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ABSTRACT ARTICLE HISTORY
Concerns over per- and polyfluoroalkyl substances (PFASs) contamination of water continue to Received 29 November 2024
grow as more PFASs are found in more places and related guideline concentrations generally Accepted 10 June 2025
decline. Reports on the occurrence of PFASs in groundwater from around the globe have been
published in scientific journals for over two decades now. Much of this work originates from the
United States, China, and European countries. In this review, we investigated the state of studies
publishing data on PFAS concentrations in groundwater or identifying PFAS sources to ground-
water in Canada. We found and report on only 11 studies in scientific journals (by mid-2024),
and the majority of these had linkages (direct or collaborative research, funding, or other key
support) to federal or provincial governments. Potential reasons behind there being so few stud-
ies are discussed. Additionally, we pose and examine four key questions that highlight areas
needing greater investigation in Canada. These are: (1) What is the state of PFASs in
groundwater-sourced drinking water across the country? (2) What are background PFASs con-
centrations for groundwater? (3) What is the prevalence and distribution of PFASs sources to
groundwater and risk posed by them? 4. How important is groundwater transport of PFASs to
surface waters and aquatic ecosystems?
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RESUME

Les préoccupations relatives a la contamination de l'eau par les substances per- et
polyfluoroalkylées (PFAS) continuent de croitre a mesure que l'on trouve davantage de PFAS
dans un plus grand nombre d'endroits et que les concentrations recommandées dans les direc-
tives diminuent de maniere générale. Depuis plus de deux décennies, des rapports sur la
présence de PFAS dans les eaux souterraines a travers le monde sont publiés dans des revues
scientifiques. La plupart de ces travaux proviennent des Etats-Unis, de la Chine et de pays
européens. Dans cette étude, nous avons examiné I'état des recherches publiant des données
sur les concentrations de PFAS dans les eaux souterraines ou identifiant les sources de PFAS
dans les eaux souterraines au Canada. Nous n'avons trouvé et rapporté que 11 études publiées
dans des revues scientifiques, dont la majorité avaient des liens (recherche directe ou collabora-
tive, financement ou autre soutien important) avec les gouvernements fédéral ou provinciaux.
Les raisons potentielles de ce faible nombre d'études sont examinées. En outre, nous posons et
examinons quatre questions clés qui mettent en évidence les domaines nécessitant des
recherches plus approfondies au Canada. Ces questions sont les suivantes : 1. Quelle est la situ-
ation des PFAS dans l'eau potable provenant des eaux souterraines a travers le pays ? 2. Quelles
sont les concentrations de fond des PFAS dans les eaux souterraines ? 3. Quelle est la
prévalence et la répartition des sources de PFAS dans les eaux souterraines et quels sont les ris-
ques qu'elles présentent ? 4. Quelle est l'importance du transport des PFAS par les eaux souter-
raines vers les eaux de surface et les écosystemes aquatiques ?
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Introduction

Per- and polyfluoroalkyl substances (PFASs), a group
of many thousands of synthetic organic compounds
containing at least one fully fluorinated methyl or
methylene carbon atom, are commonly referred to as
‘forever chemicals’ because many of these compounds
can persist in the environment. This is both because
the C-F bond is extremely strong and stable (Smart
1994), and the fluorinated backbones tendency to
adopt helical conformations allows the fluorine to
provide shielding to the central carbon-carbon back-
bone (Mifkovic, Van Hoomissen, and Vyas 2022).
PFASs were manufactured in bulk quantities as early
as the 1930s (Hendricks 1953) and were present com-
mercially by the 1950s (Buck et al. 2011) but have
only received substantial attention as contaminants of
emerging concern over the past few decades. Over
this time, studies have revealed their widespread (glo-
bal) occurrence in waters and soil (Kurwadkar et al.
2022; Salvatore et al. 2022), bioaccumulation in fish
and other organisms (De Silva et al. 2021), and their
potential to impair human and ecological health at
very low concentrations (Sunderland et al. 2019). A
few recent studies suggest that some PFASs deemed
‘recalcitrant’ may be susceptible to biotransformation
(e.g. Huang and Jaffé 2019; O’Carroll et al. 2020).
There are also a multitude of ‘precursor’ compounds
(some also PFASs) that can degrade or transform in
the environment into various (other) persistent PFASs
(Key, Howell, and Criddle 1997).

The group of PFASs that has received the most
attention to date for their presence in groundwater in
many regions of the world are the perfluoro alkyl
acids (PFAAs) (Grunfeld, et al. 2024), which include
perfluoro carboxylic acids (PFCAs), such as perfluor-
ooctanoic acid (PFOA), and perfluoro sulphonic acids
(PFSAs), such as perfluorooctane sulfonate (PFOS).
Depending on the number of carbons comprising the
fluorinated chain, each of PFCA and PFSA have com-
pounds considered long-chain (>C7 and > C6,
respectively), short-chain (down to C4), and ultra-
short-chain (C1-C3) (Buck et al. 2011). Other PFAS
groups that are becoming more commonly analyzed
in groundwater include perfluoroalkane sulfonamides/
sulfonamide ethanols/sulfonamidoacetic acids, per-
and polyfluoroether carboxylic acids, ether sulfonic
acids, and fluorotelemer acids (EPA method 1633,
2024; via liquid chromatography-tandem mass spec-
trometry). Various other types of PFASs (see Buck
et al. 2011), some of which are found in aqueous film
forming foam (D’Agostino and Mabury 2014; Patch
et al. 2024a), could be investigated in groundwater

with specialty expertise and equipment, namely high-
resolution mass spectrometry.

PFASs are both hydrophobic and oleophobic, tend
to reside at interfaces (surfactant properties), and dis-
play a strong resistance to heat and chemical attack.
As a result of these properties, PFASs have been used
in a wide range of consumer products (e.g. water-
and stain-repellent materials {carpets, jackets, pyja-
mas, fast-food wrappings, etc.}, non-stick cookware,
cleaning and personal care products, construction
materials) and in firefighting foams designed for fuel
fires (as in aqueous film forming foam; AFFF). Many
pesticides and pharmaceuticals also contain PFAS.
Principal (point) sources of groundwater contamin-
ation by PFASs include: (i) industrial facilities that
have produced, processed, or used PFASs (Roberts
2025), (ii) places where AFFF (with PFASs) have been
applied or stored (e.g. firefighter training facilities,
military sites, airports, railroad crash sites, petroleum
refineries, oil and gas extraction sites (Salvatore et al.
2022), (iii) solid waste storage sites (e.g. landfills), and
(iv) wastewater treatment facilities (WW'TF). Broader-
scale PFASs sources have also been identified, includ-
ing domestic wastewater septic systems (Subedi et al.
2015; Schaider, Ackerman, and Rudel 2016), applica-
tion of wastewater-based biosolids to agricultural
fields (Lindstrom et al. 2011), and atmospheric
releases (Brandsma et al. 2019; Schroeder, Bond, and
Foley 2021). As a result, low concentrations of PFASs
are so prevalent in most environments as to be con-
sidered as background. Recently, the broad-scale and
on-going accumulation of the PFAS trifluoroacetic
acid (TFA) has been touted as a global threat (Arp
et al. 2024).

Significant advancements have been made inter-
nationally in the understanding of PFAS fate and
transport in the subsurface (see review by Hatton,
Holton, and DiGuiseppi 2018). PFASs show strong
retention in the vadose zone (above the water table)
(Sharifan et al. 2021; Abraham et al. 2022), though
many are quite soluble in water and will reach and
travel through groundwater systems. Indeed, ground-
water PFAS plumes can reach lengths of several km
(e.g. Weber et al. 2017). Recent restrictions on the use
of some PFASs (mostly long-chained PFAAs) in
many countries around the world have led to greater
use of short-chained PFASs (Dauchy 2019), which are
typically more mobile in groundwater systems.

The primary motivation of most studies into PFAS
contamination of groundwater is the concern for
human health, with a focus on drinking or irrigation
water from wells (e.g. Hu et al. 2016; Guelfo and
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Adamson 2018; Kleywegt et al. 2020). In Canada,
there is at present drinking water guidelines for PFOS
and PFOA, and screening values for 9 other PFASs
(Health Canada 2018a, 2018b, 2019). These are cur-
rently being reassessed (likely to be lowered), with a
drinking water objective set at 30ng/L for the
summed concentrations (non-detect set as zero) of 25
PFASs recently announced (Health Canada 2024).
There is also increasing interest in PFAS contamin-
ation of surface waters via the groundwater pathway,
resulting in potential harm to fisheries and aquatic
ecosystems while also threatening surface water sour-
ces of drinking or irrigation water. In Canada, only
PFOS currently has a groundwater guideline for the
protection of ecological receptors (7000 ng/L; CCME
2021), though a water quality guideline for the protec-
tion of aquatic life for PFOA is under development.
PFAS water quality standards are rapidly developing
across the world. These are lower in some jurisdic-
tions than those in Canada (e.g. new US drinking
water regulation of 4ng/L for PFOS or PFOA; US
EPA 2024) and are generally decreasing, especially for
drinking water (Sauvé et al. 2023).

PFAS contamination of groundwater in
Canada

In a recent global-scale review of scientific literature,
Johnson et al. (2022) found 96 studies dating from
1999 to early 2022 that reported data on measured
concentrations of PFASs in groundwater. These
included relatively similar numbers of studies address-
ing primary contamination sites (e.g. manufacturing
and industrial use, AFFF use), secondary contamin-
ation sites (e.g. landfills, sewage sludge application)
and background sites (no known contaminant
source), though favouring the primary sites. The first
published study was by Moody and Field (1999) and
described PFAS groundwater contamination at two
fire-fighter training areas (FFTA) where AFFF was
used. Over half of the studies have been published
since 2015. The majority of studies came out of the
U.S. (first) and China (second), both places where
PFASs were manufactured and widely used in indus-
try. While PFASs were not manufactured in Canada,
most of the potential PFASs sources described above
do occur in Canada. And yet, only three of the 96
studies were from Canada, leaving Canada tied for gth
(with Japan) in studies by country.

