[image: image1.png]


[image: image2.png]


[image: image3.png]Se— goim




[image: image4.png]


[image: image5.png]


Stamford Zoning Board
RE: West Beach Park Athletic Fields and Park Improvements
September 8, 2008
Page 10

September 8, 2008
Stamford Zoning Board
Government Center

888 Washington Boulevard

Stamford, CT 06901
Re:  
Athletic Fields and Park Improvements


West Beach Park, Shippan Avenue, Stamford, CT

Dear Commissioners:

At the request of the Intervenor, Ms. Karen Murphy, Rema Ecological Services, LLC (REMA), has conducted a brief review of the above-referenced application.  In the course of this work we have examined and analyzed much of the materials submitted into the record, including a set of plans prepared by Woodard & Curran, revised through July 11th, 2008, and the Coastal Site Plan Review Application submitted to the City (July 2008).  REMA has also reviewed correspondence from City staff, including the following: 

1. Memo dated September 3rd, 2008, with attachments, from Louis Casolo, City Engineer to the Stamford Zoning Board, in response to the intervention.  

2. Memo dated July 23rd 2008, from David Emerson, Executive Director of the Environmental Protection Board, to Norman Cole of the Zoning Board, summarizing the project.  

3. Memo dated August 13th, 2008 from David Emerson, Executive Director of the Environmental Protection Board, to Norman Cole of the Zoning Board, responding to requests for additional consideration of potential impacts on shellfish resources 

4. Memo dated July 14th, 2008 from the City of Stamford Engineering Bureau to Norman Cole of the Planning Broad, regarding proposed drainage.

West Beach Park and the adjacent shoreline were visited by George T. Logan and Sigrun N. Gadwa, on March 7th, 2008.  
1.0
Primary Findings
Our review, which was based but not limited to the aforementioned documents in the public record, has concluded that there is a reasonable likelihood of unreasonable pollution of the coastal marine environment associated with the site.  This pollution shall take place from the discharge of stormwater contaminants, but predominately from zinc which would leach out of the recycled crumb rubber infill used in the construction of the proposed synthetic surface fields.

It is also our professional opinion that an alternative exists that would have a lesser environmental impact, via pollution of tidal waters, than the current proposal.  This would entail the construction of natural turf athletic fields using an amended substrate/growing medium and an underdrain system, similar to the one currently proposed, but with the inclusion of specially designed bioretention swales, also with underdrains, which are considered a Low-Impact Development (LID) practice.  For the maintenance of these fields, an environmentally-sensitive, organic integrated turf management program, would be used. 

2.0
Fairfield Country Day School

This report draws heavily on information on rubber crumb athletic fields, learned in the course of the Application of Fairfield Country Day School (FCDS) to the Fairfield Inland Wetlands Commission, where REMA provided expert testimony to the Commission in October and November 2007, working with Attorney Joel Green.  This was a similar application for construction of rubber crumb athletic fields, although the downgradient sensitive resource was a perennial stream rather than shoreline aquatic habitat in Long Island Sound. 
We reviewed an extensive body of technical/scientific literature compiled both by proponents and opponents of this type of artificial turf.  The primary conclusion of our literature review was that, if one reads the fine print, many of actual descriptions of the studies performed results, do in fact point to risks and advise caution, even those asserted by EPONA Associates, LLC (consultant to FCDS) as giving a clean bill of health to this technology.  It was helpful to actually read the source material cited.  

Working with Attorney Joel Green, we also directed Baron Consulting, Co. of Milford to conduct leaching tests on rubber crumb material, both new and weathered, at several temperatures, pH’s, and extraction durations.  The first test extracted zinc, lead, cadmium, and Selenium (results dated October 10th, 2008).  Thereafter only zinc was extracted, because it was the only metal extracted at a high concentration.  All laboratory tests used a buffered extractant (TCLP Solution #1), to emulated worst-scenario conditions.  A final field test simply collected leachate in a pan, during a rain event, which passed through weathered rubber crumbs collected from an existing field.  Tests were done on crumbs from several schools in Fairfield County, and also on new crumbs, cryogenically generated, of the same type proposed to be used at West Beach Park. Generally, concentrations in laboratory leachate from new crumbs under high temperatures and acidic leaching conditions were highest, but those from weathered crumbs were also substantial. Connecticut rainfall is acidic, tested at 5.24 for the field sample.  

