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Introduction

Land-based sources of plastic and trash, especially in urban areas of Southern California, are the most significant source of marine debris impacting coastal waters in that area. The recently approved regulations for Total Maximum Daily Load (TMDL) for trash for the Los Angeles and San Gabriel River watersheds focused on large debris greater than 5 millimeters (mm). However, recent studies (1999-2004) conducted by the Algalita Marine Research Foundation (AMRF) and the Southern California Coastal Water Research Project (SCCWRP) aboard the Oceanographic Research Vessel (ORV) Alguita suggest that plastic fragments less than 5mm in size occur in a mass six times higher than the mass of plankton in the mid-Pacific Gyre and, in near coastal waters of southern California, the average mass of plastic was two and a half times greater than that of plankton. Three papers presenting the results of these trawls have been published in Marine Pollution Bulletin1. One of the most notable components of the plastic debris studied that is less than 5 mm has been pre-production pellets. These pellets are uniform in size and come in a variety of shapes, including rounded, flattened oval, and cylindrical. The major plastic producers make these pellets, then ship them to the various plastic manufacturers to be melted and made into consumer products.
Trash, plastics, and anthropogenic debris impair the beneficial uses of the Los Angeles River and San Gabriel River watersheds, as well as other watersheds in urban areas of California.  Current policies and programs adopted by California including the (1) “Plan for California’s Nonpoint Source Pollution Control Program,” (2) Total Maximum Daily Loads (TMDLs), and the(3) “Watershed Management Initiative Chapter” identify the need to adequately protect water quality in inland waterways and coastal waters with respect to pollutant loading from trash and plastics. 

Implementation of existing Best Management Practices (BMPs) and the trash TMDL is necessary to determine whether these measures are adequate to control the pellet loading and trash problem.  If current methods are not successful in reducing the contribution of plastic pellets and other trash from inland waterways to coastal beaches and waterways, then other source reduction methods need to be developed and implemented.  Industry, the public and policy-makers lack adequate information about the impacts of plastic debris and source reduction measures and should be educated as a means to effect behavior and policy changes that will reduce pollution.

The primary goal of this project is to provide information in order to reduce the land-based inputs of plastic debris, which degrade water quality and impair beneficial uses of inland and coastal waters.  The long-term goals include encouraging public policy-makers, local governments, industry, and the general public to reduce the sources of plastics and trash discharges by developing pro-active source reduction strategies that go beyond trapping and catch basins and industrial housekeeping practices.  Another long-term goal is to further reduce the incidence of plastic and trash discharges in urban runoff by developing an action plan for the state to control all sources of plastic debris. 

Methods

The focus area of this study was the Los Angeles River Watershed and the San Gabriel River Watershed in Southern California. The areas of interest for this study were Best Management Practices Evaluation at plastic industry sites, sampling mass emission sites on each river, sampling the beaches adjacent to each river and the forebay at the mouth of each river. The mass emission site for each river was selected because it was the  convergent area, at which all materials coming down the river from the watershed would have to pass before reaching the ocean, and it was also upstream enough not to be influenced by ocean  tides. The mass emission samples and the forebay samples focus on the plastic particles in the rivers that are less then 5 mm.   Many of these plastic particles are pre-production pellets, shavings from cuttings, regrinds, and sprues from drilling during the manufacturing process. They come from industry but cannot be linked to an individual industry site. These smaller plastic particles also come from post-consumer products broken down to the smaller size.  The beach samples collected were analyzed for Persistent Organic Pollutants (POPs). (For analysis of POPs, see proceedings “AMRF Findings On Pops Contained In And On Plastics In Urban Runoff,” C.J. Moore). It is difficult to determine how long some plastic particles sampled at the mass emission, forebay, and beach locations have been in the environment due to resuspension and redistribution by fluctuating water flows, changing tides, and winds.

Due to the wide variety of plastic industries in the LA basin, and the difficulty of rigorous quantification of sporadic inputs to watershed runoff from these facilities, a case study approach with qualitative goals for the project was adopted after consultation with the project’s Technical Advisory Committee.  While AMRF and other researchers have developed peer-reviewed methods for collecting pellets from the ocean and beach environments, no established methods have been developed for collecting pellets from plastic pellet handlers and processors.  Therefore, it was decided that comparing all plastic industries to a single standard would not be possible. A methodology was developed that would compare each industrial facility to itself before and after implementation of Best Management Practices (BMPs) recommended by the project.  Many of these BMPs were taken from “Operation Clean Sweep,” an industry publication designed to help plastic facilities minimize pellet loss.  When quantitative results are given, they should be understood to represent a “snapshot” of a facility using a methodology developed specifically for the project, reviewed by the project’s Technical Advisory Committee and Advisory Board, which includes plastic industry representatives.  

