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J. Neil Stalter 

Director of Ecology and Environmental Education 

Candlewood Lake Authority 

Re: June 2019 Water Quality Observations 

 

Details: Sampling was conducted on June 24th (Squantz) and June 27th (Candlewood). Secchi 

Depth, a measure of water clarity, ranged from a low of 2.85m in Squantz Pond, to a high 

of 3.78 in Danbury Bay. Historically, June clarity results tend to be the highest, while the lowest 

measurements are often taken during September and October, sometimes May. In 2018, June 

secchi readings were slightly lower, ranging from 2.46m - 2.84m. However, much of this 

difference is likely due to the different sampling time frames, as sampling was conducted on 

June 7th in 2018. To assist in standardizing results, monitoring will be conducted within the final 

two weeks of every month to ensure comparisons can be made both month to month and year to 

year. Readings taken on Candlewood in late June 2018, taken by delegates separate from our 

monthly monitoring, were more comparable, ranging from 3m – 3.18m. 

This was the second month that we were able to use our new Chlorophyll-a sensor (a 

fluorometer, which uses certain wavelengths of light to measure the relative concentration of chl-

a). Because this is a new monitoring method, we are using both the new sensor, as well as 

taking water samples for in-lab analysis of chl-a so that we can ensure we know how to 

compare the new results to historic measurements. Chlorophyll-a measurements give us an 

understanding of how much algal material is in the lake. Below is a table comparing the chl-a 

results at 1m depth returned to us from the lab with the chl-a results using the new sensor (all 

measurements are in µg/l): 

 DB NF NM SH SQ 

Fluorometry 

(New Sensor) 

0.97 0.92 1.17 1.10 2.07 

Spectrophotometry 

(Lab Analysis) 

3.71 1.75 2.22 3.67 2.88 
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As you can see, there are a number of differences in the two measurements, but the lab-

analysis is consistently measuring modestly higher than the sensor analysis. We will continue to 

measure chl-a using both methods until we can analyze any differences between the two 

methods statistically and ensure that we can compare any measurements going forward to 

historical measurements. The ultimate goal is to statistically establish that the measurements 

are either similar enough as to be directly compared without losing any robustness in our data, or 

have the information needed to create a calculation that corrects the new measurements so that 

they can be compared to past measurements. One full year of double testing should give us the 

amount of information we need to decide. 

One of the most important aspects of a lake system is temperature, and how that affects 

the ability of water to mix throughout the “water column” which is a term meant to describe the 

vertical column of water from the surface of the lake all the way to the bottom. As temperatures 

get warmer throughout the summer season due to increased sunlight and thermal (heat) energy 

the surface water gets warm pretty quickly, but the heat and energy from the sun cannot travel all 

the way through the water column easily and to move deeper, would require the water to mix. 

This mixing process also helps mix and move important nutrients and molecules like oxygen, 

phosphorus, nitrogen, and calcium. However, because colder water is denser than warmer 

water, the surface water heated by the sun forms a “layer” of warmer water that is less dense, 

and therefore sits on top of the colder, denser water toward the bottom. These density 

differences make it hard for the water to mix effectively. This means that as the 

temperatures between the upper and lower layers diverge further, the “resistance to 

mixing” increases. There is a formula that can be used to calculate how much each meter of 

water resists mixing with the meter below it, which returns a “relative thermal resistance to 

mixing” or RTRM value. The higher this RTRM value, the less able to mix that layer is with the 

layer below it. The formula to find RTRM is relatively simple: 

𝑅𝑇𝑅𝑀 =  
(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑈𝑝𝑝𝑒𝑟 𝐿𝑎𝑦𝑒𝑟) − (𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝐿𝑜𝑤𝑒𝑟 𝐿𝑎𝑦𝑒𝑟)

(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑡 5°𝐶) − (𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑎𝑡 4°𝐶)
 

You only need to know the temperature of the water to find out what the density is – as 

the density of liquid water is a known value (1g/ml) that changes only due to temperature (and 

somewhat due to pressure, but you don’t have to worry about that unless you’re not on Earth, are 

at the very bottom of the ocean, or are doing an experiment in a lab). While technically the 

density of water is slightly less than 1g/ml, the reason it is given a value of 1 g/ml is because the 

original definition of a “gram” was actually the mass of one ml of water. We can calculate the 

RTRM value at each meter depth for one of our sampling locations to give us an idea of 

two things: generally, how resistant to mixing the entire water column is, and at which 

depth specifically there is the most resistance to mixing, AKA: the thermocline (Which is a 

word that describes the layer of the water column where temperature changes the most rapidly 

between meters). 
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The two graphs to the left show 

resistance to mixing and 

temperature (which is in 

Fahrenheit, even though the 

calculation is done using Celsius) 

for the New Fairfield location in 

June of 2019. The marked 

locations show where the greatest 

resistance to mixing is, or the 

“thermocline.” The significant 

temperature changes between 7m 

and 8m of depth is where the less 

dense, warmer, shallow water has 

the most trouble mixing with the 

denser, cooler, deep water. Since 

it is still early in the season, it is 

likely that this resistance to 

mixing will increase, and the 

thermocline will likely become somewhat shallower as the sun heats up the surface water 

even more during the hotter summer months. Tracking where water can and cannot mix is 

one of the most important tasks for a lake manager and can begin to give us information 

necessary to answer certain questions about where blue-green algae blooms come from, how 

oxygen is being distributed in the water, and how nutrients are being transported throughout the 

lake. 

