
CAWT responses: 
 

• Is there follow-up work planned? Reviewers have been contemplating the fate of bio-
available phosphorus from the FLTS in GSL and what effluent criteria are appropriate. 

Do you think recommendations could be made that lead to answers about how 
(different forms of?) phosphorus should be monitored along the FLTS or in GSL (in a 
water license’s SNP) and what thresholds could be set for various forms of P (as 

effluent quality criteria)?  
 
Phosphorus (P) bioavailability in the FLTS sediment is an important factor for potentially worsening GSL’s 
trophic status.  External inputs of P from the lagoon seem to be stored in the wetlands’ sediment, and 
the internal P release from sediment could become a fundamental long-term P source to the overlying 
water after the external P load is controlled.  Wang et al., 2009 investigated the effect of sediment 
composition on P adsorption.  Organic matter, metal hydroxides, calcium and clay content all 
showed influences on the P adsorption, wherein, organic matter and metal hydroxides were the main 
factors affecting the P adsorption.  Soluble P interacts with sediment by the combined processes of 
sorption/desorption and mineral precipitation/dissolution that are driven by environmental conditions 
and P concentration in the sediment and the water column.  The total P (TP) concentration in sediment 
and / or total dissolved P may not be adequate to assess the P release risk associated with its presence 
in natural waters.  According to Katsaounos et al., (2007) the stability and chemical fractions of P in 
sediment affect the level of dissolved P released to the water column.  Loosely bound inorganic/organic 
P and P combined with metal oxides/hydroxides (such as Al/Fe/Mn combined P) is identified as 
bioavailable P (Sondergaard et al., 2003).  Release of the bioavailable P from the sediment may occur 
under certain environmental conditions (e.g. a change in the water flow velocity, pH, dissolved oxygen 
or redox potential) (Christophoridis and Fytianos, 2006).  In addition, sediment properties (grain size, 
organic matter, metal oxides/hydroxides) are also important factors that influence the release of P from 
sediment (Boström et al., 1988). 
 
Based on the above findings from various studies, it would be important to further investigate the 
potential release of the bioavailable P from the wetlands’ and lagoon’s sediment, and the lagoon’s 
sediment near the outfall (control structure).  Before an environmentally-sound P management strategy 
in the FLTS can be developed, it is important to understand what forms of P occur in sediments, the 
dynamics of cycling between forms of differing bioavailability (i.e., available for uptake by plants and 
aquatic biota), and the processes controlling sediment P removal.  Using this information, we can assess 
how to identify and manage P to minimize environmental impacts. 
 
Therefore, it would be important to investigate the potential release of the bioavailable P from the 
wetlands’ sediment.  This can be done in a bench scale study (anaerobic chamber/glove box) by 
simulating anoxic conditions in the collected sediment samples.  This study would determine and assess 
environmental factors influencing phosphorus mobilization from sediments (e.g. pH, temperature, 
redox).  Fleming’s CAWT has the capabilities to perform this testing should there be interest in pursuing 
this work. 
 
Sediment samples collected from various locations along the FLTS would be subjected to varying anoxic 
conditions, changes in pH and potentially temperature to identify what factors (and to what extent) 
influence the release of phosphorus from being particulate bound to becoming dissolved in the 
overlaying water.  Going further, we could look at the levels of bioavailable P fractions being released 



from sediments during various environmental conditions, while analyzing the sediment composition. 
The CAWT has an algal bioassay in place to determine and monitor the bioavailable fractions of P in 
water and sediments.  It would be of great value to monitor the bioavailable P fraction over seasons in 
winter (e.g. March-April), summer (June-July), and after the lagoon discharge (November) to evaluate 
the P fraction changes.  Results from this monitoring study would also provide some insights into the 
percentage of the P reaching GSL that is biologically active over seasons.  
 
Another approach may be to place a sediment sample of a known mass and P concentration in glass 
beaker and overlay this sediment with P-free water.  Oxygen concentrations of the overlaying water 
would be measured, and the concentration of dissolved P and / or bioavailable fraction would be 
measured.  Different anoxic conditions in the overlying water could be produced by placing the beaker 
in an anaerobic glove box where the concentration of oxygen could be manipulated with the injection of 
nitrogen gas.  If needed, the glove box could be placed into the environmental chamber to simulate cold 
conditions.  This study could be complemented with a quantitative real-time PCR (qPCR)-based bioassay 
to quantify bioavailable P using the indigenous cyanobacterium species.  
 