The earliest of the three Canada-based studies cap-
tured in the Johnson et al. (2022) review was per-
formed by Meyer et al. (2011). Though largely

focused on PFASs in surface waters, they also
sampled groundwater seeps exiting from a shallow
aquifer and a deep aquifer along the Scarborough
Bluffs in Toronto, Ontario. There was no known
PFAS source in the area (i.e. it was a background
site), but it was an urban setting. From two sampling
times, they reported concentrations of individual
PFAAs < 5ng/L in seepage from the upper aquifer
and <1.5ng/L in that from the lower aquifer.

The second referenced study from Canada was one
by Martin et al. (2019) that was largely focused on
analytical method development but employed samples
from two airport sites (Newfoundland and Ontario).
This has since been followed upon by the study of
Liu et al. (2022), which considered these same two
and an additional two (Ontario and Quebec) airports.
Samples of soil (45) and groundwater (70) were
assessed for the presence of many types of PFASs,
including common targets (most of those found in
US EPA method 1633) and others more rarely ana-
lyzed (including many precursors to PFAAs; and vari-
ous cationic and zwitterionic PFASs). These studies
noted that many of the less-frequently analyzed
PFASs were found at non-negligible concentrations in
groundwater, though PFOS was the dominant com-
pound at all four sites. Across the sites, PFAS com-
position and spatial distribution were dependent on
past AFFF use and the individual PFAS subsurface
transport properties.

The third Canadian study captured in the global
review, by Propp et al. (2021), looked for a variety of
emerging contaminants, including a set of 17 PFASs,
associated with historic landfills (i.e. those closed >
25years; many lacking liners or leachate collection
systems). They collected 48 samples of leachate and/
or (more often) leachate-impacted groundwater from
the sites of 20 historic landfills in Ontario with clos-
ing dates from the 1920s to early 1990s. Elevated con-
centrations of PFASs were found for every landfill
closed later than the 1950s, with highly variable con-
centrations and compositions between landfills.
Further, PFASs concentrations at a few sites, even for
some closed for > 50years, reached levels seen in
modern landfills. These findings indicate that historic
landfills can be important long-term sources of PFASs
to groundwater.

Additional related studies for this review (com-
pleted in September 2024) were gathered through a
literature search using i) search tools SCOPUS and
Google Scholar, with a variety of PFAS-related search
terms (e.g. ‘PFAS’, “fluor’), and ii) citations of identi-
fied studies; similar to Johnson et al. (2022). One
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earlier study that was not included in the Johnson
et al. (2022) review was performed by Gottschall et al.
(2017). They reported on 11 PFAAs, in addition to
other groups of emerging contaminants, in soil, tile
water, groundwater (2,4,6 m depths), and grain for a
field receiving applications of municipal biosolids. A
few of the PFAAs were detected at elevated concen-
trations in the tile drainage and shallow (2m depth)
groundwater, up to ~23ng/L for PFOA, in compari-
son to the low to sub-ng/L concentrations in ground-
water from reference plots. Another was a study by
O’Carroll et al. (2020), which collected > 40 ground-
water samples at a FFTA site in western Canada, with
total PFAS concentrations (13 - 22 compounds) up
to 3,500,000 ng/L reported. The study focused on dif-
ferences in individual PFAS transport (sorption) and
potential biotransformations of various precursor
PFASs, with a strong focus on the microbial
population.

Since the end of the Johnson et al. (2022) review
period (approx. 2021), three additional studies report-
ing PFAS concentrations in groundwater from
Canada have been published in the scientific literature
(up to mid-2024); the Liu et al. (2022) follow-up
study noted above and two that both included PFASs
in drinking waters sourced by groundwater. The study
by Kleywegt et al. (2020) included four drinking water
systems supplied by groundwater out of 25 total
drinking water systems tested in Ontario. PFASs con-
centrations (10 analytes) in treated drinking water
sourced by groundwater were low (median = 3.8 ng/
L) and significantly lower than those sourced by lakes
and rivers (p<0.01). Subsequently, Munoz et al.
(2023) collected 463 tap water samples from 376
municipalities across Quebec for PFAS analysis. In
line with the Ontario study, PFASs concentrations
(sum of 42 analytes) was higher (by 12 X on average)
in tap water produced from surface water (165 loca-
tions) than from groundwater (172 locations).
However, 6 of the top 10 contaminated tap waters
were sourced by groundwater. Note that a white
paper published by the government of Quebec
(MELCC 2022) around this same time included 76
samples from 33 drinking water systems supplied by
groundwater. A similar finding for PFASs concentra-
tions in supplies from surface waters versus ground-
water was found.

The Johnson et al. (2022) review only captured
published studies that reported field-based measure-
ments of PFASs concentrations in groundwater. Our
focus is slightly broader here to include studies that
investigate potential PFASs sources to groundwater in

Canada. Studies that only include theoretical or lab-
based study of the fate, transport, or remediation of
PFASs in groundwater are not considered. One such
relevant PFASs source study was by Milley et al.
(2018), who presented a decision-tree framework to
identify airport/heliport sites in Canada potentially
impacted by PFASs from AFFF releases at FFTAs
and/or accident sites. Applying the framework, 152
(7%) of the 2071 airport/heliport sites investigated
were deemed likely to have PFASs contamination. For
a selected 25 sites of this group, PFASs contamination
was confirmed by Canadian governmental depart-
ments at each of them. Additionally, for these 25
sites, the distance from release areas to the nearest
surface water was calculated as within 2.5 kilometers
for all of them, but within one kilometer for 19 sites.
Thus, groundwater plumes from these sites pose a
potential threat to nearby surface water ecosystems.
Two additional PFASs source studies have reported
PFASs in leachate from leachate collection systems
from (presumed active) landfills in Canada. The first
was by Li et al. (2012), which reported an average
concentration (sum of 13 PFASs) of 2,950ng/L in
leachate from 28 landfills and dumpsites across
Canada. A key finding was PFASs concentrations
tended to be higher for landfills from southern
Canada compared to those from northern (3 territo-
ries) Canada. The second study, by Gewurtz et al.
(2013), reported concentrations of some individual
PFASs in the 100s-1000s ng/L in leachate collected
from 10 selected large municipal landfills across
Canada. A key finding was that the summed concen-
tration of the measured PFASs generally increased fol-
lowing on-site leachate treatment, presumably from
the transformation of precursor compounds not cap-
tured in the analysis to PFASs that were analyzed.

Who is contributing to these Canadian
studies?

The limited number of papers on PFASs concentra-
tions in groundwater from Canada published over the
last 25years (i.e. since the first groundwater PFASs
publication) suggests that this issue has not reached
the levels of public or scientific concern as seems
apparent in the U.S., China, and various places in
Europe. But there may be other factors at play as well
- perhaps financial, analytical, and related to available
expertise.

While the number of journal-published studies
detailed above is small (11), the researcher groups or
institutions producing them are even more limited.



240 J. W. ROY AND K. WEBER

Three papers are products of a collaborative group
from Université de Montréal and McGill University
(Martin et al. 2019; Liu et al. 2022; Munoz et al.
2023). Another three were led or co-led by research-
ers from Environment and Climate Change Canada
(ECCC), one with inputs from Ontario Ministry of
Environment, Conservation and Parks (MECP), one
in collaboration with University of Toronto (Meyer
et al. 2011), and another in collaboration with
McMaster University (Propp et al. 2021). Another
study came out of the University of British Columbia
(Li et al. 2012), though it was funded largely by
ECCC, and had collaboration with the Department of
Fisheries and Oceans (DFO). The study on biosolids
application was led by Agriculture and Agri-Food
Canada (Gottschall et al. 2017), with collaboration
from the Ontario MECP. The Ontario MECP also led
one paper on their own (Kleywegt et al. 2020). And
finally, two papers involved researchers from Royal
Military College of Canada (Milley et al. 2018;
O’Carroll et al. 2020), the latter with collaborators
from Australia.

The fact that the majority of these publications have
direct ties to Canadian federal or provincial govern-
ment researchers and/or directed funding indicates
there is some interest in this topic by these govern-
ment departments, all of which are involved with
chemical contaminant policy and regulation. However,
there still appears to be a lack of capacity or interest in
this topic, especially by academics. The few numbers of
research groups publishing this work likely reflects in
part the limited number of institutions with internal
capabilities to perform PFAS analyses, which requires
expensive instrumentation and expert technical staffing.
And where these capabilities exist, the PFASs research
are often focused on (i) detections in other media (air,
dust, precipitation, surface waters, soil), (ii) treatment
or remediation of impacted soil or water, or (iii) toxi-
cology or human health studies (based on personal
experience of the authors). Having PFAS analyses per-
formed at commercial labs is also very expensive on a
per sample basis and can be limited to the common
set of legacy PFASs. The widespread links to govern-
ment funding or labs further supports the idea that
this work has been limited by high financial and ana-
lytical requirements.

In the past, Canadian researchers have been at the
forefront of study of other groundwater contamination,
including petroleum hydrocarbons, chlorinated solvents,
acid-mine-drainage, road salt, nutrients, and methane
and brines from oil and gas development. However, the
community of groundwater researchers in Canada is

relatively small compared to the plethora of current
issues (e.g. climate change, water supply withdrawals,
oil and gas and mining development, non-point agri-
cultural and urban pollution, groundwater-dependent
ecosystems, etc.), so there may not be the capacity to
take on PFASs in a major way. Furthermore, the nature
of this topic generally requires expertise in analytical
chemistry as well as hydrogeology, often necessitating
interdisciplinary collaborations. These are not always
easy to initiate or maintain, particularly beyond one or
two close institutions.

Anecdotally, we know there is substantial work
being performed across Canada by consultants for
industry or government departments on their sites that
have PFASs-impacted soil and groundwater, likely
related to primary sources (e.g. AFFF use at airports,
military bases and fire-fighter training areas). Some of
this consultation may be done by or in collaboration
with researchers. Assuredly, this work is generating
new knowledge and understanding, some of which is
shared through internal and external meetings, which
is very valuable. But little of it is making its way to the
scientific literature, probably for a variety of reasons.
There may be little incentive or time for these investi-
gators to draft a manuscript and see it through to pub-
lication. Also, there may be a confidentiality concern
or a desire to ‘keep a low profile’ by the client that
prevents or delays publication of study findings.
Possibly some of the information obtained may not be
novel enough (on its own) within the international lit-
erature to warrant publication in a scientific journal,
noting that there are no national journals in Canada
that focus on groundwater.

