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Project Description

This project was part of a study that began in fiscal year (FY) 2023. Phase 3 of this study took
place in FY 2025, from July 1, 2024 to June 15, 2025. During Phase 3, water samples collected
by DEQ personnel from lakes/reservoirs in summer 2024 were analyzed for microcystin, a toxin
produced by cyanobacteria. The Environmental Analysis Lab at Virginia Commonwealth
University (VCU) conducted microcystin analyses. Additionally, Dr. Paul Bukaveckas,
Academic Advisory Committee (AAC) member at VCU, analyzed relationships among nutrients,
chlorophyll-a (Chl-a), and microcystin based on concurrently collected data from Section 187
lakes/reservoirs in 2023 and 2024.

Study Goals

There were three goals of the overall study:

e Determine if Virginia’s current nutrient criteria to protect the aquatic life of Section 187
lakes/reservoirs are adequately protective against impairments of designated uses caused
by microcystin concentrations.

e Determine whether nutrient and chlorophyll concentrations are predictive of harmful
concentrations of microcystin.

e Assess variation in microcystin concentrations among lakes and within lakes (e.g.,
nearshore versus offshore, upper lacustrine versus lower lacustrine).

Background

Section 187 Lakes/Reservoirs

There are 124 waterbodies classified as Virginia Section 187 lakes/reservoirs (9VAC25-260-
187). These waterbodies are significant in size, have public access, are managed by state
agencies, and/or may serve as sources for public water supply. Each year, DEQ monitors
approximately one-third of the Section 187 lakes/reservoirs to see if they meet Virginia’s
nutrient criteria. Some of Virginia’s largest reservoirs are monitored yearly (e.g., Smith
Mountain Lake). Other lakes are monitored on a rotating basis with the goal of assessing
conditions in at least two years within a 6-year window. Water samples taken from the Section
187 lake/reservoirs monitored by DEQ are collected from the lacustrine zone from April to
October.

Lake/Reservoir Nutrient Criteria

Water quality criteria are specified limits (numerical or narrative) on pollutant levels to ensure
the waterbody meets its designated uses — such as drinking water, recreation, or aquatic life.
The U.S. Environmental Protection Agency (EPA) allows states to set nutrient criteria according
to state- and site-specific management goals. In Virginia, DEQ has the responsibility to establish
and enforce water quality criteria.




Virginia’s Section 187 lakes/reservoirs are protected through Chl-a and total phosphorus (TP)
criteria that the AAC helped DEQ develop in the early 2000s and became effective in 2007. The
criteria for Virginia’s lakes/reservoirs were set to protect fisheries using a reference-based
approach. If the fishery is protected, the lake/reservoir is presumed to support the aquatic life
use.

The criteria are lake-specific depending on the ecoregion in which the lake/reservoir is located
and fishery type (e.g., warmwater, coolwater, etc.) (Table 1). There are three ecoregions in
Virginia for use in establishing nutrient criteria:

e Ecoregion 11, Central and Eastern Forested Uplands;

e Ecoregion 9, Southeastern Temperate Forested Plains and Hills; and

e Ecoregion 14, Eastern Coastal Plain.
The criteria require that the 90th percentile of Chl-a data obtained during a growing period (April
1—-October 31) do not exceed the assigned criterion for that waterbody. If a waterbody receives
algicide treatment, the median TP data for the growing period is compared to the criterion.

Table 1. Applicable criteria by fishery type and ecoregion in Virginia.

Fishery | Warm- | Cool- | Cold- | Managed/ | Warm- | Cool- Cold- | Managed /
Type water | water | water | Fertilized | water | water water | Fertilized
(trout) (trout)
Eco-region | -------- chl-a (ug/L)*- - ------- cemeea-- TP (ug/L)P-- - - - - - - -
11 35 25 10 40 20 10
9 35 25 60 40 30 40
14 60 25 40 20

Chl-a are 90" percentile values representative of the April — October period.
b TP is the median values representative of the April — October period.

