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Tracey Peake (00:09):
Hello and welcome to NC State's Audio Abstract. I'm your host Tracey Peake. Summertime is coming and lots of us will be headed to lakes and beaches to enjoy the water. But a poorly timed algal bloom can ruin the experience, not just by making the water unappealing to swim in, but also by disrupting the entire local ecosystem and potentially affecting human health. We're speaking today with Astrid Schnetzer, Associate Professor of Marine, Earth, and Atmospheric Sciences about toxic algal blooms. Welcome, Astrid.
Astrid Schnetzer (00:44):
Thank you for having me, Tracey.
Tracey Peake (00:46):
I'm very excited about this. We were talking a little before we started recording on my feelings about naturally occurring bodies of water and all the terrible things that could be in them. So this is right up my alley. So first of all, let's define what is an algal bloom?
Astrid Schnetzer (01:00):
Sure. So algal blooms are sometimes associated with bad things, but they're actually naturally occurring phenomena. If you think about terrestrial systems, you have your grass, your plants, and at the bottom of the food web, and that's what algae are in the aquatic system. So you have algae that are getting eaten by little crustaceans, krill like organisms. They're being fed upon by fish. And then you have us somewhere in that food chain, and if it wasn't for algae, you wouldn't have any of that life or that productivity within the ocean. So they're generally a really good thing. Where it becomes a little bit less good is when these things bloom excessively. 
Tracey Peake (01:56):
This is sort of a normal part of the algal life cycle. Right. So how does this work and what triggers a bloom?
Astrid Schnetzer (02:09):
Just like any other plant, they need nutrients, they need light, they need water. Obviously in coastal waters you have the light, you have the water, especially in temperate areas, the light becomes a really important factor during spring and summer and the nutrients, we give them plenty of. So one of the issues with harmful algal blooms is that all the nutrients that make it into coastal waterways just allow them to grow without any limit. So nutrients come from agricultural activities, they come from urban runoff, they come from huge treatment plants, you name it. And that just allows the algae to take off and grow substantially more than they typically do.
Tracey Peake (02:54):
Okay. And so I can kind of picture it, when you talk an algal bloom, so what does it start with? So if you're talking about grass or something here, you have a little seed. Right. And it goes into the soil and it gets nutrients and water and sun, it grows into a grass shoot. What is sort of the algal seed? 

Astrid Schnetzer (03:20):
What I'm talking about when I talk about harmful algal blooms, those are platonic unicellular organisms. They can sometimes form colonies, but they're typically just very tiny things that you need a microscope for to even see them properly. And their advantage is that they can just recreate by dividing. So some of them, those that are microeukaryotes they can also reproduce sexually. But if the time is right and the environment provides them with a really good growth environment, like there is enough nutrients there, then they can just divide and you get two, four, eight, and so forth, and you can get them from a few per liter all the way up to millions per liter. And that can happen within a very short period of time. You can see nothing in the water and suddenly it's tinged by a color. And that's just because they have taken off within two to three days and created this really, really dense community.
Tracey Peake (04:31):
Okay. So how long does a bloom, a normal bloom, not one of these crazy ones that gets out of control, but just a normal bloom cycle, how long does that tend to last?
Astrid Schnetzer (04:44):
So there's no straight answer. This can vary quite a bit from days to something like weeks or even months depending on how well you sustain them and how much of the nutrients they're being provided with. Right. So sometimes you have, for example, in our coastal waters, you have a river discharge event that brings a lot of nutrients in. Once they gobble that up, they might run out and the bloom might dissipate. But if there's another event that brings further nutrients into the system, it might just restart this entire event. So it also depends on the species or the taxa that are growing because some of them have different strategies to keep going.
Tracey Peake (05:24):
Okay. Like what?