Interestingly, in a recent attempt to address limited
publicly available data and uncover ‘unseen science’ on
PFASs sites in Europe, Cordner et al. (2024) applied
investigative journalism techniques (e.g. open-source
intelligence (OSINT); freedom of information (FOI)
requests) to better identify known and potential PFASs
contaminated sites. The study identified 22,934 known
contamination sites and 21,426 presumptive contamin-
ation sites across Europe, many more than expected.
This added knowledge may drive new avenues of
investigation into groundwater contamination by
PFASs. Perhaps such an effort applied to Canada
would work well. Although, Cordner et al. believe that
PFASs sites were still missed in their investigation, due
to a lack of geolocation, sampling, and publicly avail-
able data; limitations that may also apply in Canada.

Another option to estimate the threat of ground-
water contamination from PFASs at a regional scale is
to identify businesses or facilities that have potential
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for PFAS use and contamination of groundwater.
Ideally, this would include some assessment of the
likelihood of contamination of each location. Such an
effort is currently underway in Ontario, with Roberts
(2025) recently (past our review window) identifying
over 2000 industrial sites in Ontario which are likely
to be either contaminated with or a source of PFASs.
Many of these same sites were also identified as being
located within 100m of a groundwater supply well.
Although the sites were identified, they have not been
sampled.

What information is still missing?

Several of the aforementioned studies directly address
the state of Canadian groundwater or the potential
threat of PFASs to it (i.e. airports, landfills) at a
regional or broader scale. Some of these also provide
insights on PFASs occurrence or behaviour that are
relevant beyond this country’s borders. But there is
still much we don’t know about the state of PFASs in
Canada’s groundwater. Four key topics for which
more information or understanding is clearly needed
will be discussed in detail below. But first, a common
issue with all of the groundwater PFAS data presented
in the published studies discussed above deserves
mentioning; that is, only a very limited number of
PFASs in comparison to the many thousands that
may be present in the environment are reported, and
these are largely restricted to the common (legacy)
PFAAs. For example, fluorotelomers are a set of
PFAS that comprise a large proportion of PFAS used
in products, but only a few of these are regularly ana-
lyzed (Grunfeld, et al. 2024). This is however compli-
cated by the fact that telomers, especially telomer
alcohols found in commercial products, readily trans-
form in the environment (Dinglasan et al. 2004), sug-
gesting both targeted and non-targeted analytical
methods (high-resolution mass spectrometry, total
oxidizable precursor assays, total organic fluorine) are
required to best understand PFAS distribution and
fate in the environment. This is not an issue unique
to Canadian data, but rather it is a common problem
globally that reflects the complexity and cost of PFAS
analysis. In a review by Grunfeld, et al. (2024), they
determined that for a global set of studies reporting
on a total of 33,940 groundwater samples, the average
analysis included only 16 distinct PFAS. However, in
recent years, some researchers (globally) have ana-
lyzed groundwater for different types of underre-
ported  PFASs, like ultra-short-chain = PFASs
(Bjornsdotter et al. 2019) and replacement

compounds such as Gen-X (Brandsma et al. 2019).
Though none to date have targeted the highly utilized
fluorotelomer alcohols (Grunfeld, et al. 2024),
although again this may be difficult as they quickly
readily transform in the environment. Others attempt
to detect as many compounds as possible with non-
target analyses, such as Young et al. (2022) who iden-
tified 163 known PFASs and 134 previously unknown
PFASs in an AFFF, and the recent study by Qi et al.
(2024) that made use of an in-house PFAS database
(collected from the NORMAN Suspect List Exchange
and the US EPA CompTox Chemistry Dashboard) of
18,603 PFASs and non-PFAS fluorinated species and
6936 predicted MS/MS spectra, though not applied to
groundwater samples. Another route to greater PFAS
information gaining application is analytical measures
to determine the total PFASs in a sample (see review
of Nakayama et al. 2019), which are being continually
developed (e.g. Tighe et al. 2021; Patch et al
2024a,2024b).

What is the state of PFASs in groundwater-
sourced drinking water across the country?

There are eight other provinces (aside from Ontario
and Quebec), three territories and many First Nations
- Metis - Inuit nations across Canada for which data
on PFASs in groundwater-sourced municipal/commu-
nity drinking water is not (openly) publicly available,
let alone published in the scientific literature. For
some of these, data may have been collected but not
shared publicly (yet?), while others may be planning
such data collection or be eager to collaborate on
such efforts in future. The full extent of this data is
not known. But even if such information was gener-
ated for each, there is no obligation to publish the
data in the scientific literature or provide it publicly,
and it would require a third party to assess the data
at the national level and draw out insights that would
be more broadly applicable. In the U.S., data on
PFASs in groundwater-sourced drinking water have
been captured under the federal (US EPA’s) public
water system monitoring initiative, the Unregulated
Contaminant Monitoring Rule (UCMR). In the third
round of this monitoring (UCMR3), six PFASs,
including PFOS and PFOA, were included. This data
set has been examined and reported in the scientific
literature (Hu et al. 2016, Guelfo and Adamson 2018,
Boone et al. 2019). Various states also provide pub-
licly available data on PFAS sources or PFAS concen-
trations in groundwater (e.g. Michigan PFAS Action
Response Team (MPART) - webpage and interactive
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map; 2025). A listing with links to an additional 12
PFAS data portals from the United States, Europe,
and Australia can be found in the Supporting
Information. There is no regular monitoring program
for drinking water or groundwater at the federal level
in Canada and no easily accessible data from short-
term monitoring projects. Thus, the overall extent or
state of PFAS in much of Canada’s municipal ground-
water supplies is poorly known within the public realm.

Most Canadians reliant on private (groundwater)
wells, which are most commonly used as a source for
drinking water or irrigation water, likely have no real
sense of the risk posed by PFASs, not knowing what
the relevant sources are and how far they should be
away from them. Several studies from the U.S. on
known or suspected PFASs sources (i.e. manufactur-
ing facility, land-applied WWTEF biosolids) report
PFAS concentrations for select private wells nearby
(Hoffman et al. 2011; Lindstrom et al. 2011). These
few results suggest that proximity to major PFAS
sources is a key factor influencing PFAS contamin-
ation in private well water. But no widespread testing
of private well water has been published to supple-
ment these data. To the best of our knowledge there
are no published data on PFASs concentrations in
private wells in Canada.

What are background PFASs concentrations for
groundwater in Canada?

Presumably there are no PFASs in deep, pristine aqui-
fers filled with groundwater that is hundreds or more
years old - that is unless we introduced it through
drilling or sampling the well or by various other deep
subsurface activities (d’oh!). But in more modern
groundwaters, recharged since PFAS development, it
seems rather a question of ‘what are the PFAS concen-
trations?” rather than ‘are PFASs there?. Presumably
nearly all modern groundwater has some PFASs given
its ubiquitous use in human products and processes,
its long-range transport across the globe (including
TFA; Arp et al. 2024), and its incorporation into all
aspects of the near-surface water cycle. What we might
consider ‘natural’ sources to shallow groundwater
could include dry or wet aerial deposition or recharg-
ing surface waters or managed aquifer recharge.

There are many questions related to this concept
of background PFASs concentrations. Of most interest
here is what range of PFAS concentrations should we
expect to find in groundwater that is obtained from a
typical municipal or domestic well, or that could be
measured discharging to a surface water body, but

that hasn’t been significantly affected by a primary or
secondary source of PFASs. And how do these con-
centrations vary with depth (reflecting time since sur-
face exposure in some cases), between surficial and
confined aquifers, across a watershed or region with
its mix of historic and current land uses, and across
the country? And how do we define the boundary
between background and source-impacted ground-
waters? As water quality guidelines continue to trend
downward, particularly for drinking water, the deriv-
ation of background concentrations is likely to take
on much greater significance. The authors are aware
of at least one on-going international effort to derive
a better understanding of background and ambient
PFAS concentrations worldwide.

Some of the data collected on groundwater-sourced
municipal water (Kleywegt et al. 2020; Munoz et al.
2023) likely represent background PFASs concentra-
tions, though some of the municipal wells with higher
concentrations were likely influenced to some degree
by a PFAS source in the area. Additionally, so-called
background wells have certainly been measured for
comparison in many unpublished contaminated site
studies. Thus, the potential for a substantial amount
of background data is there, but in all of these surveys
or studies, the well data will require close scrutiny to
ensure no influences from primary, and especially,
secondary PFASs sources.

What is the prevalence and distribution of the
various known and possibly unknown PFASs
sources to groundwater?

Many of the key PFAS sources likely to impact
groundwater are known (or at least suspected) and
have been reported on or at least mentioned in the
literature (and in the introduction, here). These
include primary sources like airports, military bases,
and industrial facilities, and secondary sources like
landfills, biosolids, agricultural runoff and wastewater
lagoons. However, new PFAS sources are being high-
lighted in the literature all the time; one very recent
example is textile mills (Dunn, et al. 2024). These are
mostly point sources (i.e. contaminated sites), whereas
non-point sources such as pesticide applications are
seldom identified. Further, non-point secondary sour-
ces, which may have been downplayed in the past due
to having lower source concentrations, such as bio-
solids application on agricultural fields (Lindstrom
et al. 2011; Gottschall et al. 2017) and on-site waste-
water treatment (septic) systems (Schaider, Ackerman,
and Rudel 2016), may be driving broader-scale low-
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level loading to groundwater, and subsequently to
receiving surface waters. Of additional concern here is
whether there are any sources that might be more
prevalent or important in Canada that might not be
captured or recognized by international studies.

