TheWater Center

UNIVERSITY of PENNSYLVANIA

Report

Contaminants of
Emerging
Concern in U.S.
Drinking Water:
Regulation, Action,
and Treatment

July 2026




_ . . . . 0
Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference

Acknowledgements

The Water Center at Penn would like to extend its gratitude to Graduate Research Fellow Caroline
Barnhart for writing this report and its counterpart, a Storymap of interactive visualizations. We would
also like to thank Bree Callahan, Senior Research Manager, and Maya Halma, Research and
Communications Specialist at The Water Center at Penn, for their support.

Table of Contents

|

A R L S OO OOOOe A OOOCO0 OO0 T OO0 OCOO e OOO00C00CO00) 3
INEFOAUCHION... o cenccnncncesnsacssssasssssasssssasssssssssasssssssssssssssssssssssssss ssssssssssssssssasssssassssssssssssssssosssssss 5
1,4-Dioxane wee?
1,2,3,-Trichloropropane (TCP) 9
Microplastics .11
Cyanotoxins 14
6PPD and 6PPD-Quinone (6PPD-q) 18
Lithium 2]
Nitrosamines/NDMA .23
Hexavalent Chromium (Chromium-6) 25
Pharmaceuticals & Personal Care Products (PPCPs) 27

2 22 The Water Center

‘ UNIVERSITY Of PENNSYLVANIA



https://arcg.is/am5ra0

_ . . . . 0
Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference
Acronyms
I—
Acronym Phrase
6PPD N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine
6PPD-q 6PPD-Quinone
ANPRM Advance Notice of Proposed Rulemaking
AQP Advanced Oxidation Process
API Active Pharmaceutical Ingredients
ARB Antibiotic-Resistant Bacteria
ARG Antibiotic Resistance Gene
ASDWA Association of State Drinking Water Administrators
ATSDR Agency for Toxic Substances and Disease Registry
AWWA American Water Works Association
CCL Contaminant Candidate List
CEC Contaminant of Emerging Concern
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
Cr-II1 Trivalent chromium
Cr-VI Hexavalent Chromium (Chromium-6)
CWA Clean Water Act
DDW Department of Drinking Water
DEP Department of Environmental Protection
DNAPL Dense Nonaqueous Phase Liquid
DTSC Department of Toxic Substances Control
DW Drinking Water
DWGPD Drinking Water and Groundwater Protection Division
DWSRF Drinking Water State Revolving Fund
EPA U.S. Environmental Protection Agency
EWG Environmental Working Group
FDA U.S. Food and Drug Administration
GAC Granular Activated Carbon
HAB Harmful Algal Bloom
HAL Health Advisory Level
HBSL Health-Based Screening Level
HRC Hydrogen Release Compound
HRL Health Reference Level
IARC International Agency for Research on Cancer
IRIS Integrated Risk Information System
ITRC Interstate Technology and Regulatory Council
MCL Maximum Contaminant Level
MDH Minnesota Department of Health
MDHHS Michigan Department of Health and Human Services
MP Microplastic(s)
NDBA N-Nitrosodibutylamine
NDEA N-Nitrosodiethylamine
NDMA N-Nitrosodimethylamine
NDPA N-Nitrosodipropylamine

3 22 The Water Center

‘ UNIVERSITY Of PENNSYLVANIA




Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference
NL Notification Level
NMEA N-Nitrosomethylethylamine
NMOR N-Nitrosomorpholine
NPYR N-Nitrosopyrrolidine
NTP National Toxicology Program
OEHHA Office of Environmental Health Hazard Assessment
OSHA Occupational Safety and Health Administration
OTC Over the Counter
PAC Powdered Activated Carbon
PFAS Per- and Polyfluoroalkyl Substances
PHG Public Health Goal
PMC PubMed Central
POU Point-of-Use
ppb Parts per billion
ppt Parts per trillion
PPCP Pharmaceutical and Personal Care Product
RfD Reference Dose
RO Reverse Osmosis
SCP Safer Consumer Products
SDWA Safe Drinking Water Act
SWRCB State Water Resources Control Board
TCA 1,1,1-Trichloroethane
TCP 1,2,3-Trichloropropane
TMDL Total Maximum Daily Load
TSCA Toxic Substances Control Act
UCMR Unregulated Contaminant Monitoring Rule
URMS Urban Runoff Mortality Syndrome
USGS U.S. Geological Survey
uv Ultraviolet
VAEL Vermont Agriculture and Environmental Laboratory
WDR Water Discharge Requirement
WHO World Health Organization

4 22 The Water Center

‘ UNIVERSITY Of PENNSYLVANIA




_ . . . 0 0
Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference

Introduction

Background

Contaminants of emerging concern (CECs) are a broad class of unregulated or newly regulated chemicals
increasingly detected in drinking water and aquatic systems. These include compounds such as per- and
polyfluoroalkyl substances (PFAS), 1,4-dioxane, pharmaceutical and personal care products (PPCPs),
and microplastics. Many are persistent, mobile, and resistant to conventional treatment, with growing
evidence of potential adverse human health and ecological impacts.

This brief report reviews key CECs other than PFAS and synthesizes federal and state regulatory actions,
treatment considerations, and policy trends. It is intended to support decision makers, regulators, and
water system stakeholders in navigating a rapidly evolving area of environmental governance. The report
includes highlights of the most prevalent CECs found through a search of publicly available information
and may not include all CECs currently being acted on across the country. Similarly, states mentioned in
each section are included because they have readily available online information on the contaminants; as
such, some states and state actions may be missing. PFAS are not included in this report as they were
covered in greater detail in The Water Center at Penn’s Assessing, Managing, and Communicating Risk:
A Review of PFAS Action in 11 States, released in November 2025.

It is important to note that as CECs continue to evolve, so will the regulations and actions around them.
The information included in this report is current as of July 2026 and may change in the future.

Federal Landscape

In the United States, federal regulatory action on CECs has accelerated but remains wholly piecemeal.
The U.S. Environmental Protection Agency (EPA) has prioritized certain contaminants through tools
such as the Contaminant Candidate List (CCL), which identifies priority contaminants for potential
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regulation, and the Unregulated Contaminant Monitoring Rule (UCMR), which requires
nationwide monitoring to generate occurrence data. EPA has also set maximum contaminant levels
(MCLs) for PFAS. However, for most emerging contaminants, no federal MCLs exist, and regulatory
determinations are ongoing.

In addition to the CCL and UCMR, a number of legislative and regulatory tools can and have been used
to manage CECs at the federal level. On the drinking water side, EPA produces Health Advisories that
provide non-enforceable guidance for contaminants lacking MCLs, as authorized by the Safe Drinking
Water Act (SDWA). The Clean Water Act (CWA) further manages CECs by supporting surface
water quality standards and discharge controls. Additionally, the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA, also known as Superfund), can be used to
designate certain emerging contaminants (e.g., PFAS) as hazardous substances. The Bipartisan
Infrastructure Law signed in 2021 also allocated significant federal funding for emerging contaminant
monitoring, treatment, and remediation, with an emphasis on small and disadvantaged communities.