Astrid Schnetzer (05:26):
There's actually harmful algal bloom taxa that they can not just rely on light, but they can also eat other things. They're referred to as mixer tropes. So if they run out of the nutrients, they can go and feed on other microorganisms and make up for a shortcoming in nutrients. So there is very fascinating life strategies that you find in these organisms.
Tracey Peake (06:01):
So what makes a particular bloom toxic?
Astrid Schnetzer (06:07):
So toxin production is a common way of defending yourself for not being grazed, for inhibiting your competition to get some of the nutrients and whatnot. So it's been around for a long time. With the algae, there's a couple of dozens of algal species that we know that they can produce toxins, and there's continuous description in regard to what compounds they might be able to produce. Where it becomes an issue for us is when they bloom and it's associated with toxins, the fate of those toxins could be that they are taken up in the food web. For example, through shellfish, we incorporate them or feed on them, and shellfish are really good filter feeders, so they can actually gobble down quite a bit of those cells.
(06:56):
There's also uptake of these toxins through fish or other organisms. And somewhere in that food web again is us. So we could be affected by that. There's also some concern in regard to those toxins leaking into the surrounding water when those cells die, and that could have implications for drinking water. Some algae are even more tricky because those toxins might be aerosolized. So if you've heard about the red tide in Florida, those are toxins that are actually being released into the air and then us breathing them could also be an issue.
Tracey Peake (07:34):
When we're talking about toxins, are these compounds that we would be familiar with that would be poisonous to us? What kinds of things are we talking about?
Astrid Schnetzer (07:48):
There's a whole lot of different ones. So depending on what or how they affect us, there has been diseases associated with toxic algal blooms that cause amnesic shellfish poisoning, paralytic shellfish poisoning, diuretic shellfish poisoning, hepatotoxic shellfish poisoning. So it can get at the liver, it can get at your neurological system. It can have all sorts of different effects depending on what the toxins are that are involved.
Tracey Peake (08:19):
Wow. So unless you're special down in Florida breathing the stuff in, generally speaking, it happens when we consume something that's been immersed in this kind of a bloom for a while, like oysters or?
Astrid Schnetzer (08:33):
Oysters can be a potential vector. And actually some of our new projects that we just got funded, the Ocean and Human Health Center looks into the food accumulation through shellfish and oysters in coastal waterways, in freshwater systems.
Tracey Peake (08:49):
Okay. So what other kind of fish? I'm just like, what are we talking about here?
Astrid Schnetzer (08:54):
So depending on whether you talk about marine toxic algae or freshwater toxic algae, obviously you will have different animals involved. The good news to some degree is that typically it takes a lot to accumulate. Some of the things that we're working into in the estrogen systems and where we've done some analysis and preliminary studies, we find that it typically is mostly accumulating in common fish like blue catfish, perch, gizzard shad, but typically found in the guts, in the viscera. Things that you,-
Tracey Peake (09:35):
Don't eat.
Astrid Schnetzer (09:35):
Don't eat.
Tracey Peake (09:35):
Okay.
Astrid Schnetzer (09:36):
And if it makes it into the muscles or the filet, it's typically in very low concentrations,-
Tracey Peake (09:43):
Okay.
Astrid Schnetzer (09:43):
That are not necessarily considered an issue. But it depends on if you sample those animals at the right time in the right area. Right. Like we said, those algal blooms come and go and testing should typically be associated with when you know the bloom is going on. And this is actually some of the research that we're trying to do.
Tracey Peake (10:03):
Okay. So these animals can survive it, but we're not sure if once they've been exposed to one, they just retain a little bit and then they're exposed to another one and maybe they retain a little bit more.
Astrid Schnetzer (10:16):
Yeah. So,-
Tracey Peake (10:17):
And then it becomes a problem.
Astrid Schnetzer (10:18):
Yeah. So what we know from marine blooms is a little bit more, and for example, paralytic shellfish poisoning is called by saxitoxins, and you find those occurring in the Gulf of Maine and also in the Arctic. And the problem there is that that toxin doesn't seem to do anything to the shellfish and that it stays around in the shellfish long when the bloom has dissipated. So you might not be safe to eat the shellfish quite some time after the bloom has occurred.
