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Executive summary  
 

Over the past ten years there has been an exponential rise in the number of technical publications 

regarding microplastics in the environment.  At first, the literature was primarily concerned with 

characterizing the presence of microplastics in the environment. This research lead to questions 

about impacts on organisms, with much of the research conducted in Europe. In 2018, the Toxic 

Contaminants Workgroup of the Chesapeake Bay Program (CBP) Water Quality Goal 

Implementation Team (GIT) identified microplastics in the bay as an emerging issue of concern 

in their most recent management strategy.  This urgency was largely prompted by findings 

featured in the 2016 STAC Technical Review of Microbeads/Microplastics in the Chesapeake 

Bay (Wardrop et al., 2016).  A pilot study conducted by Tetra Tech, Metropolitan Washington 

Council of Governments (MWCOG), and DC Department of Energy and Environment found 

microplastic in submerged aquatic vegetation (SAV) habitat in the Tidal Potomac River. This 

prompted the SAV Workgroup to submit a proposal to STAC to support a two-day workshop to 

identify current knowledge of microplastic pollution in the Chesapeake Bay and potential policy 

implications.  

 

A two-day STAC workshop entitled Microplastics in the Chesapeake Bay and its Watershed: 

State of the Knowledge, Data Gaps, and Relationship to Management Goals, was convened April 

24th ï 25th, 2019 at the George Mason University Potomac Science Center in Woodbridge, VA.  

Over 50 participants from government, academia, consulting, and non-governmental 

organizations met to present current research and policy initiatives, followed by facilitated 

discussion on data gaps and needs.  The workshop was designed within the framework of an 

ecological risk assessment (ERA), treating microplastics in the environment similarly to other 

pollutants.  Participants noted that while our understanding has progressed in recent years, we 

still have little idea of the magnitude and distribution of microplastics within the watershed, 

much less the potential impact microplastic pollution may be having on living resources.  

Workshop participants concluded that microplastics pose a potential serious risk to successful 

restoration of the Chesapeake Bay watershed.  As a result, the following recommendations are 

being presented to the Chesapeake Bay Program (CBP) as urgent and immediate needs: 

 

1. The CBP should create a cross-GIT Plastic Pollution Action Team to address the growing 

threat of plastic pollution to the bay and watershed. 

 

2. The Scientific, Technical Assessment and Reporting Team should incorporate development 

of ERAs of microplastics into the CBP strategic science and research framework, and the 

Plastic Pollution Action Team should oversee the development of the Ecological Risk 

Assessments (ERAs) focused on assessment of microplastic pollution on multiple living 

resource endpoints. 

 

3. STAC should undertake a technical review of terminology used in microplastic research, 

specifically size classification and concentration units, and recommend uniform 

terminology for the CBP partners to utilize in monitoring and studies focused on plastic 

pollution in the bay and watershed. 
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4. The CBP should develop a source reduction strategy to assess and address plastic pollution 

emanating from point sources, non-point sources, and human behavior. 

 

5. The CBP should direct the Plastic Pollution Action Team and STAR Team to collaborate 

on utilizing the existing bay and watershed monitoring networks to monitor for microplastic 

pollution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

 

1. Introduction   
 

The global production and disposal of plastics has increased by orders of magnitude over the past 

60 years (Li et al. 2016; Rochman and Browne 2013) and a large proportion of plastic waste 

makes its way into waterways and coastal systems (Andrady 2011). Aside from the deleterious 

impacts on the aesthetics of the environment, there are concerns about the ecological harm posed 

by plastics. It is well-documented that larger plastic debris has significant and negative impacts 

on a variety of wildlife (Li et al. 2016), ranging from entanglement to increased mortality 

through ingestion (Davison and Asch 2011). An emerging concern, however, has shifted focus 

from large, visible plastic debris to the largely unseen microplastic contamination of the aquatic 

environment.  

 

Recent research has shown microplastics to be ubiquitous in habitats around the world 

(Anderson et al. 2016; Castaneda et al. 2014; Jabeen et al. 2016), posing an emerging concern for 

aquatic life, and potentially, human health (Barboza et al. 2018). Despite filtration methods, 

wastewater effluent is estimated to release, on average, 4 million microparticles per facility per 

day (Sun et al. 2019).  With 516 major wastewater treatment plants (WWTP) discharging 

wastewater effluent into its own watershed, this is a significant concern for the Chesapeake Bay 

ecosystem. Additionally, the Chesapeake Bay watershed contains numerous urban and suburban 

areas that, via storm drains, are sources of plastic waste to the bay (Peters and Bratton 2016). 