State Landscape

A number of states have taken a leading role in addressing gaps left by the federal government. This has
resulted in a fragmented regulatory landscape, with significant variability in standards, timelines, and
policy approaches across jurisdictions.

In some cases, states have adopted their own MCLs or guideline values that are more stringent than their
federal counterparts. States have also taken regulatory action on CECs by expanding groundwater and
surface water quality standards, designating hazardous substances under state law, passing cleanup
standards and site remediation requirements, and setting requirements for monitoring, notification, and
reporting. Additionally, states have managed CECs at the source through product bans or concentration
limits (e.g., PFAS and 1,4-dioxane in consumer products), chemical disclosure laws (e.g., in cleaning and
children’s products), and industrial discharge limits and pretreatment requirements. Many states have
also successfully led litigation against manufacturers in recent years.

Regulatory and Treatment Challenges

CECs can be difficult to regulate and treat due to their relative novelty and the lack of scientific research
on them. Many contaminants and mixtures have limited toxicological data on health effects, making it
difficult to establish MCLs and other regulations. Additionally, federal determination of contaminants is
a tedious and lengthy process, which has pushed regulatory responsibility onto states. Another challenge
with regulation is finding a balance between managing CECs in drinking water treatment and eliminating
them at their source—for example, in manufacturing.

With regard to treatment, many CECs are not effectively removed by conventional drinking water
treatment methods. Advanced treatment methods like granular activated carbon (GAC), ion exchange
(IX), reverse osmosis (RO), and advanced oxidation can pose technological, administrative, and financial
barriers, especially for small water systems.

To better regulate and treat CECs, more research is needed to increase technical capabilities and provide
a foundation for greater regulatory consistency and long-term funding opportunities.
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1,4-Dioxane

summary

1,4-Dioxane is a synthetic industrial chemical used primarily as a solvent stabilizer.
It is a probable human carcinogen, highly mobile in groundwater, and resistant to
conventional treatment. No federal MCL exists, but several states, led by New York,
have enacted enforceable drinking water standards, most clustering between 0.3
and 7.2 parts per billion (ppb). 1,4-Dioxane is on EPA's CCL 5 and has attracted
significant state regulatory activity, product-labeling legislation, and source
control measures.

Quick Facts
Federal MCL None
EPA CCL Status CCL 5 (finalized 2022)
EPA Health Advisory 35 ug/L (11in 10,000 lifetime cancer risk)
UCMR Status Monitored under UCMR 3 (2013—2015)
1076 Cancer Risk Level 0.35 ng/L (EPA 2010 revised estimate)
Primary Treatment Advanced Oxidation Processes (AOPs), UV/H202; GAC largely

ineffective

Most Protective State MCL New York: 1 ppb (enforceable)

Background

1,4-Dioxane has mostly been used for industrial purposes, including as a stabilizer for solvents,
particularly 1,1,1-trichloroethane (TCA). It has been shown to cause cancer in laboratory animals and is
reasonably anticipated to be a human carcinogen. The chemical was first listed in the National Toxicology
Program (NTP) Annual Report on Carcinogens in 1981 and was added to California's Prop 65 list of
chemicals known to cause cancer in 1988 [Title 27, California Code of Regulations, Section 27001].
Additionally, the Food and Drug Administration (FDA) has listed it as a potential human carcinogen,
primarily in the context of cosmetics contamination. 1,4-Dioxane is highly water-soluble, resistant to
biodegradation, and not effectively absorbed by soil, allowing it to migrate easily into groundwater.

Federal Regulatory Status

While no federal MCL for 1,4-Dioxane has been established, EPA has set a health advisory of 35 pg/L
based on 1 in 10,000 (1074) lifetime cancer risk for the chemical. They also set a 1076 cancer risk level of
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0.35 ug/Lin 2010 (US EPA, 2010) and included 1,4-Dioxane in CCL 5 (finalized 2022) and draft CCL 6.
Pressure for federal regulatory determination is increasing.

State-Level Actions

REGULATORY AND LEGISLATIVE ACTION: DRINKING WATER STANDARDS

®" New York has an enforceable MCL of 1 ppb, which is the first in the nation. The MCL was
finalized in 2020.

® Colorado has a groundwater standard of 0.35 ppb.

® Connecticut has an action level of 3 ppb.

® Maine has a non-enforceable drinking water guideline of 4 ppb.

®= Massachusetts has a non-enforceable drinking water guideline of 0.3 ppb.
® Michigan has a cleanup standard for 1,4-dioxane in groundwater of 7.2 ppb.
®" Minnesota has an enforceable drinking water guideline of 1 ppb.

®* New Hampshire has a reporting requirement at 0.25 ppb and above.

" New Jersey has a groundwater quality standard of 0.4 ppb.

®" North Carolina has a groundwater quality standard of 3 ppb and a surface water supply
standard of 0.35 ppb.

= California has more stringent regulations. 1,4-Dioxane has a notification level of 1 ug/L (revised
November 2010 from prior level of 3 ug/L set in 1998) and a response level (removal from service)
of 35 ug/L. The notification level is slightly above de minimis 1076 level due to the difficulty of
monitoring at very low concentrations.

REGULATORY AND LEGISLATIVE ACTION: SOURCE CONTROL & PRODUCT LABELING

® New York prohibited the sale of personal care and cleaning products with 1,4-dioxane
concentrations above 2 ppm beginning in 2022 and above 1 ppm beginning in 2023. They also
finalized limits on levels in household cleaners and personal care products not to exceed 1 ppm.

" Oregon, Vermont, and Washington have adopted laws requiring reporting in children's
products above certain concentrations.

" New Jersey regulates 1,4-Dioxane as a hazardous substance in the Worker and Community
Right to Know Act.

® California has listed 1,4-Dioxane as a chemical known to cause cancer under Prop 65 (1988),
requiring warning labels for products with exposures expected to exceed 30 pg/day and
prohibiting discharge to drinking water sources. Additionally, the chemical is included in the
Cleaning Products Right to Know Act (2017) and research conducted by the California Safer
Consumer Products Program (2019). California is also sampling for 1,4-Dioxane in wastewater.