Laboratory results were converted to anticipated field concentrations in leachate from a 385’ X 204’ athletic field, for a half-inch rain event, given the 1.5 inch thickness of the proposed crumb bed, roughly 3lbs per square foot, very similar to the one proposed at West Beach Park.  REMA also converted the results from tests by the Connecticut Agricultural Experiment Station under low heat, non-acidic conditions.  All converted results for the subject site (i.e. 3/4ths of fields), shown in the attached spreadsheets, exceed the CT DEP Water Quality Criteria of 0.065 mg/l, ranging from 113.4 mg/l for new rubber crumb under warm water conditions to 23.05 mg/l for the Agricultural Experiment Station test, to 8.29 mg/l for weathered tire crumbs, heated briefly before leaching.  The zinc concentration in the field test (cool temperatures, weathered crumbs, rainfall passing rubber crumb on paper filters) was 0.99 mg/l for the field test, lower than the laboratory tests because the filters trapped all fine particles containing zinc, and does not simulate the high temperatures and specific conditions that are encountered in the field.  

Based on our testimony and the laboratory data that of others (e.g. EHH, Inc.), the Fairfield Inland Wetlands Commission voted to deny the application.  The field at Fairfield Country Day School is located upgradient of a Perennial Brook, which supports a benthic aquatic invertebrate community, and may also be used for play (wading) by children residing in nearby homes. 

3.0
Water Quality Impacts - Overview
The potential adverse impacts of pollutants in leachaete from rubber crumb material on aquatic habitat in the near shore environment have not been adequately evaluated by the applicant, in REMA’s professional opinion.  Zinc is a major water pollutant in highway runoff in suburban USA; the principle source is rubber tire powder, from tire wear on roads.  Zinc is also a pollutant of serious concern from any playing fields made with a tire crumb surface, because it is leached out by rainfall in concentrations that are approximately five to ten times the USEPA National Recommended Water Quality Criteria for protection of aquatic life and human health criteria (both the chronic and acute criteria for saltwater), based on a series of leaching tests under different conditions conducted by Baron Consulting Co.   Moreover, like all metals, zinc bioaccumulates. 

Other secondary metal pollutants such as lead, cadmium, selenium are also leached out, but at much lower concentrations, and likely do not have significant adverse impacts.  However, some researchers have pointed out that the interactions between the various constituents of runoff, producing compounds of greater potential toxicity, are not known, and must be studied.
Organic compounds including PAHs (Polyaromatic Hydrocarbons) also leach out of tire crumb fields, as documented in testimony submitted by Environment and Human Health, Inc., and others.  Again, there also is potential for formation of unknown organic compounds at the high temperatures frequently reached by rubber crumb athletic fields.  The nature of the adverse impacts of this family of organic compounds is much less dose-dependent than the metals.  Carcinogens, endocrine disrupters, and neurological toxins causing low-grade dysfunction such as invertebrate disorientation may have severe adverse impacts from concentrations of less than 20 μg/l (i.e. 0.02 mg/l). 

The proposal calls for the direct discharge into the L.I. Sound of the water that drains from approximately 3/4ths of the playing field.  This water flows to a pump station after a short period of storage in underground 36” diameter solid pipes.  Benthic invertebrates downgradient of the discharge point are of concern, including soft shell clams, quahogs, limpets, barnacles, mussels, toenail shells, oligochaetes (worms), chitons, and starfish, to name a few of the common groups. Invertebrate life in the sound, downgradient of the outfall from these fields is at risk.  Invertebrates have much lower zinc toxicity threshold than vertebrates, including humans (see following section). 

People swimming in the sound are unlikely to be harmed by the zinc, but are vulnerable to very low concentrations of organic toxins, especially children, who are more vulnerable to carcinogens, endocrine disrupters and neurological toxins.  

It should be noted that zinc is a relatively soluble metal (56.3% was in the dissolved phase of runoff in a 1986 study by Yousef and Harper).  It is accordingly more mobile in the environment than, lead, for example.  Zinc moves back and forth between the dissolved and the particulate phase.  Downgradient of a zinc point source, the concentrations of zinc in sediment tend to increase over time, as soils become increasingly saturated with zinc and other compounds.  Zinc-contaminated sediment becomes a source of zinc pollution in receiving waters.  Many aquatic creatures spend all or part of their life cycles in or near bottom sediments, and may be exposed to zinc via direct contact with contaminated sediment particles, via interstitial water, and as organisms ingest sediment.  

4.0
Effects of Zinc on the Marine Environment

Toxicity to Marine Organisms

An exhaustive literature review on the toxicity of zinc to marine organisms has not been carried out for the purposes of this report.  The information provided in this section is taken from existing review documents (Mance and Yates 1984, Hunt and Hedgecott 1992 and Grimwood and Dixon 1997), as well as other readily available on-line resources, including peer-reviewed scientific journals. The most sensitive groups of organisms have been identified.