In 2021, EPA provided nationally recommended lake/reservoir nutrient criteria that are
protective of specific effects: 1) zooplankton/phytoplankton biomass ratio, 2) microcystin
concentrations, and 3) hypolimnetic hypoxia. The recommended criteria are based on output
from statistical models developed by EPA that utilize site-specific information, such as
maximum lake depth, ecoregion, and ambient dissolved organic carbon (DOC). The models
predict site-specific nutrient criteria for total nitrogen (TN), TP, and Chl-a.

The EPA published nationally recommended microcystin criteria at 8 pg/L to protect public
health during primary-contact recreational activities (e.g., swimming). The EPA has also
published health advisory levels for microcystin in finished drinking water: 1.6 pg/L for adults
and school-age children and 0.3 pg/L for children below the age of 6.

Project Purpose

Virginia DEQ is interested in knowing how its current nutrient criteria compare to what would
be required based on EPA’s models using microcystin. However, DEQ lacked data on
microcystin concentrations in Virginia’s lakes and reservoirs, except for samples collected
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during investigations of harmful algal blooms (HABs). Furthermore, the agency had no ambient
data that related microcystin concentrations to Chl-a, TP, or TN concentrations. This project was
established to gather concurrent nutrient, chlorophyll, and microcystin data in Virginia reservoirs
in 2023 and 2024 and to analyze the collected data to address the study goals.

Results: Phase 3, Task 1 — Microcystin Analysis

For Task 1 of Phase 3, the Environmental Analysis Lab at VCU utilized an enzyme-linked
immunosorbent assay (ELISA) to determine the microcystin concentration (ug/L or ppb) of
water samples collected by DEQ personnel from specified Section 187 lakes/reservoirs in 2024.
The DEQ field biologists collected monthly (June through September) water samples at the
identified stations for microcystin analysis. In total, the DEQ biologists collected 152 samples
for microcystin analysis in 2024. All samples collected for microcystin analysis were frozen and
sent to the VCU lab for analysis.

On February 10, 2025, Dr. Bukaveckas provided a dataset of microcystin results from reservoir
samples collected by DEQ in 2024. The VCU Environmental Analysis Lab found measurable
levels of microcystin (> 0.05 pg/L) in 61% of the 152 samples. Peak microcystin concentrations
were in the range of 1-3 pg/L. No samples exceeded the recreational contact standard for
microcystin of 8 pg/L as set by the Virginia Department of Health (VDH). Each sample was
analyzed in triplicate so a confidence interval was determined for every sample. The average
standard error for all samples was 0.03 pg/L. The average of the triplicates was calculated and if
below 0.05 pg/L, was flagged as below the minimum detection limit (<MDL).

Results: Phase 3, Task 2 — Data Analysis

Dr. Paul Bukaveckas of VCU analyzed Chl-a, nutrient, and microcystin data concurrently
collected from Section 187 lakes/reservoirs in 2023 and 2024. Analyses also assessed the inter-
annual variability and the spatial variability of the obtained microcystin data.

On March 3, 2025, Dr. Bukaveckas provided an integrated dataset for the project to DEQ. The
data came from the 2023-2024 microcystin survey, which includes microcystin results measured
in the VCU Environmental Analysis Lab and concordant measurements of Chl-a, TP and TN
provided by DEQ. The dataset highlighted the findings from stations where the average
microcystin concentrations >0.5 pg/L and reservoirs with average microcystin levels >0.3 pg/L.
The dataset also highlighted the results from reservoirs with average microcystin concentrations
<0.05 pg/L. Dr. Bukaveckas also submitted PowerPoint slides offering a review of the results,
which were used in a presentation he gave on May 23, 2025 to DEQ personnel and the AAC
membership.