Ten plastic industry sites were monitored to study the effectiveness of Best Management Practices (BMPs). These companies comprised different specialties within the plastic industry: Injection Molding, Plastic Bag Manufacturing, Bulk Transporters and Shippers, and Roto-Molding. The study area involved the industry site and the nearest storm drain.  Two of the industrial sites had unique delivery conduit systems, a storm drain on the facility leading directly to the river or to a channel leading directly to the river. There were five sites selected for each river. Each facility was sampled during a dry season before the Best Management Practices were suggested and again during a dry season at least two months after the Best Management Practices were suggested, which allowed the facility time for implementation. Each storm drain was sampled during a wet season and a dry season, both before and after the implementation of the BMPs. The wet season was defined in this study as greater than 0.25” of rain and a dry season was defined as a period of at least two weeks after a rain event of 0.25” of rain.

The industry sites were identified by using publicly available sources. We first identified the pertinent Standard Industrial Codes (SIC) for the various plastic industry specialties and then we located the plastic industries through the listings of the Thomas Registry, Enforcement and Compliance History Online (ECHO), and the Regional Water Quality Control Board  (RWQCB).  We called each facility on the list to see if they were still in business. The remaining industries were then visited to determine the type of facility and to rank each for cleanliness. Each facility was given a ranking between 1 to 10 for cleanliness, 1 being the cleanest and 10 indicating massive plastic spills. All of the visits were preformed from the public access locations that surrounded each facility. The rankings were plotted on a histogram and the sites were selected across the spectrum of the histogram to avoid bias by picking only the cleanest sites or ones with the higher plastic debris rankings. The ranking visits provided only snapshots of the facilities and did not indicate what the cleanliness might be on a regular basis.  This would have taken numerous visits to determine. Different types of facilities were also selected from the rankings to determine how the implementation of the Best Management Practices at these types of facilities would differ.

Each site selected was visited for pre-BMP purposes as a “cold call.” They didn’t know they were going to be visited before the project was introduced to the management.  The project was described to the management and they were asked if they would like to participate on a voluntary basis.  If the management agreed to participate, samples were taken immediately.  The reason for this protocol came from previous communications with other plastic companies where we found that any notification of a visit initiated some sort of clean up. Possibly the biggest reason the industrial sites agreed to participate in our project is that they would remain anonymous. We identified them by code numbers and letters.

Storm Drains associated with the sites were sampled using storm drain inserts, which would collect the material that entered the storm drain and prevent it from reaching the rivers and finally the ocean. A few industry sites already had a basket or insert installed; at other sites inserts were installed with 1 mm mesh. If the storm drain was on the facility and didn’t have an insert, the insert was added only with the permission of the facility. One company decided to install a sump with a pump to pump out any water collected and retain the debris; however, their overflow to the storm drain was not screened. At the sites which already had the insert installed, we found that the facility often removed the liner when a rain event occurred. Inserts with 1 mm mesh were also manufactured and installed at street storm drains near the facility. All street storm drains inserts that the field team could not clean out were vacuumed by a company that installs and maintains storm drain inserts. We were on site when the inserts were vacuumed and retained the samples to be analyzed at the AMRF Lab. The pre-BMP sample included both the site visit and the storm drain sample. Storm drains were sampled during a dry and wet season, both pre-BMP and post-BMP. 

After the pre-BMP sample, another visit was made a couple of weeks later to have an on the site walk-through with the management to evaluate the site for Best Management Practices. Suggestions were made for other BMPs, verbally at the site, followed by written recommendations. Posters advocating pellet retention on site from the American Plastics Council were given to each facility.   We worked with the plastic industry on the modification of the industry Best Management Practices guidelines “Operation Clean Sweep” (OCS).  Most of the recommendations were in the OCS. Some sites had unique situations that other industry sites might not have. The participants were given time to implement any modifications we suggested or any other modifications they wanted to try. Any type of modification was strictly voluntary.  If they didn’t want to change anything, they didn’t have to. The time frame for the follow up visit was to be at least 2 months following the BMP evaluation visit. Another on-site survey with the management personnel of the participating business was conducted to determine which of the BMP recommendations were implemented and in what manner. This was to be during dry weather.  Rain delayed us for several months.

Post-BMP sampling was the same as the pre-BMP sampling. We made another blind visit to the facility; at this time they knew we would be coming after the follow up evaluation, but they didn’t know when. The sampling was the same as the pre-BMP visit with industrial site and storm drain sampling during dry weather. (See proceeding “Measuring The Effectiveness of Voluntary Industry Efforts: AMRF’s Analysis of Operation Clean Sweep,” C.J. Moore, G.L. Lattin, A.F. Zellers, for results and findings of Best Management Practices Evaluation.)
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