
2018 Virginia Freshwater 
Bloom Overview

Leah Anne Gibala-Smith

Phytoplankton Analysis Laboratory

Old Dominion University

1



2018 Overview

• 9+ freshwater bloom investigations

• 1/26/2018 through 10/23/2018

• 107 freshwater bloom samples analyzed by ODU

• 30 advisories issued by VDH:DEE

• Partners included VDH, DEQ, DCR, CBP, VIMS, 
Albemarle Co Parks and Rec, and a number of local 
and regional organizations and municipalities
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Freshwater bloom analysis

Identification and Enumeration

Scan is conducted to 
identify dominant 
species 

Individual cells of 
target species are 
counted to 
determine an 
estimate of density

Toxin Assays

Abraxis microcystin (ADDA) ELISA
0.15ppb - >5ppb (higher w/dilution)

Abraxis cylindrospermopsin ELISA
0.05ppb - >2ppb (higher w/dilution)
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Freshwater bloom analysis

2017 included Cylindrospermopsin & Saxitoxin ELISAs (10 total)

2013-2016 included Microcystins ELISAs only 

2018 included Cylindrospermopsin ELISAs (95 total) 4



Freshwater bloom analysis

Management

Cell densities and toxin concentrations 
reported to VDH:DEE

Management based on three-tiered 
approach (by VDH:DEE)

*EPA 2016 draft recreation recommended values:

microcystins 4ppb
cylindrospermopsin 8ppb 5



Freshwater bloom analysis

Management

• Prior to 2017 season, regulatory response 
was initiated based on reaching 
thresholds of Microcystis spp. cell 
densities and/or Microcystins 
concentrations 

• VDH:DEE is beginning to use total 
toxigenic species cell counts and regularly 
test for both microcystins and 
cylindrospermopsin

• VDH:DEE has moved to limit FW HAB 
responses to those events that fall within 
“swimming season” (5 mos. - Memorial 
Day thru the end of October) 
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2018 Freshwater Blooms

Big mapJohn Flannagan
Reservoir

Woodstock 
Pond

Lake James 

Lake Anna 

Chris Greene Lake 

Cumberland Co Williamsburg 
Vineyards

Williams Lake

Rooty Lake

Lake James 1/26/2018 1 sampling event 2 samples

Flannagan Lake 1/29/2018 – 2/6/2018 2 sampling events 5 samples

Woodstock Pond 4/6/2018  – 10/22/2018 10 sampling events 33 samples

Chris Greene Lake                      6/18/2018 – 10/2/2018 4 sampling events 6 samples

Williams Lake 7/12/2018 1 sampling event 2 samples

Rooty Lake 7/12/2018 1 sampling event 1 samples

Cumberland Co 7/17/2018 1 sampling event 2 samples

Lake Anna 8/15/2018 – 10/23/2018 7 sampling events 55 samples

Williamsburg 9/27/2018 1 sampling event 1 samples
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Counties affected by advisories (5):

Albemarle       Orange

James City Louisa

Spotsylvania       

Advisories by month:
June (1) – Chris Greene Lake 

July (0)

August (5) - Woodstock Pond
• Pamunkey Creek Branch (1)

• North Anna Branch (2)

• Fisherman’s Cove (1)

September (8) - Woodstock Pond
• Pamunkey Creek Branch (3)

• North Anna Branch (3)

• Fisherman’s Cove (1)

October (11) - Woodstock Pond
• Pamunkey Creek Branch (4)

• North Anna Branch (5)

• Fisherman’s Cove (1)

November (5) - Woodstock Pond
• Pamunkey Creek Branch (3)

• Fisherman’s Cove (1)

Lake Anna

Lake Anna

Lake Anna

2018 13 Recreational Advisories for HABs 
2017 6 Recreational Advisories for HABs

Lake Anna

2018 Total Days Under HAB Recreational Advisory: 
2017 Total Days Under HAB Recreational Advisory: 

2018 Advisory Overview

Recreational Advisories Issued for HABs

HAB Response Locations
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John Flannagan
Reservoir

• Sampled on 1/29/2018 and 2/6/2018 by VDH

• 1143 acre US Army Corps of Engineer impoundment 
in Dickenson and Buchanan Counties designated for 
recreation and drinking water use

1/29 Planktothrix isothrix

738,000 cells/mL 

Microcystins: 0.27 – 2.67 ppb

Cylindrospermopsin: 0.15 – 0.28 ppb

2/6 Planktothrix isothrix

520 cells/mL 

Microcystins: < 0.15 ppb

Cylindrospermopsin: not analyzed

2017 Microcystins:  <0.15 ppb
Aphanizomenon flos-aquae 4,800 cells/mL
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York River State Park 
Woodstock Pond

• Annual Microcystis sp. blooms and 
advisories since 2012 managed 
through a cooperative effort 
between DCR, DEQ, VDH, VIMS, 
and ODU

• 8 acre recreational lake in York 
River State Park in James City Co. 
near Williamsburg, VA

• Sampling throughout season 
between 4/6/2018 and 
10/22/2018 by DCR

labyrinth

spillway
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York River State Park
Woodstock Pond 

2018 Recreational Advisory – days
2017 Recreational Advisory  – days

• Press release initiating advisory was 
drafted on 8/17/2018

• Limited resources discontinued 
monitoring and advisory on 
10/22/2018 – the end of swimming 
season (prior years the bloom 
continued through December)  
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York River State Park
Woodstock Pond 

A variety of potentially 
toxigenic cyanobacteria were 
observed over the course of 9 
sampling events, dominated 
by Dolichospermum sp., 
Microcystis sp., and 
Planktothrix sp.

