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RAINBOW RESERVOIR CYANOBACTERIA BLOOM 2025

With lower flows and less flushing in summer 2025, a cyanobacteria bloom occurred on Rainbow
Reservoir in July and August. The Farmington River Watershed Association (FRWA) responded by
repeating the monitoring protocols developed for the 2021 study funded by CT DEEP AIS grant. The
shore of Camp Shalom was monitored on dates 7/28, 7/30, 8/4 and 8/18 via multiparameter meter.
The shore at the state boat launch was monitored on 8/18 and 8/25 due to bloom regression. Shore
algae and toxin samples were collected at On 7/28 and 8/16 at the state boat launch, and 7/28 at
Camp Shalom. A complete lake sampling was performed on 7/30 which included multiparameter
meter measurements for turbidity, dissolved oxygen, temperature, conductivity, and chlorophyll and
phycocyanin, algae samples at station 4 and 5, nutrient samples at all stations, and secchi
measurements.

Figure 1. Rainbow Reservoir Monitoring Stations



TIMELINE, CHLOROPHYLL, & PHYCOCYANIN

On July 23 FRWA staff were present at Camp Shalom on
Rainbow Reservoir and noticed the reservoir water was slightly
green.

Staff returned to Camp Shalom on July 28" to find the
reservoir was bright green. A multiparameter meter measuring

turbidity, conductivity, temperature, chlorophyll (Chl-a), and
phycocyanin (PC) was used along the shore. Chlorophyll and
phycocyanin are used as indicators of a cyanobacteria bloom,
in particular when phycocyanin is higher than chlorophyll. Chl-
a measured at 2.13 RFU and PC at 3.08 which indicates an
active cyanobacteria bloom (Figure 1).

On July 30™, staff performed a full lake sampling at 5 sites
along the reservoir (and additional meter measurements at
R2.5), from inlet to dam. Visibly, the reservoir had thick shore
scum and streaking. The top meter of the reservoir had PC
higher than Chl-a indicating an active bloom from Camp
Shalom to the dam. Additionally, within the upper meter of
the water column temperature was high and dissolved oxygen
was low.

Staft checked the shore with the multiparameter meter on
August 4", 18", and 25™, and a visual only check on the 13™.
The bloom persisted in color and higher in PC, until the staff
check on August 25", where PC had decreased significantly
and clarity improved, confirming the cyanobacteria bloom
was no longer active.

Rainbow Reservoir Chl-a and PC measurements 7/28/25 - 8/25/25
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MULTIPARAMETER METER MEASUREMENTS

Multiparameter meter measurements were taken during lake sampling on 7/30 (Table 1). Thermal

gradients showed high temperatures and low dissolved oxygen, especially in the top meter at stations

R2, R2.5, and RS (Figure 2). Turbidity was highly variable and highest in the upper waters from stations

R2-R4, leading to declining and generally low water clarity. Chlorophyll and phycocyanin were low at

station R1, but phycocyanin increased beyond chlorophyll at stations R2.5-R4. Secchi depths were

relatively low at stations R2-R5.

Station ID Rl R2 R2.5 R3

Depth [m] o 1.0 2.1 2.3 2.4 0.0 1.0 2.0 30 3.4 0.0 1.0 2.0 3 0.0 1.0 2.0 3.0 4.0
Temp [C) 26 25.5 25.4 25 287 247 27.2 26 25.5 25.2 24.8 23.8 27 25.9 245 286 27.2 26 25
Cond [usfem) 157.5 155.4 155.6 159 162.2 162.2 161.2 158.1 155.6 156.1 174.0 171 160.9 158.1 153.5 170.9 162.1 157.8 155.2
Turbidity (NTU) 1.12 1.07 1.23 3.35 3.94 3.94 3.69 2.36 1.14 1.65 8.29 9.69 4,18 1.49 11.23 9.92 3.85 1.21 1.3
000 (mg/L) 7.73 7.5 7.42 7.28 7.21 7.21 11.20 8.67 £.03 7.50 6.82 14.27 12.13 0.38 6.72 15.08 12.2 9.2 8.30
Chl-a [RFU) 0.35 0.23 0.21 0.33 0.39 1.37 0.83 0.24 0.27 0.46 1.3 1.26 0.62 0.5 1.53 1.27 0.38 0.38 0.67
PC (RFU) ] 0 0 0 0 0.65 0.03 0 0 0 3.50 1.6 0.1 0 4.15 1.35 0 0 0
Secchi Depth (m) .7 1.5 1.2