Nutrient loading (particularly the concentration of important compounds like nitrogen and 

phosphorus in the water) has important effects on lake health. High concentrations of these 

nutrients can lead to algal growth and blue-green algae blooms that can harm water quality, as 

well as lead to greater growth of nuisance plant species like milfoil. We take one measurement of 

nutrient concentration in each layer of the lake (so 3 samples at each of the 5 different sites; 15 

times total). The table containing all of the results from the lab can be found below. Note that 

“n/a” means that sample was not tested for by the lab, and “ND” means “Not Detected”, which 

means the measurement was below the threshold that the lab can detect with their instruments so 

that the level can be assumed to be 0. Unfortunately, due to a laboratory error, the metalimnion 

and hypolimnion samples from Sherman for June 2019 were lost. When compared to last year, 

it seems that phosphorus values have increased. However, this difference is likely due to the 

early timing of sampling in 2018. As was stated in the May 2019 monthly summary, oxygen 

throughout the water column, and particularly at the bottom of the lake, can help slow or prevent 

internal loading processes. Because the thermocline is weaker earlier in June (so the water is 

more able to mix); that means more oxygen can reach deeper depths. For this reason, in 2018 we 

saw higher oxygen and lower phosphorus values at the bottom layer of the lake, indicating less 
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internal loading. Sampling also followed some heavier rain events which might explain why the 

shallow “epilimnion” layer of the lake has higher phosphorus; along with the fact that it had 

more time to accumulate after a thermocline formed before sampling in 2019 compared to 2018. 

Phosphorus measurements in June of 2019 were modestly higher than June of 2018, as well 

as May of 2019, although compared to historic June measurements are normal or slightly 

lower. Nitrogen levels increased significantly compared to May – which is a trend seen both in 

2018 and 2017. These nitrogen levels are on the higher end of normal, while being slightly 

lower than nitrogen measurements from June of 2018. We will continue to monitor nitrogen 

levels closely to see what the trend looks like in the recent past, as we’d like to continue to see 

the modest decrease in total nitrogen levels that we’ve seen since the early 90s.  

 

Water samples from two net-tows near the pump-up station in New Milford were analyzed 

for zebra mussel veligers (larva), and none were found. Below you can find a picture of an 

ostracod (left), which is a crustacean that exhibits the same “cross-polar” properties that Zebra 

Mussel Veligers (right) do (very bright under polarized light, and showing a dark “cross-

pattern”). While they look similar, the difference can be determined by examining their shape 

and size. Ostracods are expected in samples of Candlewood Lake water, while Zebra Mussel 

veligers are not. 

 

 

 

 

(mg/l) unless 

otherwise stated Potassium Sodium Alkalinity Calcium Chloride Magnesium Ammonia as N Kjeldahl N Nitrate Nitrite Total Phos. (ug/l) Total N pH (SU) Chl-a (ug/l)

Danbury
Epilimnion n/a n/a 64 n/a n/a n/a ND 0.93 ND ND 16 0.93 8.6 3.71

Metalimnion n/a n/a 68 n/a n/a n/a ND 1 ND ND 17 1 7.1 n/a

Hypolimnion n/a n/a 64 n/a n/a n/a ND 0.92 ND ND 23 0.92 8.7 n/a

New Fairfield
Epilimnion n/a n/a 64 n/a n/a n/a ND 0.59 ND ND 19 0.59 8.5 1.75

Metalimnion n/a n/a 66 n/a n/a n/a ND 1.07 0.05 ND 16 1.12 7.2 n/a

Hypolimnion n/a n/a 72 n/a n/a n/a 0.15 1.31 ND ND 15 1.31 7.1 n/a

New Milford
Epilimnion n/a n/a 68 n/a n/a n/a ND 0.99 ND ND 17 0.99 8.5 2.22

Metalimnion n/a n/a 76 n/a n/a n/a ND 0.6 ND ND 14 0.6 7.3 n/a

Hypolimnion n/a n/a 68 n/a n/a n/a ND 0.55 ND ND 14 0.55 8.5 n/a

Sherman
Epilimnion n/a n/a 66 n/a n/a n/a ND 0.99 ND ND 20 0.99 8.4 3.67

Metalimnion n/a n/a Lab Error n/a n/a n/a Lab Error Lab Error Lab Error Lab Error Lab Error Lab Error Lab Error n/a

Hypolimnion n/a n/a Lab Error n/a n/a n/a Lab Error Lab Error Lab Error Lab Error Lab Error Lab Error Lab Error n/a

Squantz
Epilimnion n/a n/a 32 n/a n/a n/a ND 0.49 ND ND 20 0.49 8.3 2.88

Metalimnion n/a n/a 34 n/a n/a n/a ND 0.45 0.05 ND 18 0.5 7.1 n/a

Hypolimnion n/a n/a 44 n/a n/a n/a 0.68 1.17 ND ND 24 1.17 7.1 n/a

ND - Not Detected (0)
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Summary: Water clarity was high in June, which is often the month with the highest clarity. The 

new chl-a sensor returned slightly lower readings than those measurements received from the 

lab, similar to the May measurements, but those numbers were closer than they were in May. 

Comparison of the results from these two methods will continue to ensure we can continue to 

compare new data to historical measurements. We are beginning to see anoxic conditions at the 

bottom of the lake, meaning that there is little to no oxygen, allowing more nutrient input from 

internal loading processes -- which is normal for late June into the rest of the summer. This is 

due in large part to the formation of discrete water layers and a stronger thermocline, which we 

can measure using RTRM values. Measurements of phosphorus are normal, if slightly higher 

than last year likely due to the earlier sampling date in 2018. Nitrogen levels are on the higher 

end of normal for Candlewood Lake, particularly when compared to May 2019’s measurements, 

however they are lower than last year’s measurements in June. No zebra mussel larvae were 

found during monitoring. 
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