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Abstract

The variation of environmental factors resulted from seasonal variation and
day-night sequences could affect the microbia activity, thus influencing the
performance of constructed wetland for wastewater treatment. The primary goal of the
study was to investigate the effect of seasonal variation and day-night sequences on
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nitrate removal from a nitrate-contaminated groundwater in free water surface flow
(FWS) and subsurface flow (SSF) wetlands. Pilot-scale FWS and SSF wetlands,
measuring 5m (length) x 1m (width) and planted with common reed (Phragmites
australis), were set up to achieve the study purpose.

A simulated nitrate-contaminated groundwater containing around 22 mg N/I of
nitrate were continuously fed into the constructed wetlands under a hydraulic loading
rate (0.05 m d?%). The influent-effluent data of more than 19 months continuous
operation showed that the FWS and SSF wetland respectively reduced 72~97 and
79~98  of influent nitrate during warm season from April to September, and these
reductions decreased to 20~71 and 39~90 during cold season from October to
March of a next year. Nitrate removal of the SSF (39~98 ) was dightly better than
that of the FWS (20~97 ). The relationships between nitrate removal and water
temperature in the FWS and SSF wetlands were found fitting the modified Arrhenius
equation with correlation coefficients of 0.775 and 0.511, respectively. As a
consequence, temperature correction factors 6 s of 1.08~1.128 and 1.06~1.07 and
20 first-order removal constants (k) of 0.132~0.192 and 0.135~0.319 d* were
obtained for the FWS and SSF system, respectively. Temperature effect on the FWS
wetland was seemly more significant than the SSF wetland.Several parameters of
water column in the FWS and SSF wetlands were also monitored sequentialy to
examine the effect of temporal variation of wetland behaviors during night and day
sequences. While dissolved oxygen (DO) and oxidation-reduction potential (ORP)
consistently increased in the day and decreased in the night, nitrate were maintained at
low level in the day and high level in the night. This phenomenon conflict the fact that
nitrate removal due to bacterial denitrification requires an anoxic condition. Besides,
water temperature increased due to sunshine in the day and decreased in the night,
resulting in around 3~4 of temperature difference between day and night.
Furthermore, dissolved total organic carbon (TOC) was found cyclically increased in
the day and decreased in the night, which was probably because of the release of
organic carbon due to photosynthesis of macrophyte in wetland that occurring in the
day and ceasing in the night. Accordingly, both temperature and TOC in water column,
rather than DO and ORP, were considered as the limiting factors that could affect the
nitrate reduction in constructed wetlands.

Keyword: constructed wetland, nitrate, environmental factors
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Effluent
Parameters (mg L™) Influent FWS SSF
NOs-N 22.53+4.84 8.21+4.84 6.97+4.84
NO,-N 0.17+0.53 0.03+0.15 0.01+£0.09
NH4-N 0.70£1.22 0.31+£1.50 0.24+0.71
TKN 3.43+4.53 3.14+3.69 2.96+4.02
2. NOs-N FWS  SSF
Parameters FWS SSF
0 1.13 1.07
kizo(md?) 0.029 0.051
k120 (M year™) 10.585 18.615
Ky o0 (1d™) 0.192 0.319
R 0.7748 0.5110
NOs-N
Parameters FWS SSF
0 1.08 1.06
kizo(md™) 0.020 0.022
K120 (M year™) 7.230 7.884
Ky 20 (1d™) 0.132 0.135
R 0.4889 0.3840
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Nitrate contamination of groundwater as aresult of heavy fertilization in
agriculture may lead toward potentially ill effects and is becoming a
serious problem in many countries including Taiwan. It is therefore
essential to develop nitrate removal technologies from groundwater. This
project has been developing a constructed wetland (CW) technology for
remediation of a nitrate-contaminated aquifer. This technology is
characterized by providing advantages of low cost, energy saving, and
simple operation and maintenance. The information concerning the
construction of a CW, the start-up phenomenon, and the criteria of
operation and design of the CW has been established.
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