Station 1D R4

Bepth (m} 0.1 1.0 21 4.0 5.0 .0 15 5.0 10,0

Terma ["C) 308 | 391 66 5.2 246 42 | 239 3z | 33

Cond [ps/em] 1825 | 17a7 | 180 1545 | 1533 1522 | 1525 1553 | 1585

Tty (4T0) | 901 | 815 | 296 ECEETS
o000 (mg/fL) 14,36 15,25 13217 5 7.5 . 7.4 B.47 3.04 ] A
Chi-a [RFU) 109 | 3.04 0.97 | o5 | o045 | 033 | 034 | 048 035 | o038 ;
PC [RFU) 2312 0.91 0.01 [ [ a [ [ a [ a
Succhi Dapth (m] 1.3

Table 1. Multiparameter Meter Measurements on 7/30/25

Temperature and Oxygen Profile Temperature and Oxygen Profile Temperature and Oxygen Profile
Station 1 on 7/30/2025 Station 2 on 7/30/2025 Station 2.5 on 7/30/2025
Temperature [C) Temparature (C) Temperature (C)
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Figure 2. Thermal Oxygen Profiles of 6 Stations on 7/30/25




ALGAE SAMPLES

Algae samples were collected on 7/28 at the state boat launch and Camp Shalom shores. Station R4
and R5 algae samples were taken as a composite of the top 3 meters. A final algae sample was taken
at the state boat launch on 8/16 due to bloom regression from Camp Shalom. Samples were analyzed
microscopically to quantify the types of algae present in the water column (Table 2 and 3). The bloom
in 2025 included Microcystis with several other potential toxin-producing cyanobacteria present.

* = potentially toxic PHYTOPLANKTON DENSITY (CELLS/ML)

=* = likely toxic

# = taste and odor producer Rainbow Rainbow Rainbow Rainbow Rainbow

State Ramp Shalom R4 R5 State Ramp

TAXON 07/28/25  07/28425 07730425 0773025 O08/16/25

CYANOPHYTA

Unicellular and Colonial Forms

Micracpsis =& 4640 3380 3700 1580 0

Filamentous Nitrogen Fixers

Aphanremenon = F 3480 2148 1665 1580 1300

Dolichespermim = F 6032 6265 B325 14220 27930

Filamentous Non-Nitrogen Fixers

Blankichnglye 580 0 0 0 0

FrewdanabaensRamasioras *& 3364 716 370 158 0

DENSITY (CELLS/ML) SUMMARY

CYANOPHYTA 18096 12709 14060 17538 29830
Unicellular and Colonial Form: 4540 3580 3700 1580 0
Filamentous Nitrogen Fixers 9512 8413 9990 15800 29830
Filamentous Non-Nitrogen Fixi 3944 116 370 158 0

Table 2. Phytoplankton Density (Cells/ml)

* = potentially toxic PHYTOPLANKTON BIOMASS (UG/L)

=* = likely toxic

# = taste and odor producer Rainbow Rainbow Rainbow Rainbow Rainbow
State Ramp Shalom R4 R5 State Ramp

TAXON 07728725 07728725 07430425 07/30/25 08/16/25

CYANOPHYTA

Unicellular and Colonial Forms

Microeysts =# 46.4 107.4 111.0 47.4 0.0

Filamentous Nitrogen Fixers

Aahamramancs T # 452.4 279.2 216.5 205.4 247.0

Lalichaspemumn =& 1206.4 1253.0 1665.0 2844.0 5586.0

Filamentous Non-Mitrogen Fixers

Flandtalmgbie 5.8 0.0 0.0 0.0 0.0

Fravgansbasnafiorneationas “# 336 7.2 37 16 0.0

DENSITY (UG/L) SUMMARY

CYANOPHYTA 17446 16468 1996.2 3098.4 h833.0
Unicellular and Colonial Form: 46.4 107.4 111.0 47.4 0.0
Filamentous Nitrogen Fixers 16586.8 1532.2 1881.5 3049.4 5833.0
Filamentous Mon-Nitrogen Fix 354 7.2 37 16 0.0