Results of this study could provide insights into an annual bioavailable P deposition flux and release of P 
from sediments (kg P/y) and potentially model its impact on the GSL.  Further, having all that 
information it may be possible to discuss the crucial phosphorus forms that should be monitored along 
the FLTS or in GSL (in a water license’s SNP) and potentially suggest setting thresholds for those P forms 
(as effluent quality criteria).   
 
 

• Can recommendations be made regarding how or if sediment-bound P can or should 
be managed in the FLTS? 
 

Once a better understanding of the crucial P forms and their environmental impact is known, as 
suggested above, management of the available P can be implemented.  Since setting up a facility for a 
continuous dosing of coagulant is associated with high capital costs (as per previous engineering 
assessments), some other economically feasible options should be considered.  
 
Option 1: Phoslock – no infrastructure needed 
To abate the internal and external P loading chemical treatment with Phoslock (Lanthanum-amended 
clays) should be considered.  In this option Phoslock would be added during the discharge of the 
lagoon’s decant to the downstream catchment sometime between July and October.  Phoslock 
treatment is a well-known treatment and has been applied world-wide, including in Canada, largely due 
to its general lack of toxicity (Lürling and Tolman, 2010; Ontario Ministry of Environment, 2009). 
Phoslock received the US and Canadian NSF/ANSI Standard 60 Certification for use in drinking water in 
2011 (Finsterle, 2014).   
 
The treatment could be applied to either lake F#5 or F#6, if possible.  Treatment may need to be 
repeated in several years, depending on the successful lagoon desludging that may lead to improved P 
removal.  However, the feasibility and frequency of this treatment should be investigated in a separate 
bench-scale study (jar testing) to optimize its efficiency.  Following that treatment, a detailed post-
treatment monitoring study of various P forms (water and sediments) in the FLTS and GSL should be 
initiated to evaluate the effects and effectiveness of this treatment.  This approach would not require 
any additional infrastructure.  CAWT can support with a bench-scale treatability study (jar testing) to 



determine if Phoslock is a feasible option to target the existing and newly discharged P forms to the FLTS 
and its potential effect on the FLTS and GLS.   
 
Option 2: Chemical treatment – infrastructure set-up needed 
Ideally, the final P polishing facility could be setup where the discharged lagoon decant would be 
directed for a chemical treatment and sludge capturing before being send to the FLTS.  However, given 
the remote location and high capital costs (possibly large footprint due to large volumes) and operating 
costs (e.g. heating the building).  Considering these high costs there may be other more economically 
feasible options. For instance, recirculating part of the lagoon stream to a separate facility where a 
chemical treatment will be performed but the footprint would be smaller as it would be a continuous 
dosing serving pretreating P in the lagoon.  The treated effluent would be returned to the lagoon.  A 
benefit here would be that the sludge would be captured directly in the settling tank and the lagoon 
would require less frequent desludging that is associated with significant costs.  An evaluation and 
economic analysis would need to be performed to determine the feasibility of this treatment option.  

 
 

• Given that the researchers were unable to sample the intended far-shore site (GSL-1) 
– what are the limitations without results at this location? Is there follow-up planned? 

 
Two attempts were made to collect a sediment core at the far-shore site GSL-1, which is located 
approximately 500 m from F11 into GSL, mid-way between the F11 (outflow of FLTS) and the NSTS (not 
sampled, too shallow) point identified in the CAWT 2019 study.  The NSTS sample site (from Fleming 
College 2019) was located approximately 1 km offshore into GSL on a southwest angle.  The substrate at 
GSL-1 appeared to consist of approximately 2 to 3 cm of clay overlying bedrock.  No sediment core 
samples were taken at this site. 
 
It would be of great value to collect more sediment samples in the area around GSL-1 in future.  The 
previous years results showed that TP was rather high at F-11 (500m away from GSL) and increased in 
the last 20 years when the Dillon/Env Canada study was done in 2010.  However, it is unknown if the 
bioavailable P fraction, that may have an environmental impact, has increased as well.  In addition, the 
trace elements exhibited at least a 90% increase in concentration from site F4 to F11 (being the highest 
at the latter one), suggesting a downstream migration of these elements towards GSL.  Since it was 
found that the organic fraction (OF) at the F11 site was the lowest, and the OF may be an important 
factor influencing the release of P from sediments, further studies should include more sampling in this 
area to better assess environmental risks.   
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