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Project Description

Certain man-made freshwater lakes and reservoirs in Virginia, referred to as Section 187 lakes,
have criteria to protect aquatic life and recreational uses from the impacts of nutrients (9VAC25-
260-187). The overall goal of this project is to determine if Virginia’s current nutrient criteria for
Section 187 lakes, which are based on supporting a productive fishery, are adequately protective
of recreation, as defined through microcystin concentrations. At present, it is unclear whether
there are sufficient data to resolve relationships among nutrients, chlorophyll-a (Chl-a), and
microcystin within freshwater lakes and reservoirs in Virginia.

The Academic Advisory Committee’s (AAC’s) FY 2023 effort was Phase 1 of the project and
took place during July 1, 2022—June 15, 2023. Phase 1 had the following objectives:
(1) Identify priority Section 187 lakes in Virginia for DEQ to monitor microcystin in
summer 2023, and
(2) Identify other potential sources of data (non-DEQ) that can help resolve the
relationships among nutrients, Chl-a, and microcystin in lakes and reservoirs.

The FY 2023 effort is vital for implementing Phase 2 of the project, which will take place during
FY 2024 (July 1, 2023-June 15, 2024).

FY 2023 Task 1

The goal of Task 1 was to identify candidate Section 187 lakes where monitoring of microcystin
would provide data suitable for establishing relationships with Chl-a and nutrients (i.e., sites
where there is a greater probability of cyanobacterial harmful algal blooms, CyanoHABs). Dr.
Paul Bukaveckas, AAC member, and Ms. Madison Hagen, both of Virginia Commonwealth
University (VCU), undertook an assessment of bloom potential using long-term monitoring data
provided by DEQ.

Tish Robertson (DEQ) provided long-term data for 41 Section 187 lakes scheduled for
monitoring in summer 2023 by DEQ. From these data, the VCU researchers determined the
mean for Secchi depth, total nitrogen (TN), total phosphorus (TP) and Chl-a data collected at the
main (deep, lacustrine) profile station during 2000-2022 (n=30-50 observations/lake). They also
utilized data from the National Inventory of Dams (NID) to obtain information on catchment
area as well as lake area, volume, and mean depth. Of the 41 waterbodies, they were able to
derive metrics for 37 reservoirs (where sufficient data were available). The following metrics
were calculated:

e Chl-a: long-term mean and 90™ percentile values;

e Mean TN and TP concentrations;

¢ Ratio of mean lake depth to Secchi depth (M:S), as an indicator of light conditions;

e Hydrologic Loading Factor (HLF) — ratio of catchment area to lake surface area.

On February 27, 2023, Dr. Bukaveckas presented the results of this effort to DEQ personnel
(Drew Garey, Tish Robertson, Bryant Thomas, and David Whitehurst). The researchers used
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historic data for the 37 Virginia reservoirs to indicate which are most likely to have elevated
Chl-a levels. The high-risk lakes share some or all of the following features: (1) prior occurrence
of elevated Chl-a (long-term means 10-25 ug/L); (2) elevated nutrients (TP >0.2 mg/L, TN >0.5
mg/L); (3) favorable water clarity (ratio of mean depth to Secchi depth = 2—5); and (4) favorable
water residence time (HLF = 50-200). From this effort, they prioritized microcystin monitoring
at twelve Section 187 lakes scheduled for water quality monitoring by DEQ during summer 2023
(Table 1).

Table 1. List of Section 187 lakes proposed for water quality monitoring by DEQ during
summer 2023 and their estimated mean water residence time (HLF), ratio of mean lake depth to
Secchi depth, total nitrogen (TN) concentration (mg/L), total phosphorus (TP) concentration
(mg/L), and chlorophyll-a (CHLa) concentration (pug/L).