Table 3. Phytoplankton Biomass (ug/I)



TOTAL NITROGEN

Total nitrogen (TN) includes all measurable forms of nitrogen and is usually compared to total
phosphorus to get an impression of which of these two key plant and algae nutrients is more limiting
to productivity. TN values <0.6 mg/L are usually considered low and values >1 mg/L are often
considered high. Much higher values are possible where wastewater or runoff from agricultural areas
is substantial. Concentrations of TN at the five stations within Rainbow Reservoir over the 2025
sampling period were mostly between 0.676 and 0.841 mg/L (Figure 3). Overall, nitrogen was not
excessive in Rainbow Reservoir but concentrations were mostly moderate and there was ample nitrate
for non-cyanobacteria algae to flourish.

Total Nitrogen July 30 2025

TN (mgf1)

Figure 3. Total Nitrogen at 5 Stations on 7/30/25

NITRATE NITROGEN

Nitrate Nitrogen Nitrate nitrogen is the most available form of this essential plant and algae nutrient
and is often exhausted in lakes during the summer. Nitrite nitrogen is measured as part of nitrate
nitrogen in this testing program but is a very minor component of the total in oxic waters; the
combined total is often referred to as NOx. Many cyanobacteria can utilize dissolved nitrogen gas and
depend less on NOx, so the loss of NOx tends to favor cyanobacteria. NOx concentrations <0.3 mg/L
are considered low while values >0.6 mg/L are considered high. Concentrations of NOx at the five
stations within Rainbow Reservoir on the sampling date was >0.3 mg/L at station Rl and R4 and RS
bottom samples (Figure 4).
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Figure 4. Nitrate Nitrogen at 5 Stations on 7/30/25



TOTAL KJELDAHL NITROGEN

TKN is a measure of organic nitrogen plus ammonium nitrogen. Adding NOx to TKN yields total
nitrogen. The organic fraction (TKN minus NH4-N) may reflect algal abundance, but other particles in
the water column also contain organic nitrogen (e.g., leaf bits, zooplankton). By themselves, TKN
values are hard to interpret, as the split between organic nitrogen and NH4 is important, but values
<0.5 mg/L are often considered low and values >0.8 mg/L are considered high. Concentrations of TKN
at the five stations within Rainbow Reservoir one the sampling date were <0.5 mg/L with only station
RS being higher (Figure 5).

Total Kjeldahl Nitrogen July 30 2025

Figure 5. Total Kjeldahl Nitrogen at 5 Stations on 7/30/25

AMMONIUM NITROGEN

Ammonium Nitrogen Ammonium nitrogen (NH4) is another available form of nitrogen used by algae
and higher plants but tends to be relatively low in oxic waters, the conversion to nitrite and nitrate
being fairly rapid in the presence of oxygen and key bacteria. A portion of the ammonium nitrogen,
depending on pH, dissolved solids, and temperature, will be ammonia (NH3), which can be toxic.
However, in oxic waters it is very rare to have ammonia at a high enough level (>0.02 mg/L) to cause
any toxicity. NH4 concentrations <0.3 mg/L are considered low while values >0.6 mg/L are considered
high. Concentrations of ammonium nitrogen at the five stations within Rainbow Reservoir on the
sampling date were <0.3 mg/L at most sites with a high of 0.167 mg/L at station R5 bottom and
increase above 0.3 mg/L at station R4 bottom (Figure 6).