Tracey Peake (10:50):
Okay.
Astrid Schnetzer (10:50):
And then the other issue can be that you can cook that shellfish, but it might not necessarily get rid of the toxin. So again, it's really important to keep in mind what toxin we're talking about and what the vector species are that might be an issue for exposure.
Tracey Peake (11:05):
So I assume this would also affect any wildlife that eats the stuff, right?
Astrid Schnetzer (11:13):
Yeah. There is studies in regard to marine mammals, especially birds, sea birds, where these phenomena have been studied. But I would say that there's a lot more research to be done in regard to that. Some of these toxins can be lethal to humans. What we know about how those toxins work, again, depends on which toxin we're talking about.
Tracey Peake (11:38):
Right.
Astrid Schnetzer (11:40):
For some of the research we're doing here in the Pamlico, Albemarle area and cyanotoxins, which are these freshwater toxins of concern, there is only a limited amount of research done in regard to how we are harmed by them. They've been associated with liver toxicity and liver cancer, but most of that information is based on animal studies and animal models.
Tracey Peake (12:04):
Okay.
Astrid Schnetzer (12:04):
So lots to be explored on that side.
Tracey Peake (12:08):
But I'm interested, when you mentioned Maine and the Arctic, these are colder water areas and I don't tend to think about this happening in colder areas when the stuff says it's temperature dependent. So I assume this is a particular strain of algae.
Astrid Schnetzer (12:42):
So if you had a map and you would look at a map of the US and you would color code the coasts and associate them with different algal toxin phenomena, you would see that they're all restricted to different geographical regions. Each of those little algae species likes their own set of temperature range, their own set of nutrient concentrations. So you will see that there are typically found in one region or another.
Tracey Peake (13:30):
Okay. So potentially as the climate changes or different bodies of water got warmer, the ones that are infecting shellfish in Maine, which that just seems like a bad set of circumstances to me, might move on somewhere colder if everything gets warmer, but then something else would just move in that was equally bad maybe.
Astrid Schnetzer (13:52):
Maybe. It seems really complex and I wish I could give you a straight answer there.
Tracey Peake (13:59):
Yeah.
Astrid Schnetzer (13:59):
But there's also different, like you mentioned, strains within the species that might just switch over. Right. Or there's different toxicity associated with different strains. So it becomes a little complex. What the good thing is, or the good news is that we now have the tools, whether it be molecular tools, where we can get into those details and really try to figure that out a little bit better. But yeah, there's a whole lot of discussion going on in regard to climate change and harmful algal blooms. And there is several regions where these phenomena have been studied where there seems to be a clear indication that the frequency in the toxicities actually increasing with climate change. And that always has a little bit to do with eutrophication, which is nutrient access to those systems. So systems that are prone to have too much nutrients in the water and then also experience things like temperature increases seem to be most prone for this really becoming a huge issue.
Tracey Peake (14:58):
Okay. So one other question. If there's a harmful algal bloom or an algal bloom going on in a body of water and you weighed into it with your skin, which is a natural barrier, do these irritate the skin? If you have a cut, can they get absorbed into your body? Is it terrible? If you see a bad algal bloom,-
Astrid Schnetzer (15:22):
Stay out.
Tracey Peake (15:22):
To just stay out. Okay.
Astrid Schnetzer (15:23):
Yes. So if you are not certain, you can distinguish, for example, in a freshwater system like in North Carolina, if you see greenish slimmish water and you're not sure if this is something natural like duckweed or something that is not harmful, I would just stay clear of it. There is some research that you can also take up these toxins through your skin. So there is effects like that. And then depending on the person themselves, they might be more or less prone to show a reaction to certain substances. Right. People are more or less sensitive to any kind of pollutant when they're exposed to it.