Treatment Technologies

Conventional GAC treatment is largely ineffective for 1,4-dioxane. Advanced oxidation processes (AOPs),
particularly UV/hydrogen peroxide (UV/H202), are the primary recommended treatment technologies.
Ozone-based AOPs are also used, and biological treatment with specialized cultures has shown promise
in research settings. Source control (product reformulation) is considered an important complement to
drinking water treatment given the chemical's industrial ubiquity.
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Key Sources

®  EWG Tap Water Database — 1,4-Dioxane

®  California State Water Resources Control Board (SWRCB)— 1,4-Dioxane
= JTRC Regulatory Framework

®  California fact sheet on action

1,2,3-Trichloropropane (TCP)

summary

1,2,3-Trichloropropane (TCP) is a synthetic chemical most commonly found as a
contaminant in groundwater as a result of historical use of agricultural soil
fumigants (primarily in California's San Joaquin Valley) and from
industrial/hazardous waste sites. EPA classifies it as likely to be carcinogenic to
humans. No federal MCL exists. Three states—California, Hawaii, and New Jersey—
have enacted enforceable MCLs, with California's 5 parts per trillion (ppt) standard
setting a precedent for states to follow as one of the most stringent drinking water
standards in the nation for any contaminant. At least 13 states have contaminated

wells.
Quick Facts
Federal MCL None
EPA Classification Likely to be carcinogenic to humans
EPA CCL Status CCL 3, CCL 4, CCL 5, proposed on CCL 6
EPA Health Advisory (1-day/10- 0.6 mg/L for 10 kg child
day)
States with Enforceable MCLs California (5 ppt), Hawaii (0.6 ug/L), New Jersey (0.03 nug/L)
Primary Treatment GAC, zero-valent zinc, hydrogen release compound (HRC)
dechlorination
1 4 0
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Background

TCP is a colorless-to-straw-colored liquid not found in nature. It is not likely to absorb into soil and
leaches readily into groundwater. In its pure form, TCP is likely to exist as a dense nonaqueous phase
liquid (DNAPL). It has primarily contaminated drinking water through agricultural soil fumigants (e.g.,
D-D by Shell and Telone by Dow) used heavily in California's San Joaquin Valley from the 1940s-1980s.
Shell discontinued D-D in 1984 and Dow later removed TCP from Telone. Dozens of San Joaquin Valley
municipalities have filed lawsuits against Dow and Shell seeking cost recovery for treatment. Exposure
can also occur in industrial settings and hazardous waste sites. Cost recovery litigation (San Joaquin
Valley Utilities v. Dow/Shell) may influence future cleanup funding models.

Federal Regulatory Status

No federal MCL for TCP has been established. EPA has set a 1-day and 10-day health advisory 0.6 mg/L
for a 10 kg child. OSHA has also established federal screening levels and occupational exposure limits.
EPA has listed TCP on CCL 3, CCL 4, CCL 5, and draft CCL 6, but no regulatory determination has been
made. Advocacy groups have pushed for a federal standard set at the analytical detection limit of ~5 ppt.

State-Level Actions

CALIFORNIA

® 1992: TCP was added to the Prop 65 list of chemicals known to cause cancer.
" 1999: A notification level was set at 0.005 pg/L.
® 2001: TCP was adopted as unregulated contaminant for state monitoring (UCMR-equivalent).

®  2009: The Office of Environmental Health Hazard Assessment (OEHHA) adopted a Public
Health Goal (PHG) of 0.0007 ppb.

= 2018: CA set an enforceable MCL of 5 ppt (0.005 pg/L), one of the most stringent drinking
water standards in the U.S.

® Since 2018: Water agencies are required to conduct quarterly water quality testing. Meeting
this standard has been particularly difficult for utilities serving agricultural areas with historical
fumigant use. Out-of-compliance well operators must treat TCP with an approved method (e.g.,
GACQ), discontinue well use, drill another well, purchase water, or consolidate with other
systems.

HAWAII
® Hawaii has set an enforceable state MCL of 0.6 ug/L.

NEW JERSEY

® New Jersey has set a health-based MCL of 0.0013 pg/L and an enforceable MCL under N.J.A.C.
7:10 of 0.030 pg/L. The gap between these levels reflects practical quantitation limits.

® The Private Well Testing Act (N.J.A.C. 7:9E) requires testing for TCP at the point of real estate
transfer, every five years for rentals, and in newly constructed wells.

® Prior to establishing their enforceable MCL, New Jersey DEP had set a guidance value in 2008.

MINNESOTA

®" The Minnesota Department of Health set a non-enforceable guidance value of 0.003 ug/L for

TCP in 2011.
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Treatment Technologies

TCP can be detected through gas chromatography, mass spectroscopy, and liquid-liquid extraction. GAC
is the most widely deployed treatment method, though reductive dechlorination by zero-valent zinc,
dechlorination by hydrogen release compound (HRC®), and biodegradation are also in use or in field
testing in some systems.

Key Sources

= EPA Fact Sheet

®  California SWRCB — 1,2,3-TCP

B (Clean Water Action — TCP in California

= EWG website on TCP

B EWG article — TCP and Health in California
®  Journal of Science Policy & Governance

Microplastics
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summary

Microplastics (MPs) are plastic particles less than 5 mm in size, encompassing
fragments, fibers, films, and beads from degraded macroplastics and industrial
processes. They are ubiquitous in water, food, and air, and have been detected in
human tissues. Health effects are poorly characterized at environmentally relevant
concentrations. No federal MCL exists. California is the most active state, having
established the first official definition, analytical method, and a four-year
monitoring program for MPs in drinking water. Additional states are advancing
monitoring legislation. A multi-state governor coalition petitioned EPA to include
MPs in UCMR 6, and it has been listed in draft CCL 6.

Quick Facts
Federal MCL None
EPA CCL Status Included in draft CCL 6; monitoring advocacy underway for UCMR 6
Standardized Analytical California only (SWRCB, 2021); no EPA-approved federal method
Method
Most Active State California: definition (2020), method (2021), 4-year monitoring
program (2023—-2026)
Primary Regulatory Tool Monitoring & reporting; no threshold/MCL in any state
Treatment Gap No EPA-approved removal method for broad array of MPs in DW
Background

Microplastics enter drinking water from degradation of plastic waste, synthetic textile fibers (microfibers
in wastewater), tire rubber particles (linked to 6PPD-q), industrial pellets (nurdles), and packaging. They
have been detected in human blood, lungs, placentas, and breast milk in recent research. While health
effects at environmentally relevant concentrations remain poorly characterized, known concerns include
physical cellular disruption, chemical leaching of plastic additives (plasticizers, flame retardants), and
adsorption/transport of other contaminants. EPA has not approved a method to identify the broad array
of microplastics in drinking water, nor a standardized water treatment method to remove them (as of
early 2026).

Federal Regulatory Status

No federal MCL or monitoring requirement exists for microplastics. While they were not listed on CCL 5,
they have been included in draft CCL 6. A multi-state governor coalition (NJ, CT, DE, IL, MD, MI, WI)
also petitioned EPA in December 2025 to include microplastics in UCMR 6. Absence of a standardized
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federal analytical method is the primary bottleneck to regulation. Additionally, there are no health-based
thresholds; dose-response data at environmentally relevant concentrations are lacking.

State-Level Actions

CALIFORNIA

2020: CA established the first official regulatory definition of microplastics in drinking water.
2021: CA adopted a standardized analytical method for microplastics in drinking water.

