Intro (00:01):

Welcome to Earthly, a Clemson University podcast discussing issues of agriculture, horticulture, nature,
and design, impacting the world nation, state of South Carolina, and even your home. Here's your host,
Jonathan Vet.

Jonathan (00:15):

The Environmental Protection Agency recently announced new drinking water limits on a category of
chemicals called polyfluoroalkyl substances, or PFAS. These chemicals are found in thousands of
products that we use every day, such as plastics, Teflon waterproofing, fire retardant, and others, but
they're also known as forever chemicals because they accumulate rather than breakdown in the
environment and human body, and can cause health problems such as cancer, liver damage, low birth
weight, and birth defects. A recent report by USA Today showed that 608 water systems across the
country have detected PFAS, including some in South Carolina. Another report in the Charleston Post
and Courier said freshwater fishermen are being warned to reduce their fish consumption because of
PFAS.

Jonathan (01:02):

Today on Earthly, | talk with Clemson Environmental Engineering Associate Professor Ezra Cates about
PFAS and their impacts. Cates will also tell us about some innovative techniques and technologies his lab
is developing to treat drinking water tainted with PFAS.

Jonathan (01:17):

Ezra, thanks for joining me on Earthly. Let's start by talking about what these so-called Forever
Chemicals are and where they come from.

Ezra (01:26):

So, PFAS, is an acronym for polyfluoroalky substances. And they're unique because of a bond between
carbon and fluorine. So, we are carbon based life forms, and we have, we're around a lot of carbon
based molecules on the surface of this planet. So these organic compounds that we are very
accustomed to are chains of carbon atoms, and they're bonded to other elements. Sort of like leaves on
a tree branch, and those can be oxygen or nitrogen, but predominantly hydrogen. So organic molecules,
mostly carbon and hydrogen. But these PFAS have fluorine atoms that are replacing some or all of the
hydrogen atoms, which is very unusual. So it doesn't occur in nature. It only occurs in these synthetic
molecules.

Jonathan (02:19):

So, Ezra, my understanding is there are like 12,000 PFAS, but there are very few that are being
regulated. Talk about that a little bit.

Ezra (02:27):

Well,it's a practical approach, | believe. So, the EPA has selected, first of all the ones that are most well
studied, and the couple that are, are most likely to be detected. And, you know, PFAS do tend to come
in a lot of applications. They come as cocktails, notone particular pure PFAS form. And so we don't
know, in most cases, we don't know all the PFAS that are present in particular water sample because the
analytical chemistry is, is kind of limiting. So EPA has selected these based on the ones that we know
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how to analyze. But when it comes to treatment, we know that the methods we use to treat the ones
that are regulated are also effective to the kind of background or, or all these other unknown ones. and
so if you take out the ones that apply to the drinking water standard and you actually comply with the
regulation, you're likely to remove most other PFAS at the same time. And that's similar to how the
disinfection byproduct rule was implemented in the 1990s. You have also have a case there where the,
regulation mentions a few disinfection byproducts, even though there's hundreds of them of concern. If
you reduce the generation of a few of them, then it's been shown that overall you have a much lower
concentration.

Jonathan (03:50):

So what makes them forever? Like, why are they so hard to break down?

Ezra (03:55):

So the, this carbon fluorine bond is, is very strong. It's one of the strongest covalent bonds known to
chemistry, which means in order to convert the carbon fluorine bond into something more natural, like
break it down into CO2 and fluoride, it takes a lot of energy. And on top of that, the fluorine kind of acts
like a shield around these carbon chains, which, is difficult to access some of these bonds due to that
high electron density. And on top of that, you know, these are compounds that have only been around
for, you know, 70 or so years. And so microbes haven't had a chance to evolve enzymes to break down
PFAS in the environment. And we're still not sure if that's even possible to do to, you know, any great
extent since the bond is so strong.

Jonathan (04:46):

Bring us back to chemistry class. What is a covalent bond?

Ezra (04:50):

That's a bond between two atoms where they share electrons in their electron orbitals. And it's the type
of bond that organic molecules are made up of. So they're, they're fairly strong and they require usually
energy input to break them down, such as, you know, when we have a campfire and combustion and
there's heat involved that break things down, or alternatively, enzymes in our bodies or microorganisms
can catalyze, reactions that break covalent bonds.

Jonathan (05:20):

So, | know that researchers at Clemson are investigating the connection between PFAS and the difficulty
some people have in maintaining a healthy weight. What are some other human health risks from PFAS?