These larger, visible plastic items fragment into smaller microplastics over time and are 

hypothesized to affect the bay in a variety of ways, both at the organismal and ecosystem level. 

First, while microplastics themselves could be directly harming bay species physically and 

chemically, recent research has also shown that organic toxic contaminants (e.g. PAHs, PCBs), 

already known to pollute the bay, adsorb to microplastic particles.  Once consumed by bay 

species, these compounds may have physiological and neurological effects, and may be 

magnified up the food chain (Batel et al. 2016; Windsor et al. 2019). De Frond et al., 2019 

estimate that 190 tons of chemical additives are introduced to the ocean annually because of 

plastic materials.   

 

As will be shown later in this report, microplastics are ubiquitous in the Chesapeake Bay and its 

watershed.  A 2014 survey showed microplastics to be present in four tidal tributaries to the bay, 

with 59 of the 60 samples collected showing presence of particles (Yonkos et al. 2014).  This 

study also found concentrations of microplastics to be highly correlated with population density 

and presence of suburban and urban development (Peters and Bratton 2016; Yonkos et al. 2014). 

A 2015 bay-wide survey conducted by Trash Free Maryland and the University of Maryland 

found microplastics in every sample collected (n=30).  A 2017 study conducted by Tetra Tech, 

the Metropolitan Washington Council of Governments (MWCOG), and the DC Department of 

Energy & Environment (DOEE) found that microplastics accumulate in submerged aquatic 

vegetation (SAV) beds in the tidal Potomac River.  SAV is one of the bayôs most important 

habitats and provides food and refuge for some of the regionôs most commercially and 

ecologically significant fisheries. Lastly, recent research has shown that potential human 

pathogens, such as Vibrio spp., have also been found to colonize microplastics providing 

evidence that particles could help disperse disease (Kirstein et al. 2016). 
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As the evidence in this report will show, microplastic pollution in the bay and watershed is a 

urgent issue that may affect restoration success, warranting immediate action by the CBP 

partnership. The CBP Toxic Contaminants Workgroup to the Water Quality GIT identified 

microplastics as an emerging issue in their most recent management strategy. Their management 

strategy included a recommendation to propose a workshop to the CBP Scientific and Technical 

Advisory Committee (STAC) on this issue. Findings from the workshop illustrate potential 

effects microplastics have on management priorities set by other GITs such as Sustainable 

Fisheries (e.g. physiological effects on bay species) and Habitat (e.g. accumulation in important 

habitat types).  

 

In 2016, STAC published a Technical Review of Microbeads/Microplastics in the Chesapeake 

Bay (Wardrop et al., 2016). This report made three major conclusions: 

 

1) There were significant research gaps in the Chesapeake Bay region in terms of collection of 

data, analysis, and transferability of results gathered in studies on microplastics. 

2) Additional monitoring is needed to determine sources, fate and transport, and potential 

toxicity of microplastics and constituent chemicals.  

3) There is potential for innovation in the areas of initiating long-term study; education and 

outreach programs; further legislation; development of sustainable products that are benign by 

design; and better best management practices for waste management.  

 

Since the publication of that report, there has been additional, albeit a modest amount of, 

research conducted across the bay and its watershed on microplastic pollution.  The 2019 

workshop strived to create a forum in which this research was presented and discussed, allowing 

the regionôs understanding of this issue to evolve. 

 

1.1 Objectives and Workshop Format 
 

On April 24th and 25th, 2019, a 2-day workshop with over 50 research, management, and policy 

experts was held at the George Mason University Potomac Science Center in Woodbridge, VA, 

USA. Participants were identified by the workshop co-chairs and steering committee based on 

technical background, policy or management experience, and geographic representation (i.e. 

representation from each of the bay watershed jurisdictions).  

 

The steering committee anticipated a large interest in this emerging issue from a variety of 

scientific disciplines, as well as from the management community given the large increase in 

research worldwide, stories in the media, and recent efforts that have been undertaken by 

Chesapeake Bay watershed jurisdictions to reduce trash and marine debris. Examples include 

total maximum daily loads (TMDLs) for trash in the Patapsco and Anacostia Rivers, and the 

Virginia Marine Debris Reduction Plan. Specific goals for the workshop were: 

 

1) Assess the state of the knowledge of microplastic pollution in the Chesapeake Bay and its 

watershed; 

 

2) Assess possible effects of microplastics on various habitats and associated living resources; 
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3) Identify existing policy and management tools being used to address plastic pollution in the 

watershed and beyond, and their effectiveness; 

 

4) Identify research gaps moving forward and develop recommendations for further studies or 

new tools. 