Even if we know all the potential sources, there is
then the business of identifying their locations within
the various jurisdictions across Canada, at least for
those deemed a likely threat. For clear targets like air-
ports, this is a manageable task, though far from sim-
ple, as illustrated by Milley et al. (2018). It should be
simple enough to identify all active landfill sites, but
probably less so for historic sites (back to the 1950s).
Likewise, active FFTAs should be known, but histor-
ical FFTAs or sites with AFFF application to large
fires may be more difficult to locate. Identifying sites
linked to large to small-scale industrial uses, such as
auto manufacturing, pulp and paper, electroplating,
textiles, and any place with large-scale fuel storage,
would be more challenging. Some GIS-based work to
map various PFASs point sources relevant to ground-
water contamination has recently been performed and
published for Ontario (Roberts 2025) and may be
underway in other jurisdictions across Canada.

Even for identified contaminated sites, getting infor-
mation on potential PFASs occurrence or use may not
be straightforward. In a query of the Federal
Contaminated Sites inventory, listing sites by ‘PFAS
only recovered one site, which wasn’t associated with
groundwater impacts. Listing by ‘Halogenated
Hydrocarbon’, which could be PFAS or could be
chlorinated compounds, recovered 133 groundwater
impacted sites; but combing this subset using the key-
word ‘PFAS’ whittled this down to 29 sites (which is
much more than one site). Additionally, the inventory
listed 175 sites with a landfill, of which 76 reportedly
had groundwater contamination of some kind. Though
potentially not measured and largely not indicated, it’s
likely most of these 76 landfill sites (if open beyond
the 1950s) have elevated PFASs concentrations in
leachate-impacted groundwater.

Milley et al. (2018) stated, ‘“The scope of the issue
regarding PFAS contaminated sites has not been eval-
uated in Canada to date. It is unknown how many
sites may be contaminated, and therefore it is
unknown what level of risk mitigation or clean-up is
likely to be required into the future’. This is exacer-
bated by several factors. If it wasn’t obvious by the
nickname ‘forever chemicals’, we now know for cer-
tain that PFAS sources or sites created over half a
century ago can still contaminate groundwater with
PFASs substantially today (e.g. historic landfills in

Canada, Propp et al. 2021; FFTAs, Ruyle et al. 2023).
Also, as noted by Simon (2020), the application of
‘low’ drinking and groundwater standards for PFASs
(parts per trillion) potentially leads to more ‘sites’ that
must be considered. With the new Canadian drinking
water objective for a group of 25 PFASs set at a com-
bined concentration of 30 ng/L (Health Canada 2024),
and with official guidelines currently in review and
possibly to come out in a similar range, this may
require a broader scope for identifying sources of
PFASs groundwater contamination in this country.

How important is groundwater transport of PFASs
to surface waters and aquatic ecosystems?

The study by Propp et al. (2021) included some shal-
low groundwater samples collected at the edges of
streams, ponds, and lakes adjacent to several historic
landfills, and these showed elevated PFAS concentra-
tions. This indicates that leachate plumes in ground-
water can be a source of PFASs to nearby surface
waters. Otherwise, the papers listed above lack any
investigation of groundwater-derived PFASs inputs to
nearby surface waters. In fact, there are not many stud-
ies published in peer-reviewed journals on this topic
regardless of the jurisdiction globally. Four such studies
report on known contaminated sites. First, Tokranov
et al. (2021) investigated PFASs transport and transfor-
mations in groundwater and surface waters in associ-
ation with two flow-through lakes down-gradient of a
historical FFTA and associated wastewater discharge
basins. Focusing on pond sediments in plume dis-
charge areas and groundwater recharge areas, they
noted high PFAA precursor concentrations and
summer-time losses, respectively, and highlighted the
potential importance of dynamic biogeochemical con-
ditions in controlling PFAA concentrations. Pétré et al.
(2022) reported on PFASs concentrations and mass
flux from groundwater to five tributaries of the Cape
Fear River near a PFASs manufacturing facility in
North Carolina (USA). Meanwhile, Divine, et al.
(2023) described five example cases of where ground-
water — surface water transfer of PFASs can be impor-
tant, which included a variety of sources (FFTAs,
WWTF, industrial wastewater discharges, airfield) and
site conditions (most being contaminated groundwater
impacting surface water bodies). And more recently,
McFarlan and Lemke (2024) investigated a 3-km long
PFASs plume emanating from an unlined historic
landfill, with a numerical model predicting its dis-
charge into several ephemeral ponds used to rear fish.
Sampling found PFASs in the pond waters (up to
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60ng/L) and in several adjacent streams. In contrast,
another study, by Briggs et al. (2020), used PFASs
from an unknown source as one of several indicators
of groundwater flow paths contributing discharge to a
stream with Brook Trout spawning. These studies illus-
trate that groundwater inputs of PFASs to surface
waters are occurring and thus may be important for
mass loadings from various types of sites, though the
findings are still limited.

Other studies infer mass loading of PFASs from
groundwater based on concentrations measured in the
receiving surface waters. For example, Ruyle et al.
(2021) concluded from their study of Cape Cod water-
sheds in Massachusetts that ‘legacy PFASs in slowly
moving groundwater constitute a large source to the
downstream coastal environment, representing a sub-
stantial lag between environmental PFASs releases and
inputs to marine ecosystems’. For Canadian examples,
groundwater transport and discharge to surface waters
likely contributed to elevated PFASs concentrations
found in (i) Etobicoke Creek downstream of the Lester
B. Pearson International Airport, Toronto, Ontario
(Moody et al. 2002; Awad et al. 2011), and (ii) the
Welland River and Lake Niapenco downstream of the
John C. Munro International Airport, Hamilton,
Ontario (de Solla et al. 2012); both sites associated
with AFFF contamination. However, no groundwater
investigation has been published in either case.

PFASs contamination is widespread in Canadian
surface waters (Scott et al. 2009; D’Agostino and
Mabury 2017). The role of groundwater as a transport
pathway between PFASs sources and these surface
waters is generally not understood. This is illustrated
in a recent study by Xia et al. (2024) that focused on
air deposition of PFASs to the Great Lakes. As part of
the work, they also produced a mass balance for
PFBA (perfluorobutanoic acid), PFBS (perfluorobu-
tane sulfonate), PFOS, and PFOA for the Great Lakes
basin using additional data from previous studies
(though notably limited). This included calculations
of additional inputs from tributaries and WWTF,
losses due to sedimentation in the lakes, and lake
water transfer between lakes and out of the basin.
They highlighted groundwater inputs of PFASs dir-
ectly to the lakes as a gap in their balance that they
were unable to determine. Some recent studies are
beginning to consider this pathway, in calculating the
distance between identified sources and nearby sur-
face waters. For example, Milley et al. (2018) showed
that there are 20 Canadian airports with verified
PFAS contamination within 1km of a surface water
body (9 within 500 m). Likewise, Weber, Roberts, and

Koch (2023) found that of the 1526 industrial sites in
Ontario categorized as likely to contain or be a source
of PFAS, 175 are within 1km of a surface water body
(114 within 500 m).

Finally, groundwater transport of PFASs to surface
waters will lead to exposure to aquatic organisms living
in the receiving and downstream environment, with
potential bioaccumulation and toxicity impacts.
Concentrations are likely to be greatest in the benthic
zone, where impacted groundwater may be undiluted
by the above receiving waters (Roy and Bickerton
2010), and may persist year-round. At the time of sub-
mission of this review, there were no published studies,
from Canada or anywhere else, directed to aquatic
exposure to PFASs through the groundwater pathway
(although one, focused on two landfill sites in Canada,
was just published while revising this manuscript (Roy
et al. 2025)). As for studies addressing potential or
actual impacts on aquatic organisms, there are few
such studies regardless of the contaminant. In one of
the few examples (and the only one from Canada), the
recent work by Roy and Grapentine (2024) investigated
the use of in situ cages placed at the sediment bed to
assess potential impacts to benthic organisms exposed
to discharging groundwater plumes. Two of the three
sites investigated were historic landfills previously
reported by Propp et al. (2021) to have elevated PFASs
in the discharging leachate-impacted groundwater
plumes. While there were indications of a toxic effect
of the discharging plumes at both sites, it was not
determined what role the elevated PFASs concentra-
tions played versus those of the many other contami-
nants occurring in the leachate-impacted groundwater.

Conclusion

This review is relatively short. Clearly the scope of
the review is quite narrow - one type of contaminant
in one portion of the water cycle, focused on one sin-
gle country. Also, remediation and prevention tech-
nology development and lab-based testing are
excluded here, though such research is occurring in
Canada (e.g. Duchesne et al. 2020; Abraham et al.
2022; Battye et al. 2022; O’Connor, et al. 2023; Rowe
et al. 2023). But given (i) the globally-recognized con-
cern for PFASs contamination, exemplified by further
decreasing water quality guidelines, (ii) Canada’s
prevalent use of groundwater, which may even
expand in a future quest for drinking water with
ultra-low PFASs concentrations, and (iii) the histor-
ical strength of contaminant hydrogeology research in
Canada, it feels like there should be more high-level
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research papers to reference here. Perhaps some work
is just slow to come out; indeed, we know of several
potential papers in the pipeline. Perhaps more
research groups and funding opportunities will join
the effort soon, as new (likely lower) Canadian PFAS
guidelines and/or screening values are released. In the
least, hopefully this review makes it clear that there
are numerous knowledge gaps in the literature which
require the generation of data regarding PFASs pres-
ence in groundwater in Canada and the associated
factors affecting their influence, transport and fate.
And all of this data needs to be published.

Acknowledgements

Constructive comments from two anonymous reviewers are
greatly appreciated.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

ORCID

James W. Roy () http://orcid.org/0000-0002-1804-2917
Kela Weber () http://orcid.org/0000-0003-3577-0366
References

Abraham, Justine E. F., Kevin G. Mumford, David J. Patch,
and Kela P. Weber. 2022. “Retention of PFOS and PFOA
Mixtures by Trapped Gas Bubbles in Porous Media.”
Environmental Science & Technology 56 (22): 15489-
15498. https://doi.org/10.1021/acs.est.2c00882.

Arp, Hans Peter H., Andrea Gredelj, Juliane Gliige, Martin
Scheringer, and Ian T. Cousins. 2024. “The Global
Threat from the Irreversible Accumulation of
Trifluoroacetic Acid (TFA).” Environmental Science &
Technology 58 (45): 19925-19935. https://doi.org/10.1021/
acs.est.4c06189.

