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Announcements
• ITRC Harmful Cyano Bloom group will continue, with a benthic focus

• North American Lake Management Conference, November 16-20, 2020: 
https://www.nalms.org/nalms2020/

• National Monitoring Conference, April 19-23, 2021: 
https://www.nalms.org/2021nmc/

• Puddick J, van Ginkel R, Page CD, et al. Acute toxicity of dihydroanatoxin-a 
from Microcoleus autumnalis in comparison to anatoxin-a. Chemosphere. 
2021;263:127937. doi:10.1016/j.chemosphere.2020.127937

https://www.nalms.org/nalms2020/
https://www.nalms.org/2021nmc/
https://doi.org/10.1016/j.chemosphere.2020.127937
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Presentations

Janice Lawrence, University of New Brunswick 
Research and monitoring of benthic cyanobacteria in the Wolostoq River

Ben Holcomb and Kate Fickas, Utah Department of Environmental Quality
Benthic cyanobacteria in Zion National Park



Research and Monitoring of Benthic 
Cyanobacteria in the Wolastoq

Research Participants
UNB: Janice Lawrence, Adrian Reyes-Prieto, Kirsten Hawkes, Jake 
Stillwell, Joshua Evans, Cecilio Valadez Cano
Canadian Rivers Institute: Meghann Bruce, Gordon Yamazaki, Allen 
Curry
National Research Council: Pearse McCarron, Daniel Beach, Cheryl 
Rafuse
ACAP Saint John: Roxanne McKinnon (+7 watershed organizations)
Ontario Environment, Conservation & Parks: Xavier Ortiz



Goals

• Provide background on 2018 & 2019 dog 
deaths along the Wolastoq

• Outline methods and results from 2019 
survey and toxicity screening

• Overview data collected in 2020



Wolastoq (Saint John River) Dog 
Deaths

2018 – 3 dog deaths 2019 – 1 dog death



Wolastoq –
• ”Beautiful river” 
• 673 km long
• < 1 km wide
• < 50 m deep
Fredericton region –
• 20 km section, just 

below Mactaquac
dam

Wikipedia

Wolastoq (Saint John) River Dog Deaths (cont’d)



2018:
• Material collected by dog owners, DELG & NBPVL
• NRC positively identified anatoxin-a

Wolastoq (Saint John) River Dog Deaths (cont’d)

NRC Analysis:
A) Anatoxin-a 

standard

C)  Dog mucus



• No blooms, but benthic and epiphytic mats washed 
up on shore

• Dominated by filamentous cyanobacteria

Wolastoq (Saint John) River Dog Deaths (cont’d)



Detecting and Monitoring in the 
Wolastoq

Photos: Meghann Bruce

Targeted Field Surveys:



Detecting and Monitoring in the Wolastoq (cont’d)

Genetic approaches:

https://www.sciencedirect.com/science/article/pii/S0041010114002165?via%3Dihub



Site
June July August September Total

6–7 19–20 3–4 17–18 30–31 15 28–29 11–12 25–27

1 + + + + + + + + + 9/9

2 + * – – + + – + – 4/8

3 + + * + + + + + – 7/8

4 + + + + + – + + + 8/9

5 + + – + + – + – – 5/9

6 + + + + + + + + – 8/9

7 – + + + + + + + + 8/9

8 + + + + + + + + + 9/9

Total 7/8 7/7 5/7 7/8 8/8 6/8 7/8 7/8 4/8

Summary from Jake Stillwell’s honours thesis

Detecting and Monitoring in the Wolastoq (cont’d)

2019 anaC PCR screening:



Anatoxin Gene 
Phylogeny 
(Preliminary):
• Wolastoq River 

samples fall in 
Oscillatoria/ 
Phormidium/
Microcoleus clade  

Detecting and Monitoring in the Wolastoq (cont’d)



NRC Isolate Origin Microscopy ID ATX – LC-MS AnaC gene
Hartt Island Leptolyngbya sp. + +