 

Early in the planning process, the steering committee decided to structure the workshop within 

the framework of an ecological risk assessment (ERA).  As will be discussed later in this report, 

ERAs are a very effective way of visualizing and communication potential ecological risks, 

especially risks associated with emerging issues.    As such, the steering committee recognized 

the potential impacts microplastic pollution has on living resources in the bay and watershed 

based on research conducted elsewhere.  Figure 1 below displays the EPA ERA framework logic 

model.  The three main components to an ERA are: 

 

1) Problem Formulation: Determine assessment endpoints and measurement endpoints. 

 

2) Risk Analysis: Identify testable linkages between sources, stressors and assessment endpoints. 

 

3) Risk Characterization: What are the risks and effects?  For example, the lethal concentration  

to kill 50% of a population (LC50). 

  

 

 

In order to address the three major components of the ERA framework, the steering committee 

formulated the following questions to answer during the workshop:  

 

Figure 1.  Ecological risk assessment framework logic model (U.S. EPA 1992) 
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1) What are the sources of microplastics to the bay and its tributaries?  

2) How common are microplastics in the Chesapeake Bay and its tributaries?  

3) What additional information do we need to gauge distribution? 

4) What are the possible effects of microplastics on habitat and living resources?  

5) Are there any policy and management tools being used to address plastic pollution in the bay 

(e.g., Anacostia River Trash TMDL)? How effective have they been?  

6) Can we recommend pursuing future studies or new management and policy? Can we 

recommend more funding be made available for research at this time? 

 

2. Workshop Summary  
 

The workshop agenda was organized to address each of the questions listed above.  A final 

session was held to discuss and compile all of the recommendations that emerged during the 

two-day workshop.  With the exception of the final session, each session began with two talks on 

the subject matter, followed by a facilitated discussion.  Speakers were recruited regionally and 

nationally to present on the various topics.  A pre-workshop questionnaire was sent out prior to 

the workshop and the responses were used to help guide the in-person discussion.  Below is a 

summary of talks given during each session. 

 

2.1 Brief Summary of Presentations 
 

2.1.1 Introductory  Talks 

 

The first session of the workshop included introductory talks designed to provide background on 

the concept of conducting an ERA, background on the 2016 STAC technical report on 

microbeads/microplastics in the bay, and microplastics as global pollution issue of concern.   

 

Determining ecological risks of microplastics: current challenges and paths forward  

Jerry Diamond, Tetra Tech 

 

The first talk was given by Dr. Jerry Diamond of Tetra Tech, an internationally recognized 

expert on conducting ERAs.  Dr. Diamond highlighted that interest and research on plastic 

consumption and pollution have exploded in recent decades, but the impacts of microplastics on 

the aquatic environment are poorly understood.  In order to improve our understanding of their 

effects, conducting an ERA using the EPA framework may be appropriate (see Figure 1).  

As discussed in Section 1.1, Dr. Diamond explained the steps to conducting an ERA. The first 

step is problem formulation which calls for identifying endpoints.  There are two types of 

endpoints: 

 

1)  Assessment Endpoints ï These endpoints should have value. The more explicit the endpoint, 

the more helpful risk analyses are likely to be useful (e.g., the abundance and distribution of 

American Shad) (Alosa sapidissima).  

 



 

11 

 

2)  Measurement Endpoints ï These endpoints show how the assessment will be quantified.  

Measurement endpoints donôt always need to be complex to be effective (e.g., number of 

juvenile American Shad with microplastics in their guts).  

 

Once the endpoints are determined, a conceptual model illustrating the ecological risk can be 

formulated.  This model should describe pathways between human activities, which would be the 

source of a stress (e.g. source of microplastics); the stressors (e.g. effects of microplastics on fish 

physiology); and the assessment endpoint (e.g. abundance and distribution of fish).  However, it 

is important to note that the initial conceptual model is not definitive, and it will  most likely be 

based on the best available science and professional judgement.  Nevertheless, such a model can 

be an effective communication tool, especially for non-scientists.  Figure 2 displays an example 

ERA conceptual model included in Dr. Diamondôs presentation. 

