maintenance standards (e.g. compromised casing or seal) that are
outlined in WAC 173-160 are not met.

e Do not boil water if it contains elevated nitrates. This will increase nitrate
concentrations.

e Vulnerable populations should not use water containing nitrate concentrations above
the MCL of 10 mg/L for drinking or food preparation (e.g., cooking, produce washing).
Vulnerable populations include infants and pregnant individuals.
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Individuals with reduced gastric acidity should avoid consuming water containing nitrate
concentrations above the MCL of 10 mg/L for drinking or food preparation (e.g.,

cooking, produce washing).

Individuals with genetic conditions such as reduced NADH diaphorase, cytochrome b5
reductase, pyruvate kinase, RBC methemoglobin reductase, and/or glucose-6-phosphate
dehydrogenase should avoid consuming water containing nitrate concentrations above
the MCL of 10 mg/L for drinking or food preparation (e.g., cooking, produce washing).

We recommend more education and communication to be given to residents of the LYV
concerning frequency and resources for testing well water, with increased and robust

outreach to underserved communities.

Public Health Action Plan

There are several actions planned to follow the publication of this health assessment.

DOH will send this health assessment to the public water systems in Yakima and Benton
counties, the local health districts and departments in the LYV, the Petitioners, and
Ecology. This health assessment will also be publicly available on
https://doh.wa.gov/community-and-environment/drinking-
water/contaminants/nitrate.

DOH will send a fact sheet summarizing the results and recommendations of this health
assessment to private well users and local health departments in the LYV. This fact sheet
will also be publicly available on https://doh.wa.gov/community-and-
environment/drinking-water/contaminants/nitrate.

As requested, DOH will review and evaluate any new data regarding nitrate
contamination in drinking water and/or groundwater in the LYV.
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Appendix A

To evaluate the potential for non-cancer adverse health effects that may result from exposure
to contaminated water in the LYV, a dose is estimated for the contaminant (nitrate). These
doses are calculated for exposure scenarios in which a person might be exposed to the
contaminated media. This health assessment calculates doses, called average daily doses
(ADDs) acquired through ingestion of drinking water. The formula for the ADD is shown below:

ADD_CWxIRxEFxED
B AT X BW

Where:

ADD = Average daily dose; the average daily intake of the contaminant (mg/kg-d).

Cw = Concentration of nitrate in water (mg/L).

IR = Ingestion rate (L/d).

EF = Exposure frequency (d/yr).

ED = Exposure duration (yr).

AT = Averaging time (d).

BW = Body weight (kg).

The exposure parameters used in each exposure scenario of the health assessment are included

in Table 18.

Table 18: Exposure parameters used in this health assessment

Symbol Definition Default Mean Maximum Units Reference
ED adults Exposure 78 yr Average life
duration for expectancy
adults of the
general
population
(Table 18-1;
EPA, 2011)
ED infants Exposure 0.25 yr Equivalent
duration for to 3 months
infants
ED pregnant Exposure 0.77 yr Equivalent
individuals duration for to 40 weeks
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IR adults &
pregnant
individuals

IR infants
(VanDerslice)

IR infants
(EPA, 1991)

EF

AT adults

AT infants

AT pregnant
individuals

BW infants
(VanDerslice)

BW infants
(EPA, 1991)

WASHINGTON STATE DEPARTMENT OF HEALTH

pregnant
individuals
Daily water
ingestion
rate for
adults

Daily water
ingestion
rate for
infants
(VanDerslice,
2007)

Daily water
ingestion
rate for
infants (EPA,
1991)
Exposure
frequency
Averaging
time for
adults
Averaging
time for
infants
Averaging
time for
pregnant
individuals
Body weight
of infants
(VanDerslice,
2007)

Body weight
of infants
(EPA, 1991)

0.317186441 1.53

2
0.64
365
28470
91.25
281.05
5.58
4
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L/d

L/d

L/d

d/yr

kg

WHO, 2003

Calculated
from
VanDerslice,
2007, for 1-
<3 months.