Leptolyngbya sp. + +

Microcoleus sp. ND -

Microcoleus sp. + +

Microcoleus sp. + +

Microcoleus sp. + +

Phormidium sp. + +

Phormidium sp. + +

Phormidium sp. ND -

Carleton Park Leptolyngbya sp. ND -

Microcoleus sp. + -

Phormidium sp. + -

Phormidium sp. ND -

Unknown ND +

Detecting and Monitoring in the Wolastoq (cont’d)

Isolate screening:



Quantitative Genetic Assay:
• droplet digital PCR (ddPCR)
• AnaC primer set (Rantala-Ylinen, 2011)
• 2019 samples (27 of 141 analyzed): 

max: 2.9 x 106 genes g-1 (w.w.)

Detecting and Monitoring in the Wolastoq (cont’d)



Anatoxin-a Detection:
• SPATT test deployments in 2019 in Fredericton 

region and downstream tributaries
• Assayed for 10 microcystins & 2 anatoxins

Detecting and Monitoring in the Wolastoq (cont’d)



• 41 SPATTs deployed May – October 2019
• 31 of 32 SPATTs in Fredericton region positive 

for anatoxin-a, no homoanatoxin-a or 
microcystins

• Max = 192 ng ATX g resin-1 day-1

• Down river tributaries (9 samples) all negative

Detecting and Monitoring in the Wolastoq (cont’d)



Where do we go from here?
2020:
• Mat survey, sampling, and SPATT deployment 

along Wolastoq (within NB boundaries)
• Detailed chemical analysis and ddPCR of 2019 

& 2020 samples
• Metagenomic analysis of 2019 & 2020 mats to 

examine anatoxin-a biosynthesis pathways
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Cyanobacteria: 
Zion National 
Park
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Division of Water Quality

Outline

2

● Very quick background on Utah HABs
● Zion HAB Water Quality Risk Assessment 

○ Dog death
○ Tracing
○ Sampling
○ Risk analysis

■ Recreation
■ Agriculture
■ Drinking Water 
■ Ongoing Research/Questions

● Nodularin
● Human Illness
● Phenology



Division of Water Quality

Utah HABs History

2016 2018

2019

2020

2017

3



Division of Water Quality

Recreation Season Advisory Process
AdvisoryDetection

CommunicationTesting

Monitoring

HAB 
Advisory 
Program

4



Division of Water Quality

Cyanotoxins - ELISA & LCMS Analysis
Anatoxin-a 

● Neurotoxin
● Also known as Very Fast 

Death Factor (VFDF)
● Produced by many 

cyanobacteria species, 
including those found in 
Utah waterbodies

Microcystin
● Hepatotoxin
● Produced by many 

cyanobacteria species, 
including those found in 
Utah waterbodies

Cylindrospermopsin
● Hepatotoxin
● Nephrotoxin
● Produced by many 

cyanobacteria species, 
including those found in 
Utah waterbodies

Nodularin
● Hepatotoxin
● Very similar to microcystin
● Not produced by many 

cyanobacteria species 
rarely found in Utah 
waterbodies***

5



Division of Water Quality

Toxigenic Cell Density and Taxonomy
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Division of Water Quality

2020 Guidance
● Developed collaboratively with 

Utah Department of Health
● Benchmarked with EPA guidance 

and other States
● Not inclusive of all cyanotoxins

○ Not all toxins have been 
researched enough for 
developing guidance 

○ UDOH/DWQ treats “new” 
cyanotoxins as binary 
presence/absence

● Only local health departments 
and UDOH have authority to 
issue public advisory

○ DWQ only makes 
recommendation 

7



Division of Water Quality

North Fork Virgin River

8





Division of Water Quality

Report of Dog Death

10

● Dog died within 20 
minutes of playing 
in the North Fork 
Virgin River in Zion 
NP

● Symptoms prior to 
death:
○ Seizures
○ Convulsing
○ Frothing at the 

mouth
○ Vomiting 



Division of Water Quality

https://www.epa.gov/sites/production/files/2018-12/documents/ut_nfvirginriver_1699_508.pdf

Where is the pollution coming from?