 

 

 

Following formulation of the conceptual model, it is time to fill in the gaps. The next step 

focuses on identifying risk hypotheses or testable linkages between sources, stressors, and 

 

Figure 2.  Example ecological risk assessment conceptual model looking at the effects of human activity on scallop abundance in 

Waquoit Bay, MA, USA 
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assessment endpoints.  This part of the process may be iterative; as more research is conducted in 

the lab and field, several refinements of the conceptual model may be necessary.  

 

The final step of the ERA is the risk characterization which strives to integrate exposure and 

effects.  The risk is articulated as effect thresholds such as lethal concentration to kill 50% of a 

population (LC50), species sensitivity distributions, and minimum levels for sustained 

population survival and reproduction.  The risk analyses phase of the ERA informs this step.  

Uncertainties, data gaps, and confounding factors may also be identified. 

 

Dr. Diamond next highlighted potential challenges of a microplastics ERA, arising from the 

characteristics of the microplastic itself (a wide range of sizes), as well as its ability to be both a 

chemical source as well as a carrier of other contaminants. Microplastics present a unique 

challenge in that there is a wide size range and a variety of polymers that could pose ecological 

risks.  In addition, sources may be diffuse and widespread.  Lastly, laboratory experiments are 

typically used to test effects of a pollutant on an endpoint, but this may not be the case since 

effects may need to be specified to an environment (e.g. saltwater vs freshwater) or microplastic 

size.  

 

Looking forward, Dr. Diamond posed several questions that would need to be addressed before 

an ERA on microplastics can be conducted in the Chesapeake Bay and watershed: 

 

1) What are the spatial/geographic boundaries for the ERA (e.g. Chesapeake Bay and/or bay 

watershed)? 

2) What assessment endpoints are most important (e.g. fishery species populations, human 

health)?  

3) Which measures of microplastic exposure and effects can be compiled and analyzed based on 

existing monitoring information for desired assessment endpoints?  

4) How well do the data and measures reflect the assessment endpoints? 

5) What resources are needed (e.g. new studies, funding) to obtain desired measures of exposure 

and effect? 

 

How did we get here? Summary of the 2016 STAC Review on Microplastics  

Denice Wardrop, Penn State 

 

Dr. Denice Wardrop, Chair of the 2016 STAC Technical Review on microbeads and 

microplastics in the Chesapeake Bay, summarized the inspiration for conducting that review and 

the results.  There were four main steps that led to the review: 

 

1) News on the increasing prevalence of microplastics in the oceans and Chesapeake Bay. Dr. 

Wardrop specifically pointed to the work conducted by Yonkos et al. (2014) showing the 

presence of microplastics in four tidal tributaries to the Chesapeake Bay. 

2) Increasing interest in state initiatives to ban personal hygiene products containing microplastic 

beads (microbeads), beginning with the State of Illinois (2015).  

3) Emergence of new partnerships in the Chesapeake Bay region with the implementation of a 

microplastics survey in the Chesapeake Bay conducted by Julie Lawson of Trash Free 

Maryland and Chelsea Rochman of the University of Toronto. 



 

13 

 

4) Introduction of proposed legislation by the Virginia and Maryland legislatures banning the 

manufacturing and sale of a limited number of cosmetic products containing microbeads.  

 

One of the questions posed during the hearing on the Virginia legislation asked what the 

potential environmental effects of microbead pollution could be to the region.  This led to the 

Chesapeake Bay Commission requesting a STAC workshop to address this question; STAC 

ultimately decided to hold a technical review conducted by a panel of regional and national 

experts on this issue.  This technical review consisted of four components, each covering a set of 

specific questions: 

 

1) Fate and transport ï This component addressed questions of degradability of plastics in the 

aquatic environment; potential for other contaminants to adhere to plastics; and geographic 

range of impact. 

2) Impact ï This component addressed questions concerning physical impact of plastic on 

aquatic organisms; plastics serving as a vector for aquatic organisms; bioaccumulation of 

plastics and organic contaminants adsorbed to plastics; potential risks that plastics with 

adsorbed chemicals could pose a human health risk; and a review of any research conducted 

in the Chesapeake Bay. 

3) Treatment ï This component addressed questions concerning the ability of current waste 

water treatment plant technologies to remove microplastics and emerging technologies that 

could enhance removal; and the potential of other point sources to introduce microplastics to 

the bay.  

