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There is an increasing trend in the use of real-time sensor technology to remotely monitor aquatic

ecosystems. Current probes, however, are not able to measure total aqueous selenium (SeT)

concentrations. Selenium (Se) is a micronutrient known to bioaccumulate and slightly biomagnify in

the trophic food chain at relatively low aqueous concentrations. Because of the well-described

bioaccumulation potential and associated toxicity of Se, it is crucial to monitor SeT concentrations at

sites receiving continuous Se input.

This study aimed to estimate SeT concentrations in a boreal lake (McClean Lake) downstream from the

McClean Lake uranium milling operation in northern Saskatchewan using real-time electrical conductivity

(EC) data measured by autonomous sensors. In addition, this study aimed to derive a site-specific SeT

threshold based on Se bioaccumulation in periphyton and benthic macroinvertebrates sampled from

McClean Lake.

• To characterize effluent distribution within the lake, 8 Smart Water (Libelium®) sensor units were

programmed to report EC and temperature data twice a day for 5 and 7 consecutive weeks in 2018 and 2019,

respectively;

• Electrical conductivity was also measured with a handheld field meter at the time of water sample collection

for sensor data validation and adjusted to the median lake water temperature (13 ºC);

• The linear regression equation for EC13 from handheld meter readings vs measured SeT concentrations in

lake water was subsequently used to estimate SeT from real-time sensor EC readings;

• At each station, artificial substrate samplers (Hester-Dendys) (n=4) allowed for periphyton and benthic

macroinvertebrate colonization over the same deployment period as the autonomous sensors;

• The British Columbia dietary threshold of 4 µg/g d.w. for Se in invertebrates was applied in the correlation

equation for Se in benthic detritivores vs Se in periphyton. Results were then used to determine a safe SeT

threshold in water based on the correlation for Se in periphyton vs SeT in lake water.

• Muscatello, J. R., & Janz, D. M. (2009). Selenium accumulation in aquatic biota downstream of a uranium mining and milling operation.

Science of the Total Environment, 407(4), 1318–1325. https://doi.org/10.1016/j.scitotenv.2008.10.046

Fig.4: Mean EC values from autonomous sensors and handheld

filed meters measured at the same time (± 20 min).
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Table 1: Selenium concentrations in periphyton and

benthic detritivores (µg/g d.w.) sampled in 2018 and

2019 expressed as mean ±SE.

Fig 2: Smart Water sensors in the lab (a) in the

field (b).
Fig 1: Study site with 8 sampling stations at McClean Lake.
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Overall, data suggests that Smart Water sensors (Libelium®) can accurately measure and report real-time EC. In the absence of probes measuring SeT in water,

EC from autonomous sensors can be used as a surrogate parameter to monitor aqueous SeT exposure. Selenium bioaccumulation in periphyton and benthic

detritivore species allowed for the derivation of a “safe” site-specific threshold for aqueous SeT at 0.7 µg/L. Sites at which Se concentrations in periphyton are >

13.5 µg/g d.w, and benthic invertebrates > 4 µg/g d.w. (site 4) should be monitored for potential risks of Se toxicity to higher trophic level organisms. More

investigations on Se trophic transfer at the base of McClean Lake food chain are recommended to assess the uncertainty around the derived site-specific SeT

threshold.

Legend: Symbols in black show 2018 data and in blue 2019. Dotted black lines represent upper and

lower 95th confidence interval level.

Log[SeT _detritivores] =-0.172 + 0.115*[SeT _periphyton] 

Site 
Periphyton

2018                                                          

Periphyton

2019  

Detritivores 

2018
Detritivores       

2019 

3 6.18 ± 2.76 1.35 ± 0.6 1.53± 0.29 1.62 ±0.16

4 16.75 ± 4.44 3.33 ± 1.06 6.04 ± 0.41 2.51± 4.66

5 8.1 ± 3.99 1.33 ± 0.36 1.05 ± 0.4 1.99

6 1.13 ± 0.73 0.08 ± 0.12 1.38 ± 0.55 0.54 ±0.79

7 2.92 ± 1.26 1.81 ± 0.2 1.54 ± 0.42 1.1. ± 0.95

8 1.07 ± 0.12 2.65 ± 1.21 0.91 ± 0.43 0.91±0.43

9 6.53 ± 3.2 3.33 ± 0.15 0.6 ± 0.5 1.87±0.48

10 0.89 0.83 ± 0.59 0.67 ± 0.63 0.35 ± 0.41

Log [SeT _periphyton] = 3.09 + 0.97*log SeT water 

SeT periphyton =13.5 ± 0.25 µg/g d.w. 

SeT water = 0.7 ± 0.2 µg/L  

Fig.3 Hester-Dendys (n=4) deployed in the field.

Fig.6: Linear regression log SeT in benthic detritivores species and log SeT in periphyton

(a) log SeT in periphyton vs log sensor estimated SeT in water (b).

Fig 5. Modeled vs Estimated SeT (µg/L) in lake water.
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Legend: In bold (red) values above site-specific threshold for SeT in

periphyton and benthic detritivore species.
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