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Opportunity

Approach

Growing urban populations, increasing water consumption, and decreasing predictability of climate all point to an ever-increasing
need to improve water-use efficiency and watershed management around the world. Moreover, providing clean water and
restoring the nitrogen cycle are two of the 14 National Academy of Engineering Grand Challenges that future engineers will need
to act upon. Therefore, treating once-used water on-site to safe effluent-reuse standards—rather than using the water just once
and flushing it back to an expensive, high-maintenance centralized treatment plant—has the potential to help address these
challenges by restoring the local water-nutrient cycle.

Operation
• Feed: Contains organic matter and nutrients to simulate municipal
wastewater influent. Feed is prepared daily, and the pilot system treats 18
gallons per day.
• Cycles: There are 4 cycles per 24 hours, regulated by an Arduino controller.

Testing Performance
• Samples are taken in the influent, effluent, and between cells to test
removal of constituents in different phases of the treatment cycle.
• Nitrogen: Test for nitrification and denitrification of nitrogen, which is
facilitated by microorganisms in the system.
• Chemical Oxygen Demand (COD): Test for removal of chemically digestible
material (food and organic pollutants) that is used by microorganisms as an
energy source.
• Total Suspended Solids (TSS): Test overall removal of solid particles (organic
matter and bacteria) as an indicator of system performance.
• E. Coli: Test ability of the system to achieve log-removal of pathogens.

Goals
Constructed wetland systems offer a low-cost, easily maintained, and

• Improve efficiency of TFCW treatment systems
for nitrogen removal and ability to meet
MassDEP Class A Water Reuse Standards
• Raise awareness regarding responsible water
use and reuse

more environmentally friendly alternative to conventional wastewater
treatment systems. A tidal vertical-flow constructed wetland (TFCW)
pilot system was built by a Northeastern Environmental Engineering
Capstone team and has been used for the past 3 years to study a
sustainable approach to water resource management.

Results

Impact

Week 1-4 Average Nitrogen Cycle
Nitrate

25

25

• Requires low energy, chemical, and labor inputs
• Aesthetically pleasing addition to a facility
• Presents a positive image to overcome stigma of water
reuse
• Applicable in developing countries without access to
resources and conventional treatment processes
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Conventional wastewater treatment is expensive, requiring significant chemical, energy, and labor inputs
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Future Research

The Tidal Flow Constructed Wetland after construction in 2016

• Assess capability of system to remove E. coli
• Determine optimal hydraulics to comply with Class A Water
Reuse by adjusting system operation using Arduino
• Determine the maximum treatment potential by increasing the
loading rate of nitrogen and organic matter
• Identify the bacterial community structures within the system
using microscopy
• Feasibility of ability to removal heavy metals, pharmaceuticals,
and other nutrients
• Conduct feasibility study for full-scale implementation

• System successfully removes nitrogen and TSS to MassDEP Class A Water Reuse Standards
• System can likely meet MassDEP Class A Water Reuse Standards for biological oxygen demand (BOD) based on COD
levels, which encompass both regulated BOD and the non-biologically degradable fraction
• Removal of total nitrogen demonstrates both nitrification and denitrification occur
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