EPA, 1991

Constant

Number of
daysin ED

Number of
days in ED

Number of
daysin ED

Weighted
average
calculated
from
VanDerslice,
2007 for 1-
<3 months
EPA, 1991
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BW adults

BW pregnant

individuals

Body weight
of adults
Body weight
of pregnant
individuals

70

75

kg

kg

Table 8-1 in
EPA, 2011
Table 8-29;
EPA, 2011

ED — exposure duration; IR —ingestion rate; EF — exposure frequency; AT — averaging time; BW — body
weight; yr —year; kg — kilogram; d — day; L — liter.

The ingestion rate for adults (2L/d; WHO, 2003), is also used to estimate the average daily dose
of pregnant individuals. The adult ingestion rate is inclusive of the EPA recommended average
water ingestion rate for pregnant women, which is 0.731 L/d (EPA, 2019).

The ADDs calculated in this health assessment are included in Table 19, Table 20, and Table 21.
Table 19: ADDs calculated based on private well data in this health

assessment

County

Summer private wells

Description

Fall private wells

Winter private wells

Summer private wells

Fall private wells

Winter private wells

Yakima

Summer private wells

Fall private wells

Winter private wells

Summer private wells

Fall private wells

Winter private wells

Bent
on

Private wells

Population

Adults

Adults

Adults

VDS infants

VDS infants

VDS infants

EPA infants

EPA infants

EPA infants
Pregnant individuals
Pregnant individuals
Pregnant individuals

Adults
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ADD
0.433714

0.395143

0.409429

0.875435

0.79758

0.826415

2.4288

2.2128

2.2928

0.4048

0.3688

0.382133

0.601714

Unit
mg/kg-
d
mg/kg-
d
mg/kg-
d
mg/ke-
d
me/ke-
d
mg/ke-
d
mg/ke-
d
mg/ke-
d
mg/kg-
d
mg/kg-
d
mg/kg-
d
mg/kg-
d
mg/kg-
d
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Private wells VDS infants 1.214536 mg/kg-

d
Private wells EPA infants 3.3696 mg/kg-
d
Private wells Pregnant women 0.5616 mg/kg-
d

VDS — VanDerslice (2007); EPA — EPA (1991); ADD — average daily dose; mg — milligram; kg — kilogram; d —
day.
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Table 20: ADDs calculated based on public well data in this health
assessment

County

Yakima

Benton

Description

Summer public wells

Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells

Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells

Population

Adults

Adults

Adults

VDS infants

VDS infants

VDS infants

EPA infants

EPA infants

EPA infants
Pregnant individuals
Pregnant individuals
Pregnant individuals
Adults

Adults

Adults

VDS infants

VDS infants

VDS infants

EPA infants

EPA infants

EPA infants
Pregnant women
Pregnant women
Pregnant women

ADD

0.241543

0.205143
0.204343
0.487544
0.414072
0.412458
1.35264
1.1488
1.14432
0.22544
0.191467
0.19072
0.154286

0.247829
0.222
0.311419
0.500232
0.448098
0.864
1.38784
1.2432
0.144
0.231307
0.2072

Unit

mg/kg-d

mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d

mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d

VDS — VanDerslice (2007); EPA — EPA (1991); ADD — average daily dose; mg — milligram; kg — kilogram; d — day.