Ezra (05:33):

They seem to be wide ranging, and we're still, learning about them. but it can include an increased risk
of certain cancers, and that includes kidney cancer, testicular cancer, prostate cancer, as you
mentioned, can affect cholesterol and obesity. And then additionally, there's, developmental issues, so
concerns for pregnant women and developing embryos including, low birth weight and, and birth
defects. And the list kind of goes on and there's really two levels of exposure. So more acute exposure
and contamination has been associated with cancer clusters and, and serious birth defects, whereas the
lower levels of contamination that most of us might be exposed to, it's gonna be evident more ona
population-wide basis. Not so much something that | might be concerned with unless | was a pregnant
woman or expecting father.
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Jonathan (06:30):

| know you're not a medical doctor, but do we know why these chemicals are having these health
effects?

Ezra (06:36):

They have surfactant properties, which means they can kind of slide their way through certain
membranes and into certain tissues in a manner that other compounds cannot and then cause
disruptions. And they also appear to serve as endocrine receptors and, either mimic or disrupt the
function of, hormones in our bodies.

Jonathan (06:58):

It sounds like they're using a lot of products, particularly products that need to remain slippery or water
resistant, Teflon and ski wax and rain gear. What about these chemicals makes them so useful in those
in other applications?

Ezra (07:14):

So Teflon is a polymer of PFAS or polytetrafluoroethylene. So it's a solid plastic and, it's what's used, to
make the non-stick cookware, but also, goretex apparel and a lot of the, stain repellent applications,
PTFE or, Teflon itself is solid and, and insoluble. so it can't actually get into our bloodstream. So
technically it's not, a health hazard. However, when it's manufactured, it's made using PFAS reactants as
a precursor, and some of those reactants, stay behind sort of embedded in the plastic and can leach out
over time. So anytime you have Teflon products there can be potential trace contamination of PFAS on
them. Teflon is also a widely used dry lubricant. So | believe that's why it's used in the ski wax and things
like that. But then we also have this whole range of products that don't use Teflon, but use actual
molecular PFAS additives in order to adjust certain properties.

Ezra (08:20):

So, fast food packaging in order to make it repel grease can include PFAS until | believe it was actually
recently. The EPA is cracking down on that as well. It's used in the pulping process for paper, we
discovered. So most papers contaminated with certain amounts of PFAS and apparently particularly
recycled paper, which is unfortunate. And then, the other main application that has led to exposure is
the use in firefighting foams for controlling fuel fires. So military installations that involve air fields, oil
refineries, they've all relied on these concentrated mixtures of PFAS that are very effective at safely
putting out fuel fires. but the fire training exercises and testing of these systems has resulted in
stormwater and groundwater contamination.

Jonathan (09:13):

Ezra, why are PFAS so effective at putting out fires?

Ezra (09:18):

Well, there's a couple reasons. one is the strong carbon fluorine bond, makes these, flame retardant or,
or resistant to burning. So if you're gonna put a fire out with something, you don't want it to catch on
fire itself. So these don't burn easily. But also it's the way they interact with water. They tend to have
these surfactant properties where they partition onto air water interfaces. And so, you can look at some
interesting videos online of oil storage tanks that are just, you know, these engulfed in, you know, a
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tower of flames, several stories high, and the PFAS foam suppression system triggers, and that foam just
spreads out over the surface and snuffs out the whole fire instantly. It's actually really impressive.

Jonathan (10:04):

Because it's denying the fire oxygen, | guess. Are there some applications that are more damaging to
human health than others?

Ezra (10:11):

| would say how likely it is to result in direct ingestion is one thing. So PFAS and things like food
packaging could be a threat, but it's also what is the concentration. So we may have something that's
more likely to cause exposure, but at lower concentrations, you know, at at this point, it's more of a
total amount of PFAS in the environment. So whether or not something, hopefully we don't have any
products at this point that are exposing people directly to a lot of PFAS on a regular basis, but things that
are inputting a lot of PFAS into the environment, whether it's through consumer products or discharges
into surface waters, that total loading is probably what I'm most concerned about, because that
ultimately down the road is gonna cause exposure to humans.

Jonathan (11:01):

The reason I'm asking is 'cause every now and then you hear, you know, if your Teflon pans are starting
to flake or, you know, things like that to get rid of them, | guess, because, you know, as you said, the
PFAS is contained in the Teflon, you don't want to be eating it with your eggs, | guess.