11

https://www.epa.gov/sites/production/files/2018-12/documents/ut_nfvirginriver_1699_508.pdf


Division of Water Quality

Ruling out other factors
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Division of Water Quality

Anatoxin-a?

13

“Anatoxin-a poisoning may result in high mortality 
with clinical signs of muscle fasciculations, 
seizures, collapse, cyanosis, and death.5,10 
Although only a limited number of cases have been 
reported, it appears that treatment of anatoxin-a 
poisoning is of little or no benefit, and the outcome 
is usually lethal.”

https://journals.sagepub.com/doi/full/10.1177/104063870802000119#


Division of Water Quality

What are we dealing with?
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Division of Water Quality

What are we dealing with?

15

Wood et al. 2020, https://onlinelibrary.wiley.com/doi/full/10.1111/fwb.13532#fwb13532-fig-0002



Division of Water Quality

What are we dealing with?
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Division of Water Quality

Taxonomic Discovery
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Division of Water Quality

Courtesy of Prof. Ramesh Goel, University of Utah

Taxonomic Discovery
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Division of Water Quality

Toxin Discovery

19

Anatoxin-a results from algal mat sampling - July 9, 2020

Utah DEQ/DOH HAB Guidance

>550 >550



Division of Water Quality

Who is at risk?

20

Agriculture03
● Several cities/municipalities pull 

water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Who is at risk?
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Agriculture03
● Several cities/municipalities pull 

water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Stakeholder Coordination
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Division of Water Quality

Stakeholder Coordination
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Division of Water Quality

Recreation Guidance: Apples to Oranges

24

Planktonic/Lake HAB Sampling
● Most reasonable maximum
● Target scum to understand worst case 

scenario for exposure (direct ingestion of 
cyanobacterial cells)

● Lentic environments present ability for toxins 
and cells to “hang out” in the water column or 
surface - targeted sampling is key

Benthic HAB Sampling
● How does worst case scenario for 

exposure (direct ingestion of 
cyanobacterial cells) occur?

● Lotic environments mean cells, toxins 
could be much more mobile than lakes

● What’s the risk to a given recreator if 
they swim/splash/play in a river with 
benthic mats?



Division of Water Quality

Recreation Guidance: Apples to Oranges
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Worst Case Scenario: Lakes Worst Case Scenario: NFV?











Division of Water Quality

Apples to Apples: Benthic Disturbance

30

Benthic Disturbance
● Attempts to replicate worst case 

scenario for recreation exposure
● Mats get stirred up and human/pet 

ingests 
Sample Collection
● Stomp in benthic mat for 10 

seconds
● Collect with bucket

○ Subsample from bucket 
sample



Division of Water Quality

Apples to Apples: Benthic Disturbance

31

Anatoxin-a results from benthic disturbance samples

>550 >550



Division of Water Quality

Sampling Toolbox
Sampling Methods
● Targeted algal matt
● Benthic disturbance

○ Disturb the mat with 
feet for 10 seconds

● Composite of water 
column

32



Division of Water Quality

Communication: Signs
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Division of Water Quality

Communication: Website
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Division of Water Quality

Communication: Map
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Division of Water Quality

Who is at risk?

36

Agriculture03
● Several cities/municipalities pull 

water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Who is at risk?

37

Agriculture03
● Several cities/municipalities pull 

water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Strategic Monitoring and Communication

38

“The Utah Department of 
Agriculture and Food suggest: 
Livestock producers provide a 
different drinking water source for 
livestock and restrict livestock 
access to the North Fork of Virgin 
River where possible. There is 
limited information on plant uptake 
of cyanotoxins. The main concern 
is protecting irrigators from these 
cyanotoxins. Practice good hygiene 
especially those areas that come in 
contact with irrigation water.”



Division of Water Quality

Sampling Method: SPATT Bags
SPATT Bags

● Solid Phase 
Adsorption Toxin 
Tracking 

● Captures toxins 
over time 

● What is the 
concentration of 
toxins flowing 
through the 
water column?