NH4-N July 30 2025

Figure 6. Ammonium Nitrogen at 5 Stations on 7/30/25



TOTAL PHOSPHORUS

TP is most often the nutrient that determines how much algae can be present. It may not always be
the limiting factor, as light or flushing may control algal biomass, but TP tends to correlate best with
overall algal biomass in most lakes whereas total nitrogen (TN) and its ratio to TP tends to determine
which types of algae will be most abundant. TP <10 ug/L is considered low while values >25 ug/L are
considered high, a fairly narrow range from minimal bloom probability to a high probability of algal
blooms. Sometimes the TP is mostly refractory (unavailable organic) particles and TP will correlate less
well with algal biomass, and sometimes other factors (like light or flushing) control algal biomass, but
TP is considered a major predictive factor for algae blooms.

Concentrations of TP at the five stations Total Phosphorus July 30 2025

0.080

within Rainbow Reservoir on the sampling
date were primarily >40 ug/L (Figure 7).
Once TP exceeds 100 ug/L phosphorus is

often not limiting, so most of the TP values 0
are in what could be considered a transition 0.000

zone.
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Figure 7. Total Phosphorus at 5 Stations on 7/30/25

TOTAL DISSOLVED PHOSPHORUS

Total dissolved phosphorus (TDP) is the readily available form of phosphorus in the aquatic
environment but is rarely abundant in natural waters. It is measured by the same method as total
phosphorus (TP) after a filtration step to remove particulates. TDP is not the same as soluble reactive
phosphorus or orthophosphorus, potentially including other dissolved phosphorus forms, but the values
for those various dissolved fractions are usually similar. Phosphorus is most often the limiting nutrient
for growth of higher plants and algae in freshwater lakes and is rapidly taken up. TP may be much
higher than DP and is usually a better indicator of overall fertility, as DP is often undetectable but is
recycled rapidly in the water column.

Total Dissolved Phosphorus July 30 2025
Concentrations of DP <10 ug/L are low ' ! 0

while concentrations >20 ug/L are high, a
fairly narrow range. Concentrations of DP
at the five stations within Rainbow

TOP {mg/l

Reservoir on the sampling date were
routinely high, often very high, with most
values exceeding 50 ug/L (0.05 mg/L) = :

(Figure 8). This suggests a large source of Station
readily available P for algae growth. ——

Figure 8. Total Dissolved Phosphorus at 5 Stations on 7/30/25



NITROGEN AND PHOSPHORUS RATIOS

Samples for nutrient chemistry (Table 4) suggest elevated concentrations for total N and total P. Total
dissolved nitrogen (TDN) was highest at the upstream station (St 1) with some decline in the
downstream direction and with increasing water depth. Total N and P did not change substantially in
the downstream direction. N to P ratios (Table 5) were generally low to moderate, favoring

cyanobacteria.

FIELD # Date NH5 NOx ™ TDN TP TDP
R1 7730725 | 0.026 0463 0.743 0.709 0.061 0.049
R2 T/30/25 | 0.020 0.258 0.704 0.584 0.062 0.035
R3 73025 | 0.015 0.263 0727 0.584 0.057 0.029

RAT T/3025 | 0.010 0.259 0.676 0.576 0.046 0.032
R4B 130725 | 0.057 0.398 0.720 0.646 0.054 0.036
R5T 7730725 | 0.009 0154 0.689 0.515 0.053 0.035
R5B T/30/25 | 0.167 0.367 0.841 0.752 0.069 0.032

Table 4. Nutrient Chemistry

1 2 3 4T 48 5T 5B
7/30/2025 12.2 11.4 128 14.7 13.0 13.3 12.2

Table 5. Nitrogen and Phosphorus Ratios

TOTAL NITROGEN AND TOTAL PHOSPHORUS INPUTS

Total nitrogen and total phosphorus inputs were calculated based on the flows into Rainbow
Reservoir on the sampling date (Figure 9). The corresponding total nitrogen concentration at station 1
had a daily load to the reservoir of 728 kg/day. The corresponding total phosphorus concentration at
station 1 had a daily load to the reservoir of 59 kg/day.

Total Nitrogen & Total Phosphorus Input at Station 1
July 30 2025
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Figure 9. Total Nitrogen and Total Phosphorus Inputs at Station RI on
7/30/25