(16:04):
But I would definitely say stay out and most importantly, don't let your pets go in there either. So dog mortalities have been reported in regard to the cyanobacterial blooms and it doesn't take all that much. So some of the research we've done in North Carolina, coming back to the freshwater blooms in 2019, shows that these blooms can be highly toxic in our area. And when I say highly toxic, I'm talking levels that have been associated with Lake Okeechobee or the Great Lakes where these blooms have been causing concerns for quite some time.
They can get flushed out pretty quickly, especially in river environments. But again, if you're not sure, just stay away. Yeah.
Tracey Peake (17:18):
Okay.
Astrid Schnetzer (17:19):
And also keep in mind that not all of these blooms form scums, and if the color of those little microorganisms don't end up to show you a really clear colored water body, it might also be happening underneath the surface. So knowing where those things occur and when to look out for them is exactly what we're trying to figure out to mitigate this. They're not going to go anywhere. Harmful algal blooms are not going to go anywhere, but we can get way better predicting them and warning about them and saying, well, at this point, shellfish in that area at that time is fine.
Tracey Peake (17:55):
Right. Okay. And how do we do that? How are we doing that?
Astrid Schnetzer (18:18):
So the freshwater blooms are mostly active in some fall. So we work a lot with the Department of Environmental Quality. They have an algal and fish keel dashboard that you can access, and if you see something in the water, you can actually submit that information and they will come out and test on a case by case basis and look through the microscope, say, well, these could be potentially be toxin producers, but then they have to do the testing to really confirm that. And we've worked with them on their regular monitoring events where you go out on a regular basis, let's say monthly and test for all those things. But what we've come to learn is that you need to be there when it's happening and it's not happening when you go out. The algae don't play games like that.
Tracey Peake (19:06):
Oh, they're coming. Quick, let's bloom.
Astrid Schnetzer (19:08):
Let's show up.
Tracey Peake (19:09):
Yeah.
Astrid Schnetzer (19:10):
So we've been super lucky in regard to working with communities all around the Chowan, the Albemarle Sound and they literally send us an email or contact us when they see a bloom in a certain area, and then we go out and sample that.
Tracey Peake (19:24):
Okay.
Astrid Schnetzer (19:25):
But some of our future work will include is we're actually going to have sensors that we put out in the water that can alert us to algal biomass increasing. And what's really exciting is with this new grant, we're going to have a submersible microscope that we put in the water,-
Tracey Peake (19:42):
Oh, fun.
Astrid Schnetzer (19:43):
Upstream. And it's actually going to show us the type of cells that are in the water, and that can then trigger us to go out and sample when these blooms are actually happening, to not miss that window when it becomes important to look for toxins.
Tracey Peake (19:57):
Right. Because an algal bloom can just bloom, but the toxins wouldn't be generated during the entirety of the bloom.
Astrid Schnetzer (20:03):
It wouldn't.
Tracey Peake (20:04):
Right.
Astrid Schnetzer (20:05):
Just having a lot of biomass doesn't mean it's the toxic kinds. And even having the toxic critters doesn't mean they produce the substance the entire time, so.
Tracey Peake (20:14):
Okay.
Astrid Schnetzer (20:15):
To get your hands on what those criteria are when and how they might actually link to environmental conditions, whether it be temperature or a weather event, a rain event that flushes things downstream, that really requires to look in detail.
Tracey Peake (20:36):
So that was, and I don't know if I've asked you this in a different way, so we're not real sure what that trigger is for toxic,-
Astrid Schnetzer (20:47):
It's a combination. There's no silver bullet.
Tracey Peake (20:47):
Okay. Okay.
Astrid Schnetzer (20:47):
So it would be really easy.
Tracey Peake (20:49):
It would be cool if we just solve that whole problem right now.