2021: The state established a Microplastics Health Effects Workshop with five public webinars.
They also investigated the feasibility of setting thresholds in drinking water, but results were
inconclusive due to lack of health benchmarks. A state law was also passed requiring the State
Water Board to require four years of testing and reporting for MPs in drinking water with public
disclosure.

2022: The State Water Board approved a policy handbook implementing the two-phase, four-
year testing plan, including testing logistics and selection methods for required agencies. Phase 1
(Fall 2023—2025) focused on large untreated community water systems. An evaluation period
(Six months post-Phase 1) assessed the latest MP developments and extent of contamination to
determine if treated drinking water should be evaluated. Phase 2 (Fall 2026, if needed) would
extend monitoring to treated drinking water systems.

Future: California is expected to move from source water monitoring toward treated water
monitoring, and ultimately toward discharge regulations via water discharge requirement
(WDR) permits. Microplastics Total Maximum Daily Loads (TMDLs) are another potential
enforcement avenue; these could expose manufacturers releasing MPs into watersheds to
litigation.

CONSUMER PRODUCT/PLASTIC BAN LEGISLATION

17 states (CO, CT, DE, GA, HI, IL, ME, MD, MA, NJ, NY, MT, RI, TN, VT, VA, WA) and all U.S.
territories have enacted some form of plastic ban (bags, straws, Styrofoam, etc.).
6 states (CA, CO, CT, IL, SC, WI) have enacted primary MP regulations to phase out microbeads.

WATER AND WASTEWATER MONITORING LEGISLATION

Virginia, New Jersey, and Illinois: In 2023, these states passed laws requiring state health
departments to adopt procedures for testing and research on microplastics in drinking water.

Rhode Island: In 2024, RI introduced a bill requiring a microplastics testing plan for water
and soil beginning in 2026.

New York City: A pending bill would require the health department to test drinking water for
MPs.

Connecticut: CT is addressing microfiber contamination.

Hawaii and Louisiana: These states are addressing plastics as contaminants in wastewater.
Texas: TX is considering regulating point and nonpoint sources of preproduction plastics.
South Carolina: SC is considering regulating MPs in stormwater.

Florida: FL is attempting to address cleanup of MPs in aquatic and terrestrial environments.

No states are currently directly addressing MP atmospheric emissions, though general air
pollution particulate standards exist in most states.
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Treatment Technologies

Conventional water treatment (coagulation/flocculation, sedimentation, filtration) removes some MPs,
but not all sizes and types. Reverse osmosis and ultrafiltration are effective for smaller particles but are
not standard in most large systems. There is no EPA-approved or standardized removal method for the
full spectrum of MP types in drinking water.

Key Sources

®  California SWRCB — Microplastics
= JTRC Regulatory Context on Microplastics
®  Plastic Pollution Coalition

Cyanotoxins

summary

Cyanotoxins dare toxic compounds produced by
cyanobacteria (blue-green algae) during
harmful algal blooms (HABs) in surface water.
The most toxicologically important include
microcystins (liver toxins), cylindrospermopsin,
anatoxin-a (neurotoxin), and saxitoxin. Climate
change and nutrient loading are increasing
HAB frequency and severity. No federal MCL
exists; EPA issued non-regulatory Health
Advisory Levels (HALs) in 2015. Ohio, Oregon,
Minnesota, Vermont, and Rhode Island are
among the most proactive states. Cyanotoxins
are primarily relevant to surface water-
dependent public water systems and are a
particular concern for rural and Tribal
communities.
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Quick Facts
Federal MCL None
EPA CCL Status CCL1,2,3,4,5

EPA Health Advisory Microcystins: 1.6 ug/L (general), 0.3 pug/L (children/vulnerable).
Levels (HALSs) Cylindrospermopsin: 3 pg/L (general), 0.7 ug/L (children/vulnerable).
Issued 2015.

States with Oregon (DW, 2018); Rhode Island (MCLs for 4 cyanotoxins)
Enforceable Standards
States with Non- Ohio, Minnesota, Vermont, and others

Enforceable Guidance

Primary Regulatory Health advisories, HAB monitoring programs, public notification
Tool

Background

Cyanotoxins are produced by cyanobacteria during HABs in warm, nutrient-rich surface water. HAB
frequency is increasing with climate change and agricultural nutrient loading. Rural and Tribal
communities relying on small surface water systems are particularly vulnerable.

Microcystins, a type of cyanotoxins, can cause liver damage, with epidemiological studies in China
reporting a correlation between exposure and liver and colorectal cancer (Zhou et al., 2002).
Cylindrospermopsin is also cytotoxic (harmful to cells), hepatotoxic (harmful to the liver), and potentially
genotoxic (harmful to DNA). Anatoxin-a and Saxitoxin are potent neurotoxins. However, the health
impacts of chronic low-level exposure (as found in drinking water) to these cyanotoxins remain poorly
characterized, and more research is needed on tumor promotion.

EPA developed 10-day Health Advisory Levels (HALs) for Microcystins and Cylindrospermopsin as non-
regulatory guidance for unregulated contaminants.

Federal Regulatory Status

No federal MCL exists for any cyanotoxin. In 2015, EPA set HALs for Microcystins at 0.3 ug/L (for
children/vulnerable populations) and 1.6 pg/L (for the general population), and for Cylindrospermopsin
at 0.7 ug/L (for children/vulnerable populations), and 3 ug/L (for the general population). Cyanotoxins
have been included in CCLs 1 through 5, but are not included in the draft CCL 6 announced in 2026.
Additionally, UCMR 4 (2018-2020) required monitoring for 10 cyanotoxins and variants. EPA also
developed a strategic plan on algal toxins in drinking water in response to the 2015 Drinking Water
Protection Act (H.R. 212). Federal regulatory determination is unlikely in the near term without stronger
epidemiological data.
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State-Level Actions

OREGON

® 2011: Oregon assumed responsibility for issuing and lifting public health advisories for
cyanobacterial HABs.

® 2018: The state enacted regulations requiring drinking water systems using surface water
sources susceptible to HABs to test and notify the public. The state also set enforceable action
levels for total Microcystins at 0.3 ug/L (for vulnerable populations) and 1.6 ug/L (for the
general population), and for Cylindrospermopsin at 0.7 ug/L (for vulnerable populations) and 3
ug/L (for the general population).

®  Water utilities are required to test for 10 cyanotoxins and variants.

® After EPA issued its HAL in 2015, Oregon updated its Microcystin guidance level to align with
EPA.

® Ohio is the most proactive state on algal toxins to date, having implemented thresholds for
public health advisory issuance since 2011.

= After EPA HALs were established, Ohio lowered its thresholds for Microcystins and
Cylindrospermopsin to align with EPA.

VERMONT

" The Vermont Department of Health has issued drinking water health advisory levels for three
common cyanotoxins: Anatoxin-a, Microcystin, and Cylindrospermopsin.