Microcystins were detected 
during 7 out of 9 sampling 
events, but only one was 
above the USEPA regulatory 
threshold of 4ppb at >5ppb on 
August 29th.

Cylindrospermopsin was not 
detected above the 0.05 ppb 
manufacturer’s detection limit 
in any of the 2018 sample 
analyses.

>5.0 ppb

Microcystins: <0.15 - >5.0 ppb
Cylindrospermopsin: <0.05 ppb 2017 Microcystins:  <0.15 – > 5 ppb

Dolichospermum spp. 590 – 510,000 cells/mL
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York River State Park
Woodstock Pond 

VDH – 8/15/18

• Pilot barley straw treatment 
initiated June 2018

• Dr. Al Place (University of MD 
Center for Environmental 
Science), VA DCR staff, and 
VDH:DEE
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York River State Park
Woodstock Pond 

Surface sites had < 50,000 
cells/mL, dominated by 
Woronichinia sp. and 
Dolichospermum sp. 
throughout season

Highest densities were 
observed at the 
subsurface location near 
the spillway with densities 
exceeding 200,000 
cells/mL of Oscillatoria sp. 
and more than 100,000 
cells/mL Microcystis sp.

2017 dominant species were 
Microcystis sp. and 
Dolichospermum sp. 

Species composition throughout 2018 season at two 
select sampling spots at two depths at Woodstock Pond.
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York River State Park
Woodstock Pond 

Throughout the season, there was a steady increase in Microcystins 
concentrations at the two main sampling locations, at both depths.

Microcystins concentrations throughout 2018 season at two 
select sampling spots at two depths at Woodstock Pond.
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York River State Park
Woodstock Pond 

• >5 ppb Microcystin concentrations observed in summers 2016-2018
• 2016, 2017 Microcystis and filamentous, 2018 primarily filamentous taxa
• shorter duration toxin concentrations in 2018
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Chris Greene Lake

• Bloom conditions monitored 
between  6/18/2018 and 
10/2/2018 by Albemarle County 
Parks and Recreation

• 62 acre recreational Lake in 
Albemarle County outside of 
Charlottesville VA

• A variety of cyanobacteria were 
observed over the course of four 
sampling events

2017 Microcystins:  <0.15 – > 0.45 ppb
Planktothrix sp. 590 – 510,000 cells/mL

Microcystins: <0.15 
Cylindrospermopsin: <0.05 ppb
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Chris Greene Lake
2018 Recreational Advisory – days
2017 Recreational Advisory  –

• Albemarle County noticed 
bloom on June 1, 2018

• Solitude assisted with response

• Press release initiating advisory 
was drafted on 6/15/2018

• Advisory lifted on 6/27/2018
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Chris Greene Lake
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* No Microcystins were 
detected above the 
reportable limit in 2018

% species composition for sample 
with maximum cell concentrations 
pre treatment and post treatment
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Virginia Private LakesWilliams Lake
Rooty Lake
Cumberland County Lake
Williamsburg

Lake James 

Lake James 

• Sampled on 1/26/2018 by DEQ 

• 94 acre privately owned residential pond 
in Virginia Beach 

• Planktothrix isothrix                         
1,043,000 – 8,225,000 cells/mL 

Microcystins: 2.27 - >20 ppb

Cylindrospermopsin: 0.48 – 0.49 ppb
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Virginia Private LakesWilliams Lake
Rooty Lake
Cumberland County Lake
Williamsburg

Lake James 

Williams Lake

• Sampled on 7/12/2018 by DEQ 

• Small private pond outside of Blackstone, VA in Nottoway 
County

• Total toxigenic species:  17,830 – 31,130 cells/mL 

Microcystins: <0.15 – 0.28ppb
Cylindrospermopsin: <0.05ppb

Rooty Lake
• Sampled on 7/12/2018 by VDH

• Small residential lake popular for fishing outside of 
Richmond, VA in Henrico County

• Total toxigenic species:   445,848 cells/mL 

Microcystins: 1.12ppb
Cylindrospermopsin: <0.05ppb

Unnamed Lake in 
Cumberland Co.