Table 21: ADDs calculated based on monitoring well data in this
health assessment

County

Yakima

Description

Summer monitoring
wells

Fall monitoring wells
Winter monitoring
wells

Population

Adults

Adults
Adults
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ADD

1.117143

1.104857
1.035143

Unit
mg/kg-d

mg/kg-d
mg/kg-d
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Summer monitoring
wells

Fall monitoring wells
Winter monitoring
wells

Summer monitoring
wells

Fall monitoring wells
Winter monitoring
wells

Summer monitoring
wells

Fall monitoring wells
Winter monitoring
wells

VDS infants

VDS infants
VDS infants

EPA infants

EPA infants
EPA infants

Pregnant individuals

Pregnant individuals
Pregnant individuals

2.254907

2.230109
2.089394

6.256

6.1872
5.7968

1.042667

1.0312
0.966133

mg/kg-d

mg/kg-d
mg/kg-d

mg/kg-d

mg/kg-d
mg/kg-d

mg/kg-d

mg/kg-d
mg/kg-d

VDS — VanDerslice (2007); EPA — EPA (1991); ADD — average daily dose; mg — milligram; kg — kilogram; d — day.

The HQs calculated in this health assessment are included in Table 22, Table 23, and Table 24.

Table 22: HQs calculated based on private well data in this health

assessment
County Description Population HQ
Summer private wells Adults 0.271
Fall private wells Adults 0.2469
Winter private wells Adults 0.2559
Summer private wells Infants 1.518
© Fall private wells Infants 1.383
£ Winter private wells Infants 1.433
E Summer private wells Pregnant 1.518
individuals
Fall private wells Pregnant 1.383
individuals
Winter private wells Pregnant 1.433
individuals
c Private wells Adults 0.3761
8 Private wells Infants 2.106
§ Private wells Pregnant 2.106
individuals
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Table 23: HQs calculated based on public well data in this health

assessment

County Description

Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells

Yakima

Fall public wells
Winter public wells

Summer public wells
Fall public wells
Winter public wells
Summer public wells
Fall public wells
Winter public wells
Summer public wells

Benton

Fall public wells

Winter public wells

Population

Adults
Adults
Adults
Infants
Infants
Infants
Pregnant
individuals
Pregnant
individuals
Pregnant
individuals
Adults
Adults
Adults
Infants
Infants
Infants
Pregnant
individuals
Pregnant
individuals
Pregnant
individuals

HQ

0.1509
0.1282
0.1277
0.8454
0.718

0.7152
0.8454

0.718

0.7152

0.0964
0.1549
0.1388
0.54
0.8674
0.777
0.54

0.8674

0.777

Table 24: HQs calculated based on monitoring well data in this

health assessment

County Description

Summer monitoring wells
Fall monitoring wells
Winter monitoring wells
Summer monitoring wells
Fall monitoring wells
Winter monitoring wells
Summer monitoring wells

Yakima

WASHINGTON STATE DEPARTMENT OF HEALTH
NITRATE HEALTH ASSESSMENT

Populations

Adults
Adults
Adults
Infants
Infants
Infants
Pregnant
individuals

HQ
0.6982
0.6905
0.6469
3.91
3.867
3.623
3.91
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Fall monitoring wells Pregnant 3.867
individuals

Winter monitoring wells Pregnant 3.623
individuals
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Appendix B
A summary of the well water nitrate concentrations used in this health assessment is included
in Table 25.

Table 25: Well water nitrate concentrations used in this health
assessment

County Definition

Yakima

Benton

Concentration of nitrates in
private domestic wells in
summer

Concentration of nitrates in
private domestic wells in fall
Concentration of nitrates in
private domestic wells in
winter

Concentration of nitrates in
monitoring wells in summer
Concentration of nitrates in
monitoring wells in fall
Concentration of nitrates in
monitoring wells in winter
Concentration of nitrates in
public water system in
summer

Concentration of nitrates in
public water system in fall
Concentration of nitrates in
public water system in
winter

Concentration of nitrates in
private domestic water
system

Concentration of nitrates in
public water system in
summer

Concentration of nitrates in
public water system in fall
Concentration of nitrates in
public water system in
winter