® The Vermont Drinking Water and Groundwater Protection Division (DWGPD) has provided no-
cost, voluntary cyanotoxin monitoring from July to early November for public drinking water
systems since 2015. Samples are analyzed weekly by the Vermont Agriculture and
Environmental Laboratory (VAEL).

MINNESOTA

® The Drinking Water Ambient Monitoring Program samples a subset of surface water sources for
Microcystin, Anatoxin-a, Cylindrospermopsin, and Saxitoxin. One or more cyanotoxins were
detected at four sampling locations in 2024, including Anatoxin-a in Burntside Lake, the
Mississippi River, and the Blue Earth River. Non-enforceable guidance values are included in
source water monitoring reports.

RHODE ISLAND

® RI has adopted MCLs for Microcystins, Cylindrospermopsin, Anatoxin-a, and Saxitoxin in
drinking water.

NEW JERSEY

® County or local authorities may post precautionary advisories when cyanobacterial blooms are
suspected. The state recommends posting advisory signs when cyanobacterial cell count equals
or exceeds 20,000 cells/mL in primary recreational contact areas, based on WHO (2003)
guidance (20,000—100,000 cells/mL = moderate risk).

® Cyanotoxin monitoring is recommended when cell counts exceed the state’s recreational
advisory threshold.
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® The state recommends recreational exposure guidance values of 3 ug/L for Microcystins (total),
8 ug/L for Cylindrospermopsin, and 27 pug/L for Anatoxin-a.

® The state also recommends the use of alternative water sources or point-of-use (POU) filters
where HABs are present in private wells.

Treatment Technologies

Conventional treatment (e.g., coagulation, sedimentation, filtration) can reduce cyanobacterial cells, but
may cause cells to rupture during treatment, releasing dissolved toxins. Activated carbon (powdered or
granular) can be effective for dissolved microcystins. Ozone and advanced oxidation processes (AOPs)
can be effective for dissolved cyanotoxins. Chlorination at sufficient contact times and concentrations can
degrade microcystins, but is less effective for other toxins.

Key Sources

®  QOregon Health Authority — Cyanotoxin Resources for Drinking Water
= HDR — How States Have Responded to EPA HALs for Cyanotoxins
®  NJ DEP Technical Fact Sheet on HABs

®  EPA State/Tribal Toxin Thresholds and Advisory Methods

= AWWA Guide to Managing Cyanotoxins

" AWWA — State Approaches to Cyanotoxins

=  EPA HAB:s state resource map (programs and contacts)

®  Vermont Cyanotoxin monitoring

®  Minnesota Surface Watering Report

= ASDWA HABs page

= Zhou et al. (2002)
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https://www.oregon.gov/oha/ph/healthyenvironments/drinkingwater/operations/treatment/pages/algae.aspx
https://www.hdrinc.com/insights/how-states-have-responded-epas-health-advisory-level-cyanotoxins
https://dep.nj.gov/wp-content/uploads/hab/habsfactsheet2023updated.pdf
https://www.epa.gov/habs/state-tribal-toxin-thresholds-and-hab-advisory-decision-methods
https://www.awwa.org/wp-content/uploads/Managing-Cyanotoxins-In-Drinking-Water.pdf
https://www.awwa.org/wp-content/uploads/Cyanotoxin-Occurrence-States-Approach.pdf
https://www.epa.gov/habs/state-tribal-hab-programs-and-resources
https://dec.vermont.gov/water/drinking-water/water-quality-monitoring/cyanobacteria/cyanotoxin-monitoring-program
https://www.health.state.mn.us/communities/environment/water/docs/swp/dwampsw24.pdf
https://www.asdwa.org/habs/
https://pubmed.ncbi.nlm.nih.gov/12244757/
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6PPD and 6PPD-Quinone (6PPD-q)

summary

6PPD (N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine) is a chemical
antiozonant added to tires to prevent cracking. When 6PPD reacts with ozone, it
produces 6PPD-quinone (6PPD-q), which washes off road surfaces during rain
events. 6PPD-q is highly toxic to coho salmon, causing acute pre-spawn mortality,
and directly threatens Tribal treaty rights in the Pacific Northwest. Its relevance to
drinking water is primarily indirect—mainly source water protection for surface
water intakes near urban roadways and fish-consumption pathways. Washington
is the only state that has enacted legislation directly regulating 6PPD in tires;
California is in early regulatory stages.

18 ) The Water Center

[V
‘ UNIVERSITY OfPENNSYLVANIA




_ . . . . 0
Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference
Quick Facts
Federal MCL None; not a direct drinking water contaminant
Primary Pathway to Indirect: surface water contamination, fish consumption (particularly
Humans salmon)

EPA Federal Action Advance Notice of Proposed Rulemaking (ANPRM) under TSCA Section 6
(November 2024); Agency Action Plan (2025)

States with Washington (SB 5931, enacted March 2024) (first in nation)
Legislation

States in Regulatory California (DTSC, priority product designation, October 2023)
Process

Primary Concern Aquatic toxicity (coho salmon mortality); Tribal treaty rights

Background

6PPD is added to rubber tires to extend their lifespan by preventing ozone-induced cracking. It reacts
with tropospheric ozone to form 6PPD-quinone (6PPD-q), which accumulates on road surfaces and is
mobilized in stormwater runoff. 6PPD-q causes acute toxicity in coho salmon at concentrations as low as
0.8 ug/L and is linked to urban runoff mortality syndrome (URMS). It is also toxic to rainbow trout, white
sturgeon, brook trout, and other species that USGS is still studying at varying thresholds. Humans can
be exposed to 6PPD-q through consumption of contaminated fish, but human health effects from 6PPD-
q are not well characterized. 6PPD's primary relevance to drinking water is through source water
protection (surface intakes near urban roadways) and fish-consumption pathways, not direct
contamination.

6PPD-q also raises concerns for Tribes. Tribal nations in Washington State have an inherent right to fish
affirmed through Treaty Rights and court decisions. While salmon are significant to many Tribes for
cultural practices, food sovereignty, community health, traditional knowledge, and identity as Salmon
People, they are at risk of mortality due to 6PPD-q (Columbia River Inter-Tribal Fish Commission, 2021).

Federal Regulatory Status

No federal MCL exists for 6PPD-q. It is primarily regulated as an aquatic pollutant, not a drinking water
contaminant. EPA issued an ANPRM under TSCA Section 6 in November 2024, seeking public input on
6PPD and 6PPD-q. In 2025, it developed an agency-wide Action Plan for 6PPD/6PPD-q to coordinate
research and funding with federal partners, Tribes, states, and industry. No commercially viable tire
alternative to 6PPD has been identified, complicating near-term regulation.

State-Level Actions

WASHINGTON

®  March 2024: WA enacted SB 5931, the first state law to directly regulate 6PPD in motorized
vehicle tires. The legislation aims to reduce sources and uses of 6PPD in Washington to protect
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aquatic life, particularly salmon. Under the Safer Products Program, the legislation will be rolled
out in four phases over a five-year cycle: (1) selecting priority chemicals/classes, (2) identifying
consumer products containing these chemicals, (3) determining appropriate regulatory action,
and (4) rulemaking.