Awad, Emily, Xianming Zhang, Satyendra P. Bhavsar, Steve
Petro, Patrick W. Crozier, Eric J. Reiner, Rachael
Fletcher, et al. 2011. “Long-Term Environmental Fate of
Perfluorinated Compounds after Accidental Release at
Toronto Airport.” Environmental Science & Technology
45 (19): 8081-8089. https://doi.org/10.1021/es2001985.

Battye, Nicholas J., David J. Patch, Dylan M. D. Roberts,
Natalia M. O’Connor, Lauren P. Turner, Bernard H.
Kueper, Michael E. Hulley, et al. 2022. “Use of a Hori-
zontal Ball Mill to Remediate per- and Polyfluoroalkyl
Substances in Soil.” The Science of the Total Environment
835: 155506. Available at: https://doi.org/10.1016/j.scito-
tenv.2022.155506.

Bjornsdotter, Maria K., Leo W. Y. Yeung, Anna Kirrman,
and Ingrid Ericson Jogsten. 2019. “Ultra-Short-Chain
Perfluoroalkyl Acids Including Trifluoromethane Sulfonic
Acid in Water Connected to Known and Suspected Point

Sources in Sweden.” Environmental Science & Technology
53 (19): 11093-11101. Available at: https://doi.org/10.
1021/acs.est.9b02211.

Boone, J. Scott, Craig Vigo, Tripp Boone, Christian Byrne,
Joseph Ferrario, Robert Benson, Joyce Donohue, et al
2019. “Per- and Polyfluoroalkyl Substances in Source and
Treated Drinking Waters of the United States.” Science of
The Total Environment 653: 359-369. Available at:
https://doi.org/10.1016/j.scitotenv.2018.10.245.

Brandsma, S. H., J. C. Koekkoek, M. J. M. van Velzen, and
J. de Boer. 2019. “The PFOA Substitute GenX Detected
in the Environment near a Fluoropolymer Manufacturing
Plant in The Netherlands.” Chemosphere 220: 493-500.
Available at: https://doi.org/10.1016/j.chemosphere.2018.
12.135.

Briggs, Martin A., Andrea K. Tokranov, Robert B. Hull,
Denis R. LeBlanc, Adam B. Haynes, and John W. Lane.
2020. “Hillslope Groundwater Discharges Provide Local-
ized Stream Ecosystem Buffers from Regional per- and
Polyfluoroalkyl Substances Contamination.” Hydrological
Processes 34 (10): 2281-2291. Available at: https://doi.
org/10.1002/hyp.13752.

Buck, Robert C., James Franklin, Urs Berger, Jason M. Con-
der, Ian T. Cousins, Pim de Voogt, Allan Astrup Jensen,
et al. 2011. “Perfluoroalkyl and Polyfluoroalkyl Substan-
ces in the Environment: Terminology, Classification, and
Origins.” Integrated Environmental Assessment and Man-
agement 7 (4): 513-541. https://doi.org/10.1002/ieam.258.

Canadian Council of Ministers of the Environment
(CCME). 2021. “Canadian Soil and Groundwater Quality
Guidelines for the Protection of Environmental and
Human Health: Perfluorooctane Sulfonate (PFOS).” In
Canadian Environmental Quality Guidelines, 1999. Win-
nipeg, MB: Canadian Council of Ministers of the
Environment.

Cordner, Alissa, Phil Brown, Ian T. Cousins, Martin
Scheringer, Luc Martinon, Gary Dagorn, Raphaélle
Aubert, et al. 2024. “PFAS Contamination in Europe:
Generating Knowledge and Mapping Known and Likely
Contamination with “Expert-Reviewed” Journalism.”
Environmental Science & Technology 58 (15): 6616-6627.
https://doi.org/10.1021/acs.est.3c09746.

D’Agostino, Lisa A., and Scott A. Mabury. 2014.
“Identification of Novel Fluorinated Surfactants in Aque-
ous Film Forming Foams and Commercial Surfactant
Concentrates.” Environmental Science & Technology 48 (1):
121-129. Available at: https://doi.org/10.1021/es403729.

D’Agostino, Lisa A., and Scott A. Mabury. 2017. “Certain
Perfluoroalkyl and Polyfluoroalkyl Substances Associated
with Aqueous Film Forming Foam Are Widespread in
Canadian Surface Waters.” Environmental Science ¢
Technology 51 (23): 13603-13613. https://doi.org/10.1021/
acs.est.7b03994.

Dauchy, X. 2019. “Per- and Polyfluoroalkyl Substances
(PFASs) in Drinking Water: Current State of the Science.”
Current Opinion in Environmental Science & Health 7: 8-
12. https://doi.org/10.1016/j.coesh.2018.07.004.

Dinglasan, Mary Joyce A., Yun Ye, Elizabeth A. Edwards,
and Scott A. Mabury. 2004. “Fluorotelomer Alcohol
Biodegradation Yields Poly- and Perfluorinated Acids.”
Environmental Science & Technology 38 (10): 2857-2864.


https://doi.org/10.1021/acs.est.2c00882
https://doi.org/10.1021/acs.est.4c06189
https://doi.org/10.1021/acs.est.4c06189
https://doi.org/10.1021/es2001985
https://doi.org/10.1016/j.scitotenv.2022.155506
https://doi.org/10.1016/j.scitotenv.2022.155506
https://doi.org/10.1021/acs.est.9b02211
https://doi.org/10.1021/acs.est.9b02211
https://doi.org/10.1016/j.scitotenv.2018.10.245
https://doi.org/10.1016/j.chemosphere.2018.12.135
https://doi.org/10.1016/j.chemosphere.2018.12.135
https://doi.org/10.1002/hyp.13752
https://doi.org/10.1002/hyp.13752
https://doi.org/10.1002/ieam.258
https://doi.org/10.1021/acs.est.3c09746
https://doi.org/10.1021/es403729e
https://doi.org/10.1021/acs.est.7b03994
https://doi.org/10.1021/acs.est.7b03994
https://doi.org/10.1016/j.coesh.2018.07.004

246 J. W. ROY AND K. WEBER

https://pubs.acs.org/doi/abs/10.1021/es0350177.
doi.org/10.1021/es0350177.

Divine, C, A. Wadhawan, V. Pulikkal, P. Khambhammettu,
J. Erickson. 2023. “Polyfluoroalkyl Substances Requiring
a Renewed Focus on Groundwater-Surface Water Inter-
actions.” Groundwater Monitoring and Remediation 2023:
69. https://doi.org/10.1111/gwmr.12569.

Duchesne, Alexandra L., Joshua K. Brown, David J. Patch,
David Major, Kela P. Weber, and Jason I. Gerhard. 2020.
“Remediation of PFAS-Contaminated Soil and Granular
Activated Carbon by Smoldering Combustion.” Environ-
mental Science & Technology 54 (19): 12631-12640.
https://doi.org/10.1021/acs.est.0c03058.

Dunn, M, N. Noons, S. Vojta, J. Becanova, H. Pickard, E.M.
Sunderland, R. Lohmann. 2024. “Unregulated Active and
Closed Textile Mills Represent a Significant Vector of
PFAS Contamination into Coastal Rivers.” ACS
Environmental Science &Technology Water 4 (1): 39.
https://doi.org/10.1021/acsestwater.3c00439.

Gewurtz, Sarah B., Sean M. Backus, Amila O. De Silva,
Lutz Ahrens, Alain Armellin, Marlene Evans, Susan
Fraser, et al. 2013. “Perfluoroalkyl Acids in the Canadian
Environment: Multi-Media Assessment of Current Status
and Trends.” Environment International 59: 183-200.
https://doi.org/10.1016/j.envint.2013.05.008.

Gottschall, N., E. Topp, M. Edwards, M. Payne, S.
Kleywegt, and D. R. Lapen. 2017. “Brominated Flame
Retardants and Perfluoroalkyl Acids in Groundwater,
Tile Drainage, Soil, and Crop Grain following a High
Application of Municipal Biosolids to a Field.” Science of
The Total Environment 574: 1345-1359. https://doi.org/
10.1016/j.scitotenv.2016.08.044.

Grunfeld, D. A., D. Gilbert, J. Hou, A.M. Jones, M.]. Lee,
T.C.G. Kibbey, D.M. O’Carroll. 2024. “Underestimated
Burden of per-and Polyfluoroalkyl Substances in Global
Surface Waters and Groundwater.” Nature Geoscience
2024: 4:340-6. https://www.nature.com/articles/s41561-
024-01402-8.

Guelfo, J. L, and D. T. Adamson. 2018. “Evaluation of a
National Data Set for Insights into Sources, Composition,
and Concentrations of per- and Polyfluoroalkyl Substances
(PFASs) in U.S. drinking Water.” Environmental Pollution
236: 505-513. https://doi.org/10.1016/j.envpol.2018.01.066.

Hatton, J., C. Holton, and B. DiGuiseppi. 2018. “Occurrence
and Behavior of per- and Polyfluoroalkyl Substances from
Aqueous Film-Forming Foam in Groundwater Systems.”
Remediation 28: 89-99. https://doi.org/10.1002/rem.21552.

Health Canada. 2018a. “Guidelines for Canadian Drinking
Water Quality: Guideline Technical Document -
Perfluorooctane Sulfonate (PFOS).” Water and Air
Quality Bureau, Healthy Environments and Consumer
Safety Branch, Health Canada, Ottawa, Ontario. Accessed
June 15, 2021. https://www.canada.ca/content/dam/canada/
healthcanada/migration/healthy-canadians/publications/
healthy-living-vie-saine/guidelines-canadian-drinkingwater-
quality-guideline-technical-document-perfluorooctane-sul-
fonate/PFOS%202018-1130%20ENG.pdf.