Ezra (11:15):

That's true. I've stopped using Teflon non-stick cookware. But thenl'm not sure how that actually
compares to, you know, other routes of exposure, for example in toilet paper or tissue paper that we
have dermal application and then in packaging that's contaminated with fluorinated compounds.

Jonathan (11:37):

So are there any safer alternatives to PFAS? Things that can do the same amazing, things that PFAS can
do, but, but are safer for us?

Ezra (11:47):

Well, the chemists who developed these applications would probably say no, but of course,we've been
using paper and raincoats and skis long before we've had PFAS available. So there's obviously not
necessary to a certain extent, but they do contribute to our modern lifestyle. In some ways, | think there
are, fluorine free textiles under development that would have similar properties to Gore-Tex for
example. And then as far as firefighting foams, which is one of the more important applications, the
Department of Defense has been funding some research into developing alternatives to that, which
don't persist as long with the environment.

Jonathan (12:27):

So it sounds like part of what you're saying is there are certain applications where PFAS maybe are
essential right now, like, like they're so, it's so effective in such an important way that, that we kind of
have to live with them, but there are others, other applications where we could take it or leave it.
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Ezra (12:46):

Yeah, you're exactly right. For firefighting foams, you know, we need something that can put out fuel
fires, so they don't have disasters at oil refineries. And PFAS serve an important role there, at least for
the time being and for their actual application. And in that case, | guess it's more an issue of how that
application was managed. So if we could go back in time and use the PFAS fire suppression foams, they
call it A triple F forming foams, we could use those, but not in a way that results in them being washed
into storm drains and into groundwater, and have some better protocol. But that's not what happened.
And then there's applications and medical devices and scientific instruments that rely on fluorinated
polymers for specific properties that are pretty important and probably not resulting in that much
human exposure compared to other applications. And we have these non-essential uses, things like
packaging and the use of PFAS and paper pulping and other products that we continue to learn about,
where it seems unnecessary to have something that's toxic in there and probably not worth the trade
off either for that product itself or just for the overall exposure and contamination of the environment.

Jonathan (14:03):

Ezra, what are some of the ways that PFAS is being used in medical applications?

Ezra (14:07):

There's applications of a polymer called PVDF, which is used in things like tubing and membrane filters,
and has a certain hydrophobic quality, that makes it just useful for these scientific or medical
applications, whether it's devices or implants or, analytical equipment.

Jonathan (14:26):

So it sounds like fire suppression and medical uses thumbs up, but the rest of it, mmm, maybe not. So
for today's show, we're mostly concerned about PFAS in drinking water. Althoughl know, we, we can
ingest some in other ways, as we've talked about. For now, though, do we know how these chemicals
are ending up in our drinking water? There are some obvious answers, which is, you know, their uses in
industrial production and they could end up in water at those industrial plants. But what are some other
ways in which they show up in our drinking water,

Ezra (14:55):

As you mentioned, there have been chemical plants that have directly discharged wastewater into
surface waters that, you know, are upstream of, of drinking water supplies. But also the use of the
firefighting foams as, but PFASs into the groundwater, which can migrate into rivers and then find its
way into drinking water supplies. But there's all sorts of other PFAS inputs that we're continuing to learn
about. For example, municipal wastewater discharges. It's been found that PFAS can contaminate
wastewater, and most of that apparently comes from households, and we don't quite understand, what
we are doing <laugh> to put PFAS into the water. Toilet paper might be one potential input or
contributor to that. But once things get into the wastewater, they're not removed well by the
wastewater treatment plant. And so, again, you know, upstream of drinking water sources, landfills are
another source. The leachate that comes out of landfills has been interacting with a lot of products that
we throw away that contain PFAS. And so it's contaminated with PFAS, and oftentimes is it's put through
the municipal wastewater treatment plant as well.

Jonathan (16:03):
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So the EPA just announced enforceable limits on PFAS at four parts per trillion. That sounds incredibly
low to me and those limits imply that there's almost no safe amount of these chemicals. What do you,
what do you think about that?