HLF
Lake Name River Name DEQ Station ID (Drainage MeanE TN Mean TP Mean  CHLa
Secchi (mg/L) (mg/L) (ug/L)

:lake)
Cherrystone Reservoir Cherrystone Creek 4ACRR008.32 75 2.3 0.48 0.030 10.65
Chickahominy Lake Chickahominy River 2-CHK026.94 152 3.8 0.71 0.070 12.54
Curtis Lake Long Branch 1ALOH007.93 11 2.2 0.84 0.030 17.57
Ft Pickett Reservoir Nottoway River 5ANTW127.14 336 2.9 0.59 0.050 16.45
Lake Chesdin Appomattox River 2-APP020.23 280 3.4 0.57 0.030 13.63
Lake Nelson Union Hill Creek 2-XLU000.10 30 31 0.86 0.040 19.62
Lake Orange Flat Run 8-CLC003.48 9 4.6 0.57 0.030 11.34
Nottoway Falls Reservoir Lees Creek 2-LDJ000.62 26 2.8 0.63 0.020 12.78
Powhatan Lakes Big Macks Creek 2-5TG000.21 825 5.1 0.69 0.050 16.35
Rural Retreat Lake South Fork Reed Creek 9-XBLO00.20 27 3.2 0.73 0.030 10.64
Stonehouse Creek Reservoir Stonehouse Creek 2-SHS001.00 78 3.5 0.83 0.060 22.75
Thrashers Creek Reservoir Thrashers Creek 2-TRH000.40 121 4.0 0.67 0.050 23.38

Based on input from DEQ personnel at the meeting, Dr. Bukaveckas reran the models using
median values (instead of mean values) for TP and TN. He reached the same conclusions using
the median data, and the models showed a small improvement with the use of median TN and TP
values (Table 2).

Table 2. Model results using mean and median nutrient concentrations as independent variables
and chlorophyll-a concentrations as dependent variables (R2=coefficient of determination;
RMSE=root mean square error; P=probability value).

mm-

CHLa TP (mean) 0.81 <0.001
TP (median) 0.84 2.3 <0.001

CHLa (90%-tile) TP (mean) 0.74 6.8 <0.001
TP (median) 0.81 5.6 <0.001

" CHLa TN (mean) 055 39  <0.001
TN (median) 0.77 2.6 <0.001

CHLa (90%-tile) TN (mean) 0.50 9.4 <0.001

TN (median)  0.57 8.7  <0.001



Dr. Bukaveckas provided an Excel spreadsheet to DEQ that shows data used to assess
CyanoHAB potential, and his PowerPoint presentation that shows the results of the analysis. He
also provided the list of twelve Section 187 lakes suggested for concurrent monitoring of
microcystin and nutrients in summer 2023 (Table 1). Personnel with DEQ used the results and
other information to select fifteen Section 187 lakes for monitoring in summer 2023.

FY 2023 Task 2

The goal of Task 2 was to gather non-DEQ datasets that contain all of the following information
from freshwater lakes and reservoirs in Virginia, North Carolina, and Maryland:
e Microcystin concentrations (including non-detectable levels) with any combination of
concurrent Chl-a, TN, and/or TP concentrations;
e Sample site coordinates and sample depth; and
e Sample date.

DEQ personnel and AAC members collaborated to develop a “call for datasets” (see Appendix).
Ms. Jane Walker, AAC member with the VWRRC, announced the call through various mailing
lists and coordinated with other organizations to distribute the call for datasets. The list below
summarizes the organizations and listservs that were sent the data request in the three states.

Virginia

American Water Works Association (AWWA) — Virginia Section
Chesapeake Monitoring Cooperative (regional organization)
Virginia Lakes and Watershed Association

Virginia Streams Listserv

Virginia Water Monitoring Council

VWRRC mailing list

North Carolina
e AWWA — North Carolina Section
e North Carolina DEQ (Division of Water Resources)
e North Carolina Water Resources Research Institute (News Listserv and Water-
Research Listserv)

Maryland
e Alliance for the Chesapeake Bay’s Chesapeake Network Listserv (regional listserv)

AWWA — Chesapeake Section

Maryland Department of Natural Resources

Maryland Water Monitoring Council

Maryland Water Resources Research Center mailing list

Ms. Walker also conducted a literature search of scientists in the region who have published
microcystin data from freshwater lakes and reservoirs in the states of interest. Based on this
information as well as recommendations from others, she sent e-mail messages to the following