4) Urgency of intervention ï This component addressed whether there is any evidence that 

microplastics are being seen in increasing quantities at the regional scale and an assessment of 

whether this problem is severe enough to warrant individual state action. 

 

During the technical review, the Federal Microbead Waters Act of 2015 was introduced and 

passed, superseding all other state laws that had already been passed or under consideration.  The 

technical review panel had the opportunity to comment on the legislation.  The panel found that 

while the legislation was somewhat beneficial in highlighting the issue of microbeads, it only 

addressed a small subset of the overall problem of microplastic pollution.  In addition, the 

specific wording of the ruling would prevent current and future innovative solutions that utilize 

plastics that may be safe and truly degradable (e.g. research into biodegradable plastics).    

 

In conclusion, Dr. Wardrop noted that this exercise revealed that we donôt need to be 100% 

certain about an issue before informing policy.  As outlined in Section 1.0, the technical review 

workgroup offered the following recommendations in their report: 

 

1) Significant research and development in analytical techniques, methods, and sampling 

approaches to microplastics; 

2) Initiation of long-term monitoring to determine sources, composition, fate and transport, and 

potential toxicity of microplastics in Chesapeake Bay; 

3) Adoption of management actions such as education and outreach programs; further 

legislation; development of sustainable products that are benign by design; and better best 

management practices for waste management. 
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Microplastics - An Emerging Global Issue  

Fred Dobbs, Old Dominion University 

 

The final talk of session one was given by Dr. Fred Dobbs of Old Dominion University on 

microplastics as an emerging global issue.  Dr. Dobbs provided an overview of global plastic 

production, consumption, and pollution.  Using a brief Google Scholar analysis, Dr. Dobbs 

illustrated the exponential increase in microplastics research since the year 2000, spiking from 

less than 500 publications per year to over 3,000 publications per year in 2018. This reflects 

consumption trends that sky rocketed from 0 tons per year in the 1950ôs, to over 299 million tons 

per year in 2010 (American Chemistry Council 2013; Figure 3).  Geyer et al. (2017) conducted a 

life-cycle analysis of plastic produced since the 1950s.  Since that time, they estimated that 6,300 

metric tons of plastic has been produced, with estimates showing 12,000 metric tons of plastic 

waste ending up in landfills or the environment by 2050. This means the world could be facing a 

major future waste disposal problem.  Nearly all plastics are non-biodegradable and may persist 

for thousands of years. As mentioned earlier in the report, plastic materials, including 

microplastics, may absorb other chemicals in the environment (e.g. persistent organic 

chemicals), leading to additional concerns about organismal consumption and biomagnification. 

These materials may also serve as vectors for macro- and micro-organisms. 

 

 

 

Dr. Dobbs discussed the current classification schemes for microplastics. There are currently two 

widely accepted types: 

 

1) Primary microplastics ï This type consists of pre-production plastic pellets, or ñnurdlesò, and 

the microbeads used in personal hygiene products. 

2) Secondary microplastics ï This type consists of the particles which breakdown from large 

plastic products. 

 

Figure 3.  Analysis from the American Chemistry Council illustrating plastic production in the US vs. the rest of the world,    

1950 ï 2013 (American Chemistry Council 2013) 
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Another challenge with microplastic classification concerns size.  Dr. Dobbs highlighted that 

particles ranging from 0.1 µm to 5 mm have been classified as microplastics, with different size 

classification schemes adopted worldwide. 

 

Dr. Dobbs highlighted some of the recent environmental research on plastics.  First, the literature 

has shown plastic pollution is ubiquitous world-wide.  For example, studies have shown plastic 

presence in the Sargasso Sea, deep ocean environments, and in remote mountain ranges such as 

the Pyrenes (Carpenter et al., 1972; Chiba et al., 2018; Allen et al., 2019).   Second, Dr. Dobbs 

touched on presence of microplastics in the aquatic food chain.  Wilcox et al. (2016) estimated 

that 60% of all seabirds have ingested plastic, and by 2050, that number is expected to rise to 

99%.  Davison et al. (2011) estimated that mesopelagic fish (i.e. species inhabiting 200 ï 800 m 

depths) in the North Pacific consumed 12,000 to 24,000 tons of plastic per year. Dr. Dobbs also 

presented an adverse outcome pathway scheme developed by Galloway & Lewis (2016) showing 

potential effects of microplastics on growth and reproduction (Figure 4).  This model highlights 

one point discussed later in this report which is the concern over nanoplastics, or plastic particles 

smaller than 1µm.  Lab studies have shown particles of this size do cross cellular membranes 

which means they could affect intracellular processes such as respiration and gene expression.  