Survey Summary

The project began in FY 2023. During Phase 1, the AAC searched for state and regional data on
cyanotoxins in reservoirs to develop relationships between microcystin and the following trophic
state indicators: Chl-a, TN, and TP. The AAC had a low return of data with the desired
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concurrent measurements. Of the measurements for microcystin received, approximately 90%
were below the minimum detection limit.

Also, during Phase 1, Dr. Bukaveckas developed a method to identify priority reservoirs for
microcystin sampling based on water residence time, water clarity, and historical levels of Chl-a
and nutrients. Reservoirs with the following attributes were thought to have a high risk of
cyanobacteria (and thus microcystin):

(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 (hydrologic loading factor [HLF], the ratio of catchment

area to lake area, was used as a surrogate for residence time; HLF = 50-200).

From this information, Dr. Bukaveckas developed a list of Section 187 lakes/reservoirs with a
high likelihood of cyanobacterial blooms. The DEQ used the information as a basis to select
reservoirs for sampling along with consideration for which reservoirs were scheduled for
monitoring in that year and their distribution among regional offices.

For the past two summers (2023-2024), DEQ field biologists collected water samples for
microcystin analysis in priority reservoirs during routine monitoring (June—October). Some
reservoirs were sampled in both 2023 and 2024, and some were only sampled during one
growing season. In 2023, microcystin samples were collected from 15 reservoirs at two
locations: the DEQ station closest to the dam and a nearby littoral site (usually the boat ramp).
Likewise, in 2024, microcystin samples were collected in 19 reservoirs. Some reservoirs were
sampled only at the station closest to the dam, while others had multiple stations (near the dam,
at an upstream station, and boat ramp). Samples for nutrients and Chl-a analyses were collected
only at deep-water stations.

The VCU lab analyzed water samples submitted by DEQ for microcystin concentration, and
DEQ provided the results for the other parameters that were concurrently collected (Chl-a, TN,
and TP). The database arising from this work included the following:
e 10 lakes monitored in both years (2023 and 2024); 14 lakes monitored in 1 year;
e 274 measurements of microcystin from 54 lake stations (includes nearshore
measurements at 24 lakes);
e 39 stations with concordant measurements of microcystin, Chl-a, TN and TP (excludes
nearshore sites); and
e 114 paired measurements of main channel vs. nearshore microcystin concentrations.

Among the reservoirs sampled in this study, 88% of the 24 reservoirs had at least one sample
exceeding the minimum detection level for microcystin (MDL > 0.05 pg/L). Additionally, 87%
of the 54 stations had at least one monthly sample exceeding the MDL. In total, 61% of 274
samples had measurable levels of microcystin. These results indicate that the targeting approach
was successful, as measurable amounts of microcystin were more common in this study than in
other datasets the AAC received in FY 2023.

Stations with the highest microcystin concentrations (>1.0 pg/L) included: Western Branch at
1.06 pg/L, Speights Run at 2.07 pg/L (boat ramp station), and Ni River Reservoir at 2.90 pg/L



(near the spillway) and 2.57 pg/L (in the littoral zone). Similarly, stations with the highest
average microcystin concentrations (>0.5 pg/L) included: Speights Run at 0.53 pg/L by the boat
ramp and Ni River Reservoir at 0.84 ug/L near the spillway and 0.70 pg/L in the littoral zone.
Some reservoirs -- such as Western Branch and Lake Orange -- always exceeded the minimum
detection limit for microcystin (0.05 pg/L), whereas others -- Shenandoah Lake, Beaver Creek,
and Northeast Reservoir -- never exceeded the MDL.

The average station data for Chl-a and nutrients from June to October (mean of 4 values if
monitored one year or mean of 8 values if monitored two years) showed Chl-a concentrations to
be strongly correlated with TN and TP concentrations (p < 0.001). The TN and TP data were
also strongly correlated (p < 0.001). The highest Chl-a, TN, and TP values are at Lake Smith
and Little Creek Reservoir.