Mance and Yates (1984) reviewed data on the toxicity of zinc to marine organisms. The authors found invertebrates to be generally more sensitive than the fish species studies, while, effects on marine macro and microalgae were noted at concentrations slightly lower than reported for invertebrates.  Hunt and Hedgecott (1992) reported the toxicity and bioaccumulation of zinc to be greater at lower salinity.

Mance and Yates (1984), while working for the UK equivalent of the US EPA, proposed water quality criteria or standard, for the protection of marine life, at 40 μg/l (micrograms per liter), expressed as a dissolved annual average concentration.  This criterion for zinc is currently adopted in UK legislation (HMSO 1989).

Grimwood and Dixon (1997) reviewed data on the saltwater toxicity of zinc following the Hunt and Hedgecott review and found only one study had been reported that perhaps indicated higher than previously reported toxicity to saltwater organisms.  Certain copepods, that is, zooplankton, were sensitive at concentrations of 30 to 40 µg/l, which some studies showing sublethal effects down to 4 µg/l.  Grimwood and Dixon recommended a revised 10µg/l standard to be appropriate for the protection of all saltwater life, particularly for sensitive species (e.g. mollusk communities and sensitive copepods). However, in the absence of a suitable and larger toxicity dataset for additional marine organisms with lower thresholds of sensitivity, it was not possible to make any further recommendations on such a value.  As a result the 40 μg/l (0.04 mg/l) criterion remains in effect for the UK.

Other government agencies have set zinc water quality criteria thresholds for the protection of marine life.  For instance, the British Columbia Ministry of the Environment, in their Ambient Water Guidelines for Zinc (1999), has set a guideline of 10 µg/l.  This is based on the lowest observed effect (chronic) levels of 19-19.6 µg/l zinc for certain marine algae, with a safety factor of 0.5.  

The US Environmental Protection Agency (USEPA) in their national water quality criteria (2005) has set zinc at 90 μg/l, for acute, and 81 μg/l for chronic toxicity, respectively (i.e. 0.09 mg/l and 0.081 mg/l.  In Connecticut the current threshold for zinc in their water quality standards is 65 μg/l (i.e., 0.065 mg/l).  However, no distinction between freshwater and marine environments is made.  It should be noted that there are several organisms found in Connecticut marine, near shore, ecosystems that are known to be more sensitive that the water quality standard.  For instance, zinc is “very highly toxic” for a type of mollusk, such as the Eastern bearded chiton (Chaetopleura apiculata), at levels down to 20µg/l (0.02 mg/l).

Sediment-dwelling organisms

Over time, zinc accumulates in sediments and can pose a hazard to sediment dwelling organisms at concentrations above 124 µg/l according to Canadian interim marine sediment quality guidelines.
Bioaccumulation

Zinc is an essential element for many marine organisms and, as such, is readily bioaccumulated.  Several species of crustaceans are able to regulate the uptake of zinc but, at higher concentrations, this process appears to breakdown leading to a rapid influx of zinc, with lethal and sublethal effects (Hunt and Hedgecott 1992). 
Review

At the subject site, 3/4ths of the synthetic fields drain through to below ground stormwater facilities before being released towards the pumping station.  What is clear from the plans is that there is nothing proposed that would attenuate and/or filter any soluble constituents, such as leached zinc and nitrogen, from atmospheric fallout, prior to their release to the L.I. Sound.  There is no soil media or microbial or vegetated attenuation proposed along the treatment train, just physical settling, and at that fairly minor.  
Mr. David Emerson, in his July 23rd, 2008 memo to the Zoning Board, correctly stated that the fields shall “essentially function as additional impervious surfaces” and “will generate a significant increase (in) volume of runoff.”  However, Mr. David H. Carey, from the Department of Agriculture, Bureau of Aquaculture & Laboratory, incorrectly states that “all runoff (will be distributed) into underground infiltration units.”  Unfortunately, the underground stormwater systems do not infiltrate to the groundwater and, therefore, Mr. Carey based his evaluation of no significant impacts to shellfish to attenuation of stormwater pollutants through soil media.  He also must have not realized that nutrients will still reach the Sound without any significant attenuation, and that zinc contamination and toxicity is a very real issue.
5.0
Zinc Release Processes

To ascertain the approximate range of concentrations in zinc leachate from rubber infill, a series of experiments were done in Fall 2007.  The crumb volume tested, and water volume used, were extrapolated, for a 0.5” storm, based on crumb depth and field area.  A summary spreadsheet of these tests is attached.  Warm temperatures result in greater zinc releases, shown in the higher concentrations in the extraction done at 49oC (Baron Consulting Co.) than the testing at ambient temperatures by the CT Experiment Station. (Acceleration of chemical reactions as a function of temperature is a widespread phenomenon).  It is expected that temperatures would reach 49oC during the summer months at and just below the surface of the infill tire crumb.  Baking by the sun and continual use for days on end followed by a storm event would potentially release concentrations similar to those simulated under laboratory conditions. 