®  Washington is currently researching safer alternatives to 6PPD for motor vehicle tires.

CALIFORNIA

®  QOctober 2023: The California Department of Toxic Substances Control (DTSC) identified tires
containing 6PPD as a priority product under the state's Safer Consumer Products (SCP)
program.

® 6PPD is currently in the early stages of regulation as DTSC researches alternatives and conducts
a regulatory impact analysis.

Key Sources

®  Washington SB 5931

= Washington 6PPD Resource Page
®  California DTSC — Safer Consumer Products

®  EPA Advanced Notice of Proposed Rulemaking on 6PPD
®  JTRC — Policies, Regulations, and Laws on 6PPD-q
®  Columbia River Inter-Tidal Fish Commission

®  EPA Press Release: EPA Releases Information that States and Tribes Can Use to Protect Local
Fish from Toxic Tire Chemicals

®  USGS: Expanding the Science of 6PPD-Quinone: A New Highly Sensitive Species
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https://apps.leg.wa.gov/billsummary?BillNumber=5931&Year=2024
https://ecology.wa.gov/waste-toxics/reducing-toxic-chemicals/reducing-toxic-chemicals-washington/6ppd
https://dtsc.ca.gov/scp/
https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/advance-notice-proposed-rulemaking-6ppd-and-its
https://6ppd.itrcweb.org/7-policies-regulations-and-laws/
https://critfc.org/
https://www.epa.gov/newsreleases/epa-releases-information-states-and-tribes-can-use-protect-local-fish-toxic-tire
https://www.epa.gov/newsreleases/epa-releases-information-states-and-tribes-can-use-protect-local-fish-toxic-tire
https://www.usgs.gov/centers/western-fisheries-research-center/news/expanding-science-6ppd-quinone-a-new-highly
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Lithium

summary

Lithium is a naturally occurring element found at elevated concentrations in
certain groundwater, particularly in arid Western U.S. aquifer systems (High Plains,
Rio Grande, Basin and Range). It is also increasingly introduced via industrial
sources related to lithium-ion battery manufacturing. Lithium is not classified as a
carcinogen; health concerns center on thyroid and kidney function at high chronic
exposures. It is on CCL 5 and draft CCL 6 and was monitored under UCMR 5 (2023-
2025); final data are expected in Fall 2026. No state or federal MCL exists. Federal
regulatory action is considered less likely than for carcinogenic contaminants;
state health advisories for high-concentration areas are more probable.

Quick Facts
Federal MCL None
EPA CCL Status CCL 5 (finalized 2022), included in draft CCL 6 (2026)
UCMR Status UCMR 5 (monitoring January 2023 — December 2025); final
data Fall 2026
Non-regulatory HBSL 10 pg/L (primary); 60 pg/L (drinking water only)
(USGS/EPA)
State MCLs None
Carcinogen Classification Not classified as a carcinogen
Primary Treatment Ion exchange, reverse osmosis (cannot be removed by boiling or
disinfection)
Background

Lithium is a naturally occurring element. It has been found in elevated concentrations in groundwater in
the arid Western United States, particularly in High Plains, Rio Grande, Stream-valley, and Basin and
Range basin-fill aquifer systems (USGS). Lithium can also enter water via industrial sources like lithium-
ion battery manufacturing discharge. Battery manufacturing may become an increasingly significant
pathway as the electric vehicle sector grows.

Health concerns at pharmaceutical doses include impaired thyroid function and kidney damage. Lithium
is not classified as a carcinogen. It has a USGS/EPA non-regulatory Health-Based Screening Level
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(HBSL) of 10 pg/L. A “drinking water only” benchmark of 60 pug/L is used when drinking water is the
assumed sole exposure source. 9% of public supply well samples and 6% of domestic supply well samples
nationally exceed this level. Lithium cannot be removed by heating, boiling, or disinfecting water (EPA
CCL 5 background document).

Federal Regulatory Status

Lithium has no federal MCL or health advisory. Lithium’s non-carcinogenic nature and high treatment
cost make a federal MCL less likely than for carcinogenic contaminants. EPA included lithium on CCL 5
(finalized 2022) with a screening Health Reference Level (HRL) of 10 pug/L based on adverse effects in
therapeutically administered patients. It is also included on UCMR 5 for a 12-month monitoring period
between January 2023 and December 2025. The final national dataset is expected in fall of 2026 with
regulatory determination to follow.

State-Level Actions

GENERAL STATE LANDSCAPE

® No state has established an enforceable MCL for lithium in drinking water as of early 2026.

® Experts expect some states may issue non-enforceable health advisory levels for communities
with very high naturally occurring concentrations (>100 pg/L) after UCMR 5 data is released.

MICHIGAN

®  Michigan Department of Health and Human Services (MDHHS) has published public guidance:
lithium in drinking water is not expected to cause health problems at levels up to 10 ug/L, even
for people who drink high volumes over many years.

® Guidance notes that individuals taking prescription lithium medication who know that lithium
is present in their drinking water should discuss their exposure with a healthcare provider.

EL PASO, TEXAS — CASE STUDY

" The CEO of El Paso Water confirmed that lithium is 'ubiquitous' in El Paso's water supply.

® EPA data published in 2024 identified small amounts of naturally occurring lithium at different
El Paso Water-owned facilities and wells in virtually every corner of the city.

Treatment Technologies

Ion exchange and reverse osmosis are the primary removal technologies for lithium. It cannot be removed
by heating, boiling, or conventional disinfection.

Key Sources

= EPA CCL 5 — Lithium

= USGS HBSL for Lithium

= E] Paso Matters — Lithium in El Paso Water
®  Michigan Lithium in Drinking Water
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https://www.epa.gov/ccl/contaminant-candidate-list-5-ccl-5
https://water.usgs.gov/water-resources/hbsl/
https://elpasomatters.org/2024/07/14/lithium-el-paso-drinking-water-safe-epa/
https://www.michigan.gov/mdhhs/-/media/Project/Websites/mdhhs/Safety-and-Injury-Prevention/Environmental-Health/Care-for-MI-Drinking-Water/Documents/Lithium-in-Drinking-Water-11-6-2025-FINAL.pdf?rev=0237117c503b4f4e98d1b4f56399322f&hash=DD719BDE8E9BFE367BEE5E466804C4D8
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Nitrosamines/NDMA

summary

N-Nitrosodimethylamine (NDMA) and related nitrosamines are among the most
potent carcinogens considered in the drinking water context. NDMA forms primarily
as a disinfection byproduct during chloramine treatment of water. No federal MCL
exists. California is the most active state with a notification level, response level, a
public health goal, and an MCL currently in rulemaking, while Massachusetts has
an enforceable standard. NDMA is on CCL 5, draft CCL 6, and has appeared on
previous CCLs. Based on EPA risk assessments, NDMA poses an increased cancer
risk of 1in 1,000,000 at a concentration of just 0.7 ng/L, underscoring its significance
even at trace levels.