Astrid Schnetzer (20:51):
It would, but there's certain criteria where you can be pretty confident that it will happen. So high nutrient concentrations, a special or a specific combination of nutrients, especially information about the types of nitrogen that you might find in a system together with the light conditions in the water and the temperature conditions, can give you pretty good indication. And when we collect all this data, we actually work with molars that put that together and then can give you some predictions, which is the ultimate thing that you want to translate and communicate to people is like, if these conditions show up, look out in that area.
Tracey Peake (21:37):
Okay. All right. So we do have an early warning system in place. I would like to also request when you get your underwater microscope that you attach it to a webcam because I think it would be fun to watch microscopic things fly by.
Astrid Schnetzer (21:48):
Absolutely. So there's actually a way to have a platform where you can look at that data in real time.
Tracey Peake (21:54):
Okay.
Astrid Schnetzer (21:55):
And there's been successful networks of these that have been installed in the Gulf of Maine along the West Coast. So this will be our first one in North Carolina waters. So we're really excited about that.
Tracey Peake (22:07):
Well, that's really cool. So that leads me, what if anything can be done to sort of reduce? I mean, we're an agricultural state.
Astrid Schnetzer (22:18):
Yes.
Tracey Peake (22:18):
You're going to get agricultural runoff.
Astrid Schnetzer (22:20):
Yes.
Tracey Peake (22:22):
So is there anything we can do?
Astrid Schnetzer (22:28):
There's a lot that can be done. So general nutrient reduction strategies are a huge factor in trying to make this better. Right. Riparian buffers around waterways where you have things that get taken up. We have a wonderful natural system with marsh, right, where those nutrients might get filtered out before they make it into coastal waters.
(23:12):
So there's a lot in regard to land use. There's a lot in regard to sewage treatment that can be done to dampen that. But there's also a lot of things that when you wash your car in the driveway, those things that foam, those phosphates, they're going to go and end up in our waterways eventually. So there's a lot of things that can be done in regard to how you use some of these substances at home, whether it be with detergent you use, whether you put your clippings in the trash can versus letting them out and again, get into the system. I think there is a fair amount that can be done and learned to then help mitigate when they do occur to not be harmful to the ecosystem, to wildlife, or to humans.
Tracey Peake (24:10):
Okay. So what would the perfect algae monitoring early warning system look like to you? If you had all the money and all the stuff, what would that look like?
Astrid Schnetzer (25:08):
Let me think about that before you ask that because I would rattle down my wishlist. All right. So a perfect network would be a combination of multiple tools that would include satellite imagery, sensors, real-time sensors that you can submerge and get data from as things happen in the water column. And then also the inclusion of people who live in those places, and a way to communicate with them if they see these things happening. So a lot of the research that we're doing is meant to be useful to inform people who use or live at those waterways. Right. And then it depends on what the uses for these waterways are.
(26:01):
So if it's source water for drinking, if it's recreational for swimming, if people want to fish in there and eat what they take out of the water. So depending on those uses, it would be really important to know what the best information is that you can bring through your research. And between those different techniques and an increased ability to look for those toxins and use molecular targets to see which corporates are the most important in a certain system, you can already do a lot with what we have at hand.
Tracey Peake (26:51):
Okay. Okay. Well, we will be able to monitor when we should and should not be eating shellfish, because as someone who really enjoys shrimp, this is important to me personally.
Astrid Schnetzer (27:03):
I love seafood. Yes.
Tracey Peake (27:04):
Yeah.
Astrid Schnetzer (27:04):
I'm with you.
Tracey Peake (27:05):
So well, thank you so much for being here today, Astrid. This has been very interesting.
Astrid Schnetzer (27:09):
Thank you so much. Could talk about algae all day long.
Tracey Peake (27:13):
Good. This has been NC State's Audio Abstract. We've been speaking today with Astrid Schnetzer, Associate Professor of Marine, Earth, and Atmospheric Sciences. I'm your host, Tracey Peake. Thank you so much for listening.
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