Health Canada. 2018b. “Guidelines for Canadian Drinking
Water Quality: Guideline Technical Document — Perfluor-
ooctanoic Acid (PFOA).” Water and Air Quality Bureau,
Healthy Environments and Consumer Safety Branch,
Health Canada, Ottawa, Ontario. Accessed June 15, 2021.

https://

https://www.canada.ca/content/dam/hc-sc/documents/services/
publications/healthy-living/guidelines-canadian-drinking-
water-quality-technical-documentperfluorooctanoic-acid/
document/PFOA_2018-1130-eng.pdf.

Health Canada. 2019. “Updates to Health Canada Soil
Screening Values for Perfluoroalkylated Substances
(PFAS).” May 2019. Prepared by HC Contaminated Sites
Division. Ottawa, Ontario. Available upon request to cs-
sc@hc-sc.ge.ca.

Health Canada. 2024. “Objective for Canadian Drinking
Water Quality per- and Polyfluoroalkyl Substances.”
Accessed August 2024. https://www.canada.ca/en/health-
canada/services/publications/healthy-living/objective-drink-
ing-water-quality-per-polyfluoroalkyl-substances.html.

Hendricks, J., 1953. “Industrial Fluorochemicals.

Hoffman, Kate, Thomas F. Webster, Scott M. Bartell,
Marc G. Weisskopf, Tony Fletcher, and Verénica M.
Vieira. 2011. “Private Drinking Water Wells as a Source
of Exposure to Perfuorooctanoic Acid (PFOA) in Com-
munities Surrounding a Fluoropolymer Production Facil-
ity.” Environmental Health Perspectives 119 (1): 92-97.
https://doi.org/10.1289/ehp.1002503.

Hu, Xindi C., David Q. Andrews, Andrew B. Lindstrom,
Thomas A. Bruton, Laurel A. Schaider, Philippe
Grandjean, Rainer Lohmann, et al. 2016. “Detection of
Poly- and Perfluoroalkyl Substances (PFASs) in U.S.
Drinking Water Linked to Industrial Sites, Military Fire
Training Areas, and Wastewater Treatment Plants.”
Environmental Science & Technology Letters 3 (10): 344-
350. https://doi.org/10.1021/acs.estlett.6b00260.

Huang, Shan, and Peter R. Jaffé. 2019. “Defluorination of
Perfluorooctanoic Acid (PFOA) and Perfluorooctane
Sulfonate (PFOS) by Acidimicrobium sp. Strain A6.”
Environmental Science & Technology 53 (19): 11410-
11419. https://doi.org/10.1021/acs.est.9b04047.

Johnson, Gwynn R., Mark L. Brusseau, Kenneth C. Carroll,
Geoffrey R. Tick, and Candice M. Duncan. 2022. “Global
Distributions, Source-Type Dependencies, and Concen-
tration Ranges of per- and Polyfluoroalkyl Substances in
Groundwater.” Science of the Total Environment 841:
156602. Available at: https://doi.org/10.1016/j.scitotenv.
2022.156602.

Key, B. D., R. D. Howell, and C. S. Criddle. 1997.
“Fluorinated Organics in the Biosphere.” Environmental
Science ¢ Technology 31Available at: (9): 2445-2454.
https://doi.org/10.1021/es961007c.

Kleywegt, Sonya, Melanie Raby, Stephanie McGill, and Paul
Helm. 2020. “The Impact of Risk Management Measures
on the Concentrations of per- and Polyfluoroalkyl Substan-
ces in Source and Treated Drinking Waters in Ontario,
Canada.” Science of the Total Environment 748: 141195.
https://doi.org/10.1016/j.scitotenv.2020.141195.

Kurwadkar, Sudarshan, Jason Dane, Sushil R. Kanel,
Mallikarjuna N. Nadagouda, Ryan W. Cawdrey, Balram
Ambade, Garrett C. Struckhoff, et al. 2022. “Per- and
Polyfluoroalkyl Substances in Water and Wastewater: A
Critical Review of Their Global Occurrence and
Distribution.” Science of the Total Environment 809:
151003. https://doi.org/10.1016/j.scitotenv.2021.151003.

Li, Belinda, Monica N. Danon-Schaffer, Loretta Y. Li,
Michael G. Ikonomou, and John R. Grace. 2012.
“Occurrence of PFCs and PBDEs in Landfill Leachates


https://pubs.acs.org/doi/abs/10.1021/es0350177
https://doi.org/10.1021/es0350177
https://doi.org/10.1021/es0350177
https://doi.org/10.1111/gwmr.12569
https://doi.org/10.1021/acs.est.0c03058
https://doi.org/10.1021/acsestwater.3c00439
https://doi.org/10.1016/j.envint.2013.05.008
https://doi.org/10.1016/j.scitotenv.2016.08.044
https://doi.org/10.1016/j.scitotenv.2016.08.044
https://www.nature.com/articles/s41561-024-01402-8
https://www.nature.com/articles/s41561-024-01402-8
https://doi.org/10.1016/j.envpol.2018.01.066
https://doi.org/10.1002/rem.21552
https://www.canada.ca/content/dam/canada/healthcanada/migration/healthy-canadians/publications/healthy-living-vie-saine/guidelines-canadian-drinkingwater-quality-guideline-technical-document-perfluorooctane-sulfonate/PFOS%202018-1130%20ENG.pdf
https://www.canada.ca/content/dam/canada/healthcanada/migration/healthy-canadians/publications/healthy-living-vie-saine/guidelines-canadian-drinkingwater-quality-guideline-technical-document-perfluorooctane-sulfonate/PFOS%202018-1130%20ENG.pdf
https://www.canada.ca/content/dam/canada/healthcanada/migration/healthy-canadians/publications/healthy-living-vie-saine/guidelines-canadian-drinkingwater-quality-guideline-technical-document-perfluorooctane-sulfonate/PFOS%202018-1130%20ENG.pdf
https://www.canada.ca/content/dam/canada/healthcanada/migration/healthy-canadians/publications/healthy-living-vie-saine/guidelines-canadian-drinkingwater-quality-guideline-technical-document-perfluorooctane-sulfonate/PFOS%202018-1130%20ENG.pdf
https://www.canada.ca/content/dam/canada/healthcanada/migration/healthy-canadians/publications/healthy-living-vie-saine/guidelines-canadian-drinkingwater-quality-guideline-technical-document-perfluorooctane-sulfonate/PFOS%202018-1130%20ENG.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/healthy-living/guidelines-canadian-drinking-water-quality-technical-documentperfluorooctanoic-acid/document/PFOA_2018-1130-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/healthy-living/guidelines-canadian-drinking-water-quality-technical-documentperfluorooctanoic-acid/document/PFOA_2018-1130-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/healthy-living/guidelines-canadian-drinking-water-quality-technical-documentperfluorooctanoic-acid/document/PFOA_2018-1130-eng.pdf
https://www.canada.ca/content/dam/hc-sc/documents/services/publications/healthy-living/guidelines-canadian-drinking-water-quality-technical-documentperfluorooctanoic-acid/document/PFOA_2018-1130-eng.pdf
https://www.canada.ca/en/health-canada/services/publications/healthy-living/objective-drinking-water-quality-per-polyfluoroalkyl-substances.html
https://www.canada.ca/en/health-canada/services/publications/healthy-living/objective-drinking-water-quality-per-polyfluoroalkyl-substances.html
https://www.canada.ca/en/health-canada/services/publications/healthy-living/objective-drinking-water-quality-per-polyfluoroalkyl-substances.html
https://doi.org/10.1289/ehp.1002503
https://doi.org/10.1021/acs.estlett.6b00260
https://doi.org/10.1021/acs.est.9b04047
https://doi.org/10.1016/j.scitotenv.2022.156602
https://doi.org/10.1016/j.scitotenv.2022.156602
https://doi.org/10.1021/es961007c
https://doi.org/10.1016/j.scitotenv.2020.141195
https://doi.org/10.1016/j.scitotenv.2021.151003

CANADIAN WATER RESOURCES JOURNAL / REVUE CANADIENNE DES RESSOURCES HYDRIQUES e 247

from across Canada.” Water, Air, & Soil Pollution 223 (6):
3365-3372. https://doi.org/10.1007/s11270-012-1115-7.

Lindstrom, Andrew B., Mark J. Strynar, Amy D. Delinsky,
Shoji F. Nakayama, Larry McMillan, E. Laurence Libelo,
Michael Neill, et al. 2011. “Application of WWTP
Biosolids and Resulting Perfluorinated Compound
Contamination of Surface and Well Water in Decatur,
Alabama, USA.” Environmental Science ¢ Technology 45
(19): 8015-8021. https://doi.org/10.1021/es1039425.

Liu, Min, Gabriel Munoz, Sung Vo Duy, Sébastien Sauvé, and
Jinxia Liu. 2022. “Per- and Polyfluoroalkyl Substances in
Contaminated Soil and Groundwater at Airports: A Canad-
ian Case Study.” Environmental Science ¢ Technology 56
(2): 885-895. https://doi.org/10.1021/acs.est.1c04798.

Martin, Déborah, Gabriel Munoz, Sandra Mejia-Avendano,
Sung Vo Duy, Yuan Yao, Konstantin Volchek, Carl E.
Brown, et al. 2019. “Zwitterionic, Cationic, and Anionic
Perfluoroalkyl and Polyfluoroalkyl Substances Integrated
into Total Oxidizable Precursor Assay of Contaminated
Groundwater.” Talanta 195: 533-542. https://doi.org/10.
1016/j.talanta.2018.11.093.

McFarlan, E.L., L.D. Lemke. 2024. “Per- and polyfluoroalkyl
substances (PFAS) fate and transport across a ground-
water-surface water interface” Science of the Total
Environment 951: 175672 https://doi.org/10.1016/j.scito-
tenv.2024.175672.

Meyer, Torsten, Amila O. De Silva, Christine Spencer, and
Frank Wania. 2011. “Fate of Perfluorinated Carboxylates
and Sulfonates during Snowmelt within an Urban
Watershed.” Environmental Science & Technology 45
(19): 8113-8119. https://doi.org/10.1021/es200106q.

Michigan PFAS Action Response Team. 2025. Accessed
May 8, 2025. https://www.michigan.gov/pfasresponse.