Ezra (16:20):

From what | understand that it's correct that it is considered to be no safe amount of these chemicals.
And, and for PPG parts per trillion, or nanograms per liter is, very low compared to a lot of the other
primary drinking water standards for other contaminants. And part of the reason, the regulations have
been structured in this way, or, or the reason, the EPA has been very kind of calculated and cautious
about implementing these standards is that it's hard to address this issue. So it's difficult to even
measure PFAS at these concentrations. You need a very sophisticated liquid chromatography system to
do that. Not a lot of labs have them, and they're a constant challenge to maintain them, to keep them
performing, to get the detection limits down that low. And then when it comes to reducing the
concentrations to that level, | don't think the EPA wanted to mandate that, utilities, clean the water up
to the standard when they had no, option or way of doing that in the near term. And so they kind of had
been signaling the warning in the past 10 years or so, and utilities have been preparing even though
there was no regulatory enforcement at that time. So | think now we're in a pretty good position

Jonathan (17:38):

As part of the EPAs mandate. Drinking water will have to be monitored and treated, and they say it's an
estimated cost of $1.5 trillion per year. What are some of the current methods or technologies that we
are using to treat water with PFAS?

Ezra (17:54):

So the two treatment technologiesnthat are most commonly gonna be used for drinking water are
activated carbon absorption and ion exchange resin. So activated carbon or activated charcoal, you
might be familiar with, it's the, substance that's makes up part of a Brita filter. And it's good at just
soaking up chemicals from the water and having them absorb and stick to the carbon. lon exchange is
similar, but it targets charged things. So most PFAS are negatively charged anions, and so they'll stick to
these positively charged ion exchange resins. And these are fairly old technologies. We know how to do
them. It's, just a matter of figuring out which carbons and which resins work best for PFAS. And keep in
mind there are thousands of PFAS, not just the handful that are regulated. Figuring out which ones work
best and then how to make it cost effective. So these technologies work, it just for the amount of carbon
that you put in or the amount of ion exchange resin you put in you don't end up removing that much
PFAS. And so the cost has been a big concern. So we know how to get the PFAS out, we just wanna do it
in a way that's not such a burden on the utilities and the taxpayers.

Jonathan (19:09):

So the carbon and the ion exchange process both remove PFAS from water. Once it's removed, what do
we do with it? After all, it is a forever chemical, right?

Ezra (19:20):

So, spent activated carbon as it's called, you know, the carbon that's been laden with contaminants and
is no longer used will be removed, andit can be regenerated using solutions that strip the compounds
off, and then you end up with a, a concentrated waste that would contain PFAS or it could be
incinerated in a hazardous waste incinerator. But, we've been discovering that these don't work so well
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for PFAS because of that strong carbon fluorine bond. So, there's been a back and forth with hazardous
waste incinerator and whether or not they're allowed to burn pfas waste. But overall, like you said, with
with these technologies, we're not destroying the PFAS, we're just separating them out of water, and
that's gonna produce a concentrated waste that needs to be dealt with, and we need to use that
opportunity to actually destroy the compounds, break that carbon fluorine bond, so they don't keep
cycling through the environment.

Jonathan (20:17):

So this brings us to your research. Your lab is developing new and innovative technologies for treating
water that contains PFAS. What are some of those technologies describe to us what they are and, and
how they work?

Ezra (20:30):

We're focusing on destructive technologies. So again, rather than just separating out, actually breaking
apart and degrading the PFAS into more neutral or safer products, chemical reaction products. We're
looking at a couple different methods. But the main one is ultraviolet photocatalysis that uses
semiconductor particles that we suspend in the water, the PFAS interact with them. And then we run
that through a UV reactor, which uses UV photons to excite the semiconductors, generates charge
carriers that react with the PFAS on the surface andoxidize them and break apart some of those bonds.
We also use direct vacuum UV lysis, which involves similar UV lamps, but higher energy photons. And
those photons can be absorbed directly by the PFAS and split the bonds through, excitation, mechanism.
And so both of these combined, we do this, both of those in the same reactor in order to target a wider
range of PFAS because the catalyst works well against the longer chain PFAS, the direct lysis works
better against the shorter chain PFAS.

Jonathan (21:43):

Do you envision this technology being used in like water treatment plants or more in sites that are
contaminated?

Ezra (21:51):

So most of our funding comes from the Department of Defense, and their big concern is being able to
treat and dispose of the waters that are generated from groundwater monitoring of PAS contaminated
sites, from that firefighting foam essentially. And so to monitor these sites in order to take a sample they
have to purge the wells out first to get out sediment, but that purge water is PFAS contaminated and
can't really be disposed of or put back in. So there's a need for sort of, medium scale treatment systems
that are deployable and can be taken to these groundwater sites. Dirty water can be pumped in clean
water, pumped out, and then you can move that treatment unit elsewhere. But this type of technology
might be also applicable to treatment of concentrated wastes, such as from drinking water separations
where we need to destroy that waste in some sort of centralized facility as well.