Quick Facts

Federal MCL None

EPA CCL Status CCL 3, CCL 4, CCL 5, draft CCL 6; monitored under UCMR 2
(2008-2010)

Cancer Risk Level (EPA) 1076 risk at 0.7 ng/L. — among highest potency of any DW
contaminant

Primary Formation Pathway Disinfection byproduct during chloramine treatment

States with Enforceable Massachusetts (10 ng/L MCL); California (MCL pending

Standards rulemaking)

California Notification Level 0.01 ug/L; Response Level: 0.3 pg/L; PHG: 0.003 ug/L

Primary Treatment UV photolysis, advanced oxidation, ozone/H202

Background

NDMA is the most studied of a class of N-nitrosamines that includes NDEA, NDBA, NDPA, NMEA, and
NPYR. 15 different nitrosamines are listed as carcinogens in the NTP Report on Carcinogens. NDMA
primarily enters drinking water as a disinfection byproduct formed during chloramine treatment. It can
also be formed in some industrial processes, rocket fuel production, and foods like bacon, cured meats,
beer, and cheese. Its 1076 cancer risk level of 0.7 ng/L makes it one of the most potent carcinogens in the
drinking water regulatory context. Other potential health effects include liver, bile duct, and
mesenchymal tumor formation documented in animal studies.
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Federal Regulatory Status

No federal MCL exists for NDMA or other nitrosamines. NDMA and related compounds were monitored
under UCMR 2 (2008-2010) and have been included on each CCL since CCL 3. EPA holds authority
under SDWA to regulate NDMA, but no regulatory determination has been made despite decades of CCL
listing.

State-Level Actions

CALIFORNIA

® (California has a notification level (NL): 0.01 pug/L, a response level of 0.3 pug/L, and a public
health goal (PHG) of 0.003 pg/L (based on carcinogenicity).

®=  SWRCB-DDW-22-006, an MCL rulemaking, is pending. Additionally, a first-draft PHG revised
to 0.0005 pg/L (for bile duct, liver cell, and mesenchymal tumor formation) was released for
public comment in December 2024. If finalized, the rulemaking would represent a significant
tightening of the advisory level.

®  CAis also addressing NMOR (N-nitrosomorpholine), which has been detected in environmental
and potable reuse water. While potable water reuse systems face particular NDMA challenges as
they rely heavily on chloramine disinfection, CA’s detections are suspected to come from
industrial sources.

MASSACHUSETTS
® MA has set a regulatory limit of 10 ng/L, which is one of only two enforceable state-level NDMA
standards in the country.
MINNESOTA

® Minnesota does not regularly monitor for NDMA. However, Minnesota Department of Health
(MDH) has set a guidance value at 0.005 ppb. They do not use this value to regulate water

quality.

Treatment Technologies

Conventional GAC and chlorination are largely ineffective for NDMA. UV treatment, on the other hand,
is highly effective for NDMA since NDMA absorbs UV light strongly at 254 nm. Ozone/H202
combinations can also be effective. NDMA's extremely low risk threshold (0.7 ng/L for 1076 risk) makes
standard water treatment challenging without UV systems.

Key Sources

= EWG — NDMA in Tap Water
®  California SWRCB — NDMA Rulemaking
®  EnviroWiki — NDMA

®  NTP Report on Nitrosamines
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https://www.ewg.org/tapwater/contaminant.php?contamcode=2314
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/SWRCBDDW-22-006_ndma.html
https://www.enviro.wiki/index.php?title=N-nitrosodimethylamine_(NDMA)
https://ntp.niehs.nih.gov/sites/default/files/ntp/roc/content/profiles/nitrosamines.pdf
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Hexavalent Chromium (Chromium-6)

summary

Hexavalent chromium (Cr-VI) is a known human carcinogen found naturally in
groundwater or introduced through improper industrial disposal. The federal MCL
for total chromium (100 ppb, established 1991) has not been updated to specifically
address Cr-VI. California is the only state with a Cr-VI-specific MCL, which was set
at 10 ppb in April 2024 (effective October 2024) —the second attempt after a 2014
MCL was invalidated by the court. The new MCL affects 129 water systems, with a
phased compliance timeline, and is again under legal challenge as of 2025. No
other state has set a Cr-ViI-specific standard.

Quick Facts

Federal MCL (total chromium) 100 ppb (established 1991; not updated for Cr-VI specifically)

Federal Cr-VI MCL None
EPA IRIS Assessment In development; no regulatory determination made
California Cr-VI MCL 10 ppb (effective October 1, 2024)

California Total Chromium MCL 50 ppb (more protective than federal 100 ppb)

States with Cr-VI MCL California only
Treatment Ion exchange, reduction/precipitation, reverse osmosis
Background

Chromium-6 (hexavalent chromium) is an odorless and tasteless chemical compound found naturally in
groundwater through leaching from geological formations and also from improper disposal of industrial
waste like electroplating, tanning, and metal finishing. It is a known human carcinogen upon ingestion
(IARC Group 1) and associated with stomach and gastrointestinal cancers. While trivalent chromium (Cr-
III) is an essential nutrient, Cr-VI is toxic. The federal MCL regulates total chromium without
distinguishing. Health concerns of Chromium-6 were widely publicized following the contamination of
Hinkley, California, documented in the famous Erin Brockovich case (Pacific Gas & Electric, settled

1996).

Federal Regulatory Status

EPA set a federal MCL for total chromium at 100 ppb in 1991. It has not been updated since. There is no
federal MCL for Cr-VI specifically; EPA has been developing an IRIS toxicological assessment for it, but
has not issued a proposed rule.
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State-Level Actions

CALIFORNIA

= 2014: California adopted the first enforceable Cr-VI MCL in the nation, which was invalidated
by the court in 2017 for failure to adequately document economic feasibility.

=  2024: California State Water Resources Control Board voted to adopt a new MCL of 10 ppb for
hexavalent chromium, reducing affected Californians' potential exposure to one-fifth of the prior
regulatory level (50 ppb total chromium MCL). The MCL took effect on October 1, 2024 and
affects 129 water systems across California. The compliance timeline for large systems (10,000+
service connections) is two years, and the timeline for small systems (<1,000 connections) is
four years. Systems may apply to the Drinking Water State Revolving Fund (DWSRF) for
treatment construction costs. Water systems must notify customers quarterly when annual
average samples exceed the MCL.

® The 2024 MCL is again under court challenge as of 2025 for inadequate economic analysis and
alleged failure to consider impacts on California's Human Right to Water Policy.

® (California also maintains a total chromium MCL of 50 ppb, already more protective than the
federal 100 ppb standard.