researchers (“indicates individuals who responded to the message; others will be contacted again
in mid-June):
e [East Carolina University: David Chalcraft and Erin K. Field
e FElon University: Brant W. Touchette
e Ferrum College: Smith Mountain Lake Water Quality Program (Clay Britton, Dana
Ghioca-Robrecht, Delia R. Heck, David M. Johnson, Chekka Lash, Carol C. Love, and
Bob R. Pohlad)
e George Mason University: R. Christian Jones®
e Interstate Commission on the Potomac River Basin: Gordon “Mike” Selckmann
e North Carolina State University: Elle H. Allen, JoAnn M. Burkholder, Natalie Nelson”,
Astrid Schnetzer, and Qingshan Wei®
e Old Dominion University: Phytoplankton Laboratory” (Peter W. Bernhardt, Leah Gibala-
Smith, and Margaret Mulholland)
e University of North Carolina: Robert Cannon,” Hans Pearl”, Parke Rubleev,” and Robert
Stavn
e University of Tennessee, Knoxville: Randall L. Small and Steven W. Wilhelm”
e Virginia Tech: Occoquan Watershed Monitoring Laboratory” (Stan Grant, Herold
“Harry” Post); Cayelan C. Carey, and David G. Schmale III"

The call for datasets resulted in expressions of interest and questions but only one small dataset
that met the criteria (Schmale lab). A few datasets that partially meet the criteria were provided.
These datasets had microcystin data but lacked concurrently collected nutrient or Chl-a data
within the same dataset (the data may exist elsewhere or may be taken on the same lake but at a
different location and/or date). The lack of ancillary measurements will likely substantially
diminish the utility of obtained datasets.

On May 30, 2023, DEQ and AAC members met and discussed the datasets thus far received. A
summary of the datasets currently available to DEQ for this project are shown in Table 3. The
datasets were classified as “survey” if they included a few samples from numerous
lakes/reservoirs. Datasets classified as “intensive” represent those with numerous samples from
one or two reservoirs. It was decided that the survey datasets are more likely to yield data that
can be used for analysis so the focus is to attempt to obtain ancillary data for these microcystin
datasets. During the meeting, DEQ personnel noted that the microcystin data obtained by the
Lake Anna Civic Association (LACA) are analyzed using a field-based ELISA test that is not
equivalent to that performed in the lab. These data were, therefore, deemed inappropriate for use
in the analysis.

The effort to obtain data is ongoing. Personnel with DEQ are attempting to supplement the
survey datasets from North Carolina and Maryland with data from the Environmental Protection
Agency’s (EPA’s) STORET (STOrage and RETrieval) Data Warehouse. We also anticipate that
more data may arrive during summer 2023 (FY 2024). All datasets will be reviewed, and those
deemed appropriate will be combined into one dataset for analysis in FY 2024.



Table 3. Description of datasets received as a result of a call for data associated with this project
(survey=few samples collected from numerous lakes/reservoirs; intensive=numerous samples
collected from a few lakes/reservoirs).

Type Years Ancillary Data
(Region)

Survey EPA NLA 2012, Lat-Long, CHLa, TP,
(VA) 2017 EcoReglon
Survey (NC) NC DEQ 2017-2022 962 Lat-long (others pending)
Survey (MD) MD DNR 2003-22 169 (14  Lat-long (other?)
lakes)
. Survey (VA) DEQ-VDH- 2015-2022 540* Lat-long (other?)
DCR
Intensive WSSC 2019-23 256 (2 Lat-long (others not
(MD) lakes) coincident)
Intensive Lake Anna 2020-2021 434 Lat-long, CHLa (probe), no
(VA) (LACA) nutrients
Intensive Lake Anna 2019 120 Lat-long, TP
(VA) (Schmale) (2 dates)

*includes some non-reservoir data

FY 2023 Task 3

The purpose of Task 3 was to coordinate the project. Three meetings were held during FY 2023
via Zoom with DEQ personnel and AAC members who were involved in meeting the project
deliverables. The VWRRC organized the three meetings, which were held in December 2022,
February 2023, and May 2023.

e The December meeting focused on development of a two-phase project plan (this report
summarizes the accomplishments of Phase 1 of the project). The meeting also included a
discussion of the laboratory capabilities at VCU for microcystin analyses.

e The February meeting centered on Task 1, the algal bloom risks data and its significance
in the context of developing a monitoring plan. As previously described, Dr. Bukaveckas
presented the methods used and findings. Following the meeting, Dr. Bukaveckas
provided the dataset generated and his PowerPoint presentation slides to DEQ. As a result
of this work, DEQ was able to develop a monitoring plan for microcystin data collection
at 15 reservoirs in Virginia during summer 2023.

e The May meeting focused on Task 2, the collection of non-DEQ datasets for compilation
into a larger dataset for analysis in FY 2024. At that meeting, Ms. Walker described her
efforts to distribute the developed call for microcystin datasets throughout Virginia,
North Carolina, and Maryland, and Dr. Bukaveckas briefly described the datasets thus far
received. Following this meeting, the North Carolina and Maryland survey datasets and
the PowerPoint presentation slides used in the meeting were provided to DEQ.