Jonathan (22:45):

How long have you been working on this research?

Ezra (22:47):

We first started with PFAS in 2017. We were looking at photo catalytic treatment of other contaminants,
and we had a catalyst that had a particularly high band gap energy, meaning it's when you excite it with
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ultraviolet light, it becomes particularly reactive. And that wasn't very useful for what we were doing at
the time, but | had a postdoc who recognized that maybe this high energy catalyst could break the
carbon fluorine bond. And this is when PFAS were first sort of coming on the scene as a a hot topic for
environmental engineers. And so we did some tests and, and sure enough,it degraded PFAS much more
efficiently than than other catalysts that had been tested more recently.

Jonathan (23:29):

It sounds like a real aha moment and exciting one. How far along are you in the in the process of
developing this technology?

Ezra (23:37):

So our particular embodiment that we have now, we've been working on it for about three years, and
it's, it's quite efficient for, many types of PFAS contaminated waters. And at this point, we wanna learn
more about its mechanisms. We know generally how PFAS are degraded, but there'ssome things that
are curious about the behavior of this catalytic system. So we wannaknow more fundamentals about
how it works, and that'll help us optimize the system and be able to predict under what circumstances
will it work well and under what circumstances will be less efficient. And along those same lines, we
need to learn how the water matrix affects the treatment process. So things like pH or the presence of
other contaminants in the water or salts tend to affect these treatment processes and our ability to
degrade PFAS. And that can make a big difference when it comes to sort of dollars per gallon treated. So
we're gonna spend a few years doing that. And assuming that goes wellthen we'll move on to sort of
pilot studies at larger scale and with, real contaminated waters.

Jonathan (24:42):

So are you optimistic that we'll be able to deal with this PFAS problem in an effective way, especially
given this four parts per trillion number that the EPA has thrown out there?

Ezra (24:56):

One of my concerns or priorities is the fact that we're still using them and manufacturing them, and
particularly for these non-essential uses. So, that's one thing. As far as protecting drinking water coming
out of the tap, we have the technology to do it. It's just gonna be expensive. And | know there are some,
lawsuits out there and, and action by the EPA under the Superfund Act to try to get some of these
companies who have made PFAS to pay the bill. But we, we can make the water clean for drinking.
Again, it's just gonna be a burden on the taxpayer and the utility. My concern, or one thing | think we
also need to focus on is the fact that PFAS are in the environment more broadly, and even if we stopped
using them and manufacturing them, they continue to cycle through the environment since they're not
degraded again, you know, forever chemicals. And so there's opportunities to disrupt that cycle where
we have PFAS concentrated at a certain point in space and a certain point in time, such as, you know,
wastewater biosolids, or in landfill leachates, where there's an opportunity to intercept it and destroy
that PFAS in a cost effective manner, so that it doesn't continue cycling. But there's sort of less incentive
for individuals to do that if they're not doing it for the purpose of meeting a drinking water requirement.

Jonathan (26:18):

Ezra, what can people do to avoid PFAS?

Ezra (26:21):
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Well, this is one of those things when it comes to chemical safety and environmental contamination, we
tend to overreact a little bit as individuals, but underreact as a society. So | wouldn't want people to, you
know, think they can't drink their tap water. Generally tap water is heavily regulated, and if there's trace
amount of PFAS, and you're concerned about it, then there are, you know, things like a Brita filter would
help to some extent. And then for the consumer products there's probably not much use in fretting too
much about it 'cause we just don't know where PFAS is and at what concentrations. And it's, it's not like
everyone who's using, you know, Gore-Tex products or something is falling down dead. This, again, this
is more of a population-wide percentage of cancer risks sort of problem.

Jonathan (27:17):

Ezra, this has been really interesting. | really appreciate you coming on Earthly and sometime in the
future, I'd like to have you come back on and tell us where you are along the journey to coming up with
a solution to this PFAS problem.

Ezra (27:30):

Sure, no problem. It was a pleasure. Thank you, Jonathan. I'm always happy to talk about PFAS.

Outro (27:38):

Earthly is a production of Clemson University and can be found wherever you get your podcasts.
Listeners can find archived episodes of earthly transcripts and learn more about our guests by visiting
clemson.edu/earthly.
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