In contrast, microcystin concentrations were not significantly correlated with Chl-a or nutrient
concentrations when examined either as station averages or as individual samples.

Similar results were observed within stations from June through September. However, the Chl-a
values showed a slight increasing trend through the summer and higher microcystin values
occurred in late summer (Table 2). These patterns are supported by published research in other
waterbodies. No seasonal patterns were apparent for TN and TP data.

Table 2. Monthly median (June—September) for Chl-a, nutrient, and microcystin concentrations
from stations in Sections 187 lakes/reservoirs sampled in 2023 and/or 2024 for this project.

CHLaug/L TN mg/L TPmg/L MCug/L
month medians
Jun 12.9 0.670 0.020 0.05
Jul 14.7 0.615 0.030 0.05
Aug 17.6 0.630 0.020 0.10
Sep 17.3 0.605 0.020 0.12

Comparing the results from the 2023 sampling season to those from 2024 yielded no significant
differences in microcystin for individual paired samples (by station-month; n=58, p=0.27) or for
station average values (n=15, p=0.29).

Microcystin results from near-shore stations, located at the boat launch, were compared to results
from deep-water (pelagic) stations. The study found no significant difference between pelagic
and nearshore results for individual paired samples (by station-month; n=113, p=0.32) or among
a subset of samples with values greater than the MDL (n=74, p=0.32).

In conclusion, the survey results from Section 187 lakes/reservoirs showed widespread
occurrence of microcystin but at low concentrations (<1 pg/L). The data indicated the following:
e Nutrient and chlorophyll concentrations were not predictive of microcystin
concentrations. Thus, the results do not support the development of regression models
linking microcystin to Chl-a, TN, or TP.



e There were no statistically significant differences between stations within a reservoir.
However, the dataset may have yielded different results if the near-shore stations had
been in downwind locations, or if upstream (non-lacustrine) stations were included.

Future Studies

Dr. Bukaveckas recommended that DEQ complete the survey of microcystin across all Section
187 lakes/reservoirs in Virginia during their established sampling schedule. Completing the
survey would be relatively inexpensive and could be useful in identifying hotspots for
cyanotoxins. Furthermore, completion of the survey would establish a baseline for microcystin
concentrations within all of Virginia’s monitored reservoirs for comparison in future
assessments. It is important to have microcystin data for comparison in future years because
reservoir temperatures have increased in the past 40 years (by approximately 2°C) and
cyanobacteria have an advantage at higher temperatures. Many anticipate that cyanobacterial
blooms will become more common as water temperatures rise.

As an addendum to the work, Dr. Bukaveckas showed microcystin results from the Section 187
lakes/reservoirs along with data obtained in 2024 from small lakes in the Richmond-metropolitan
area. Some data from small lakes have high microcystin concentrations. One sample had a
microcystin value that exceeded 20 pg/L. Dr. Bukaveckas suggested if high levels of
microcystin concentrations could be found, it might be possible to fit models to the data to see
what level of nutrients or Chl-a values would be protective against high levels of microcystin.
Another member of the AAC recommended that DEQ collect Chl-a and nutrient samples
whenever they monitor potential HABs for microcystin.

Deliverables

There were four main deliverables associated with this project that were given to DEQ:

1) Dataset of microcystin results and quality assurance/quality control (QA/QC) results from
the microcystin monitoring conducted in 2024 by DEQ — Provided to DEQ on February
10, 2025 and June 13, 2025.

2) Spreadsheet that includes the data used and the results of analyses — Submitted to DEQ
on March 3, 2025 and June 13, 2025.

3) Presentation of work and findings at spring DEQ-AAC meeting, presentation slides, and
a summary of the presentation — Presentation given to DEQ and AAC on May 23, 2025;
presentation slides provided on May 27, 2025 and June 13, 2025; and presentation
summary distributed on June 5, 2025 and June 13, 2025.

4) This final report that summarizes the activities and findings of the project — Supplied on
June 13, 2025.