Future Work

Phase 2 of the project will take place from July 1, 2023 to June 15, 2024. During summer 2023,
DEQ biologists will collect water samples at routine stations in Section 187 lakes for analysis of
Chl-a and nutrients. They will also collect samples for microcystin analysis at the dam/deepest
station and at the closest lacustrine boat ramp for 15 Section 187 lakes identified during Phase 1
(Task 1). The collected microcystin samples will be analyzed at VCU’s Bukaveckas Lab. In
addition, VCU researchers will identify candidate sampling lakes from among the Section 187
lakes based on DEQ’s monitoring schedules for 2024 and 2025. Pending successful completion
of DEQ’s efforts to identify ancillary data from STORET, usable data from the state datasets in
Virginia, North Carolina, and Maryland along with other non-DEQ data (e.g., EPA National
Lakes Assessment) will be combined into a single dataset with results from DEQ’s 2023
microcystin monitoring. This compiled dataset will be analyzed to document the relationships
among microcystin, Chl-a, TP, and/or TN.

Appendix: Call for Datasets
See the next page for a copy of the data request flyer.



Call for Microcystin Data from Freshwater Lakes and Reservoirs

The Virginia Water Resources Research Center at Virginia Tech is seeking microcystin data from
freshwater lakes and reservoirs in Virginia, North Carolina, and Maryland. Microcystin is a class of toxins
produced by certain freshwater cyanobacteria, commonly known as blue-green algae.

Submitted datasets need to contain all of the following information:
e Microcystin concentrations with any combination of concurrent chlorophyll-a (Chl-a), total nitrogen
(TN), and/or total phosphorus (TP) concentrations
o Sample site coordinates (lat. & long.) and sample depth
¢ Sample date

We are also requesting other information associated with the dataset including, but not limited to, the
following:
¢ Methodologies used for analyses
e Detection limits
¢ Quality assurance/quality control (QA/QC) flags
o Waterbody characteristics: name, size (e.g., surface area), location, EPA Level Il ecoregion (if
known), etc.
¢ Waterbody management: uses (e.g., public drinking water supply), treatments (e.g., addition of
fertilizer, algaecide applications)
o Other concurrently collected data (e.g., dissolved oxygen, temperature)

If you have such datasets or know of someone who may, please contact Jane Walker with the Virginia
Water Resources Research Center at janewalk@vt.edu or (540) 231-4159 by
April 15, 2023.

Purpose of this Request: The Virginia Water Resources Research Center (“Water Center”) is assisting
the Virginia Department of Environmental Quality (DEQ) in obtaining datasets containing microcystin
concentrations from freshwater lakes and reservoirs in Virginia, North Carolina, and Maryland. The
requested datasets will be used by the Water Quality Academic Advisory Committee (AAC) to help
determine if Virginia’s current nutrient criteria for lakes/reservoirs adequately protect the recreation use, as
defined through microcystin concentrations.

—_— About Virginia Department of Environmental Quality: Virginia DEQ is
e responsible for administering laws and regulations related to air quality,
ﬁ. water quality, water supply, renewable energy and land protection in

VIRGEMA DEPARTMENT Of Virginia. The agency manages the water quality of Virginia’s streams,
ENVIRONMENTAL QUALITY lakes, reservoirs and tidal waters. To learn more about DEQ, see its
website at https://www.deq.virginia.gov/.

S About Virginia Water Resources Research Center: The
i N Virginia Water Center offers resources and support to researchers,
@3 WATER RESOURCES educators, and decision makers throughout the state of
Research Center Virginia. The Water Center organizes and coordinates the
AAC to serve as an independent advisory body to DEQ to
review and evaluate the scientific merits of DEQ’s existing and evolving water quality assessment

procedures. The Water Center resides within the College of Natural Resources and Environment at
Virginia Tech. To learn more about the Water Center, see its website at https://www.vwrrc.vt.edu/.
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