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   ORIGINAL VIA ELECTRONIC MAIL 

 
 
June 10th, 2021 
 
Polar Vortex LLC 
Randy Sellers 
  
Re:  Pool Tiger Filtration Study 
 
 
Dear Mr. Sellers, 
 
Cove Environmental (Cove) is pleased to submit this study report for the Pool Tiger. Please refer to the 
following pages for detailed information on the study design and results. 
 
If you have any questions or comments, please call me at (405) 372-2122 or email 
shannon@covesciences.com.  We appreciate the opportunity to be of service to you. 
 
Sincerely, 

  
 
Shannon Scott 
Cove Environmental, LLC. 
Laboratory Director| Aquatic Toxicity 
www.covesciences.com 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

http://www.covesciences.com/


 
Pool Tiger 

 

 
3400 W. Lakeview Rd. Stillwater, OK  (405) 372-2122 www.covesciences.com 

 

Polar Vortex LLC provided Cove Environmental a Pool Tiger filtration apparatus to be used to 
determine toxicity to algal and bacterial aquatic samples. Reconstituted moderately hard samples were 
spiked with in-house culture aliquots and maintained in the filter apparatus for the designated exposure 
duration. Control samples were conducted in non-filtered reconstituted moderately hard water. For 
algae assays, viability was conducted following United States Environmental Protection Agency (USEPA) 
methods for wastewater analysis (USEPA 2002) and standardized algae methods (Borowitzka and 
Moheimani 2013). Briefly, Raphidocelis subcapitata was spiked and absorbance was measured at 0.25, 
0.5, 1 and 24 hours using a spectrophotometer (Digital Visible 721-VIS) to determine viability of cells 
based on algal chlorophyll abundance. Thus, the more viable the algae, the higher the absorbance. Algae 
cell density was counted using an automated cell counter (Invitrogen Countess II).  

For bacteria assays, viability was determined using an Oxygen Uptake Rate (OUR) method 
commonly used for wastewater analysis (Garcia-Ochoa et al. 2010) to determine bacterial and activated 
sludge integrity. Briefly, a bacterial mixed liquor suspended solid (MLSS) was spiked and OUR was 
measured every minute (m) for 10 m with a biological oxygen demand (BOD) probe (Hach 40d multi 
meter) to determine oxygen consumption of the bacteria. Typically, healthy bacteria will indicate an 
increase in oxygen uptake resulting in a decrease in dissolved oxygen (DO) levels. Bacterial cell density 
was counted using an automated cell counter (Invitrogen Countess II) and viability confirmed using a 
Trypan Blue assay (Invitrogen). Viability was calculated using % of live cells compared to the total 
population of each sample. Statistical analysis was conducted using Graph Pad (Prism version 9.0). Data 
was checked for normality and algae and bacteria assays were ran in quadruple and triplicate technical 
replicates, respectively. 
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Algae viability 
 

Results for the algae viability assays indicated a significant decrease in the filtered samples at 
24h post exposure when compared to controls (Figure 1 A,B). Overall algae cell populations were shown 
to decrease in the filtered sample compared to controls. Moreover, this was statistically different when 
shown with algae density (Figure 1C). Therefore, results suggest sublethal effects to be occurring to the 
algae up to the final time point measured in the study. Moreover, filtration is significantly affecting 
overall cell proliferation as seen with overall chlorophyll abundance up to 24h exposures. In the present 
study viability (% of control) was measured at 76 ± 1 %, compared to the previous study (May 29th, 
2021), where viability was 90 ± 2%. Therefore, the current study suggests a decrease in viability 
compared to the previous study. 

 
Bacteria viability 
 

Results for the bacteria viability assays indicated a significant difference between OURs between 
control and filtered samples. A lack of DO usage was observed as early as 1 minute in the study 
compared to control and persistently trended not change when compared to the control (Figure 2A). 
Apparent OURs were observed in the control samples indicative of typical healthy populations. In 
comparison to the previous study (May 29th, 2021) OUR cultures were found to be more active for both 
control and filtered populations, but still showed inhibition up to 4 minutes when compared to the 
control. For viability results, filtered samples indicated a significant decrease (25.5 ± 3%) compared to 
the controls (Figure 2B) moreover than previous studies (39.3 ± 2%). Therefore, it may be suggested 
lethality is occurring with the cells unable to perform proper cellular respiration due to sublethal effects 
at a 30 m exposure timepoint.  

 

 
Figure 1. Algal cell viability of filtered samples at various timepoints (A). Absorbance was measured at each time 

point and compared to controls. Lowercase letters indicate statistically different time points (ANOVA post hoc 
Tukey’s multiple comparison, alpha = 0.05, N = 4). Absorbance comparison between control and filtered samples at 
24 hours (B). Algae proliferation comparing control and filtered sample at 24 hours using an automatic cell counter 
for total cell population per sample (C). Asterisk indicates statistically different value from control (Unpaired 
Student’s t test, alpha = 0.05, N = 4). 
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Figure 2. Bacterial Oxygen Uptake Rate (OUR) comparing control and filtered samples (A). Dissolved oxygen 

(mg/L) was measured at one-minute intervals for ten minutes to aerated samples. Bacteria viability was measured 
comparing control and filtered samples at 30 minutes. Viability is shown as % of viable bacteria cells of total cell 
population per sample using the Trypan Blue assay and automatic cell counter (B). Asterisks indicate a statistical 
difference between control and filter samples at each specific time point (Student’s t test, alpha = 0.05, N = 3).  
 
 
 

 
Future studies to consider may be the use of full-scale representational investigations of the filtration 
apparatus. This could include, but may not be limited to, including appropriate sizing specifications, flow 
rates, and exposure time scenarios to further verify or build upon findings from the present study. 
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