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Conclusions
This research concludes a substrate of calcined
clay/activated alumina is an effective media for adsorption of 
P in a NSP system.  All treatments, Canna x generalis, Iris 
versicolor and unvegetated, reached treatment goals for P 
removal, P < .01 mg/l, and experienced > 99% removal of 
influent P. The vegetated treatments effectively removed 
96% of influent N, but the unvegetated control did not meet 
the NO3 treatment standard of < 30 mg/l NO3. Treatment 
effect for plant species and final NO3 levels in the pool water 
were highly significant with a p value < .001.  Canna 
removed larger amounts of NO3 than iris, probably due to 
greater biomass production.  The correlation of biomass and 
NO3 removal was highly significant, p<.001, using Pearson’s 
correlation.  Above ground biomass was a significant storage 
compartment in both canna sp. and blue flag iris, 
demonstrating the importance of harvestable biomass 
removal. It is clear from this research that vegetated filters 
improve nutrient removal and are crucial for attainment of N 
removal standards. This research demonstrates that the 
tested ornamental wetland plants, perform well in the low 
nutrient environment of a NSP and substantially improve 
biological filtration.  
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Objectives

Two ornamental wetland plants, Iris versicolor and Canna x 
generalis, were tested for their ability to produce 
aboveground biomass in the low nutrient environment of a 
natural swimming pool (NSP) and for their N and P removal 
capabilities. A substrate of calcined clay, sand and alumina, 
was assessed for plant establishment and nutrient storage. 
This study also included a mass balance determination of 
substrate and water storage, biomass removal and 
unaccounted removal compartments. Nutrients of interest 
were NO3 and P.

What is a Natural Swimming Pool?

Natural swimming pools (NSPs) are recent technological 
introductions to North America, designed to provide an 
attractive landscape amenity that also serves as a chemical 
free swimming pool, NSPs use biological filtration, a 
designed, intentional hydraulic system, and an impermeable 
liner to separate the system from the surrounding natural 
hydrologic cycle.  Biological filtration involves the use of 
plants and substrate to closely replicate natural wetland 
environments.

Mass Balance Analysis
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For the purpose of this analysis the 
unaccounted P was applied to substrate 
storage compartments. Differences in percent 
removal are presented below.
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Nutrient Removal

Methods
The experiment included 24 units and 3 treatments (Iris 
virginica, Canna x generalis, unvegetated), with 8 units each.
NO3  was measured weekly. Water P levels measured every 
2 weeks using Murphy-Riley method.  Biomass was weighed 
before planting and after completion of the study,  Plant 
tissue P % was determined using dry ash method in Miller 
(1998)1, and N% using the combustion methods in Horneck
and Miller (1998)2. TN analysis conducted using the 
combustion method from Bremner (1996)3, and P analyzed 
using the Mehlich 3 extraction method4
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