Studies have shown that the presence of nanoplastics may be greatly underestimated given that 

most microplastic surveys in aquatic environments have not focused on particles smaller than  

300µm. 

 

Finally, Dr. Dobbs highlighted research conducted in the Chesapeake Bay region on microplastic 

pollution.  The Yonkos et al. (2014) study was highlighted since it is the only published study to 

date on microplastics in the Chesapeake Bay.  Research conducted in the lab of Dr. Dobbs by 

Amanda Laverty (Old Dominion University) examined marine plastic pollution as a substrate for 

 

Figure 4.  Adverse outcome pathway scheme from Galloway & Lewis (2016) showing physiological effects of microplastics 

following organismal consumption.  This model also highlights potential organismal effects of nanoplastics (particles<1µm) such 

as oxidative damage and altered gene expression.  
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biofilms, with an emphasis on Vibrio spp. known to be human pathogens.  Ms. Laverty collected 

microplastics in the marine environment and analyzed bacteria biofilms for antibiotic resistance, 

antibiotic resistant genes, community composition, and Vibrio spp. presence.  The study has 

three important findings: 1) microplastics serve as substrates for all three species of Vibrio that 

cause disease in humans, V. cholerae, V. vulnificus, and V. parahaemolyticus;  2) this study 

extends the threats of plastic pollution serving as vectors for Vibrio spp. from the open ocean to 

coastal environments; and 3) marine plastics likely facilitate horizontal gene transfer and may 

disseminate antibiotic resistant genes. 

 

In conclusion, Dr. Dobbs highlighted the ramifications of unbridled plastic production and the 

nearly endless supply of plastic waste.  In 2017, China, the worldôs largest importer of plastic 

waste, passed the National Sword Policy banning the importation of plastic waste for recycling.  

Because of this, innovation within the United States to address this problem may be warranted.  

Examples include using economic concepts, such as closed loop systems or circular economies 

(see Figure 19, p. 32), and plastic waste disposal methods, such as the Yoshia et al. (2014) study 

which found a bacterium which consumes polyethylene terephthalate (PET), a polymer 

commonly used in the production of single-use plastic products.  

 

2.1.2 Sources of Microplastics 

 

This session focused on two sources of plastic pollution to the bay and watershed: waste water 

and stormwater.  Both sources have been found to be common sources of microplastics and 

macroplastics (DOEE 2011; Wardrop et al., 2016; Sun et al., 2019).  Recent research has been 

conducted in Washington, DC, Maryland, and Virginia on both source types. 

 

Microplastics and Wastewater Treatment 

Dr. Chris Burbage, Hampton Roads Sanitation District 

 

The first talk was provided by Dr. Chris Burbage of the Hampton Roads Sanitation District 

(HRSD).  Dr. Burbage presented results from HRSDôs work with the Virginia Institute of Marine 

Science (VIMS) to study the effects of tertiary filtration at its Waste Water Treatment Plants 

(WWTPs) on microplastic concentrations in effluent.  There are currently over 516 major 

WWTPs in the Chesapeake Bay watershed (Figure 5), collectively treating 1,600 million gallons 

per day (MGD) of sewage during dry weather conditions, and more than 3,500 MGD during wet 

weather conditions.  HRSD manages 16 WWTPs in 18 counties and cities in Virginia.  On 

average, these plants alone together treat 150 MGD.  HRSD is currently undertaking a project 

called the Sustainable Water Initiative for Tomorrow (SWIFT) in which WWTP effluent is being 

treated through tertiary treatment.  Through this additional treatment, HRSD is hoping to achieve 

a water quality level for treated water that will be pumped back into the local aquifer.  The goals 

of this project are: 

 

1. Provide regulatory stability for wastewater treatment; 

2. Provide a sustainable supply of groundwater; 

3. Reduce nutrient discharges to the bay; and 

4. Reduce the rate of land subsidence. 
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Dr. Burbage presented a study conducted at the HRSD York River WWTP in Seaford, VA.   

This plant has already been outfitted with secondary treatment and enhanced nutrient removal 

technology.  As part of the SWIFT project, HRSD is testing tertiary treatment on a portion of the 

effluent.  Figure 6 below displays the current treatment train used at the York River facility.   