• Sampled on 7/12/2018 by VDH 

• Small private lake off Guinea Road, approximately 65 miles 
SW of Richmond

• No targeted toxigenic species observed

Microcystins: 1.08 – 3.58ppb
Cylindrospermopsin: <0.05ppb
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Virginia Private LakesWilliams Lake
Rooty Lake
Cumberland County Lake
Williamsburg

Lake James 

• Sampled on 7/12/2018 by DEQ 

• Small residential lake connected to the James River 
via a drainage into College Creek

• Total toxigenic species: 
3,607,953 cells/mL 

Microcystins: 0.33ppb

Cylindrospermopsin: <0.05ppb

The Vineyards in Williamsburg
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Lake Anna

• 7 sampling events 
throughout season 
between 8/15/2018 and 
10/23/2018 collected with 
a collaborative effort 
between DEQ, VDH, and 
DCR and analyzed by ODU

• An additional 5 sampling 
events occurred in which 
private funds were used to 
have private labs analyze

• 13,000 acre recreational 
lake with a history of 
Microcystis blooms and 
elevated microcystins
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Lake Anna
2018 Recreational Advisory  – days
2017 Recreational Advisory  –
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Lake Anna Advisories by month:
August (4) -
• Pamunkey Creek Branch (1)

• North Anna Branch (2)

• Fisherman’s Cove (1)

September (7) –
• Pamunkey Creek Branch (3)

• North Anna Branch (3)

• Fisherman’s Cove (1)

October (10) –
• Pamunkey Creek Branch (4)

• North Anna Branch (5)

• Fisherman’s Cove (1)

November (4) –

• Pamunkey Creek Branch (3)

• Fisherman’s Cove (1)

A variety of potentially 
toxigenic cyanobacteria were 
observed over the course of 
the season, resulting in 25 
recreational advisories issued  
over 4 months at 10 discreet 
areas sampled throughout 
Lake Anna proper.



Lake Anna

Microcystins were detected in 
9 out of the 12 sampling 
events analyzed lake wide by 
all three labs, and none were 
above the USEPA regulatory 
threshold of 4ppb.

Only one sample that ODU 
analyzed had a result above 
the 0.05 ppb manufacturer’s 
detection limit for 
Cylindrospermopsin on 
9/25/2018 at the Upper North 
Anna Branch (0.08 ppb).

Microcystins: <0.15 – 1.63 ppb
Cylindrospermopsin: <0.05 – 0.08 ppb 

The results plotted in this figure are the maximum toxigenic cell count 
and maximum toxin concentration for the sampling event, lake wide –
the sample in which the toxin result is drawn from does not correlate 

with the location where the cell count is drawn from.   

ODU
Dominion Energy
Private lab
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Lake Anna

ODU
Dominion Energy
Private lab
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Lake Anna

ODU
Dominion Energy
Private lab

27

2,260,000

10,738,000



28

8/15/2018 8/21/2018 9/5/2018 9/25/2018 10/23/2018 
Upper North Anna Branch

8/28/2018 9/25/2018 10/23/2018 

Fisherman's Cove, left corner (Surface) 

These two locations, both of which had recreational advisories issued, were observed to have the 
greatest maximum toxigenic cell counts lake wide, but had very different community structures from 
one another.  The Upper North Anna Branch location was dominated by Cylindrospermopsis slowly 
changing over to Pseudanabaena by the cessation of monitoring at the end of October.  Fisherman’s 
Cove on the other hand, was dominated by Microcystis between late August and late October.  

0.15 0.18 0.90 0.35bdl

bdl bdl bdl



Lake Anna

Webpage for updates www.SwimHealthyVa.com
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Lake Anna

Beginning 9/2018, 
HAB Map Legend 
includes scum 
reporting by citizens

Click on Points To Expand

Location of scum 
observed 
10/10/18; helps 
others be aware 
of and avoid scum

Crowd Sourcing Bloom Reports 
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MBIO duplex assay

Side by Side Comparison

• Abraxis microcystin (ADDA) ELISA
0.15ppb - >5ppb (higher w/dilution)

• Abraxis cylindrospermopsin ELISA
0.05ppb - >2ppb (higher w/dilution)

*EPA 2016 draft recreation recommended values:

microcystins 4ppb
cylindrospermopsin 8ppb

• MBIO microcystin assay
0.4ppb - >3.1ppb (higher w/dilution)

• MBIO cylindrospermopsin assay
0.7ppb - >2.7ppb (higher w/dilution)

MBIO Abraxis
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MBIO duplex assay
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MBIO duplex assay
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R2= 0.93

• Abraxis 0.15ppb - >5ppb 

• Mbio 0.5ppb - >3.1ppb

• 32 samples

• Limited working range of 
comparable samples

• Continued comparisons in 
2019

Side by Side 
comparison 

>UDL



2019 Season 

Reports of potential FW blooms across the state (Lake James, Smith Mountain Lake, 
Lake Anna) in early 2019

HAB Taskforce recreation focus: 
• Direct resources towards peak “swimming season” (between Memorial Day and 

the end of October)
• Sampling only occurs in waters with a designated recreation use 

The ODU phytoplankton analysis lab is currently reporting all species observed within 
a bloom, and VDH:DEE is conducting a review of potential toxin producers to target 
for regulatory action

Heterocapsa triquetra (15,200 cells/mL) and Prorocentrum minimum (150 cells/mL) 
blooms ongoing in Hampton Roads/Lower Chesapeake Bay
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