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Abstract:
The EpiCenter project at Montana State University proposed to create a national showcase for
environmentally sustainable building design. The proposal included a greenhouse-contained
constructed wetland to treat waste from lavatories and undergraduate chemistry laboratories. The goal
of this study was to evaluate the capability of natural constructed wetland systems to treat this mixed
waste to a safe and legal discharge level.

Fifteen 4-inch diameter planted column batch reactors were used to study the fate of several polar
organic solvents in a constructed wetland system. Twelve of the columns were variously planted with
four wetland plant species - Juncus effusus, Carex lurida, Iris pseudacorus and Pondeteria cordata,
while three remain as implanted controls. The three solvents being studied - acetone, tetrahydrofuran
(THF) and 1-butanol - were chosen because they are hydrophilic, moderately degradable, and
commonly used in organic chemistry laboratories. The solvents were added at 100 mg/l to post-primary
wastewater from the Bozeman municipal wastewater treatment plant in order to simulate a mixed waste
stream. Preliminary experiments with jars showed that sorption and direct volatilization were not major
removal pathways.

All three solvents were largely removed from the batch systems within the 14 day incubation period.
90% removal of l-butanol typically took less than three days. 90% removal of acetone required from 5
to 10 days, and 90% removal of THF required at least ten days. In winter incubations, 90% removal of
THF was frequently not achieved. ¦ Planted columns performed dramatically better than unplanted
columns, with Juncus effusus standing out as an exceptional treatment plant. Seasonal effects were
observed, but were less in the planted columns than in the unplanted controls. The plant effects are
believed to be at least partly due to higher microbial metabolic activity in a more oxygenated
environment. This is confirmed by lower sulfide production in the planted columns.

The amount of evapotranspiration occurring in planted columns correlated significantly with the
amount of solvent removed. A deterministic model, based on a prediction of plant uptake of nonionic
dissolved chemicals, suggests that as much as 28% of the tetrahydrofuran in solution could have been
removed through plant transpiration. Based on this model, plant-assisted vaporization of solvents
accounts for some, but not all, of the plant treatment effects observed. 
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