95th percentile
15.18

13.83

14.33

39.1
38.67
36.23

8.454

7.18

7.152

21.06

54

8.674

7.77

Units
mg/L

mg/L

mg/L

mg/L
mg/L
mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Reference

Ecology, 2022a

Ecology, 2022a

Ecology, 2022a

Ecology, 2022a
Ecology, 2022a
Ecology, 2022a

Sentry, 2022

Sentry, 2022

Sentry, 2022

Ecology, 2022a

Sentry, 2022

Sentry, 2022

Sentry, 2022

Mg — milligram; L — liter; Sentry — Washington State Department of Health Sentry Internet database.
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Appendix C

Derivation of RfD for Pregnant Individuals

EPA and ATSDR have not developed MCLs or MRLs for reproductive effects from nitrates,
respectively. Manassaram et al. (2010) did not find any association between methemoglobin
levels in pregnant women and exposure to nitrate in drinking water at levels less than 10 mg/L
nitrate-nitrogen. Therefore, an RfD was calculated for pregnant individuals based on the MCL of
10 mg/L nitrate-N. The following parameters were used to convert the MCL to an RfD:

e A default drinking water ingestion rate (IR) of 2 L/d (WHO, 2003).
e An average body weight (BW) of pregnant individuals of 75 kg (EPA, 2011).
e Uncertainty and modifying factors of 1.

The following formula was used to derive an RfD:

RfD = MCL X IR
ID=—%w
Resulting in:
mg L
10—~ X2+
m
0.267 —2 L~ “d

kg—d _ 75kg

Therefore, the RfD used in this health assessment to calculate risk to pregnant individuals for
adverse reproductive outcomes is 0.267 mg/kg-d.

VanDerslice (2007) Risk Estimates

The exposure parameters derived from the VanDerslice (2007) study are included in Table 26.

Table 26: Exposure parameters derived from VanDerslice (2007) used
in this health assessment

Definition Mean Maximum Units Reference

Daily water 0.317186441 1.53 L/d Calculated using ingestion
ingestion rate rates listed in Table 10 of

for infants VanDerslice, 2007, for infants

aged 1-<3 months.

Body weight of  5.58 none kg Weighted average calculated
infants from VanDerslice, 2007 for 1-
<3 months

L - liter; d — day; kg — kilogram.
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The ADDs calculated in this health assessment using parameters derived from the VanDerslice
(2007) study described in the Standard vs VanDerslice (2007) Risk Estimates section are

included in Table 27.

Table 27: ADDs calculated based on VanDerslice (2007) exposure

parameters in this health assessment

County Description Population
Summer private Infants
wells
Fall private wells Infants
Winter private Infants
domestic wells
Summer Infants

g monitoring wells
i~ Fall monitoring Infants
= wells
Winter monitoring  Infants
wells
Summer public Infants
wells
Fall public wells Infants
Winter public wells  Infants
Private wells Infants
s Summer public Infants
g wells
2] Fall public wells Infants

Winter public wells  Infants

ADD — average daily dose; mg — milligram; kg — kilogram; d — day.

ADD

0.875435

0.79758
0.826415

2.254907

2.230109

2.089394

0.487544

0.414072

0.412458

1.214536

0.311419

0.500232
0.448098

Unit
mg/kg-d

mg/kg-d
mg/kg-d

mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d
mg/kg-d

mg/kg-d

mg/kg-d
mg/kg-d

Included in Table 28 are hazard quotients calculated using parameters from the VanDerslice
(2007) study described in the Standard vs VanDerslice (2007) Risk Estimates section.
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Table 28: HQs calculated using parameters from VanDerslice (2007)

County Description

Summer private wells
Fall private wells
Winter private wells
Summer monitoring wells
Fall monitoring wells
Winter monitoring wells
Summer public wells
Fall public wells

Winter public wells
Private domestic wells
Summer public wells
Fall public wells

Winter public wells

Yakima

Benton

WASHINGTON STATE DEPARTMENT OF HEALTH
NITRATE HEALTH ASSESSMENT

Population

Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants
Infants

HQ

0.547147
0.498487
0.516509
1.409317
1.393818
1.305871
0.304715
0.258795
0.257786
0.759085
0.194637
0.312645
0.280061
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