● Can leave in 
anywhere on the 
order of hours to 
two weeks

39

Bouma-Gregson et al. 2018, 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0197669

https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0197669


Division of Water Quality

Sampling Method: SPATT Bags

40

Apples with oranges?



Division of Water Quality

Sampling Method: SPATT Bags

41

What can SPATT bags tell us?
● Presence/absence of toxins flowing freely through 

the water column over time
● Relative magnitude of toxins from one site to the next
● Flashiness vs. steadiness of toxin release into water 

column
○ Allows us to understand risk to agriculture, 

recreation, drinking water seen through toxin 
flow 

x2 x5.3



Division of Water Quality

Sampling Method: SPATT Bags
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What can SPATT bags tell us?
● Presence/absence of toxins flowing freely through 

the water column over time
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● Flashiness vs. steadiness of toxin release into water 

column
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recreation, drinking water seen through toxin 
flow 
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Who is at risk?

43

Agriculture03
● Several cities/municipalities pull 

water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Who is at risk?
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Agriculture03
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water from the North Fork Virgin 
River for irrigation

Drinking 
Water

02 ● City of Springdale pulls water from 
the North Fork Virgin River

Recreation01
● Zion averages ~500,000 visitors/ 

month in spring and summer
● North Fork Virgin River a major draw



Division of Water Quality

Drinking Water Response

45

● DDW requires system to monitor for cyanotoxins weekly until 
two consecutive source samples do not have toxins present

● Public notification requirement if cyanotoxins in drinking 
water exceed EPAs health advisory limits



Division of Water Quality

Anatoxin-a DW Thresholds

46

EPA has not issued an advisory level for anatoxin-a due to inadequate health effects data. Drinking 
water advisory levels used by other entities vary broadly. 

● Ohio: 20 μg/L
● Oregon: 3 μg/L (everyone); 0.7 μg/L (children)
● Washington: 1 μg/L (Recreation value that use as a benchmark for drinking water)
● Vermont: 0.5 μg/L
● Minnesota: 0.1 μg/L
● WHO: 30 μg/L for drinking water

● There have been 23,757 analyses for anatoxin-a in finished drinking water as part of UCMR4, 
with 110 detections (59 of these occurring at the City of Houston, TX PWS). All detections 
have been <1 ug/L except for one detection at 13.22 ug/L at a system in New Jersey. 



Division of Water Quality

Ongoing Research 
and Concerns
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Division of Water Quality

Nodularin?
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Division of Water Quality

Anatoxin-a Toxicosis 
Human illness?
● NPS maintenance 

worker, shoveled 
HABs out of canals 
without PPE (before 
we knew)

● Permanent loss of 
neuromuscular 
function

49



Division of Water Quality

Additional Toxin Discovery

50



Division of Water Quality

When will this end?

2020 
“Nonsoon” 
season

51



Division of Water Quality

How do we get a handle on spatial extent?
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Division of Water Quality

How do we get a handle on spatial extent?
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https://poly.google.com/view/7_u0T_lcFcS
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New Benthic HAB sightings

Capitol Reef NP
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Division of Water Quality

New Benthic HAB sightings

Grand Staircase-Escalante 
National Monument

55



56

THANK YOU!
NPS
Robyn Henderek
Jeff Bradybaugh
Cass Bromley
Jeff Axel
Deirdre Hanners
DEQ
Michelle Deras
Dr. Erica Gaddis
Jared Mendenhall
Amy Dickey

DOH
Dr. Nathan LaCross
Dr. Alejandra Moldanado
UDAF
Jay Olsen
EPA
Tina Laidlaw
Marcie Tidd
Donna Hill
Jake Crosby

Others
Dr. Keith Bouma-Gregson
Dr. Ann St. Amand
Dr. Barry Rosen
Nathan Guymon
Dr. Keith Loftin
Dr. Ramesh Goel



QUESTIONS?
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