Mifkovic, M., D. J. Van Hoomissen, and S. Vyas. 2022.
“Conformational Distributions of Helical Perfluoroalkyl
Substances and Impacts in Stability.” Journal of
Computational Chemistry 43 (24): 1656-1661. https://
pubmed.ncbi.nlm.nih.gov/35869846/.  https://doi.org/10.
1002/jcc.26967.

Milley, Shawn A., Iris Koch, Patricia Fortin, Jeremy Archer,
David Reynolds, and Kela P. Weber. 2018. “Estimating
the Number of Airports Potentially Contaminated with
Perfluoroalkyl and Polyfluoroalkyl Substances from
Aqueous Film Forming Foam: A Canadian Example.”
Journal of Environmental Management 222: 122-131.
https://doi.org/10.1016/j.jenvman.2018.05.028.

[MELCC] Ministere de I'environement et de la lutte contre
les changements climatiques. 2022. “Composés Perfluorés
Dans L’eau Potable au Québec.” Composés perfluorés
I'eau potable au Québec: Suivis réalisés de 2016 a 2021
(gouv.qgc.ca).

Moody, Cheryl A., Jonathan W. Martin, Wai Chi Kwan,
Derek C. G. Muir, and Scott A. Mabury. 2002.
“Monitoring Perfluorinated Surfactants in Biota and Sur-
face Water Samples following an Accidental Release of
Fire-Fighting Foam into Etobicoke Creek.” Environmental
Science & Technology 36 (4): 545-551. Available at:
https://doi.org/10.1021/es011001+.

Moody, C. A, and J. A. Field. 1999. “Determination of
Perfluorocarboxylates in Groundwater Impacted by Fire-
Fighting Activity.” Environmental Science and Technology
34(16): 33. https://doi.org/10.1021/es981355+.

Munoz, Gabriel, Min Liu, Sung Vo Duy, Jinxia Liu, and
Sébastien Sauvé. 2023. “Target and Nontarget Screening
of PFAS in Drinking Water for a Large-Scale Survey of
Urban and Rural Communities in Québec, Canada.”
Water Research 233: 119750. https://doi.org/10.1016/j.
watres.2023.119750.

Nakayama, Shoji F., Mitsuha Yoshikane, Yu Onoda, Yukiko
Nishihama, Miyuki Iwai-Shimada, Mai Takagi, Yayoi
Kobayashi, et al. 2019. “Worldwide Trends in Tracing
Poly- and Perfluoroalkyl Substances (PFAS) in the
Environment.”  Trends in Analytical Chemistry 121:
115410. https://doi.org/10.1016/j.trac.2019.02.011.

O’Connor, N, D. Patch, D. Noble, J. Scott, I. Koch, K.G.
Mumford, K. Weber. 2023. “Forever no More: Complete
Mineralization of per- and Polyfluoroalkyl Substances
(PFAS) Using an Optimized UV/Sulfite/Iodide System.”
Science of the Total Environment 888: 137. https://doi.
org/10.1016/j.scitotenv.2023.164137.

O’Carroll, Denis M., Thomas C. Jeffries, Matthew J. Lee,
Song Thao Le, Anna Yeung, Sarah Wallace, and Nick
Battye. 2020. "Developing a roadmap to determine per-
andpolyfluoroalkyl substancesmicrobialpopulation interac-
tions." Science of the Total Environment 712 135994
https://doi.org/10.1016/j.scitotenv.2019.135994.

Patch, David, Natalia O’Connor, Ellie Ahmed, Erika Houtz,
Michael Bentel, Ian Ross, Jennifer Scott, et al. 2024a.
“Advancing PFAS Characterization: Development and
Optimization of a UV-H202-TOP Assay for Improved
PFCA Chain Length Preservation and Organic Matter
Tolerance.” Science of the Total Environment 946:
174079. https://doi.org/10.1016/j.scitotenv.2024.174079.

Patch, David, Natalia O’Connor, Taylor Vereecken, Daniel
Murphy, Gabriel Munoz, Ian Ross, Caitlin Glover, et al
2024b. “Advancing PFAS Characterization: Enhancing
the Total Oxidizable Precursor Assay with Improved
Sample Processing and UV Activation.” Science of the
Total Environment 909: 168145. https://doi.org/10.1016/j.
scitotenv.2023.168145.

Pétré, M.-A., K. R. Salk, H. M. Stapleton, P. L. Ferguson,
G. Tait, D. R. Obenour, D. R. U. Knappe, et al. 2022.
“Per- and Polyfluoroalkyl Substances (PFAS) in River
Discharge: Modeling Loads Upstream and Downstream
of a PFAS Manufacturing Plant in the Cape Fear
Watershed, North Carolina.” Science of the Total
Environment 831: 154763. https://doi.org/10.1016/j.scito-
tenv.2022.154763.

Propp, Victoria R., Amila O. De Silva, Christine Spencer,
Susan J. Brown, Sara D. Catingan, James E. Smith,
James W. Roy. 2021. “Organic Contaminants of
Emerging Concern in Leachate of Historic Municipal
Landfills.” Environmental Pollution 276: 116474. https://
doi.org/10.1016/j.envpol.2021.116474.

Qi, Z, Y. Cao, D. Li, C. Wu, K. Wu, Y. Song, Z. Huang,
et al. 2024. “Nontarget Analysis of Legacy and Emerging
PFAS in a Lithium-Ion Power Battery Recycling Park
and Their Possible Toxicity Measured Using High-
Throughput Phenotype Screening.” Environmental Sci-
ence & Technology 58 (32): 14530-14540. https://doi.org/
10.1021/acs.est.4c03552.

Roberts, D. 2025. “Identification and Quantification of
Potential Sources of Per and Polyfluoroalkyl Substance
(PFAS) Contamination in Ontario.” M.Sc. thesis, Royal


https://doi.org/10.1007/s11270-012-1115-7
https://doi.org/10.1021/es1039425
https://doi.org/10.1021/acs.est.1c04798
https://doi.org/10.1016/j.talanta.2018.11.093
https://doi.org/10.1016/j.talanta.2018.11.093
https://doi.org/10.1016/j.scitotenv.2024.175672
https://doi.org/10.1016/j.scitotenv.2024.175672
https://doi.org/10.1021/es200106q
https://www.michigan.gov/pfasresponse
https://pubmed.ncbi.nlm.nih.gov/35869846/
https://pubmed.ncbi.nlm.nih.gov/35869846/
https://doi.org/10.1002/jcc.26967
https://doi.org/10.1002/jcc.26967
https://doi.org/10.1016/j.jenvman.2018.05.028
https://doi.org/10.1021/es011001
https://doi.org/10.1021/es981355
https://doi.org/10.1016/j.watres.2023.119750
https://doi.org/10.1016/j.watres.2023.119750
https://doi.org/10.1016/j.trac.2019.02.011
https://doi.org/10.1016/j.scitotenv.2023.164137
https://doi.org/10.1016/j.scitotenv.2023.164137
https://doi.org/10.1016/j.scitotenv.2019.135994
https://doi.org/10.1016/j.scitotenv.2024.174079
https://doi.org/10.1016/j.scitotenv.2023.168145
https://doi.org/10.1016/j.scitotenv.2023.168145
https://doi.org/10.1016/j.scitotenv.2022.154763
https://doi.org/10.1016/j.scitotenv.2022.154763
https://doi.org/10.1016/j.envpol.2021.116474
https://doi.org/10.1016/j.envpol.2021.116474
https://doi.org/10.1021/acs.est.4c03552
https://doi.org/10.1021/acs.est.4c03552

248 J. W. ROY AND K. WEBER

Military College of Canada. https://espace.rmc.ca/jspui/
handle/11264/2.

Rowe, R. K., F. B. Barakat, D. Patch, and K. Weber. 2023.
“Diffusion and Partitioning of Different PFAS
Compounds through Thermoplastic Polyurethane and
Three Different PVC-EIA Liners.” Science of the Total
Environment 892: 164229. https://doi.org/10.1016/j.scito-
tenv.2023.164229.

Roy, J. W, and L. Grapentine. 2024. “Insights into In Situ
Benthic Caging Tests for Ecotoxicity Assessments Target-
ing Discharging Groundwater Contaminant Plumes.”
Archives of Environmental Contamination and Toxicology
87 (1): 78-93. https://doi.org/10.1007/s00244-024-01075-9.

Roy, J. W,, and G. Bickerton. 2010. “Proactive Screening
Approach for Detecting Groundwater Contaminants
along Urban Streams at the Reach-Scale.” Environmental
Science & Technology 44 (16): 6088-6094. https://doi.org/
10.1021/es101492x.

Roy, J. W, V. R. Propp, T. Hua, S. ]J. Brown, C. Brinovcar,
J. E. Smith, A. O. De Silva. 2025. “Per-and Poly-
Fluoroalkyl Substances (PFAS) Contamination of Surface
Waters by Historic Landfills via Groundwater Plumes:
Ecosystem Exposure and Downstream Mass Loading.”
Environmental Science: Processes ¢ Impacts 27 (4): 1074-
1087. https://pubs.rsc.org/en/content/articlehtml/2025/em/
d4em00612g. https://doi.org/10.1039/d4em00612g.

Ruyle, Bridger J., Heidi M. Pickard, Denis R. LeBlanc,
Andrea K. Tokranov, Colin P. Thackray, Xindi C. Hu,
Chad D. Vecitis, et al. 2021. “Isolating the AFFF Signature
in Coastal Watersheds Using Oxidizable PFAS Precursors
and Unexplained Organofluorine.” Environmental Science
& Technology 55 (6): 3686-3695. https://doi.org/10.1021/
acs.est.0c07296.

Ruyle, Bridger J.,, Colin P. Thackray, Craig M. Butt,
Denis R. LeBlanc, Andrea K. Tokranov, Chad D. Vecitis,
Elsie M. Sunderland, et al. 2023. “Centurial Persistence
of Forever Chemicals at Military Fire Training Sites.”
Environmental Science ¢ Technology 57 (21): 8096-8106.
Available at: https://doi.org/10.1021/acs.est.3c00675.