Treatment Technologies

Ion exchange (strong-base anion exchange resins) is the most widely used treatment method for Cr-VI
removal. Chemical reduction followed by precipitation (reducing Cr-VI to Cr-III, then precipitating as
chromium hydroxide) is effective. Reverse osmosis can be effective but costly and is typically used for
small systems or point-of-use treatment. Coagulation and filtration is only partially effective and is used
more commonly for Cr-III than Cr-VI.

Key Sources

®  California SWRCB — Hexavalent Chromium
= EWG — Chromium-6 in Tap Water
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https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/Chromium6.html
https://www.ewg.org/research/chromium-6-us-tap-water
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Pharmaceuticals & Personal Care Products (PPCPs)

3

summary

Pharmaceuticals and personal care products (PPCPs) enter drinking water
primarily through human excretion and wastewater treatment plant discharge.
They are detected at trace concentrations in surface water, groundwater, and
treated drinking water nationwide. No federal MCLs exist for any pharmaceutical in
drinking water, and EPA has not made regulatory determinations for any PPCP
despite decades of CCL listing. Key concerns include mixture effects, endocrine
disruption, and antimicrobial resistance from antibiotics at sub-therapeutic
concentrations. Minnesota and California have been most active on risk
assessment and monitoring. Pennsylvania has documented PPCP contamination
in private wells and stream-based water supplies.
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Quick Facts
Federal MCL None for any PPCP
EPA CCL Status Multiple PPCPs on CCL 1—5 and draft CCL 6; no regulatory
determinations made
UCMR Status Some PPCPs monitored under UCMR cycles; not systematically
Most Active States California, Minnesota
Primary Exposure Treated municipal wastewater discharge to surface water; leaching from
Pathway septic systems
Key Concerns Endocrine disruption, antibiotic resistance, mixture effects at low
concentrations
Primary Treatment Ozone, UV, GAC, reverse osmosis; conventional treatment inadequate
Background

PPCPs encompass prescription and over-the-counter drugs, veterinary medicines, cosmetics, fragrances,
sunscreens, and personal hygiene products. They can enter drinking water through (1) human excretion
(parent compounds and metabolites), (2) improper medication disposal (flushing), (3) discharge from
pharmaceutical manufacturing facilities, and (4) agricultural runoff from veterinary drug use.
Wastewater treatment plants (WWTPs) do not completely remove PPCPs, so many are discharged to
surface water used as drinking water sources. Less than 10% of drinking water treatment facilities use
modern technologies (GAC, ozone, UV, membranes, ion exchange) capable of removing unregulated
contaminants like PPCPs.

PPCPs have been detected at ppt—ppb concentrations in surface water, groundwater, and treated drinking
water across the United States. Individual compounds have generally been found at concentrations below
health-based thresholds for direct human health effects. However, mixture effects, chronic low-dose
exposure, and developmental and endocrine effects remain poorly characterized. Antibiotic compounds
promote the development of antibiotic-resistant bacteria (ARB) and antibiotic resistance genes (ARGs)
even at sub-inhibitory concentrations, which poses a significant public health concern beyond direct
toxicity.

Federal Regulatory Status
No federal MCLs exist for any pharmaceutical in drinking water. Multiple PPCPs have appeared on CCL
1 through CCL 5 without advancing to rulemaking. Pharmaceuticals were designated a priority

contaminant group in draft CCL 6. The EPA Contaminants of Emerging Concern (CECs) program
monitors PPCPs primarily through research, not regulation.

State-Level Actions

MINNESOTA
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® MDH developed a rapid assessment method for evaluating health risks of pharmaceuticals in
drinking water sources. The method has been applied to 119 active pharmaceutical ingredients
(APIs) drawn from the most commonly prescribed pharmaceuticals in the U.S.

® Minnesota currently only uses assessments to guide risk communication and does not regulate
PPCPs in drinking water.

CALIFORNIA

® State Water Resources Control Board lists PPCPs under its Emerging Contaminants monitoring
page.

® 2018 Scientific Advisory Panel recommendations included PPCPs in monitoring strategies for
CECs in recycled water.

® The DTSC Safer Consumer Products program lists several pharmaceutical-related chemicals on
the candidate chemicals list.

PENNSYLVANIA

® A USGS/PA Department of Environmental Protection (DEP) joint study collected data on PPCPs
and other emerging contaminants in PA water from 2006 to 2009. Streams used as drinking
water sources tested positive for a wide range of emerging contaminants, with pharmaceuticals
representing the most frequently detected class. Additionally, at least one pharmaceutical
compound was detected at each private well sampled in central PA, raising concerns for wells
located near septic systems.

Treatment Technologies

Conventional treatment (coagulation/flocculation/sedimentation/filtration) is inadequate for most
dissolved PPCPs. Ozone and AOPs are the most effective treatment methods for pharmaceutical
degradation. GAC can be effective for many PPCPs, but not for hydrophilic compounds. UV disinfection
also removes some PPCPs like photolabile compounds. Reverse osmosis and nanofiltration are highly
effective but expensive and are most appropriate for small systems or direct potable reuse.

Key Sources

= EPA — Contaminants of Emerging Concern (PPCPs)

®  EPA Press — Microplastics and Pharmaceuticals

®  Minnesota MDH — Pharmaceutical Risk Assessment Project
®  Penn State Extension — PPCPs and Water Quality

= PMC — Antibiotics in Water and Resistance

®  California SWRCB — Emerging Contaminants
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https://www.epa.gov/wqc/contaminants-emerging-concern-including-pharmaceuticals-and-personal-care-products
https://www.epa.gov/newsreleases/epa-takes-bold-action-ensure-drinking-water-safe-microplastics-pharmaceuticals-and
https://www.health.state.mn.us/communities/environment/risk/guidance/dwec/pharmproj.html
https://extension.psu.edu/overview-of-pharmaceuticals-and-personal-care-products-ppcps-and-water-quality
https://pmc.ncbi.nlm.nih.gov/articles/PMC5459316
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/EmergingContaminants.html
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Contaminants of Emerging Concern in U.S. Drinking Water:

Repo rt A State-by-State Regulatory Reference

Conclusion

Contaminants of emerging concern are an expanding and complex challenge for researchers,
policymakers, regulators, and water providers. Absent significant enforceable guidelines from EPA, the
regulatory landscape is fragmented, with the level of action varying widely by state and by contaminant.
California, Minnesota, and New Jersey have taken the most action on CECs both in the number of
contaminants regulated and the level of regulation implemented, with California leading the way. 1,4-
dioxane and TCP have the strongest enforceable standards across states. Many states have taken action
on microplastics and cyanotoxins in recent years, but mostly through non-enforceable mechanisms like
advisories, guidelines, and monitoring. Lithium, NDMA, chromium-6, and PPCPs, on the other hand,
currently lack significant action at the state level.

More research on health effects and treatment technologies and policy analysis is needed before stronger
regulations for CECs are enacted on the federal and state level. In the meantime, The Water Center at
Penn will continue to help states and water providers fill in knowledge gaps through applied research,
collaboration, and policy support.
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