Using Nature’s Model To Manage Water And Money

By Leslie Holly, BS, Vestal, NY

History

Research and development of artificial wetlands to treat human wastewater began in Germany during the 1970s.  The research determined the optimal size of each wetland “cell,” ideal delivery methods of the wastewater and ideal plant life to act as biofilters to remove solids, nitrates and heavy metals.  And while the very convincing data was collected quickly and showed the incredible success of artificial wetlands, the promotion of the technology failed miserably.

In roughly 30 years, only 600 US communities (NYS has roughly 1000) have seized upon the opportunity to reduce their costs and environmental impact, compared to Taiwan, which filters 230,000 metric tons per day (1 metric ton = 2205 pounds) with 43 artificial wetlands and at a cost of only $17.7 million (US).  The wetlands are so successful in their work, the Taiwan government advertises them as ways for families to observe and enjoy nature.  

The US Problem 

As an example of the United States’ dilemma, NYS had approximately 2.6 million acres of natural wetlands in the 1700s.  By the 1980s, this number had been reduced by 60%.  California, Indiana, Iowa, Illinois, Missouri, and Ohio have lost 90% or more of their wetlands.  And since the Supreme Court rollbacks of the Clean Water Act in the 1990s, New York State is the 14th most endangered state for losing natural wetlands to agriculture and industry and five of the six above-mentioned states are within the top 15: California, Illinois, Indiana, Iowa, and Ohio.  

Ground water storage is also lost due to “impermeable ground cover,” which includes buildings, roads, driveways and parking lots.  An average piece of private property is half impermeable ground cover, while 80% of the average piece of commercial property is covered.  Most of these properties usher their storm run-off to sewer and storm drains, not allowing it to take a natural course into the surrounding soil that isn’t covered.  This further reduces natural wetlands by creating artificial droughts, even during years of average rainfall.  

What we, as a nation fail to understand but some communities and nations are seizing upon is wetlands provide a vital service of purifying our water for future use, slowing its progression to the oceans and allowing it to be reabsorbed by the earth.

How They Work 

Artificial wetlands can be adapted to any environment, from sub-arctic regions in Canada to a desert climate in Egypt, due to the microorganisms living among the reed and grass roots, filtering 90% of the contaminants.  The reeds and grasses manage the final 10%, absorbing the nitrates and heavy metals the microorganisms make available through the breakdown of the solids.  Native species to each region are used as often as possible, allowing native wildlife to flourish as well, with virtually no risk to the wildlife.  Depending on the region that adopts the artificial wetlands for wastewater purification, native soils may be used to form the cells, furthering the environmental improvements.

Two forms of wastewater delivery have been developed to allow easier adaptation to the climate, land availability and purpose.  A subsurface delivery of the wastewater occurs through a gravel substrate into the root zone of the reeds and grasses, allowing less land to be used and lowering the risk of mosquito infestations.  A surface delivery which delivers the wastewater directly into the existing water stream requires more land, but allows for a larger variety of soils used in making the cell, absorbs storm run-off more effectively and is superior to sustaining native wildlife, which in turn controls mosquito infestations.  

Adaptations

A hybridization of the artificial wetland is being met with equal success, by incorporating septic tanks, grinder pumps and aerators into the delivery system.  This allows for a far more flexible approach and can be created for both the single family dwelling as well as a community of up to 10,000.  This hybridized approach makes it an effective tool where conventional wastewater treatment plants are unable to maintain adequate service to the community.

The most recent adaptation of the artificial wetlands is in the CAFO (Confined Animal Feeding Operation) Industry.  CAFOs have discovered the lagoons created by the waste from the bovine and swine they raise can be effectively managed with the installation of artificial wetlands.  The wetlands virtually eliminate odor, insect infestation (currently managed with powerful pesticides) and the health hazard the lagoon posed, all at identical cost to a standard lagoon.  Along with these obvious bonuses to the investment, the locations of the CAFOs are greatly improved by the sight of wetland grasses and reeds versus the previous lagoon of waste.  

The August, 2005 lagoon breach in Lowville, NY could have been prevented if it had incorporated this solution, avoiding the death of nearly 250,000 fish over a roughly 40 mile run the Black River takes to Lake Ontario, where the effluent ultimately settled.

Cost Example

Egypt, as a developing nation, faces an increasing need for water purification without the funding or resources to treat their wastewater.  From 2000 – 2004 they created a low-tech solution to this low-tech problem – the construction of a 60-acre artificial wetland adjacent to natural wetlands at one-fourth the cost of conventional sewage treatment.  They spent $9 million (US) to treat an initial volume of 25,000 metric tons per day.  However, after a year of use, it was determined the wetland was capable of treating 40,000 metric tons per day.  This is an increase in efficiency of 80%, making the investment more beneficial than the initial estimated savings.  Rather than 25% of the cost of conventional treatment, it was only 16% the cost.

Maintenance costs in Egypt are nothing, with local livestock handlers cutting the reeds for feed at no cost.  Since the wastewater was no longer emptying directly into the waterways, the local fisheries improved greatly.  Nitrates and heavy metals were filtered out, leaving the fish healthier, larger and more plentiful than previously, allowing for the fishing industry to expand.  These factors have substantially improved the local economy, the health of the local population and the environment surrounding them.  It has thus piqued the interest of other locales within Egypt and the Middle East to assist in solving poverty, health issues and environmental imbalance at a very low initial investment.

Research

Studies at several universities within the US and Canada are proving the successes known at a diverse range of communities, from CO to AZ to NY and NH.  What the communities in these (and other) states have known for more than a decade is the artificial wetland is comparable, if not superior to, conventional sewage treatment with the added benefit of substantially lower costs, less odor, increased wildlife recovery and improved property values.  Appropriately designed and observed, these wetlands allow less contaminated effluent to escape during storms, increase wildlife habitat and increase the quality of life for their communities. 

Research done at the University of Nevada has determined one ideal cell size to be 30’ x 130’ x 38”, which can handle 7500 gallons per day with a construction cost of approximately $185,000, which includes twice yearly checks and pump maintenance.  

Other researchers state cells fill more quickly with residual solids, making the cell’s life cycle shorter than the 20-30 year projection given by professionals.  One possible resolution is similar to Milwaukee’s solution to their biosolid disposal problems.  Analyze it and sell it to the community as fertilizer.  For the last 80 years, we’ve known the product as Milorganite.  By draining the cell, moving the established plants to a new cell and dredging the solids to be used in a similar manner, it allows the cell to be reused when another cell is in need of draining.

Additionally, even if the cost of creating the wetlands with a life of 20-30 years is over-estimated at 40% of the creating of a conventional wastewater treatment facility with a life of 50 years, the creation of additional wetland cells is still less expensive than the use of a conventional facility.  

My Nickel’s Worth of Opinion

They can never be considered natural wetlands.  However, they are a significant step toward wetland restoration, which will allow much of the waters we now ship directly to the ocean a chance to be absorbed where they are used, helping alleviate the perennial drought we have created.

I also feel that, if necessary, we can plant non-native species to be used in other sustainability projects such as biofuel, textiles, paper and construction.  This allows the wetlands to serve double duty, giving another avenue for job creation, fiscal independence and property value improvement.

While sustainability is my main focus, budgets are for most community leaders who can only hope the environment won’t become too damaged by the need for fiscal responsibility.  However, this solution is a win-win situation for the bottom line and the environment.  During this economic crisis, it truly behooves us, as sustainability leaders within our communities, to inform our local governing bodies of artificial wetlands.  Being able to pair such budget savings with an incredibly positive environmental impact is a rare opportunity we can’t ignore.  
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