Salvatore, Derrick, Kira Mok, Kimberly K. Garrett, Grace
Poudrier, Phil Brown, Linda §S. Birnbaum, Gretta
Goldenman, et al. 2022. “Presumptive Contamination: A
New Approach to PFAS Contamination Based on Likely
Sources.” Environmental Science ¢ Technology Letters 9
(11): 983-990. Available at: https://doi.org/10.1021/acs.
estlett.2c00502.

Sauvé, S, B. Barbeau, M.F. Bouchard, M-A. Verner, J. Liu.
2023. “How Should We Interpret the New Water Quality
Regulations for Per- and Polyfluoroalkyl Substances?”
ACS Environmental Science &Technology Water 3 (9):
217. https://doi.org/10.1021/acsestwater.3c00217.

Schaider, L. A., J. M. Ackerman, and R. A. Rudel. 2016.
“Septic Systems as Sources of Organic Wastewater
Compounds in Domestic Drinking Water Wells in a
Shallow Sand and Gravel Aquifer.” Science of The Total
Environment 547: 470-481. https://doi.org/10.1016/j.scito-
tenv.2015.12.081.

Schroeder, T., D. Bond, and J. Foley. 2021. “PFAS Soil and
Groundwater Contamination: Via Industrial Airborne
Emission and Land Deposition in SW Vermont and
Eastern New York State, USA.” Environmental Science:

Processes and Impacts 23 (2): 27. https://doi.org/10.1039/
d0em00427h.

Scott, Brian F., Christine Spencer, Emma Lopez, and
Derek C. G. Muir. 2009. “Perfluorinated Alkyl Acid
Concentrations in Canadian Rivers and Creeks.” Water
Quality Research Journal 44 (3): 263-277. https://doi.org/
10.2166/wqrj.2009.028.

Sharifan, Hamidreza, Majid Bagheri, Dan Wang, Joel G.
Burken, Christopher P. Higgins, Yanna Liang, Jinxia Liu,
et al. 2021. “Fate and Transport of per- and
Polyfluoroalkyl Substances (PFASs) in the Vadose Zone.”
Science of the Total Environment 771: 145427. https://doi.
org/10.1016/j.scitotenv.2021.145427.

Simon, J. A. 2020. “Editor’s Perspective—Just How Large is
the PFAS Problem?” Remediation Journal 30: (2): 3-4.
https://doi.org/10.1002/rem.21643.

Smart, Bruce E. 1994. “Characteristics of CF systems.” In
Organofluorine Chemistry: Principles and commercial
applications, pp. 57-88. Boston, MA: Springer US.

De Silva, Amila O., James M. Armitage, Thomas A. Bruton,
Clifton Dassuncao, Wendy Heiger-Bernays, Xindi C. Hu,
Anna Karrman, et al. 2021. “PFAS Exposure Pathways
for Humans and Wildlife: A Synthesis of Current
Knowledge and Key Gaps in Understanding.”
Environmental Toxicology and Chemistry 40: (3): 631-
657. https://doi.org/10.1002/etc.4935.

de Solla, S. R, A. O. de Silva, and R. J. Letcher. 2012.
“Highly Elevated Levels of Perfluorooctane Sulfonate and
Other Perfluorinated Acids Found in Biota and Surface
Water Downstream of an International Airport,
Hamilton, Ontario, Canada.” Environment International
39 (1): 19-26. Available at: https://doi.org/10.1016/j.
envint.2011.09.011.

Subedi, Bikram, Neculai Codru, David M. Dziewulski,
Lloyd R. Wilson, Jingchuan Xue, Sehun Yun, Ellen
Braun-Howland, et al. 2015. “A Pilot Study on the
Assessment of Trace Organic Contaminants Including
Pharmaceuticals and Personal Care Products from on-
Site Wastewater Treatment Systems along Skaneateles
Lake in New York State, USA.” Water Research 72: 28-
39. https://doi.org/10.1016/j.watres.2014.10.049.

Sunderland, Elsie M., Xindi C. Hu, Clifton Dassuncao,
Andrea K. Tokranov, Charlotte C. Wagner, and
Joseph G. Allen. 2019. “A Review of the Pathways of
Human Exposure to Poly- and Perfluoroalkyl Substances
(PFASs) and Present Understanding of Health Effects.”
Journal — of  Exposure Science &  Environmental
Epidemiology 29: (2): 131-147. https://doi.org/10.1038/
s41370-018-0094-1.

Tighe, Meghanne, Yukun Jin, Heather D. Whitehead,
Kathleen Hayes, Marya Lieberman, Meeta Pannu,
Megan H. Plumlee, et al. 2021. “Screening for Per- and
Polyfluoroalkyl ~Substances in Water with Particle
Induced Gamma-Ray Emission Spectroscopy.” ACS
Environmental Science ¢ Technology Water 1 (12): 2477-
2484. https://doi.org/10.1021/acsestwater.1c00215.

Tokranov, AK., D.R. LeBlanc, H.M. Pickard, B.J. Ruyle,
L.B. Barber, RB. Hull, EM. Sunderland, C.D. Vecitis.
2021. “Surface-water/groundwater boundaries affect sea-
sonal PFAS concentrations and PFAA precursor trans-
formations.” Environmental Science Processes and Impacts
23 (12), 1893-1905. https://doi.org/10.1039/d1em00329a.


https://espace.rmc.ca/jspui/handle/11264/2
https://espace.rmc.ca/jspui/handle/11264/2
https://doi.org/10.1016/j.scitotenv.2023.164229
https://doi.org/10.1016/j.scitotenv.2023.164229
https://doi.org/10.1007/s00244-024-01075-9
https://doi.org/10.1021/es101492x
https://doi.org/10.1021/es101492x
https://pubs.rsc.org/en/content/articlehtml/2025/em/d4em00612g
https://pubs.rsc.org/en/content/articlehtml/2025/em/d4em00612g
https://doi.org/10.1039/d4em00612g
https://doi.org/10.1021/acs.est.0c07296
https://doi.org/10.1021/acs.est.0c07296
https://doi.org/10.1021/acs.est.3c00675
https://doi.org/10.1021/acs.estlett.2c00502
https://doi.org/10.1021/acs.estlett.2c00502
https://doi.org/10.1021/acsestwater.3c00217
https://doi.org/10.1016/j.scitotenv.2015.12.081
https://doi.org/10.1016/j.scitotenv.2015.12.081
https://doi.org/10.1039/d0em00427h
https://doi.org/10.1039/d0em00427h
https://doi.org/10.2166/wqrj.2009.028
https://doi.org/10.2166/wqrj.2009.028
https://doi.org/10.1016/j.scitotenv.2021.145427
https://doi.org/10.1016/j.scitotenv.2021.145427
https://doi.org/10.1002/rem.21643
https://doi.org/10.1002/etc.4935
https://doi.org/10.1016/j.envint.2011.09.011
https://doi.org/10.1016/j.envint.2011.09.011
https://doi.org/10.1016/j.watres.2014.10.049
https://doi.org/10.1038/s41370-018-0094-1
https://doi.org/10.1038/s41370-018-0094-1
https://doi.org/10.1021/acsestwater.1c00215
https://doi.org/10.1039/d1em00329a

CANADIAN WATER RESOURCES JOURNAL / REVUE CANADIENNE DES RESSOURCES HYDRIQUES e 249

U.S. Environmental Protection Agency (US EPA). 2024.
“PFAS National Primary Drinking Water Regulation.”
Federal Register 89 FR 32532 April 26, 2024.

U.S. Environmental Protection Agency (US EPA). 2023.
“Method 1633 - Analysis of Per- and Polyfluoroalkyl
Substances (PFAS) in Aqueous, Solid, Biosolids, and
Tissue Samples by LC-MS/MS.” EPA 821-R-24-001.

Weber, Andrea K., Larry B. Barber, Denis R. LeBlanc,

Elsie M. Sunderland, and Chad D. Vecitis. 2017.
“Geochemical and Hydrologic Factors Controlling
Subsurface Transport of Poly- and Perfluoroalkyl

»

Substances, Cape Cod, Massachusetts.” Environmental
Science & Technology 51 (8): 4269-4279. https://doi.org/
10.1021/acs.est.6b05573.

Weber, K. P, D. Roberts, and I. Koch., May 2023.
“Identifying Ontario Groundwater PFAS Sources as a
Threat to Laurentian Great Lakes.” Presentation to

International Association of Great Lakes Research
(IAGLR).

Xia, Chunjie, Staci L. Capozzi, Kevin A. Romanak,
Daniel C. Lehman, Alice Dove, Violeta Richardson,
Tracie Greenberg, et al. 2024. “The Ins and Outs of Per-
and Polyfluoroalkyl Substances in the Great Lakes: The
Role of Atmospheric Deposition.” Environmental Science
& Technology 58 (21): 9303-9313. https://doi.org/10.
1021/acs.est.3¢10098.

Young, Robert B., Nasim E. Pica, Hamidreza Sharifan,
Huan Chen, Holly K. Roth, Greg T. Blakney, Thomas
Borch, et al. 2022. “PFAS Analysis with Ultrahigh
Resolution 21T FT-ICR MS: Suspect and Nontargeted
Screening with Unrivaled Mass Resolving Power and
Accuracy.” Environmental Science ¢ Technology 56 (4):

2455-2465. https://doi.org/10.1021/acs.est.1c08143.


https://doi.org/10.1021/acs.est.6b05573
https://doi.org/10.1021/acs.est.6b05573
https://doi.org/10.1021/acs.est.3c10098
https://doi.org/10.1021/acs.est.3c10098
https://doi.org/10.1021/acs.est.1c08143

	Per- and polyfluoroalkyl substances (PFASs) contamination of groundwater in Canada: a (too) short review
	Abstract
	Introduction
	PFAS contamination of groundwater in Canada
	Who is contributing to these Canadian studies?
	What information is still missing?
	What is the state of PFASs in groundwater-sourced drinking water across the country?
	What are background PFASs concentrations for groundwater in Canada?
	What is the prevalence and distribution of the various known and possibly unknown PFASs sources to groundwater?
	How important is groundwater transport of PFASs to surface waters and aquatic ecosystems?

	Conclusion
	Acknowledgements
	Disclosure statement
	Orcid
	References


