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Abstract:
Constructed wetlands can improve water quality for a variety of wastewaters, but there is little
information regarding treatment performance in cold regions. Plants can improve performance through
their influence on oxygen-dependent or redox-sensitive transformations of pollutants. Additional
information is needed on the effects of plants on seasonal performance and there is a need to
investigate additional plant species for use" in constructed wetlands. Effects of Carex rostrata, Scirpus
acutus, and Typha latifolia on removal of C, N, and P and root-zone oxidation were compared over 18
months. Mature plants were transplanted from field sites to gravel-filled 20X60 cm cylinders in a
greenhouse. Following eight months for establishment and wastewater acclimation; nutrient removal,
redox potential (Eh), and sulfate concentrations were monitored during 20-day incubations of simulated
secondary wastewater at temperatures ranging from 4°C to 24°C, changing in 4°C steps. Results for the
final year of the study showed distinct treatment and seasonal patterns in nutrient removal and
root-zone oxidation that were not observed or were weaker in earlier incubations; long-term trends
were apparently related to system development.

Seasonal patterns for nutrient removal and root-zone oxidation were distinct, but all were affected by
plants and differed among species. All plants enhanced removal of chemical oxygen demand (COD),
total nitrogen (IN), and PO4^3- (C. rostrata > S. acutus > T. latifolia > unplanted control), but treatment
effects varied seasonally and differences among species were generally larger in cold than warm
periods. C. rostrata and S. acutus increased Eh values and SO4^2- concentrations, particularly in cold
periods. Low temperatures decreased COD removal in T. latifolia columns and unplanted controls, but
removal increased at low temperature with C. rostrata and S. acutus. Low temperature decreased TN
and PO4^3- removal with all plant species, but C. rostrata clearly showed superior cold season
performance. Some seasonal differences in nutrient removal among plant species appeared to be related
to species’ different abilities to increase root-zone oxygen supply.

The relatively effective wastewater treatment seen at low temperatures with C. rostrata and S. acutus
suggests that subsurface flow wetlands can potentially operate successfully at low temperatures.
Differences in nutrient removal and root-zone oxidation among plant species were greatest at low
temperatures, during plant dormancy. Consequently, plant selection may be particularly important in
cold regions. 
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