The tertiary treatment method that has been tested consists of several additional steps illustrated 

in Figure 7 below.  Figure 7 also displays a picture of the tertiary treatment device currently 

being tested and how the different components make up the steps of the tertiary treatment train. 

 
Figure 5.  Map of current major waste water treatment plants (WWTPs) in the Chesapeake Bay watershed  

(Chesapeake Bay Program 2019). 



 

18 

 

 

HRSD and VIMS have found that microplastic concentrations post-secondary treatment at the 

York River WWTP have been as high as 66,000 particles L-1.  Following treatment with the 

SWIFT device, particle concentrations typically drop to 500 particles L-1.  Using this 

information, HRSD has estimated dilution of microplastic concentrations in effluent post 

discharge into prohibited and restricted shellfish harvesting zones near the York River WWTP 

 
Figure 6.  Diagram of treatment train currently being utilized at York River WWTP in Seaford, VA.  A portion of sewage is being 

redirected to the Sustainable Water Initiative for Tomorrow (SWIFT) tertiary treatment device to test for reductions in 

microplastics (HRSD 2019). 

 
Figure 7.  Diagram of HRSD Sustainable Water Initiative for Tomorrow (SWIFT) tertiary treatment train being utilized at the 

York River WWTP in Seaford, VA (HRSD 2019). 
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outfall at concentrations as low as 40 particles L-1 in the prohibited zone and 10 particles L-1 in 

the restricted zone.  These calculations show that SWIFT tertiary treatment may significantly 

reduce microplastic concentrations, lessening the chance of ingestion by filter feeders like 

oysters.  

 

Anacostia Watershed Trash and Litter Monitoring ï The Macro Source 

Phong Trieu, Metropolitan Washington Council of Governments 

 

The second talk was given by Phong Trieu of the Metropolitan Washington Council of 

Governments (MWCOG).   Mr. Trieu and colleagues at MWCOG have been studying trash in 

the Anacostia river and its watershed for almost 20 years.  MWCOG conducts annual trash 

monitoring looking at count and weight of trash found along tributaries and river shorelines.  

The Anacostia river runs 8.4 miles from the mouth near Hains Point in Washington, DC (the 

District) up to Bladensburg, MD (Figure 8).  The watershed is approximately 176 square miles in 

size and is highly urbanized with approximately 25% of the area covered in impervious surface.  

Over 6,000 stormwater outfalls discharge to the river and its tributaries, with stream flows 

characterized as flashy. 

 

Due to this intense urbanization, storm sewer systems are extremely efficient at conveying trash 

to the Anacostia River.  Since 2010, the District and the State of Maryland have had a TMDL in 

place for trash for the Anacostia.  Mr. Trieu used visuals in his presentation to show how trash 

 

Figure 8.  Map of the Anacostia River watershed (DOEE 2019) 
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enters the local storm sewer system and is eventually discharged by nearby outfalls into the 

Anacostia River or one of its tributaries. 

 

MWCOG conducts annual trash counts along linear transects in Anacostia tributaries and the 

mainstem.  For the purpose of MWCOG surveys, trash is defined as ñall improperly discarded 

waste material, including but not limited to, convenience food, beverage, and other project 

packages or containers constructed of steel, aluminum, glass, paper, plastic, and other natural 

and synthetic materials thrown or deposited on the land or waterò (in-text citation). As 

prescribed by the Anacostia River trash TMDL, all trash monitored is at least one inch in length 

or diameter.  Based on litter counts along linear transects, MWCOG conducts ratings of stream 

cleanliness.  They also have compiled the latest data watershed wide on the most common types 

of trash by count (Figure 9) noting that plastic bags, plastic bottles, food packaging and 

polystyrene foam are common trash items found. Such items break down into smaller plastic 

pieces in the stream channel network.  

 

 

2.1.3 Distribution of Microplastics  

 

This session focused on research examining the distribution of plastic pollution in tidal and non-

tidal waters within the Chesapeake Bay region.  Not surprisingly, microplastics have been found 

to be ubiquitous throughout the region.  