A high rate of zinc leaching can be expected to occur whenever overheated fields are wetted down.  We should note that one of the memoranda from the Stamford Engineering Bureau cites the lack of need for watering as an advantage of artificial turf fields.  In fact these fields are regularly wetted down, to cool them, and to rinse dust and bodily fluids.  Otherwise they are not safe to use. 

Weathering of the tire crumbs, accelerated by use, will continue to expose fresh surfaces, forming rubber powder with a much greater surface area and a higher zinc leaching rate per unit weight than the larger granules.  Warm temperatures, freeze-thaw conditions, or any applied fungicides or algaecides would all accelerate weathering.

Tire powder and fine particles can be expected to leach through the layer of stone screenings into the processed aggregate.  It will then move with drainage water; it will steep in shallow standing water, sometimes for extended periods before exiting via the pump station to the L.I. Sound. 

Zinc concentration in leachate is highest from rubber crumb surfaces when initially exposed to water, and gradually drops after multiple rain events.  However, each time the field is maintained by application of fresh material, concentrations will increase in leachate from the next rain event.  Key information is the frequency and rate of replenishment with fresh crumbs.  At a synthetic field in Westport, replacement crumbs are kept in a large bin and routinely applied; it is incorrect to assume negligible maintenance.  Note that no bin with replacement crumbs is shown on the plans. 

6.0
Floatable Debris
Tire crumb material also leaves the field as crumbs carried off the field in shoe cleats.  The light-weight granules will likely be washed into catch basins to the southwest of the fields, and from there to wash into the pump station and then the L.I. Sound.  Granular foam material and small pieces of plastic debris are widely known as a hazard to aquatic life, inadvertently eaten by fish, birds, and invertebrates.  As a semi-buoyant material, with a specific density close to that of water (it is variable based on in-house testing) it appears like suspended food particles, and would also be readily washed into the sound.  

7.0
Hydrocarbons Breakdown Products 

A variety of hydrocarbons have been identified in crumb rubber, and their breakdown products, generated under high heat conditions may be more toxic than the larger molecular weight parent compounds. Environment & Human Health, Inc (EHHI) has researched this potential impact, focusing on potential human health risks from carcinogens, etc.  However, these compounds also pose a risk to aquatic fauna, not from direct toxicity, because dilution would be high enough, but rather from compounds that are bioactive at extremely small concentrations, as endocrine disrupters. 

8.0
Reduced Pesticide Risks 

Note that according to the literature on the product, artificial turf may require fungicides or algaecides, to address mold or algae, contrary to the statement in the town engineers’ memo to the zoning board.  Natural turf in Connecticut Schools is now maintained with slow release fertilizers and without pesticides, per state law, such that it poses no hazard to children or to downstream regulated resources; this policy is carried over to parks in many towns.  There is now a cadre of landscapers trained in these techniques, effective even for high usage fields; in New England many are trained in workshops given by the Society for Ecological Landscaping, out of Massachusetts.  

9.0
Loss Of Cleansing Functions In Live Grass And Soil

A soil and live turf field would generate oxygen for the park, and provide natural cooling through transpiration.  It effectively cleanses pollution and dust from atmospheric fallout, utilizing nitrogen for growth.  Bodily fluids released during play are also naturally removed.  By contrast an artificial turf field is effectively an impervious surface.  It is not widely realized how much nitrogen is in atmospheric fallout; N concentration in roof runoff is typically 2.0 mg/l or more (NYDEC).   
10.0
Conclusion

It is our professional opinion that as designed and presented there is a reasonable likelihood of unreasonable pollution and degradation of natural resources, specifically the near-shore tidal environment.  Furthermore, we have identified an alternative that if properly designed and implemented would have a lesser environmental impact to the tidal marine resources. 
Please feel free to contact our office with any questions on the above. 
Respectfully submitted,

Rema Ecological Services, LLC

George T. Logan, MS, PWS, CE


Sigrun
N. Gadwa, MS, PWS



Principal Environmental Scientist


Principal Ecologist
VIA HAND-DELIVERY

Attachments:
Baron Consulting Co. laboratory results; Assessment of Potential Env. Impacts of Leachate from Playing Fields, based on laboratory results
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