 

Microplastics in the Chesapeake Bay 

Dr. Lance Yonkos, University of Maryland, College Park 

Department of Environmental Science & Technology 

 

The first talk was given by Dr. Lance Yonkos of the University of Maryland, College Park 

Department of Environmental Science and Technology.  In collaboration with the NOAA Marine 

Debris Program in 2011, Dr. Yonkos conducted a study on the presence and abundance of 

microplastics in four tidal tributaries to the northern Chesapeake: Patapsco River, Magothy 

River, Rhode River, and Corsica River.  In addition to being the first study to sample 

 
Figure 9.  Most common types of trash counted during annual Metropolitan Washington Council of Governments trash surveys in 

the Anacostia tributaries (Metropolitan Washington Council of Governments 2019) 
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microplastic pollution in the bay, this study also examined the relationship between microplastic 

abundance and land cover of contributing drainage areas to these tributaries (Yonkos et al. 2014).  

 

Surface water samples using a manta trawl were collected between December 2010 and July 

2011 in all four tributaries.  The mesh of the trawl was able to capture sample sizes ranging from 

0.3mm - 5mm.  Samples were processed using density separation and hydrogen peroxide 

digestion to remove labile organic material. Fifty-nine of the 60 samples collected showed 

presence of microplastics.  Microplastic abundance was found to be positively correlated with 

population density, urban/suburban development, and percent imperviousness.  Inversely, the 

study showed a negative correlation between microplastic abundance and increasing presence of  

agriculture or forested land use (Figure 12; Yonkos et al., 2014).   

 

 

 

 

 
Figure 10.  Photo of sample collected by Yonkos et al. (2014) for their study of microplastic presence and abundance in four tidal 

tributaries to the northern Chesapeake Bay (Photo courtesy of Lance Yonkos, University of Maryland, and Will Parson, 

Chesapeake Bay Program Office). 
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Figure 11.  Box and whisker plots showing microplastic concentrations (both particles/km2 and g/km2) observed in all four tidal 

tributaries by Yonkos et al. (2014). 
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Microplastics in Natural Waters of the Northeast 

Dr. Shawn Fisher 

USGS New York Science Center 

 

The second talk was given by Dr. Shawn Fisher of the U.S. Geological Survey (USGS) New 

York Water Science Center.  Dr. Fisher and his colleagues at USGS have been conducting 

surveys of microplastics across the northeast United States, from Virginia to Massachusetts.  

They have worked to leverage existing USGS water-quality monitoring programs to collect data 

on microplastics and have collected data at 20 urban stations to assess impacts of baseflow and 

stormflow on microplastic abundance.  Dr. Fisher presented results from the following five of 

sites in the Chesapeake Bay watershed: 

 

1) Susquehanna River mainstem, Harrisburg, PA 

2) Rock Creek, Washington, DC 

3) Watts Branch, Washington, DC 

4) Lick Run, Roanoke, VA 

5) Difficult Run, between Reston and Tysons, VA 

 

Samples were collected with manta nets using several methodsðwading, towed by boat, or 

deployed from bridgesðdepending on the depth and flowrate of the stream.  Samples were 

 
Figure 12.  Linear regression analysis from Yonkos et al. (2014) showing positive and negative correlations between microplastic 

abundance and drainage area characteristics (e.g. population density and land use types). 

 



 

24 

 

processed at the Washington Water Science Center Microplastics Lab using sieves to separate 

two size class ranges: 0.355 ï 0.999mm and 1.00 ï 5.60mm.  Samples were then placed through 

wet peroxide oxidation to dissolve organic materials, followed by density separation to further 

separate plastic particles.  

 

To date, USGS has found microplastics in all samples taken at all five nontidal stations in the 

Chesapeake watershed.  The majority of particles found have been microfibers.  Figure 13 below 

displays the relative abundance of different types of plastic particles found during sampling and 

relative abundance varied between individual sites.  For example, the Rock Creek, Washington, 

DC site was found to contain almost all fibers, with some other types during baseflow 

conditions; however, during stormflow conditions samples were found to contain all fibers.  In 

contrast, the Watts Branch, Washington, DC site was found to contain almost equal proportions 

of microfibers and other types (e.g., foam, bead/pellet, fragments); however, during stormflow 

conditions the relative proportion of other types increased.  

 

 

Analysis conducted at three sites examining the relationship between concentration (total 

particles m-3), baseflow, and stormflow showed concentrations decreased during stormflow 

(Figure 14).  However, in examining the relationship between different particle types and flow 

conditions, not all types displayed this same relationship.  

  

 

 

Figure 13.  Relative abundance of different types of microplastic particles found by USGS from 2017 - 2018 at five nontidal sites 

in the Chesapeake Bay watershed (USGS 2019) 










































































